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PreTiminary report on the geology of the continental slope
adjacent to OCS Lease Sale 55, eastern Gulf of Alaska:

Petroleum resource implications

By George Plafker, Gary R. Winkler, Warren L. Coonrad, and George Claypool

Abstract

Forty samples of Tertfary and Cretaceous outcrop or suspected outcrop
were dredged along the 250-km-long northwest-trending continental slope
between Tong 138°00' W. and 142°30' W. These samples, from water depths of
3,150 m to 200 m, combined with seismic reflection data, identify seven rock
units in apparently normal stratigraphic position. From oldest to youngest
they are: Unit A: Hard graywacke, argillite, and possible intrusive rocks of
inferred Late Cretaceous age that crop out in the eastern part of the slope
and probably underlie much of the Fairweather Ground. Unit B: At least 900 m
of sandstone, conglomerate, shale, and subordinate basaltic volcanic rocks
west of Yakutat Seavalley between 142° W. and 143° W. that is not dated but is
probably of late Paleocene to early Eocene age. Unit C: 1,300 m of basaltic
flow and pyroclastic rocks with associated clastic marine sedimentary rocks
that makes up much of the rugged lower slope throughout the area. This
sequence is largely, or entirely, of early Eocene age. Unit D: Up to 2,100 m
of early and middle Eocene sandstone, conglomerate, siltstone, and tuffaceous
organic-rich shale that partly overlies, and partly intertongues with, the
volcanic unit, Unit E: 800 m of early to late Eocene and early Oligocene(?)
organic-rich shale, tuffaceous shale, siltstone, and sandstone that partly
intertongues with, and partly overlies units C and 0. Unit F: 300+ m of

siltstone, at least in part of late Oligocene age, that crops out locally



along the upper slope where it unconformably overlies Unit E. Unit G: Up to
2,000 m of late Cenozoic (middle Miocene? and younger) clastic sedimentary
rocks including abundant glaciomarine deposits that unconformably overlie all
the older units.

The early Tertiary sequence sampled on the continental slope differs
strikingly in 1lithology and structure from coeval rocks expcsed onshore or
penetrated in unsuccessful exploratory wells on the adjacent mainland. Units
B, D, and E include abundant source rocks that have undergone a thermal
history resulting in local generation of hydrocarbons. Sandstones from Units
D and E locally have secondary porosities up to 31 percent and permeabilities
to 36 md. Seismic reflection data indicate that the sequence with the most
favorable source and reservoir potential (Units B, D, E) dips northeastward
beneath OCS Lease Sale 55 where 1t could be a favorable exploratory target if
involved in suitable traps. VYoung anticlinal folds are not present, but other
important traps are likely to include drape structures, horsts, and faults
within the early Tertiary sequence and pinchouts, fault traps, or combination
structural/stratigraphic traps along the northeastern margin of the early

Tertiary basin.



Introduction

Bedrock outcrops along the continental slope adjacent to the Yakutat
shelf were sampled in 1977, 1978, and 1979 as part of the U.S. Geological
Survey's program for evaluation of the geologic framework and petroleum
potential of the outer continental shelf (OCS) in the eastern Gulf of Alaska
(fig. 1)}. The samples ware collected in water depths between 3,180 m and 250
m to provide geologic control on the seaward margin of the Gulf of Alaska
Tertiary Province, a major sedimentary basin on the continental margin that
has long been of interest for petroleum exploration and to further
understanding of the tectonics of this active plate margin.

Between 1954 and 1961, 25 expioratory wells were drilled onshore and one
unsuccessful well was drilled offshore in State of Alaska waters near
Middteton Island (Plafker, 1971). Part of this basin on the outer continental
shelf (0CS), between Kayak IsTand and Icy Bay, was leased in April 1976,
following which 10 dry, deep exploratory wells were drilled for petroleum from
1976 to early 1978 (Plafker and others, 1978a; Bruns, 1979). A second lease
sale (Sale 55) has been scheduled for October 1980 in the segment of the
continental shelf Tying between Icy Bay and Alsek River, herein referred to as
the Yakutat shelf (fig. 1).

