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ABSTRACT

Major structural festures of the Yakutat segment of
the continental mergin, between Cross Sound and Icy Bay in
the northern Gulf of Alaska, are delinegted by multichannel
seigmic reflection data. A large structural high centered on
Pajrweather Ground lies at the edge of the shelf from Cross
Sound to west of the Alsek Valley. A basement uplift, the
Dengerous River zone, along which the selsmic acoustic
basement shallows by op to 2 km, extends north from the
weatern edge of Pairweather Ground toward the mouth of the
Dengercus River, The Dangerous River zone separates the
Yakutat segment into two distinc¢t subbasins, The eastern
subbasin has a maximum sediment thickuness of about 4 km,
and the axis of the basin (s near and parallel to the coast.
Straia in this basin are \srgely of late Cenozoic age (Neogene
and Quaternary) and approxXimately correlate with the
onghore Yukataga FPormetion. The western subbesin has e
maximum of at least 9 km of sediment, with about 4.5 km of
Paleogena stratas overlain by late Cenozoic strata. 'The
Paleogene strata are truncated along the Dungerous River
zone by a combination of erasion, {aulting, and onlap onto the
acoustic basement. Within the western subbasin, the late
Ceonozoic basin axis is near and parallel to the coast, but the
Paleogene basin axis appears fo tcend northwest, diagonally
aoross the ghelf. Sedimentary strata throughout the Yakutat
gegment show regional subsidence and only minor deformation
except in the viclnity of the Fairweather Ground structural
high, near and along the Dangerous River zone, and at the
shoreline near Lituya Bay.

Seismie data across the continental slope and adjacent
deep ccean show truncation st the conlinenta! siope of the
shelf Paleogene strata. Up to 8 km of undeformed or sildty
deformed abyssal sedimentery section are present at the base
of the slope, and in part onlep the siope. Faulting may have
oacurred along a relatively narrow zone atong the slope or at
the base of the siope. Observed deformation gt the base of
tho alope i3 primarily related to the Jate Cenuzoic uplift of
Falrweather Ground and to Quarternary folding perpendicular
to the Pacific-North America relative~convergence vector.
No accrationary section or mejor deformation 8 observed
saiong the contirental stope. The absence of these features
suggests that no major subduction of the Pacific plate
benecath the Yakutat maegin has occurred dquring the late
Cenozoic. However, transform faulting hss most likely
oceurred along the base of the 3lope, because probsble
Oligocene oceanle basement is fuxtaposed against Mesozoic
and Paleogene sedimentary strata of the Yakutat slope. This
juxtaposition most Likely occurred during Izte Oligocene and
Mlocene time. During much of the tate Cenczoie, and
egpecially during Pllocene and Plaistocene time, the Yakutat
segment has apparently been moving northward with the
Paclfic plate.

Dredge samples from the contlnental slope recovered
potential petroleum source and regervoir rocks from the
roleogene sedimentary sequenca, Mast of the orgenic matter
(rom these samples (8 {mmature to marginglly mature.
However, if similar rocks sre preszent beneath the shelf, they
are likely to be thermally mature at 8 depth of 4 to 5 km and
deeper. Thus, the Paleogene strata may have significant
resource potential below the shell. The Paleogene strata are
contaired primarily within the western subbasing strata in the
gagtern subbasin sppear to have little resource potential.

Structursl traps are apparently present in parts of the basin
near and along the Dangerous River zone. These traps are
updip from potentially mature strata of the western subbasin,
and could hold sommercial accumulations of hydrocarbons, if
suffielant hydroearbon generation and migration has occurred
to il such traps and if sufficlent reservoir rock is present.

WTRODUCTION

This report discusses the structure, geotogic history,
and petroleum potential of the Yakutat segment, the pert of
the continenta} margin between Cross Sound and lcy Bay,
northern Gulf of Alaska (figs. 1, 2, and 3). As part of a
program of geological and geophysical investigations of the
continental margin in the northern Gulf of AlasKa, the U.S,
Geological Survey collected multichannel seismic reflection
data along about 2,000 km of frecklnes jn the study area
during 1975, 1877, and 1978 (fig. 3}, {n addition, dredge
gamples from the continenta) slope were acquired during the
1977, 1978, and 1979 field seasons. Geologic results of the
dredge cruises are reported by Plafker and others (1378¢,
1979, 1980). 'The first part of this paper presents an
Interpratation of the seismic reflection and refraction data,
including structure contour wmaps, isopach maps, and
interpreted seismic sections; the second part is & diseussion
of the {mplications for patroleum potential. The primary
area of jnterest Iz the continental shell and slope, but some
data froru strata at the base of the slope are also included.
Soma of these data were presented In previous reports by
Plaflker and others {197Ba), Brums (i879), and Bruns sand
Plafker (1982). The seisinic data for the 1975 cruise are
reported by Bruns and Bayer (1977).

RRGIDNAL SETTING

The Yakulat segment of the continental margin lies in
a zone of transition between trangform and convergent
motion (Rogers, 1977; Plafker snd others, 1978b; von Huene
and others, 19781 Bruns, 1978; Perez and Jacob, 1580; Lahr
and Plaficer, 1980). To the east of the study ares, the Pacific
plate i3 moving laterally past the North America plste along
the Queen Charlotte~Fairweather faull system {fig. 2), To
the west, in the Kodiak Island and Alsska Peninsula regions,
plate motion I8 accomsmodated by underthrusting of the
Pacific plate beneath the continental margin, resulting in the
formation of the Aleutian Trench and voleanie are. The
northernmost extent of compressional deformation associated
with this convergence lies onshore in the complex folds and
faults of the Yskataga and Malaspina districts and offshore
within the structures of the Yakataga segment of the
continental margin along what has been informally termed
the Pamplorna zone {Plafker, 1971; Plafker and others, 1878b,
Bruns, 1879; Lehe and others, 1980; Bruns and Sehwab, 1983.
The Yakutat gsegment is part of a small crustal plate,
informally termed the Yakutat block (Rogers, 1977; Plafker
and others, 1878b; von Huene and others (1879), Bruns, 1873;
Lahr and Plafker 1980; Bruns and Schwab, 1983), that is
bounded by Kayak Isiand on the west, the Queen Charlotte-
Pairweather fault system on the north &nd northeast, and the
base of the continental slope on the south (flg. 2).



REGIONAL GBOLOGY

The study srea 8 bordered onshore by rocks ranging
from Mesozoic throvgh Cenozoic age that decrease in sge
seaward (fig. 2). Rocks of Mesozoic and older age are present
north of the study area n the high Chugsch, St, Elles and
Prirweather mountains, and are exposed on the seaward
islands of southeastern Alsska. These rocks are character-
istically highly dJdeformed, locally metamorphosed and
intruded sedimentary and volesnic rocks (Stoneley, 1967;
r;;ﬂ;er 1687, 1871; Plafker and others 1973, 1978e; Belkman,

Cenozoic rocks onshore consist of bedded terrigenous
clastic sedimentary rocks that were deposited primarcily in a
marine environment. The rocks are broadly divisible into
three sequences that correspond to major changes in the
tectonic and depogitional environment of the basin. (1) A
Jower Tertlary Bdquence (Paleccene through early Oligocene)
is characteristicelly hard, dense, and variably deformed and
faulted; it is composed of deep-sea {an deposits and
associated voleante rocks of Paleocene age, and continenta)
to shalow-marine cocal-Dearing clastic rooks of Bocene and
early Oligocene age. (2) A middle ‘fertiary sequence (middle
Oligocene through early Miocene) {8 composed primorily of
mudstone and slitstone. (3) An upper Tertiary (Miocene
through Holocene) sequence, the Yekatagn Pormation, is a
marine diamictite charaoterized by abundant glecisl detritus
and composed of mudstone, muddy sandstone and conglom-
eratic sandy mudstone (Plafker, 197%; Plafker and Addicott,
1976; Plafker and others, 1975, 197Ba; and Winkler, 1976).
The Yaketaga Formation reflects deposition adjacent to the
intensely glaciated, high 8t. Elias and Fairweather Mountalins,
and deposition of these strata probadly correlates to uplift of
these mountains (Plefker and Addioott, 19786).