This paper outlines sample data derived from the segment of continental
slope adjacent to the area of proposed OCS Lease Sale 55 and presents a
preliminary evaluation of the sample data with respect to its petroleum
resource potential. Some of the data on samples collected in 1977 and 1978
were summarized in previous reports by Plafker and Claypool (1979) and Plafker

and others {1978C, 1979).
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Methods

Qutcrop samples on the continental slope {and one on the shelf) were
collected with a Benthos chain-bag dredge designed for heavy-duty deep-sea
work. The dredge mouth is rectangular and is constructed of 4.4-cm-thick
steel plate jaws 22 cm wide by 70 cm long connected at the ends by 1.25 cm
steel plate 13 cm wide. The dredge mouth is 46 cm by 61 cm at the top and
tapers to an opening of 25 c¢m by 61 cm at the bottom. Samples are caught in a
chain link bag approximately 112 c¢cm long that is attached to the bottom of the
rectangular steel plate dredge mouth. Link openings are approximately 5 cm in
diameter, which permits mud and smaller rock fragments to wash out of the
bag. When full, the bag has a capacity of about 1/4 cubic meter or roughly
455 kg of broken sedimentary rocks. The dredge is connected to the towing
cable by a steel A-frame hinged yoke designed so that pull on the yoke causes
whichever jaw is on the bottom to dig into the surface over which it is
dragged. The dredge was connected to a 1.4 cm cable (9/16 inch) by a 1.} cm
(7/16 inch) weak 1link having a breaking strength of about 8,200 Kkg.

Sampling was accomplished by towing the dredge over the bottom at speeds
of approximately 2.8 to 3.7 km/hr (1-1/2 to 2 knots) with a cable length
roughly 25 to 50 percent greater than the water depth. The pull registered by
a dynamometer on the cable indicated when the dredge was on bottom, the
general nature of the bottom, and when outcrop samples were being broken
off. A time-depth recorder was installed on the cable for most hauls made
during the 1979 cruise in order to better locate the outcrop "bites" and
samples.

The dredge attempts were commonly located along seismic profiles obtained
simultaneously with the R/V Sea Sounder's single-channel 160 kilodoule sparker
system as well as 3.5 and 12 kiloHertz systems. Several of the samples and

profile lines are also located along 24 channel CDP reflection lines taken by
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the R/V Lee or R/V Ceci] Green. The seismic profiles were used to facilitate
correlation of the outcrop sampling with seismic reflectors.

Locations were provided by a Magnavox integrated satellite/Loran
navigation system and are normally accurate to within 1/2 km. Problems with
the system's Loran and timing clock in 1978 probably resuited in increased
sample location errors; the amount of these errors is unknown, but could be up
to 2 km in some cases.

Dredge localities are numbered consecutively for the 1977, 1978, and 1979
hauls and samples are assigned the dredge locality number followed by
tetters. Prefixes that identify these cruises are as follows: 1977, 52-77-
EG; 1978, S5-78-EG; and 1979, S10-79-EG. "S" indicates R/V Sea Sounder, the
numeral that follows indicates the cruise leg, the two-digit number refers to
the year, and EG indicates the area (Eastern Gulf of Alaska). For brevity in
this paper the prefixes have been shortened so that references to dredge
localities and samples are referred to only by year and number (i.e., Tocality
78-44, sample 78-44A).
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REGIONAL TECTONIC SETTING

The segment of the continental siope sampled in this study, together with
the adjacent OCS, is part of a relatively small triangular crustal plate that
has been informaily named the Yakutat block (fig. 2, Plafker and others,
1978b; Rodgers, 1978). Available earthquake, geologic, and marine seismic
data suggest that most of the approximately 5.8 cm/yr relative motion between
the Pacific and North American plates is presently being taken up along the
Falrweather transform fault and Pamplona zone of thrust faults and folds.
Relative motion between the Pacific plate and Yakutat block is small--perhaps
on the order of 0.4 cm/yr (Lahr and Plafker, in press) and occurs mainly on a
system of inferred faults (the Transition fault zone) at or near the base of
the continental siope. Offshore parts of the Yakutat block are characterized
by an asymmetric, deep shelf basin containing middle(?) and late Cenozoic
sedimentary rocks, and a general absence of compressional deformation in the
post-Paleocene Cenozoic section (Plafker and others, 1978a; Bruns, 1979).
These features suggest that the Yakutat continental slope has been a trailing
or strike-slip margin--rather than a zone of convergence--throughout much of
the Cenozoic, In this respect, the continental shelf and slope of the Yakutat
block differ strikingly from the Yakataga area to the northwest where seaward-
verging thrust faults and folds reflect pervasive late Cenozoic compression
due to high rates of underthrusting along the Aleutian Trench and Pamplona
zone.