Offshore, strata of Mesozoie through Pliocene age that
underiie the continental slope of the Yakutat segment have
been sampled by dredging (sheets 1 and 2; Plafker and others,
1878e, 1879, 1980). These strata can be generalized In mueh
the same way as the onshore strata from oldest to youngest
a8 follows (unit deslgnations are from Plafker and others,
1980): (1) An inferred Upper Cretaceous saquence consists of
hard greywacke, argillite and possibly intrusive rocks (unjt
A). This sequenee i3 found on the continental slope off
Fairwesther Ground and probably underlies muech of
Faitweather Ground. (2) A lower Tertiary sequence consists
of upper Paleocene(?) and lower Eacene{?) sandstone,
conglomerate, and shale (unit B), lower Eocene basalt flows
and pyroclastie rocks (unit C), lower and middle Eocene
sandstone, conglomerate, slltstone, and shale (unit D), and
upper Eocene and lower Oligocene(?) shale, tuffaceous shale,
siltstone, and sandstone (unjt E). This sequence is found along
parts of the continentel slope from Fairweather Ground to
about Pamplona Spur., (3) A middle Tertfary sequence
consisting of upper Oligocene siltstone (unit F) crops out
Jocally along the upper slope. (4} A Miocene and younger
clastic sedimentary sequence includes abundant glaclomarine
deposits (unit G), approximately equivalent to the onshore
Yakataga Formation. The Paleogene sedimentary strata
(units B and D through F) are probably continentally derived,
with younger rocks deposited In progressively shalower
water. In eddition, these rocks differ strikingly in Uthology
from coeval rocks exposed In outerops onshore or panetrated
In exploratory wells onshore or offshoce (Plafker and others,
1980).

GEOPBYSICAL DATA

This study is based primarily on 24-fold multichannel
selamic-reflection deta gathered in 1875 from the
Geophysjcal Services, Ino. vessel M/V Cecfl H. Green under
gontract to the U.S. Geological Survey (Bruns and Bayer,

1977), and in 1977 and 1978 from the 0.S Geoological Survey
resdarch vessel R/V B.P. Lee. Tracklines for these three
crufses are shown on sheets 1 and 2, and in figure 3. Single-
channel seismic-reflection dsta across the continental slope
south of ley Bay (von Huene and others, 1875) provide
subsurfece information between the multichannal lines.

The seismic system on the M/V Ceell H. Green
consisted of a tuned a of 22 air guns with a total capagity
of 19.6 liters (1,200 in.”), a 2,400-m 48-group streamer and
DSF IV digital-recording justruments. These data were
processed by Petty-Ray Geophysieal, In¢. (Bruns and Bayer,
1977). The seismic system on the R/V §. P, Lee consisted of
a tuned qrray of five gir guns with s capacity of 21.7 lters
(1326 in.°), » 2,400-m 24-group stresmer, and GUS 4300
digital-recording instruments. These data were processed py
the U.8. Geologieal Survey. In all surveys, navigation was by
means of an integrated satellite, Loran C, and doppler~sonar
navigation system.

Bathymetric, gravity, and magnetic data were also
acquired during these ecruises (Schwab and Bruns, 1976;
Schwab and others, 1980; Burkhard and others, 19802, b;
Atwood and others, 1881; and Bruns and others, 19914, b).

GEOPHYSICAL INTERPRETATION
Shelf and Slope

Contour and lsopach maps of strata beneath the
continental shelf and slope (sheets 1 and 2) are based on
mapping of saismie horizons D and F throughout the selsmic
grid. Horizon D correlates with the D horizon in the
Yakataga segment to the west (Brims and Schwab, 1983). An
additfonal horizon, horlzon E, s mapped along parts of a few
gelsmie lines. These horizons are all at least local
unconformities anad strong selsmiec reflectors. In areas where
the streta ere conformable, mapping {8 on a selsmic horizon
interpreted as correlative wlth the unconformlties. Since
selsmie mapping is on unconformities or the correlgtive
conformity, the mapped horizons have time-stratigraphle
significance. Interpretation proplems [n following the selsmic
horizons are created by the wide spacing of the data, by poor
reflector continuity, and by limited adoustic penetration,
especially in the deep perts of the basin. Severa) factors that
timit acoustio penetration and disrupt reflector contjnufty
can be {dentlfied or inferred at least locally. These factors
Include persistent water-bottom and Interbed multiples that
obscure primary reflectors, coarse or bouldery near-surface
and subsurface glacielly derived sediments that may scatter
or Umit penetration of the acoustic signal, and loeal
unoonformities and rapid facles or bedding changes within the
Yakatage Formation. Becsuse of these problems, and
because of the wide spacing of the selsmfe dats, correlation
errors may be present in some areas; however, these ervors
should not seriously change the general basin form shown in
the structural contour maps.

The oharacter of the mepped horlzons and the sefzmic
reflectors between these horizons is best seen on the slope
portions of the seismic sectlons (sneet 3). The mapped
selsmic horizons and the reflection character between these
horlzons are discussed from gshallowest to deepest in the
following section. The seismi¢ sequence, strata, or time
interval between any two horizons is referred to by the two
horizon letters; for example strata betweén horizons F and D
5 the P-D strata. The seismic sectjons presented ip this
report (fig. 3) are shown on sheet three.

Horizon D s mapped on a prominent continuous
refleator or group of reflectors best observed on the parts of
the seismie Unes extending across the continenta) siope south
of Icy Bay (seismic sections 404, 916, 9065 sheet 3) and on
lines near and over Pairweather Ground (seismic seotions 403,
911, 400; sheet 3). The horizon is moderately well deflped

1Use of trade names {n this report ig for deseriptive
pucpases only and does not lmply indorgement by the U.S.
Geologieal Survey.
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throughout the seiSmic grid, except on the landward emds of
the seismic sectionm® where the sedimentary section is
thickest.

The relation of selsmic reflectors between horizon D
and the ses (loor (D-SF reflectors) to horizon D appears to be
primarlly one of concordance. However, on the gently
dipping continental slope south of Iey Bay, strata immediately
gbove horizon D show very gentle downlap onto the D
refiector, indicatlng a prograding slope depositional
environment (seismic sections 404, 316, 906; sheet 3). Onlap
of the D-SF reflections onto the horfzon D reflector is also
seen on seismic sections over Fairweather Grownd (seismic
gection 400, sheet 3), On the steep continental slope between
Yakobl Valley and Yakutat Valley, strats of the D-SF
sequende are very thin to absent (seismic sections 403, 909;
sheet 3). ’

In genera), seismic reflectors between horizon D &nd
the sen floor show varimble continuity and are parallel or
slightly divergent. Well-defired high-amplitude reflections
within the sequence are separated both vertlcaly and
laterally by Jow-amplitude to slmost reflection-free zones.
The refiector configuration generally suggests discontinuous
lthologie units and a variable lithology. The D-SF sequence
thickens landward from the shelfl edge, indicating regfonal
subsidence of the continental shelf (seismic sections 404, 508,
403, 908, 4005 sheet 3).

Horizon E Is mapped on a prominent, Jocal uncon-
formity on the seaward part of sejsmic section 403 (sheet 3),
but the unconformity cannot be traced with confidence
landward or into adjacent seismic lines. Reflectors in the
E-D sequence are parallel or subparalle] to reflectors in the
overlying D-8P sequenca. On the seaward part of the line, B~
D reflectors onlap horizon E at the bsse of the sequence
elsewhere thege reflectors are concordant with horizon E.

Horlzon ¥ is mapped on a strong seismie reflector that
Is acoustic basement on the seismic lines, The sacoustic
basement is best seen on gection 403 and )lines to the east
(sheet 3), and can only be discontinuously mapped west of line
403. The ecoustic bagsement is seen only on the slope portion
of Unes west of line 908, most likely because the aconstie
energy was insufficlent to penetrate through the thick
sedimentary sequence In the ares south of I[ecy Bay.
Refraction deta (Bayer and others, 1978) give an estimate of
tota} sediment thiokness in this area and are used to infer the
approximate position of horizon F contoura (sheet 1). Age
assignments based on foraminiferal data from the Colorado
Oil aad Gas wells near the town of Yskutat (wells 63~85,
sheets § and 2) Rau and others, 1977) indicate the depth to
strata correlated to horizons F and D, and are used to
estimate the position of the horizons in the area of Yakutat
Bay. East of line 908, horizons ¥ and D merge, as the ¥-D
reflectors are truncated against a structural high.

Selsmic reNections betow the D horizon can best be
sean onh the continental slope segmeants of selsmic sectlons
404, 918, 906, and 403 (sheet 3); beneath the shelf, the
reflectors are partly or tolally obscured by multiples
generated within the overlylng section. Whate best seen,
reflections in the upper part of the F-D sequence show
moderatea to poor contimuity, and (n some places, the
sequence {3 almost rafiection free. Reflections are divergent
with seawerd thickening (sectlons 906, 408y sheet 3). The
reflection configuration suggests r well-bedded, uniform
lithology, On section 906 the lower part of the sequence is
markedly different, with reflections showing good continuity
and high amplitude; this difference may reflect the complex
character of the basement unit described in the folowing
section on geologic correlation of the seismie horizons.

The charaoter of reflections below horizon D suggests
two interpretation problems. Pirst, these reflections are low
amplitude and, beneath the continental shelf, are usually
obscured by multiple reflectjons. Therefore, the
stratigraphic eharacter and Internal strueture of the E-D
strata cannot be well determined even though the top and
botiom of the P-D sequence are moderately welt defined.
Second, the lower part of the P-D sequence on the seawanrd
end of seismic section 506 shows b set of strong reflectors
which thicken seaward, The same set of reflectors beneath
the shelf would likely not be resolvable, except for the Initial

reflector a1 the top of the strong reflector set. Thus, the
"acoustic basement™ picked on the selsmic lines may exclude
some strata, and the resulting sediment thickness must be
considered 8 minimum.

Base of Sjope

Sefsmic data Indicate that & wel) bedded sequence of
sedimentary Strate i8 present at the base of the =slope
(sections 404, 306, 403, 908, 967, 400; sheet 3). Three
horizons are mapped and designated as horizons Al, A2, and
Al, A ocorrelation of multichannel seismic data to Deep Sea
Drilling Project (DSDP) hole 178 east of Kodiak Island
indicates correlations of basal Pleistocene(?), bassl
Pliccene(?), and top oceanjc basalt respectively for the
horizons) the ages are queried due to the distance to the drill
hole. Horizon A3 (oceanic basait) is characterized by strong,
moderately discontinuous, bhyperbolic reflectors.  Where
sediment overlying the basalt is thiek, the reflector is fainter
than in other greas and more continuous. The refleetion
configuration between hotizons A3 and Al is highly variable
and in part ares dependent, ranging from faint and discontin-
uous, to strong and continuous. In generaf, reflectors are
parallel to subparallel throughout the interval. This section
may include both pelagic unjts and varying amounts of
turpidite deposits. The reflection conflguration above
horizon Al is commonly complex and variable, and includes
wavey or mounded configurations with low to high refilector
continuity, The reflections are suggestive of turbidite fans,
with gurface and buried channels and levees common, Near
the base of the slope, particularly from Yakutat Valiey to the
west, the gequence {s characterjzed by chaotic reflectors,
suggesting rapid depasition.

VELOCITY DATA

To make structural and isopach maps, selsmje time
was converted to depth using two types of vejoeity
information: stacking velocities obtalned during processing of
the multichanne) reflection data, and velecelties (rom selsmic
refraction data. An area-average stackIng-veloelty curve
was derived from all the stacking-velocity picks from
indjvidual selsmic  lines. Good velocity picks are
conaentrated In the upper 2 to 3 seconds of the setsmic data,
in general, corresponding to the data above horizon D. Thus,
the stacking-veloeity picks give good velocity estimates for
the upper 2 to 3 seconds, but only poor veloeity estimates
below about 3 seconds.

Refraction data helps constrain the velocity in the
deepor sedimentary section.  Four unreversed-refraction
sonobuoys were obtained during the 1977 crulse, using the air
gun as a source. All four sonobuoys are in areas of gentle or
no dip (fig. 3). Two of the sonobuoys (3 and 6) are over an
area of relatively shallow acoustic basement, and the
basement picks were excluded from the caleulation for an
average time-depth curve. The other two sonobuoys (4 and 5)
are over an area with a thick sedimentary sequence (fig. 4).

The ares-average stacking-velo¢ity curve was
converted to Intervael velocitlas by wse of the Dix formula
(Dix, t955), and the interval curve was used to construct a
time-depth curva, This curve was combined with the
refraction velocity data, and fitted with a least-squared-ercor
mutins to yleld a single eurve, z = + 9.895t +» 0.298t° -
0.020t“, wheee z is the depth in kilometers and t is the two-
way traveltime in seconds ({ig. 8). Thig curve was used for all
time-to~depth conversions. An approximate error range of
the resulting curve (fig. 5) was derlved by estimating &
maximum and min{mum limit for the stacking velocities;
these limits were then converted to time-depth picks in the
manner given above.

The final area-average time-depth curve is very
similar to an independently derived eurve developed for the
Yakatega shed to the west (Bruns and Schwab, 1983), and
olosely (its veloeity data derlved from sonic logs of the
S8tanderd Oil Company of Callfornia Riou Bay No. 1 wel in
ley Bay (well 58, sheets ¢ and 2), and the Continental
Offshore Stratigraphic Test No. 1 well, drilled southeast of
Iey Bay on the contipental shelf (not shown; Botm and others,



1978; Bruma, 1979; Brnuns and Schwad, 1983), Both of these
wells are In structurally simple areas. The method of
derivation of the curve gives a good depth estimate for the
sedlmentary section underlying the continental sheld,
approximately the section above horizon E, but it is not valid
for depth conversion below horizon F or for times greater
than about 5 seconds two-way refleotion time. In areas of
deep water, examination of stacking-velocity data indicates
that the time-depth eurve applied from the ssafloor is almost
identical with the curve developed for the shelf. Using a
single velocity function introduces errors in the depth
conversions of the contoured horizons and of the seismic
ines, but the errors should not affect the dbasie conelusions of
this report.

GEOLOGIC CORRELATIOR OF SEISMIC HORIZONS

The correlation of the mapped horlzoms with the
reglonal geology (fig. 8) is determined primarlly from dredge
date from the continentl slope (Plafker and others, £980).
Horizon D is approximately correlative with the base of unit
G of Plafker and others (1980), with correlstion of the
agismic data best defined on seismie sections 404 and 806
(sheet 3). Unit G 1 in turn correlative with the onshore
Yekataga Formation, The horizon can also be correlated with
the Riou Bay well at Icy Bay (well 58, sheetz 1 and 2), where
the horizon is approximsately at the bese of the Yakatagae
Formation (Bruns and Schwad, in press).

Onshore well data (Rau and others, 1877) suggest that
much or most of the Yakategs Formation within the study
area could be as young as Pliocene and Pleistocene. In the
Riou Bay well, the lower part of the drilled section Is
Pliocene(?). In the Malsspina wells (wells 81 and 62, sheets 1
and 2), the Yekataga Formation s of Pliccene and younger
age and overlies wpper Eocend(?) strata. In three Colorado
Ol and Gas wells near Yakutal (wells 63, 64 and 65, sheels 1
snd 2), the lower Tertlary section g truneated updip and the
Yakatags Formation unconformably overlies Eocene
(Nsrizian) strata in the two sesward wells, and Cretaceous
streta in the landward well. Finally, most of the Yakatsga
FPormalion 8t Lituye Bay {3 of Pllocene and younger age. The
Yakataga Formation was not extensively sampied during the
dredging cruises, so the age correlation of the offshore strata
(D-SF strata) with the onshore Yakataga Pormation is not
known, but may be similar to gges known in the wells. Thus,
a5 & posaaible end~member case for horizon D, it could be a
major  time-stratigraphic break and an  erosional
unconformity, with Oligocene Bnd older strata below herizon
D, and Pllocene and younger strala above the horizon.
Alternatively, at the other extrame, the BSection across
horizon D could be continuous with no majot breaks In
deposition. Both of these cases wlil be considered later in the
report. It Is likely thet horizon D is intermediate between
these ceses, with the strata above the horlzon comprising &
scaward prograding sedimentary sequence, and with the
magnitude of the unconformity diminlshing toward the coast.

Horjzon R i8 correlated with the dredge data on and
near section 403 (sheet 3). On sectlon 403, the horlzon s a
prominent unconformity, separating dipping F-E reflectors
from overlying more gently Jdipping E-D reflectors. The
horizon 8 therefore approkimately of middle Oligocene age.
The ungonformity is not well defined in adjacent selsmic
lines, and strata appear to be conformable across the horizen
over much of the shalf. Dredge samples from the continental
slope suggest Jower or middle Oligocene strate are
unconformably overlain by upper Oligocene strata in the
vioinity of line 403 (Plafker and others, 1980). These samples
reflect what may be the greatest age difference across
horizon E, since they were dredged in an area where uplifted
strata In the P-B sequence dre overlain by (flat-lying,
onlapping strata in the upper part of the E-D sequence
(section 403). The observed unconformity is interpreted to
reflect local deformation of ¥-E strata during about middle
Oligocens time, followed by ontep of B-D strata during late
Oligocene time.

Horizon F is best correlated with the dredge data on
seismic sections 908 and 403 (sheet 8). On these lines the
horizan is correlative with the top of unit C of Plafker and

others (1980), a basajt imit of early Eocene age. Thus, In the
area south of Yakutat Bay, the section between horizons P
and D inclndes strats of middle and late Bocenc and early and
middle Oligocene(?) age (units D, E, and P of Plafker and
others, 1980).

Horigon P is not correlative everywhere with the top
of the basalt. East of line 403, the section between seismic
horizons B and D b truncated in the vicinity of the Alsek
Canyon sgainst e basement high, termed the Dangerous Rlver
zone in this report ((igs. 4-7). Thus, in the ares east of the
zone, and gererally bounded by the shoreline and Pairweathar
Ground, horizons F and D coincide. Horizon P in this area
coincides at least in part with the Cretaceous sirata sampled
on Pairweather Ground, slthough e lower Tertiary section
may still be present, but not distinguishable on the seismic
sections.