ROCK UNITS

The approximate distribution of rock units along the continental slope is
shown in fiqures 3 and 4. Also shown in figure 3 are the stuctural boundaries
of the Yakutat block, the limits of pre-Tertiary outcrop along the coast, the

Tocation of exploratory wells, the axis of the late Cenozoic basin, and the
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Figure 2.--Model showing inferred relationship of the Yakutat block (YB)
to other crustal blocks in southern Alaska (Lahx and Plafker, in
press). Circled numbers give rate of motion (em/yxr) of the Yakutat
block, Pacific plate, Saint Elias block (SE), and Wrangell block (WB)
relative to the North American plate. Numbers next to paired vectors
give rate of motion across indicated zone. PZ, Pamplona zone; T2,
Transition fault zone; F, Fairweather fault); Q, Queen Charlotte fault;

AT, Aleutian Trench.



MAP UNITS
H. }QUATERNARY

)

!:lilt:;::eer:\z‘ .1 ] TERTIARY &
Pleistocene 7 QUATERNARY
Ollgocenea III
Palaocens 7, E
SPI

- TERTIARY

S

. S \l
Pam‘plona Ridge =
. -

ELL A RN

&

Dry Well

&
& a oo i
o ©0° u, o uBp0 e

Sb a0, o age,"

Basin Axls

T Canyon,
Falrweather Ground

Sy AL

- - S

¢ o o
a . o
= e by ae sl a b g

CRETACECQUS

PRI

ot

3

2 e NN RGN

figure 3.--Generalized geologic map showlng bedrock outcrop distribution on the Yakutat continental slope and
shelf, the outcrop area of pre-Tertiary rocks onshore, areas of thicker unconsolidated deposits, major

7T

structural features, onshore wells, and proposed OCS Lease Sale No. 55. See text for description of map units.



*@3Rp OTWUSIIB
(z0) pue 8Bpaip 9yl woxj paonpadp 9 ybnoayi y s3Fun OTHOTOY3ITT JO UOTINGTAISTIP 3yl pue (T @Iqe3) sTnvy abpaap Aq
patdues STeAIS3UT Y3dop BUTAOUS *M o£bT PUC M oB8f[ Ud3x3ag adols Te3lusujiuod Syl o3 TITTered UOTIOIS--°Yp a1nbia

¢ nne)

)_w N1 L

gﬁ
PRELIPTERTENY] \\)
1 \ / W 0002
A
\ \
g
/
\ o
7
x 4
ﬁ
— ]
= 1* W 0001
v
14y
I 9
6f
- (kmauv - oA YB< it X3115a93< 30 R oL
w0AURY YISy K3yieaeag eInye) s

nmm_: w6gl (c_w_ olbl .N__:

10



distribution of thick unconsolidated Quaternary deposits. Dredge samples on
which the map and section are largely based are described in table 1 and their
Tocations are shown in figure 1. Figures 6 through 20 are marfne seismic
profiles oriented approximately perpendicular to the slope that show the
topographic and structural settings for many of the dredge samples. Profile
Jocations are shown on figure 5.

Because the geologic map and section (figs. 3 and 4) were constructed
from dredge samples whose precise depth is unknown and because the seismic
profiles are widely spaced, the exact location of contacts is generally
uncertain. Bedded clastic sequences of Eocene and younger age commonly Show
well-defined continuous interval reflections in areas of gentle slope, but
these are invariably masked by diffractions in the more topographically rugged
areas. Eocene volcanic rocks and the Late Cretaceous "basement" rocks lack
coherent reflectors and cannot be differentiated on our seismic profiles.

Stratigraphic Summary

Seven rock units of pre-Quaternary age have been tentatively delineated
on the continental slope and adjacent shelf in the Yakutat block. From oldest
to youngest they are:

Unit A) "Basement” rocks probably correlative with the Late Cretaceous
Yakutat Group onshore.

Unit B) 900 m+ of clastic sedimentary rocks and basalt of unknown, but
probable Tate Paleocene or early Eocene age.

Unit C) 1,300+ m of basalt and probably minor sedimentary rocks of late
early to middle Eocene (Penutian and Ulatisian stages) age.

Unit D) Up to 2,100 m of heterogeneous sedimentary and pyroclastic rocks

with some basalt of middle to late Eocene (Penutian and Narizian stages) age.

11



Taple 1.--Location snd description of dredgad pre-Quetermary cutcrop or probable outlsrop samples

(Foss i igene{ficacions and sgc sssigaments by O. Bukry (nannofossils), W. W. Ray and R. 1. Podre (Fforaminifart),
Andersoh-dyrren Arsoclates (palynemerphs), J. A. Bacron and 0. Sukry {dfatoms snd vilicoflagellates]}

Hep Drwdge
No do.

(Fig. 1)

Location

(Dapth and codrginscer are
given for 3tace and {imsa
of dredge casts)

Nater
dspth  Latitude
(m) )

Londrtuda
(¥.)

Letmaten
Racovery

(xy)

Sampte
Dey{gnavion
{Underline

indlcgtes
thn section
dvailadle)

Lithalagy

(Listeq (n order of calative atundance Fotsing Comme it §
1n dredge sample}

\ 19-16

3108~ 59704.%8"
2650 59708.78°

14273330
142°34.22"

124

79.14A, 158,
168,160,

:F
a;E
3

$andstons, faldsgatholfenic, nighly mica- Nane
THous, hace, mﬁm—-tht-gnyﬂw mad §on-

gari-gray, (inev to medium-grained, mos-

erately well tortad, 1n 9art calcareous

ond cul by calcite veintars, locad ami-

nae of carbonized plant material, in pare

1heared, and brecciated.

tole, vllty, hard, urownish-black with
nterdeadoed sANGALDMY ANd DMrtingd Q¥
wispy dlucy glantt msterial. Sandstone
Jaminag 2 o to )5 am thick, medivm-gray
0 yelipu-gray, very Tine to medium-
'ut‘e:“' {n part graded and cross-lami-
na -

? 78-41

210~ 59402.9¢°
2700 98°0%.02¢

142°26.51°
14242407

0

78-43A, 418,
MNe

8-40
through 412

Saobly and sandy mudstone, hard, 1ight. ?igcens-Quaternzry fusseonamatrix
gray, Tusty-Brovh-weather(ng, Attichag foramintfers conglomerare ar
to cobbla-3ize gaboro clasc. Tertisry folynomorohs dramiceier tn

Laze Miocena ta Mglo- Yakatzga Fapme-
cens diatoms tion?

Cobbles ang boulgers, 100s2, polymictic, Dior-te c)ast
subangLTsY to rounded, targest is 18x 1% miniman age is
» 12 om.  lacludes graywacxe, gsbbro, N N2 5 my
yneyss, Schist, altereo dasalr, quarce bazed gn whole
diorite, grancvforite, aplita, etc. ro¢k x/Ar d4te

3 76-23

2890- 58°55.9¢°
3010 5R=94.66°

142°10.20°
142914 6)!

76-204

odstona. feldspacholitnic, mard, sense, Ry e sreatic or
ignt-gray, Redlum—gra(ned. subanyular ¢o e Cacometl eut¢rag
subrounsed, poorly sorted, tigntly com-

pacted, s(ightly calcareous-

4 78-22

2870 59°00.34°
2430  5B787.8)°

142708.55"
142409.39¢

30

i e
e

78-2201.
222, 2203,
2204

784227

Spadstons, feldsparholithic, hard, lighe-
,;u (o gray ang greenish-gray, wery

ne- to coarse~gratned, (n part dami-
AdTRd 4 graded, highly mlcacecus, vawas
of orednite ané carbonate.

Siltstone. hard, alack, cervonicedut, ta
cert With Yaminas af greanish-gray,
graded, and channgled very fime grained
sandstome .