In the ares west of line 908, primarily in the vicinity
of line 404 (fig. 8), the relation of 3aismic horizon P with the
dredge data Is not clear, a8 the acoustic basement cannot be
clearly mapped beneath the continental shel{, The selsmic-
refraction data of Bayer and others (1978) give an
approximate position for the acoustic basement, besed on a
change of refraction veloeity from around 4 km/s to 7 km/s.
U horizon P Is simply extended seaward, the resulting
interpretation & thut geologic units B and C lie above horizon
Y. This conclusion ks considered unlikely becavse (1) the units
olsewhere form acoustle besement and (2) this conclusion
would require uplift and truncation of units D, E, and B, and
probably mueh of unlt C below the sheif and upper slope
between lines 403 and 404, whereas the seismic data do not
suggest that such massive truncation cccurs. An alterpative
interpretation is that & major feult is present in the lower
Tertiary strata along the lower slope and that a wedge of
units B and C has been uplifted seawerd of the .fault, A
further study of this interpretation using modelng studies of
gravity and magnetle data J8 In progress.

In summary {fig. 6) horizon D is correlated with the
base of unit G of Plafker and others (1980). It corresponds to
the unconformity at the base of the Yakataga Pormation,
which in the study area separates Oligocene from Miocene(?),
Pliccene, and younger strata. Horlzon E appears to separate
units E and F of Plafker and others (19808) and is
approximately middie Olgocene in age. The horizon is
mappable only in the vicinity of lne 403 and cannot be
mapped throughout the rest of the shelf area. The geologic
slgnifieance of horizon ¥ ig variable. East of the Dangerous
River zone, horizon P largely corresponds ta horizon D and is
on the top of probable unit A Sstrata, approximately
equivalent to the top of the Juressio(?) and Cretaceous
Yakutat Group. To0 the west, horizon F is at the top of
unit C, an Eocene baselt. In either case, the depth to horizon
P gives & minimum thickness for Cenozoic sedimentary rocks
tor the shelf end upper slope; additional sedimentary strats
could be present within or betow units C and B.

SHELF STRUCTURE

The structure of the Yakutat segment of the
continenta) shelf (sheets L and 2) is characterized by three
major elementa: (1) a large structural high at the shalf edge
centered on Pairwesther Ground, (2) a besement uplift,
referred 10 herein as the Dangerous River zone, extending
north from the western edge of Pairweather Ground toward
the mouth of the Dangerous River, and (3) two sedimentary
basins, separated by the Dangearous River zone. These
features, and selsmic date aoross thesg features, are
discussed below.

Fajrweather Ground

The Pairweether Ground high lies at the edge of the
continenta! shelf, rovghly between Alssk Valley and Yakobi
Valley (sheets 1 and 2). Dredge hauls (Plafker and others,
1980) end moagnetlc dats (Schwab and others, 1980) suggest
that the core of the high and the eastern part of the upper
continental slope south of Fairweather Ground consist of pre-
Tertiery rocks typitcal of the Yakutat Group on the adjacent
mainland (unit A of Plafker and others, 1980). Tertiary rocks




of Eocene through Oligocene age (umits C, D and E of Plafker
and others, 1880) are present along the westem part of the
upper continental slope bordering the high (sheets 1 and 2).
The lower Tertiary strata are also present (n the subsurface
on the western and northwestern flanks of the high (sections
569, 91Y, 912; sheet 3), Deep-sea deposits, probably
hemipelagic sediments and turbidites, onlap the lower
continental slope seaward of the high (sections 967, 400;
sheet 3). Sedimentary rocks of late Cenozoic age similar to
the Yakataga Formation (unit G of Plafker and others, 1980)
oceur in isolated basing on the high (Plafker and others, 1980),
On the Yandward side of Fairweather Ground, seilsmic
data show that Neogene and Quaternary sedimeniary strata
(D-SF strata) onlap the high and dlp toward the coast into the
eastern subbasin of the Yakutat shelf. These strata may have
surrounded and coverad the older rocks, and are uplifted and
truncated at the sea floor over at least part of the high
{sections 908, 911 and 9812; sheet 3), Sectlons 909 end 911
(sheet 3) and depth sections of these lines (figs. 7 and B) show
that mueh of the uplift occurred late during the D-SP time
interval, Little ot no thinning of streta is evident in F-D
strata or in the Jower part of the D-SF strata along these
lines, whereas more protounced thinning is present in the
upper pert of the D-SP sequence. On section 911 (sheet 3 and
fig. 8) the D-SF sequence can be divided into two sub-
sequences at horizon U. Btrats below horizon T show only
minor seaward thinning, but strats above horfzon U show
much greater seaward thinaing. Thus, horizon U marks a
chenge {rom no or relatively slow uplift of Feirweather
Ground to more rapid uplift. The amount of uplift can be
estimated by (lattenlng on horizop U, resulting in the
restored section of figure 8. In this section, strata are flat or
djp gently seaward, suggesting that little uplift ceaurred prior
to horizon U time. The minlmum amount of uplift is
estimated from the difference betwaen the restored depth to
horizon F and the current depth to the horizon, indleating
uplift siightly less than 1 km along section 931. A simijar
study ajong section 90D suggests uplift of about 2 km (fig.
7). Uplift may be greater because a substantial thickness of
D-SP strata may have been eroded from the top of the high,
and the origina) dip of horizon U may have deen slightly
seaward; the uplift estimate does not include the difference
between horizon U and the sea level at horizon U time.

Dangerous River Zone

Tne Dangerous River 2zone Is an area where the
aeoustic hasement on the seismic data becomes markedly
shallower, with structural relief on the acoustic basement
horizon of 2 km or more (shests 1 snd 2). Seismic data show
an abrupt geologle change ecross the zone. The thick
Paleogene section present in the ares west of the zone is
truncated at horizon D; the section onlaps and s Ip part
truncated by faulting agalnst acoustic basement along the
trend of the zone (lines 303, 509, 911, 912, 913, 814; sheet
3). Paleogene strata are either thin or absent east of the
zone, or heve markedly different acoustic properties and
form the acoustic basement, The southern extension of the
Dangerous River zone camnnot be seismically mapped across
the Fairweather Ground high. Howaver, the zone trends into
an area on the continental sjope where, on the basis of dredge
data, Paleogene strata are in close proximity to pre-Tertlary
strata and may be In fault contact (sheetzs 1 and 2; also see
fig. 4 of Plafker and others, 1980). The north of northwest
extension of the zone Is Inferred to pass beneath the Colorado
Oil and Gas Yakutat wells (wells 63-65, sheets 1 and 2), where
A thlek Palecgene section I8 cut out by truncation or faulting
(Rau and others, 1977).

The character of the structursl and siratigraphic
changes across the Dangerous River zone is variable. Along
sections 303 and 912 (sheet 3) the Paleogene Sectlon appears
to thin primarily by erosion at about horlzon D time, although
some onlap is also apparent. On lines 911 and 913 (sheet 3
and fig, 7), the section onlaps the acoustic basement. Finally,
on fine 909 (figs. 13, 23), the Paleogene strata both onlap the
gently dipping acougtic basement (horizon F), and in part
buftress agseinst feulted strata of the acoustic basement
{below location 1, fig. 7). Somo additional minor deformation

is also present in the early Teriipry section and extends into
the upper part of the section (betow location 2, fig. 7). Strata
do not clearly thin Isndward, as might be expected {f faulting
oceurred priot to or dutring deposition, and some of the strata
in the upper part of the F-D sequence are unfaulted over the
fawlt zone. The structure along the Dangerous River zone
may be largely e result of uplift prior to Bocene time, with
Eocene and Oligocene strata onlapping a paleoslope formed at
the fault zone. Stratz beneath the F/D horizon east of the
Dangerous River zone must be largely of Cretaceous through
early Eocene age, since middle and upper Eocene strata ontap
the acoustic basament horizon.

The Dangerous River zone marks the subsurface
expression of the Paleogene basin edge that Plafker and
othars (1980) delineated on the continental slope from dredge
data. Initlal development of the basin started prior to
horizon R titne. Setsmle reflectors in the lower part of the -
D sequence onlap horizon F. Foraminifers fcom dredged
rocks of geologic units D and E show decreasing water depths,
from middle to upper battiyal and outer—shelf depths for unit
E. Further, considerable transport of shallow-marine sands
into deeper marine sediments ocevrred in upit D (Plafker and
others, 1980). Thus, selsmic und geologlie data Indicate
deposition into a preexisting structurat low in approximately
early and middle Bocene time and infiiling of the low during
middle and late Focene and early Oligocene time. Faulting
along the zone occurred largely prior to the early stages of
deposition of the F-D sequence. Additjonat deformation
occurred during late Olgocene and early Miocene time and is
discussed below.

Sedimentary Subbasins

The Dangerous River zone separates the Yakutat shelf
into two distinct subbasins (sheets } and 2). The eastern
subbesin i8 bounded by the shoreline, the Dangerous River
zone, the Falrweather Ground high, and the offshore
extension of the Pairweuther [fault system. Strata in this
basin that are resclvable on the selsmic data ere of late
Cenozoic rge, and the lower Tertigry strata are missing, thin,
or form acoustic basement. On the isopach map of upper
Cenazofc strata in the eastern subbasin the {sopach contours
virtually colneide with the structure contours.