Shale, mediom-gray, Jight-brosnisn-gray, Pre-f)iggons forsmin:-
100 darksbrown, wixy. orgenfc-rich, mas-  fers
3{ve. $mall pelecypads

21t and diabise. angular o sudangular
giocis Tposs 10Ty talus), vecy hard. green,
Qrry-green, and gark-gredn, 'n part por-

phyriti¢, dmygdalofdal, velawd, in part
agyloswritic.

faxalt, maed, dark-green, hyalgotlivie, Batplt ninimm

Wminor chlorite ang sligntiy altared pla- agu 55,2470

@rociate (aths, apundant Justy iron gres. A.y. bared op
wngle roLk K/Ar
e

Q_‘ult. hard, dark~gresn, f{se-grained, Basalt minimam

Atargranplar, tresh plagiociase and age 33.8%).9

augite, adwmdaag dred ore. .y, baved on
whole rogh XJkr
dase

3 1928

2760-  $8°96.06"
227%  58°38.20°

14z*05_94°
V42406.78'

3

Sacdstone. moverately indycatad, friable,
“weiilve, pale-ye))ow-Drown-wsathering,
medium. Lo coarye-grainad with scateareg
vary codrse grainy, micaceous.

(] 77-20

3160- SB°53.17°
WSO 58°54,28°

14270321
142402.90°

78

7r-q04

71208

anus%wzrix fmkmr!u, hard, fresh,
polymictTe, claxt size from pepbles to
blocxs (35x25x 20 om), vevbles well
rounded and SMDGLR. coarser ciasts round-
&d tD sudroundad. matrix girty, caleare-
dus, medium grained. fthofeldspathic.
Shals, nard, dark-gray, sligntly calcare-

aue, apimdant flaaly diviged pyrita.

! 77-21

2600- 58°55.8)°
PO U S Y S

142706.52°
142%03.39°

140

%ﬁ.

78-214. 218,
L

§%Ecwn!. feldspathalitnie, moderately
A ¢ herd, thearad, massive, )ight-
gray to 9ray, mdius- 10 COArse-yrained,
very pdorly sorted. shgular o subsngu-
Yar, in part padbly with spumuant smale
chips,
Shale, moderstely hard, black, carbona-
ceous. {n small tragments within sand-
stbne.
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Table 1..-\ocstion ang deseription of dradged pra-Guatermary outcrop or probable outerop samalys (Coptrisued)

Rap  Dreage

Locacion

Eslfmateo

No. o

- (n Latitde  Longityde

Sample

07 Dagignatien

Lithology

Foxgilg

Comrents

Sqedceons, moderately nard, friable, mes-
$ive, sligntly weathered, pala-yellemisn-

Yectiagry aranécesus
faraminifer

B - , - . 77-225 gray. fina-grained, micaceous, sparié
P 77-22 2575~ 58°5B.60"  M1%59.68 5 ghuconite‘gvery dirty with modarate
2300 58759. 011" 141°3e.46° seCONdary porosity.
M-8 Shat¢, sofr to moderately Aard, medrums
Qhe-gray, miciceous and carbonacagus,
SaAgstone, feldspatholithic, slightly Niadte Logens to &arly
Rdyra and friable, 1n gar) calcacesus 01490cena naAnofos~
400 Mg, megiuE-gray, mediue-grained. s
2600- 5844710 141912.2%° 79-422, 428 moderarely well sortad, sngular to tube  Cacean? foraminifuey
3 7912 : ) 24 rounded, R1CaceouT, Comonly M3Sive but  Eocane e lynamorphs
2780 53°48.4° 141°10, 71! in dart with dark-gray laminie af cardo-
AICRGUS INg micacaous siTtstone.
Shale, moderataly indurared to hard,
79-420, 420, Brtwmish-gray to dusty-brawn, mascive.
42k JbUNdAAL kerogen, microfossils, ang
carbonizes plaat remafns,
sgth. soft, locally calcareovs and moder- Early Eocme Azadofos-
staly indurated. msssive, grayish-brewn silx
19-4), 43, td bromnish-gray, dbundant kerogen and Lite early to qarly
430, 43¢ ascrofossits, hignly micaceous, local mrdgle Locene (Peny-
1990, 58°¢8. 54" 141°10.61" - d’uiky-nl:m-bmm very hard calearcovs tlen ty Ylatirvan)
W 19-43 " . » "cannonrdal1” concretions, foramintfers
1518 58750.0%' 141°08.85 Late Locene alyng-
BOrpa¢
Ssndgeone, TichoTeldspathic, herd, ots~
79-43C Vg, mndiue-gray, spderately well
—-— 4oresd, angular 20 sudbangylar, abyndant
carbacdts and miner clay (ement.
1a5d-  58°4Y .11 41407 ,.61" F3-4dA, dap Snata, slightly (mdurated, massive, dosky- Prodable Yate focene
N 79-48 1712 £8°52.48° 14)1°04. 23 10 ac N ’mm dundant kerogen, minor microfoss  patynoserpns
603 Shale, slightly to modorately indu- Midale focene (0 aarly
F-374, 378.  reted. mastive, grayisn-drown to dugiy- O)igocana (pustibly
k)4 brown, {n par( carconaceous. common early or migdlz ton
wigrofosxils, large calcareous concre- ceas) nannofetsils
tians, Lave Cocene (Neririan)
toremniters
Epceny 0] ynoyoront
351 Sandsione, feldspatmolitnic, hard,
™3 IvE, medign-lfght-gray . cedium-
79-12F gruined, angular to subrpuaded, we)!
2870« 38°44 91' Hra1®13. .33 sorted, 301-35% cadefre coment, micav
R TR T LR VAL PP TR et
. ' Puhgomuc vitric crysta) tovf, messivy.
¢4, gray\sh-blue, very ¥ine graiand
wIth 36gular o rounded prean, gray. ang
79-37p wiolay ciaviy to ) em acroxs of palagoa-
1¢8 containing plagioclase, coaque cryy-
tals, and minor clear glast fragments.
Vesicles and vefnlets inf{lled wieh zeo-
1itas ang oinor hemstite.
Sthtstone, shigntly induraced, massive,
79-1E sediun-dark-gray, hignly micacwous, abun-
dant coarse carbonized plant material,
79-38A, 88 Shada. slightly indursted to modérately Hiadie gocene L0 wmrly
e ' N un;zd. massive, gray{sh-orown to 0::““'" nannaros -
a8 ' 5 « dushy-brown. ity
" -1 25810- 38°46.83' 141°09.9% s Late Eocene (Upper
1700 56747.90' 141°08,44° Rar{rian) foraminifers
Eocene oa)ynomorphs
Fish Jcales, one imalf
go3tropod
Snale, s1ightly Vaduratad ¢o hard, asssiva Migdle Cocene (o anrly
19-190, 19¢ 6 Vaminated, aedium-qray %0 mad un-dari- Oligorena (possibly
5, W5 ?rly and dusky<drown, fn gart calcarsdby, s)8dle focend?) nanaoe
! ocally abunaxat carbontzed plant naty~ fossile
riel. Late Cocene (Marizian)
foraminafers
Eocenc palyromordhs
One smafl clam la shale
Sehdstone, bioclastic and vodcaniclastic. Tropica) reef assem-
Ard, Bedded, madium-gray, coarse- biage in sandstons ia-
2125- 58°47.26' 141°03.70" 75-334 gprainad. Clasty predominantly a calcar-  Cluding Arly\iuqi -
13 1$-1 1467 $B%48.79° 141%07.62" 400 = 20yt reef hash wilh syGordinate rounded pelagic farsainilors,
) . basdlic rock (rageents in a4 calefia cora), coralline atgae.
matria, bryordans, &chinotds,
etc.
1ntrriedded shala and sandstane, moder-
stely Tadurated Tsminated brownisn-gray
79-398 organic-~rich shale and med<us-light-4rey.
- oedium-graines feldspacholitnic sano-
stone,
$idtstone, moderately indurated. lami-
79-39¢ nated. mediun-dark-gray, Aighly micacedus