The upper Cenozolc section onlaps the Fairweather
Ground high and is uplifted and trunceted at the ses floor
along at least parts of the high. The sedimentary section dips
toward the coast, with a maximum thickness of about 4 km
east of Dry Bay., The axis of the basin s near and perabels
the coast. Marked uplift and folding of the basin strata are
present along the shoreline of the onshore Lituya Bay distriet,
where the Yskataga and Topsy Rormations crop out with
almost vertical dip (Plafker, 1967, 1971). Offshore seismic
data indicate flat-lying sediment within 3 km of the coast
near Lituya Bay, suggesting that a fault or sharp fold with
significant deformat{on and vertical displacement lies near
the shoreline., High-resolution seismi¢ data (von Huene and
others, 1979; Carlson and others, 1979), and section ADD
(sheet 3) Indicate that this fault extends to the southeast
where it merges with the offshore Fairweather fautt system,
and it could be a strike-slp fau)t. The fault may sxtend
onshore to the northwest beneath the thick alluvium of the
Yakutat district efther along or near the shoreline, or
trending into upper Yakutat Bay. In general, the upper
Cenozoic strata within the eastern subbasin show only
regional dip toward the basin axis and are deformed only
along the fault zone near Lituya Bay and ts southern
extension, and over or around the Pairweather Ground high.

The western subbasin lies between the Dangerous
River zone and the compressional folds of the Pamplone zone
(sheets 1 and 2). The structure and isopach maps show that
the Tertiary sedimentary section thickens markedly west of
the Dangerous River zone to more than 9 km south of loy Bay
and [ncludes a thick Paleogene section (F-D strata, sheets 1
and 2). South of Yakutat Bay, roughly between the shelf
break snd the coast, this Paleogene section has a maximum
thickness greater than § km. In the western part of the sub~
basln, the thickness and extant of this section i§ not wel
defined, since seismie re(lection and refrasction data give only



en approximate pasition for horizon P, but the section is at
least 4,5 km thick. 7The thickest part of the Paleogems
section, 63 seen In the isopach map (sheet 2), trends roughly
northwest and may define the axis of the early Tertiary
basin. The section &8 truncatad at the continental glope and
thing out over and onlaps the acoustic basgment elong the
Dangerous River zone.

Strata in the Paleogenc section were at least locally
deformed prior to horizen D time. On seismic sectfon 403
(sheet J), uplift of strata ls evident et what Is now the shelf
edge (location 1) and a gentle anticline is present  in
Paleogene strata In the center of the lne (loeation 2). A
depth seetion of this Jine (fig. 8), with reconstructed
flattening on horizons D, E and an intermediate U horizon,
suggests the following history, (1) Strata were initially
deposited into an existing besin or onto a subslding platform,
with mipor wplift at location 1 prior to U time (fig. 9).
Paleontologic data from dredged rocks (rom the F-D
sequence suggest that the sediments were deposited in a
middie to upper bathysl environments, and that gshaliow
marine sediments were transported into an existlng basin
(Plafker and others, 1980). 2) Between horizon E and horizon
U times, differontial subsidence resulted in the formation of
a local structural Wgh (Jocation 3, fig. 9), Prior to borizon D
time, uplift of about 1 km at location I trunecated part of tha
E-D strata. (3) Rinally, deposition of D-SF strata and
regional subsidence buried the Paleogene section. Uplift
again gccurred during the middle and late D-8F time interval,
as gtrata from thig sequence sre truncated at the sea floor
near the shelf edge. The seismic data suggest that major
eroglon did nol oeccur at horizon E time, since no marked
truncation of seismic reflectors in the P-E saquence s seen
at horizon E in the deformed zones on section 403.

Strata in the F-E sequence are unconformably overlzin
by stegts in the E-D sequence. The age difference across
horjzon E is variable, ag successively younger strata in the B~
D sequence oniep horizon E on both the anticline and on the
upilfted strats at the shelf edge. The angular unconformity
may not be present in other areas of the shelf, e little
structure is seen in F-D strata except slong section 403 and
at the shelf edge between Alsek Valley and Yakutat Valley.
Seismi¢ data are ‘insufficient to define the extent of the
anticline seen on section 403, but bloeks leased during OCS
Sate 3%, 1980, presumably are on this Ngh end provide some
indlcatlon of its extent and the locatfon of some nearby
smeller structures (fig. 3).

The structure end isopach maps of strate above
horlzon D (D-SF strata, sheet 2) show that the depositionat
axls of the upper Cenogole strata in the western subbasin
trends east to west and lies near the coast. The section
increages uniformly in thickness from the shell edge to the
bagin axis, with a thickness greater than 5.5 km In the
deepest part of the bagin. These strata are relatively
continuous accoss the Dangerous River zone into the sastern
subbesla, with faulting and folding seen nearshore onlty along
the northern extent of the zone (section 914, sheet 3). This
deformation may be a result of reactivation of faulting along
the Dangerous River zone, or could be due to the westward
continuation of the fault off Lituya Bay.

Adjecent to the structures of the Pamplona zone, the
structural contours on horizon D show that the D-8F strata
are bowed down into a structural low beneath the continental
slope. Howeaver, the sopach map shows that the section
maintains the same general strike and uniform increase in
thickness toward the basin axis es is seen in the rest of the
subbasin, instead of showing an [nerease in thickness in the
structurel low. Thus, the upper Cenosofc gection In this area,
rather than belng deposited into a preexisting structural low,
is apparently being bowed down in response to compressional
deformation across the Pamplons zone. FElsewhere in the
western subbagin the D-SF streta show regional subsidence
toward the basin axis, but are otharwise undaformed.

SLOPE AND BASE OF JL.OPE STROUCTURRE
Seismic data across the continental siope and adjacent

deep ocean show three major features. (1) The lower Tertiary
stratn (F-D strata) are truncated at the continental slope, and

steata above horizon D (D-8F strata) in part prograde seawsrd
over the older rocks. (2) A thick, undeformed or mildly
deformed abysssl sedimentary Section B8 present at the base
of the slope and in Bome areas onlapa the slope. (3) Faults are
present slong o relatively narrow zone slong the continental
slope or at the base of the slope, In part recent high-sngle
reverse or normal faults and possibly strike-sHp faults., Most
of these features can readily be seen on the seismic data
accompanying this report (from west to east, lines 404, 916,
908, 403, 909, and 400; sheet 3).

Both dredge (Plafker and others, 1980) and seismie
data show thet the lower Tertlary and older strata underlying
the oontinental shelf (strata below horizon D) cuterop on the
continental slope throughout the length of the Yakutat
segment, Upper Canozolg strata (D-SP strata) are thin or not
present on the slope east of about Yakutat Valley, but are
truncated at the sea floor on the continental shelf as a resuit
of uplift on the Fairweather Ground high. West of Yakutat
Yalley, these strata blanket the upper slope and the lower
part of the sequence has prograded seaward over the older
strata. The upper part of the sequence crops out with
decreasing age towerd land, indjeating that the sediment
supply was Insufficlent to keep pace with subsidence. The
flat-lying to gently iandward-dipping strata between Yakutat
Valley ard the structures of the Pamplona zone have been
affected only by regiona) subs(dence.

Oceanie crust at the base of the slope is overlain by
sedlmentary strata that are ss much as 8 km thiek; at least
part of the sedimentary sequence appesrs to be of pre-
Pliocene age, in agreement wi{th von Huene aad others
(1979). In the vicinlity of Yakodi Valley, the upper part of the
abyssal section onlaps the continental margin (tines 400, 967,
509(?), sheet 3). Further to the west, these strata may be
faulted against the continental margin (lines 404, 516, 906,
403; sheet 3). Nowhore can seismic reflectors from the
abyssal sectfon be traced beneath the continental slope, and
reflectors terminate at the base of the siope or onlap the
continental slope.

The abyssal strata are undeformed except for uplift in
a narrow zone at the base of the siope In areas adjacent to
the Pairweather Ground high. Two styles of deformation are
pregent. On seismic section 908, 403, and 90¢ across the
western part of the Pairweather Ground high (sheet 3), the
amount of uplift at the base of the slope is greatest In
Plocene and older sediments (below horizon Al) and
deoreases upwards in Pleistocene strata (A1-SP sequence);
only minor deformation is present in the upper part of the
Plelstocene section. Thus, this uplift begen prior to horizon
Al time, or approximately during Pliocene time. The
magnitude of uplift can be estimated for lLines 403 and 909
and is around 1 Km and 2 km, respectively. Late Cenozole
uplift on the shelf edge and the Peirweather Ground high {or
these same two Unes was discussed earlier and estisnated ss
beginning during Plooene time (D-8F time), and with
magnitudes of around 1 and 2 km, respectively. Thus, the
time of onset of defarmation and the magnitude of
deformation for strata on the shelf and at the base of the
slope are about the same, suggesting the deformation at the
base of the slope is due to uplift of the Fairweather Ground
nigh. The strata of the outer sheif, slope, and hase of slope
botween Ybakobi Valley and Yskutat Valley have been warped
upwards during Pliocene and Pleistocene time, with maximum
npllft centered on Fairweather QGround. Additionsl
consequences of thizs upllft may include the erosional
truncation of strate at the sea Noor glong the continentsl
shelf and over Fairweather Ground, and t{he steep average
gradient of the eontinental slope, ranging from 89 to 16° with
a mean of about 11° (Atwood and others, 1981).