400 Carbonaceoud .
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Table 1.--Locylion and description of dredyed pre-Quaternsry Oylccop or probayle outcrup 4mp)ss (Lontinued)

tites ¢nd amygdules of chlorite and cal-
cite In tuff and caleitn sdtrin,

Rep  Oredge Location E;“’;':f: Sumple
No No. 0coth_Lsvitude  Longitude {tq) Ovsignatian Litrology Fosslle Corments
n Siltstons, mogerately hard, massive, Certy focene (D. Lodeen Some slickensrded
f8-a3€. 43f D aRt-greenish-gray, slightly calcarsous. sis rona) naanofossits  {n s listone
Late osrly Eocene to
carly fotens (Peoy-
vign-Ulatisian) fora-
R .35 .60" 013,64 minifers
15 78-43 ted0. Banas.60m 1% 6 300 Lete foceme galymn-
1915 $g°27.50° 141°10.98° morohg
Palagoalr) SAViCc toff, Agrd. dark-
28-HA grasn whi uﬁhe 2aalcite amygavle and
pore FiV1{ags.
Limggtone. vory n2cd, sgstiva. light-gray
78-438 concretions or basgsi.
Shale. 16t o moderately hard. (inaly Middle vr lace focsae  Adundent $!icken-
78-44D. A4E, “Taminated, dark-ol{ve-geay tO dusky-yel-  aannofosxils sides
ASF lowigh-brown, abundant mlcrofdssils ang  Midale to late focene
fish scalas. minor glaycunite?, (Rori{risn) foramini-
fary
focens oslynomrspns
Rare thinsshelled sms))
palecyoous ana abuns
dunt 13K scades {a
shale
. . . Sandseane, 1ithoreldspsthic, moderataly
Vo gms B Rhes.%0 14100843 PR P71 Y vd, frisdle, gray, fine- (o mediua-
1270 5@=4s5.84° 141°07 45" grained, angular to sudangular, diryy.
- Sandstong, volcaniclastic, modocarely

hard, gray(sn-green, very f{ns- to me-

diwmvgruined, angular to rounded, clasts
70-448 acstly altered dasaltic glass, plagio-

clate. glaveonite, and a0ittey, abundant
carbon(xad plant material on dadding
planes.

Devigritigg baxalt?, hard, mottles brown

78440 nH‘g‘r‘n‘y‘, vesicular, chloritic volcant-
— clastic rock with abundpnt disseminaced

pyrite.

Yolcanletpatic bly sandstone, hard, farly €otear nancotoy-

ESY3 3TN %Eri-purpi\sﬁ.gﬂy to regdish- [LIRY

a . . . dlack, sudbangular o rounded vésicular Rarly 0 niddle Encane
17 76-45 2985~ 4e°a2.40° 12100718 5 76455, 458 chloritizad basaleic glass clasts wien (Perutian-ylazssian)
' 2625  58°43.B3' 141’03, 88’ incerdertal taxture to 12 om muximum {oraminifers
diaseter {n vitric twy( mgtrix, Late Eocone palyro-
aoTphs
70-25C Siltstone. soft, massive. waxy. gray.

Basalt and Olivine basgit, nand, wassive, Bésalt minimm
cmnly Inyqdalo1dal, med{umvbiuisn-gray age 15 22,7+
ta brown'sh-gray; iatersertal, hyalopi- 3.6 m_y. bases

- 900 1{e1e. hyalo<ophitic, and intersertsl o0 whtole rock
o = subophitic porphyritic rextures; glass K/Ar date
—_— commonly altered ta chlordpnaeste or mon-
tronite: mlagioclase, augite, {(ron ore,
allered olivine, abundant teolite- and
chlorite-T(11ed amygdulas,
o . » .
% 19-40 1780 $8°42.61" 141°02.7¢ 0 Volganiglastic pebbl 0gstone, hard,
h 1990  56°44.08° 14)°05.30° myssive, olive-gray, Subingulir tp sud~
79-408 rounded basalt 3nd zeolite ¢latis to
23 ve mqximm diameter (n ruffaceous
matrix.
S(ltx mic. slightly indureted, weatherea
154tk ghl-aTive-drown.
ta thale, moderately hard, eas- tacly tocane (0. %b-
79-40¢ stve. t-yellowish-brown, ensis rone?} nannoloi-
N
. ke focane palymo-
marohs
Ore 0311 gastropod
Shyle, modarately incurated, magsiva, tarly Eorene manno-
79-414, 418 ght-brownish-gray, cadcsreoyus, sbundant plankion
kerogen ana microfossily, Rarly o micdle Cocenn
Shalp, very hard, mastive, medium-blufsh- g:‘;';;; gl:::f;:'; :‘:"‘
2170- $8°23.38' 141°08.08° 79-4)C gray. siliceons, adundént rerogen and ninifars
1L 73-A1 gen 5gosd 41 14)%05.04¢ 28 micrafotils., Middle to late Eoceas
pe l ynomorons
a 1ric Yppilly tuff, hard, mottlad yel-
T 9rdy. dnd pink, deviteified palegon-
79.110 frized Yapild with plagicglase micro-
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Tavle 1.--Locatign and deseription of dredged pra-Quaterndey outcrop or prevaele ovecrap samples (Continued)