The second style of deformation at the base of the
alope is seen southwest of Pairweather Ground, Bathymetric
data (fig. 3; Atwood and others, 1981) show three subparallel
northwest-trending ridges that are 15 to 30 km long. A
selsmic line across one of these ridges (Line 987, sheet 3)
shows that it is a young anticline (post-horizon A1 time) that
developed In the late Pleistocene. The ridges trend almost
perpendicylar to the N, 15, W. relative convergence veetor
for the Pecific and North Ameeica plates (Minster and
Jordan, 1978; Chase, 1978), and the geometry suggests that



the structures developed in response to this convergence
(Atwood and others, 1881).

On all of the seismic sections across the continental
stope {(sheet 3), faulting & present between the oceanic basalt
and the outcropping continental shelf section. As previously
discussed, these famits could be in part due to vertical or near
verfical uplift associated with the Fairweather Geound
structural high, or to recant deformation due w0 plete conver-
gence. The lack of other major eompressional deformation la
strata of the continental shelf or at the base of the slope, and
the lack of an accreted section along the continental slope
suggests that if there is additional frulting, it is primarily
strike-slip. Thus, major subduction of the Pacific Plate
beneath the continental margin during the late Cenozoic is
unlikely. No features have as yet been observed that show
strike-stip of{set.

An area of bathymetrlc relief and Structural
deformatlon Is present In the arez of Yushin Rldge, s large
northwest-trending ridge or set of rldges present at the base
of the slope southwest of Yakutat Valley {fig. 3; aiso line 404,
sheet 3; see nlso Plafker and others, 1988, figs. 22, 23; and
Atwood and others, 1881, sheet 2). Yushin Ridge is about 5
km wide and 27 km long, and rises more than 800 m above the
adjscent sea fioor. Seismic and dredge data indieate that
Yushin ridge is composed of probable lower Tertlary strats,
and that relatively undeformed upper Cenozolc sedimentary
strata surrounds and burles the ridge (Piafker and others,
1980; Atwood and others, 1981). Thus, this feature developed
prior 1o the late Cenozolec and most likely reflects an early or
middle Tertiary erosional or tectonic event.

GEROLOGIC HISTORY AND DISCUSSION

Prior to ot about early Focene time (hortzon P time),
block or transform faulting along the Dangerous River zone
created a structural high to the east of the zone and » basin
low to the west. The subsiding basin was floored by basalt
and interbedded sedimentary rocks of early Eocene age.
Strata deposited into the basin onlapped the basin fioor
towmrds the Dangerous River ®one. The basin axis trended
generally northwest, cutting obliquely across the modern
continenta} shelf {sheets } apd 2). Deposition of Eocene and
Oligocene strata (F-D strata) occurred in Increasingly
shallower water, and the lower part of the sequence is
characterized by transport of shallow water sediments into
the deeper parts of tite basin (Plafker and others, 1880). The
Dangerous River zone may mark the edge of the early
Tertiary basin,

West of the Dangerous River zone, loeat uplift within
the Paleogene basin occurred prior to about late Bocena or
early Oligocene time {pre-horizon E time), as suggested by
miinor upiift at loeation 1 on the reconstructed depth section
for seismlc section 403 (fig. 8). At early or middie Oligocens
time (horizon E tima), differential subsidence within the basin
forsned the gentle structural bigh seen on seismic section
403. Along horizon B, this deformation ecreated a local
unconformity which does not appear to be affeoted by msjor
erosion. In the rest of the western subbasin, Eocene and
Otigocene time (F-D time) iz characterized by regional
subsidence along the Pgleogene basin axis, and no major
structures or unconformities are seen in the seismic data.
Additional favlting along the Dangerous River zone may also
have ocecurred, resulting in uplift of the area east of the
zone. The Beismjc date leava unclear the timing of early
Tertiary faviting along the Dangerous River zone, but most
faulting occurred prior to the early stages of depasttion of
the F-D strata.

Horizon D f& a time-stratigraphic break that may
include pert or all of Miocene time. West of the Dangerous
River zona, seismic reflectors are conformable pcaross the
horizon, suggesting that no major deformation occurred
during the hiatus. The time inierval could be a perjod of
regional uplift and erosion. Uplift along the Dangerous River
Zone Auring horizon D time caused truncation of P-D strats
at horizon D. The torrain east of the zone may have
undergone major uplift during this time, resulting in erosion
and stripping of moat of the tower Tertiary section.

By Plocene time, and possibly during Miocene time,

deposition of D-SP strata began, Inltially with these
sediments prograding across the coatinental shell over the
older strata. Gentle uplift began in the Fairweather Ground
scea during early D-SF time, with more rapid uplift during
the last half of D-SF time (approximataly late Pliocene and
Pleistoeene time). Maximum uplift of Fajrweather Ground is
at leaxt 2 km and could be greater. This uplift resulted in
truncation of Cretaceons through Pleistocene strata at the
sea floor along the uplift zone, deformation of strata at the
base of the slope, and faulting along the eontinental slope
between Yakobl Velley and Yakutat Valley. Throughout the
area, the continental she) is characterized by regional
subsidence during D-SF time, with the basin exis near and
roughly paralle] to the coastiine. Reactivation of faults along
the Dangerous River zone or faulting along the westward
extension of the fault off Lituya Bay has resulted In uplift of
D-SF strata offshore of the Dangerous River into a gentle
entictine. Additionai deformation of the upper Cenozoic
strata {s present along the shoreline near Lituya Bay, with
marked uplift near the shoreline, and slong the offshore
extension of the FPajrweather fault, Finally, recent
deformatlon of strata at the base of the slope southeast of
Fairweather Ground has created anticlines that trend almost
perpendicular to the regional North America plate-Pacific
plate relative convergence vector,

The truncation of Paleogene strate and possible
Cretaceous or older roeks of TFairweather Ground at the
continental slope indicates that during Cenozole time,
continental end oceanic crust of very different ages have
been juxtaposed at the base of the continental slope. The
thickmess and extent of the Paleogene section beneath the
continental sheif west of the Dangerous River zone suggest
that at one time these strata were much more extensive than
at present and that the seaward part of the Paleogene basin is
missing, Since the current morphology of the slope is in part
a response to late Cenozoic uplift, the seaward part of the
basin might be the thick sediment wedge at the base of tha
slope. The thickness of the Paleogene shelf section at the
slope is similar to the thickness of the pre-Pllocene strata at
the base of the slope (see lines 908, 403; sheet 3). However,
dredge data indicate the shelf strata were deposited primarfly
in upper bathygsl to shelf environments (Plafker ard others,
1980}, and it seems unlikely that these strata are continuous
with the thick sedimentary sequence at the base of the
slopa. Also, the gsection at tha base of the slope is younger
than the Cretaceous and Paleogene rocks of the shelf, as sug-
gested by the selsmic age tie to the DSDP hole 178, near
Kodiak Island and discussed above, and by oceanic magnetic
anomalies. The oceanic magnetic anomalies on the Pacific
piate nesr this part of the shelf have been identified as
numbers 7 through 14, or Oligocene in age, although this age
must {n part be inferred across a zone at the base of the slope
where the anomaldes are seversly attenuated (Naugler and
Wageman, 1973; Taylor and O'Neil), 1974; Schwab and others,
1980). Thus, the sedimentary strata overlylng ocesnic erust
st the base of the slope are most llkely Oligocene end
younger, thus requiring juxtaposition of terranes of very
different ages.

This juxtaposition mast likely took place after
Ol{gocene time but prlor to Pliocene time, or during the
fnterred hiatus seross horizon D, Evidence for this {s1 (1)
juxtaposition must have taken place after creation of the
Oligocene oceanle erust; (2) Eocene through Oligocene strata
of the shell are truncated at the contlnenta! slope; (3) strate
above horizon D do not appear to be teuncated at the slope (in
particular, see Unes 404, 316, and 906; sheet 3), and have not
undergone major deformation during the late Cenozoic, and
(4) the upper part of the abyssal section, of PMocene and
younger age, onlaps tha gontinental slope (1nes 909, 967, 400;
sheet 3). The juxtaposition of the continental shelf and
oceanic sestions could have oceurred either by subduction or
by transform faulting, but the absence of an aceréted section
of early Tertiary age and the absense of major deformation
of the Paleogene strata at the shelf edge suggest that
subduetion has not occurred and that the most Hkely
mechanism s transform fauwlting. Transform motion is
unllkely during the late Cenozoie, due to the onlap relation of
Plocene and Pleistocene oceanio strata against the



continental ahelf, and to the absance of deformation of the
ugper Cenozoic shelf and slope strata (strata above horizon
D). The shelf and slope of the Yealmtat segment have,
therefore, been in proximity to the ediacent oceanic section
durlng at least Pliocene end Pleistocene time, and posaldbly
longer, without major relative motion between the two
terranes by either subduetion or transform motion during this
time period. Thus, the geologio history of the Yakutat
segment includes removal of the seaward part of the
Paleogene basin and adjecent Cretaceous basement rocks,
during about latest Oligocene or early Miocene time, and
northwest movement with the Paolfic Plate during Pliocene
and Pleiztocene time, and possibly dwring part or all of
Miocene time as well.

Additiona) data that support these conclusions include
a linear magnetic anomaly, the slope anomaly, that Ues along
the continental slope between Fairweather Oround and Kayak
Island and trends across the shell between Kayek Island and
the Kenal Peninsula. The source body for this anomaly Ues
within strata of the contlnental shelf {Schwab and others,
1880) and s Hkely to be the Hocene basalt (Plafker and
others, 1880), with the anomaly resulting e an edge effect
from the (runcated basalt. This source body hes been
subducted beneath the shelf west of Kayak Islend, and this
relation indlcates that the continental mergin from Cross
Sound to Kayak Island i a microplate, the Yakutat block,
that has moved with the Pacific plate during at least the last
3-5 ))11.y. {(Schwab and othery, 19798, 1980; Bnms and others,
1978).

Plafxer and others (1980) note that the most probable
provenance for the dredged sandstone In the Iower Tertlary
sequence of the Yakutat segment was the plutonle and high~
grade metamorphic complex of the coastal mountsing of
Britlsh Columbia and Alaska. Such a provenance Implies that
the dredged strata have been displaced northwest to the Gult
of Alaska by transform faulting along the North America
plate margin. If constant movement of the Yakutat blook
with the Pacific plate is assumed, then a {inite votation of
the segment showd that in late Olligocene or early Miooene
time, the segment lay roughly between the present position of
Yancouver Istand and the Queen Charlotte Islands off British
Columbia, in general agreement with the locetion favored by
Plafker and others (1980). If these interpratations are
correct, the geologle history of the Yakuat segment includes
removal of the seaward part of the Paleogene sedimentary
sequence and possible rafting of a combined Yalkutat~
Yaketage segment (the Yakutat block) from a position along
what is now Britfsh Columbia during Iate Oligocene or early
Miocene Uime, and movement of the segment northward with
the Pacifia plate during Miocene to present time. The
Yakutat block i3 now colliding with the North America plate,
rather than forming a part of the North Americn plate and
overriding a subdueting Pacific Plate.

PETROLEUM POTENTIAL

Three lease salea have been held in the Gulf of Alaska
since 1978. Ten exploratory wells drilled in the first area
aold, between Icy Bay and Kayak (gland, found no commercial
discoveries of oit or grs. These wells were drilled on large
anticlinal structures with favorable trap potential, Howaver,
these wells encountered no edequate gource of reservoir
rooks, and primarily tested the Neogene sedimentary rocks.
The Palgogene section was not adequately tested during this
ticst round of exploratory drilling.

The rocks dredged from the continental slope indicate
that potentiat petroleum source and reservoir rocks are
present in the Paleogens sedimentary sequence (Plafker and
Claypool, 1979; Plafker and others, 1980). These rocks are
fromature to marginally mature on the continental slope, but
should be more mature beneath the continental ghell. The
geismie data show that hydrocardon traps mey dbe present in
the Paleogene strata (R-D strata), but gre not Ukely in the
upper Cenozoic section (strata above horizon D), This section
briefly reviews the results of Plafker and Claypool (1979) end
Plafker and others (1980) on source and reservoir rock
characterlstics and thermal maturity of rocks on the
continental slope, discusses trap potential es seen in the

seismic data, and uses Lopatin's method (Weples, 1880) to
estimate the thermal maturity, petroleum potential, and
possible petroleum migration history for the strata beneath
the continental shelf.

Source Rocks

Analysis of selected dredge ssmplex from the
continental slope (Plafker and Claypool, 1979) Plafker and
others, 1980) indicates that rocks with favorable hydrocarbon
source-rock characteristics ere pregent in the Paleogene
sedimentary strata (Units D, B and F of Plafker and others,
1980; F-D strate of this report). Organic matter in seleated
samples I3 dominantly herbaceous, with subordinate amounts
of humic and amorphous kerogen. Total orgenic-~carbon
content of the analyzed samples ranges from (.42 to 1.87
percent, end averages more than 1.0 percent. This average is
above the generally secepted minimum value of 0.5 pereent
far arglllaceous hydrocarbon source rocks (Tissot and Welte,
1978). The Kkerogen composition is of a type that can
generate both liquid hydrocarbons aend gas f;mfker end
Claypool, 1379y Plafker end others, 1980).

Thermal Maturity

Indicators of tharmal meturjty show that the dredged
samples from units D, E and ¥ are immature to marginally
mature but that samplezs from unit B are mature to
overmature (Plafker and Claypool, 1979; Plafker and others,
1980}, Ol generation begins at a thermal alteration index
(TAD of about 2 and a vitrinite reflectance value (Ro) of
about 0.8 percent; peak oil generation ends at a TAI of around
3 and a vitrinite reflectance value of about 1.35 percent
(Dow, 1877, 1879; Tissot and Welte, 1978). Vitrtnite
reflectance veluas for dredge samples (rom units D, E, and F
are within the range of 0.3 to 0.6 percent; only a few samples
are near or greater than 0.6 percent (Table 5 and fig. 22 of
Plafker and others, 1880). The TAJ for these sarmples ranges
from 1.2 to 2.3, with most samples sround 1.9 to 2.1 {Table 4
of Plafker and otners, 1980). Thus, these rocks are immature,
and onfy 8 few samples approach thermal maturlty, Vierinite
reflectance values from unit 8 range from about 0.4 to 3
percent, and TAY values from 2.3 to 3.8 indicating that these
rocks are¢ mature to overmature (Plafker ang others, 1960).

Reservolr Rocks

Plafker and others (1960) found that most of the
dredged sandgtone samples have poor reservolr quslities, due
to the presence of abundant unstable mineral and rock
fragments, common caleite cement, end stlizeous, zeolite,
and clay pore fillimgs. A few semples of sandstone with
permeabllities and porvsities sufficient to serve as reservolr
rocis were recovered {rom units B, D, end E during dredging;
In these rocks, the permeability and porosity appear to be
targely secondary,

HAydrocarbon Traps

Except for the anticline near the Dangerous River,
seismle data do not show any late Cenozoic antlelinal {olde on
the Yakutat shelf simlar to those found on the adjncent
Yekatage shelf to the west (Bruns, 1979; Bruns and Schwab,
1983). At least one large anticline is present in the early
Tertlary section (line 403, sheet 3 and fig. 9, location ), and
the extent of this structure and possibly that of some smaller,
similar structures, can be inferred from the bloeks leased in
the 1980 lemse sale 58 (sheets 1 and 2). This anticline
devéioped prior to about late Odgocene time and could serve
ag an effective trap. Additionel structures may be present,
but are not seen in the widely spaced seismic data.

The Dangerous River zone may provide possibilities for
stratigraphic and structural treps. Paleogene strata lap onto
the acoustic basement along the Dangerous River zone.
These potential traps are updip from the basin axis, and thus
couM trap hydroearbons migrating out of the busin lows. The



Dengerous Biver zone mpy have f(ormed the margin of
Paleogene besin. As noted by Plafker and otbery (1980), there
may therefore be enhanced opportunities for the presence of
coarse olextic rooks, wp~dip stratigraphie iraps, poesible
Eocene carbonste reefs, and fsult seals along the gone. In
addition, the overlying upper Cenozolc section could provide
n gen) over the struta in some areas.

The uplift of the Fairweather Ground high is unlikely
to provide significant trap pussibilities, since Tertiary strats
around the high generally crop out st the seafloor, and
spbarently no ef{ective seal & present, Possible exceptions
to ths msy occcur on the west end of the high along the
Dangerous River zone.

Lopatin Calculations On Thermal Maturity

The method of Lopatin (Waples, 1980) can be used to
evaluate the thermal meturity of the strate beneath the
shelf. This method takes Into account the eumulative effects
of both time and temperature on the maturation of organic
matter. Waples (1880) described the methed in detai) and
showed that the time-temperature Index of maturity (TTD
caleylated by this method generally agrees with other
indicators of therma) maturity. The threshold values of
Lopatin's time-temperature index (TTI), and corresponding
vitrinite reflectance (Ro) and thermal alteratlon index (TAD
values ara (see Waples, 1980, table 3):

TT1 Ro TA}

15 0.69 2.83 Onset of oil generation
75 1.0 2.9 Peak oll generation
180 13 3.2 End of oll generation

Use of Lopatin's method requires estimates of the
geotherms! gradient and the burial history of the sectlon of
interest. In addition, thrae major simplifying essumptions are
made (Waples, 1980): (1) a constant temparature grudient
with depth; (2} & constant temperature gradient through time;
and (3} a relatively uniform rate of sedimentation for the age
units used In the caleulation.

The burial nlstory for sediments beneath the Yakutat
ghelf can be estimated from the séismic data. The mapped
horigons give sediment thicknesses throughout the shelf
atea. Horlzon F, lying at leest in part on the top of Eocene
basait, is assigned an sge of 50 m.y,, or about the age of the
besalt as determined by Plafker and others (1980). Horizon B
Is considered to be on middje Oligocene strata, or about 30
m.y. age. Two end member cases are eonsidered for horizon
D. In the first case, horizon D may separate Oligocene from
Pllocene strata, 2o that there is a hlatus from about 24 to
5 m.y. (unconformity cese). The effect of this assumption is
that strata remain at a constant burisl depth and temperatore
window for the perfod from 24 to 5 m.y. Thiz case
corresponds to age eastimates of the shell strats as discussed
earler in this study, but does not teke into aecount possible
deposition of Miocene strata and subsequent stripping during
8 period ol erosion. Maturity could be greater than that
¢alovlated. This case glves & congervative eatimate of
thermal maturjty for shel strata. In the second case
deposition is considered as continuous across horizon D during
Neogene and Quaternary time (continuous deposition case).
The effect of this assumption i3 that the caleulated maturity
(s optimized.

The geothermal gradient used for the calculation is
250 C/km, as messured {n the Continental Offshore
Stratigraphie Test (COST) wall drilled southwest of fcy Bey in
the Yakatage segment of the continental margin (Boim anrd
othersg, 1978). Well logs for Colorado Oil and Gas Yakutat
wells #1 and #3 indicate bottom-~hole temperatures that yleld
a gradient as high as 30° C/km, and in offshore wells
southwest of lcy Bay, the gradient may be 20° C/km or
lower. The effect of the higher and lower gradients on the
caloulated results will be discussed below. The Paleogene
strata may Initially have had a different geothermal gradient
than estimated sbove, The measured gradients may primarily
reflect the rapid depasition of the Neogene strata. This case

i8 not considered in the caleulations.

Lopatin diagrams for the two cases are shown in figure
10. The reconstruction of burial history Is for strata adjaeent
1o the mam structure leased during leasg sale 55 and is at
Tocation 2 on line 403 (sheet 3 and fig. §). The oil-generation
window i3 shown by lines ing to a calculated TTI of
15 (Ro = 0.6%) and TTI of 160 (Ro = 1.30%). Several
conclusions are common to both cases. (1) Only strata in the
Eocene sequence have entered of gone theough the oll
window; the upper part of the Bocene strata, and Oligocene
and younger rocks at this location are likely 1o be immature.
{2) Ofl generation within these strata may have started during
late Oligocene and Mjocene time, with rocks resching a
sufficlent depth for peak oil generation {TTI = 75) in Miocene
time. (3) Burial had to be greater than about 4 to 4.5 kin for
oil generation to begin. (4) Only rocks below about 4.5 km
(imeonformity case) or 4 km (continuous deposition case) are
currently in or below \he ofl window. () The ofl-generation
window Is about 1.5 km thick. The maln difference between
the two cases considered i3 that the oil-generation window la
about 0.6 km higher (n the section for the continuous
deposition case than for the unconformity case. Calculations
for geothermal gradients of 20° and 30% C/km move the of}
generation window about 1 km deeper or 0.7 ki bigher,
respectively, fn the section than discussed above.

Lopatin calculations for other areas of the shelf have
been combined to show the oil-generation window for 25°
C/em in two cross sections (fig. 11; loostions shown in fig.
3). Bection A-A'is along line 912 and extends on strike to the
wesat to line 404; it crosses the thickest part of the early
Tertiery basln along the inferrea early Tertiary basin axis.
Section 8-B' gorresponds to setsmic line 908; end runs across
the continental margin. These two crogs sections suggest the
following conelusions. {1} The top of the oll generation
window ranges from about 4 to 5.5 km In depth for the
unconformity case and is about 0.5 km higher for the
continuous deposition case. The average depth is about 5 km
and 4.5 km, respectively. {(2) The base of the oil~generation
window is about 1.5 km deeper. (3) Potentially mature rooks
are primarily of Eocene age. Oligocene dtrate may be mature
only beneath the thlokest parts of he Neogene and
Quaternary sedimentary basin, primarily in areas beneath the
axis and the western quarter of the basin. Neogene rocks are
potentiolly mature only below the axis of the basin. (&)
Potentiplly mature strate are most likely present only west of
the Dangerous River zone. (5) Strata at the contlnenta) slope
are likely to be immature. This corclusion matehes observed
thesmal maturity indicetors in the dredged rock samples.

In general, hydrocarbon generation throughout the
basin may have begun In Eocene strata in about Mjocene
time. Migration of these hydrocarbons updip would drive the
generated hydrocacbons toward the edges of the baskn onshore
and at the continental slope, where the potential for traps
appears to be poor, and east up the basin axis towards the
Dangerous River zone and the structures leased during lease
sale $§. These structures formed at least in par! during
Oligocene and early Miocene time, or prior to or during
poientia) hydrocarbon generation and migration, and may thus
have good potential for treppsng migrating hydracarbons.

The Lopatin caleulations strongly suggest that if
suitable source rocks are present in the Eocene strata
beneath the shelf, at least some of these strata sre mature
enogh (0 have generated oil and ges. Since the dredge
samples suggest spurce rocks sre present in the exposed
section, the major unknowns are whether migration has
oceurred and whether suitable reservoir rocks are present to
trap migrating hydrocarbons.

The Lopatin caloulations can be combined with volume
estimates of sedimentary rocks of the Yakutat segment to
estimate the volume of sediment thet may be in o below the
oi} window. The total volume of sediment gan be measured
from the structural contour mapg. The lmits of the area
conslderad are between the Yakobl Valley and the Pamplona
zone, the shorellne (extended across the mouths of the major
bays), and the lower Tertiary outcrop or suberop at the conti-
nental apelf. In areas where contours are not deflned by the
seismic dats, the contours are extimated by extending them
along strike. With these limits and assumptions, the total



volume is about 138,500 km3, of whjch 75,000 km3, or 54
percent ate Eocene snd Oligocene strata F-D strata) and
63,500 km* or 46 perceint are Neogene and Quaternary strata
(D-8Y strats). Approximately 90 percent of the total
sediment volume is east of the Dangerous River zone (east of
the lower Tertiary suberop Une, sheets 1 and 2). Por the
unconformity case end a geotherma} gradient of 23 C/km,
the average depth to the ol window {3 about 5 km, and the
volume of sedimem In or below the threshold for oil
generation (8 therefore about 23 percent (flg. 12). Por the
continouous deposition case, averaging about 4.3 km to the oil
window, the volume i3 gbout 28 percent. For geothermal
gradiants of 20° and 30° C/km, the corresponding volume
ranges are about 13 to 18 pereent and 34 to 40 percent,
respectively. Bince almost all the strata in the ofl window
are of Paleogene gge, these volume ranges suggest that from
25 percent (at 20° C/km) to 70 percent (at 306Y C/xm) of the
total Pnieogene section could be within or below the oil
window, depending on the assumptions of burlal history and
geothermal gradiant.

Even though driliing results in the Gulf of Alaska have
so far been disappolnting, there are still peasons for optimism
for the discovery of economic hydrocarbons beneath the
Yakutst segment. The major positlve conslderation is the
presence of organic—rich rocks dredged from the continental
slope that eould be good source rooks beneath the continental
shelf. These rocks extend benesth the adjacent Yakataga
segment, and are the likely source for the numerous seeps
onshore, Thege strata are untested by drilling that has so far
taken place. Thus, the major exploration strategy for the
Gulf of Alsska iz to search for the Oligocene and Bocene
strate in favorable trap locations at drillable depths beneath
the Yakutat and Ysakataga segments.
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DEPTH, IN KILOMETERS

CUMULATIVE PERCENT VOLUME
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Figure 12. Piot of cumulstive percent volnme versus depth (pereent of total volume at or below
a particular depth). Oil end gas Timits shown are a shelf-wide sverage based on
Lopatin ealcolations of thermal maturity with a geothermal gradient of 25
C/km, The eorresponding volume of sediment that mey ba mature then ranges
from scound 23 to 28 pereent of the total volume. See text for discumsion of
~tmlations vaing other gaotherms) gradiants.
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