Fstimated Sample
aee Recovery A i
Dogth Latitude Lang(twde {tg) = Dssigmation Lythology Fosails Comments

Rap Oredge togarion
No. No.,

fylagomyitic basalei¢ Nagill{ tufc¢, haca,
BA55TVE, qrieenit -gllcl. amyggalatasl,
micrgditic basallic gless extensively
79-394 altered to palageaite. clay. and ehivrow
m ghaerte with sbundant zeolite §A ymyg-
dules 4ng Intersticer, Violey, polu-
green. 4nd galesreddishepurple Vapril(
1o 25 mm maniowm Lize. (A part veiney
with coarsely crystal)ing caleits.

Basair, very mard, masgive. deruvgray,
amyqda 10)de) (nterserts? Dorphyritic tens
ture.  Nicrophenocryits of c)(nopyroxent

79396 and plagleclise, one altersd plagioclase
= phenoCryst, (ateryertal claar glass
growndndsy with sooe replacomat by chlo-
rite. Anygoules have chlorite rims ana

‘2: F111ed with zeol1tes 40d miror teec.

vite.

Basalt. herd, massive, darh-gray, racer- Hinimyn oasalt
3020~ 58°40.17° 141°00.&7° 2 ;:rt:l :orpnyrnlc (:;(ur!. phenocrysty age 26.2.3.0
20 n-11 N . 125 R plagiociase snd chioruphseite aftar z.y. bas&d gu
Y6 38eaz.81° 140°56.63 -3 oltvina, groundmdss of piaglociese, wnple rock KJ/Ar
cYinppyroxene, sbundant iron su)fides. daare
and chlorsphgeite?,

Sanded ealgite, wavy Bangs of wugyy,
coarsely crystalltne, grayltn-orange-oink
o Mber-beown with thia layers of lignya
T9-138, 33C, greentih~gray, Yino-grained cplcire in
&. a3€, maSSIVE Chunks to JSx)0x22 on. (ceurs
{nterbeddud with thin layery 0f padagoni-
tizad basalelc wff frow 3«18 mm thick.
as matrix cmnlln? bagaltic laoillf, or
with included bagaitic rodk Tragments.

Sandstone. Virhoteldspachic. hard, mas-
79331 Sive, med{un-gray. nedium-grained, 4nQu-
= tar to subroynded. we)l sarted wiea
approximstaly 401 primary cslcite matrin,

L3

Gleuconitic siltstdor. spft, mdlum~gray- Poss by minale
weather Thgy o€TTva) glaucoaria, or late Cano-
75-33), 33X abundant diotits, (ine)y ditseminated 201¢?

pyrtte!, rare tand-3ile quarty grafns,
sbunsant opaling tteletal fragments.

QUivine baselr, hard. fractuced sod
vained, duSEy~argwn. porphyritic varig-
1itic amygdalotdal teaturc, Qlivine

79- 348 pheaocrysts alteres 13 ymicties, rcolite

= and somm Jadingsite; macrix {5 plagto-
clase varioles, opsouas, snd yreenish-
orown Dalagoaite cut by valas of graen
nantron(te, reolite, ang yellow c?ay

Anyqdaigidal basadt. nard, med{um=bluish-
yray, very Tine gralaedg ntarsereal por-
c phyritic ;;:ture. l‘l’gloclua and ortho-
» \ - . Te-34C, WE pyrexenw nocrysty ln groundmats of
2 ’9-34 2405-  58°¢r.13' 140°36.80 . T T glagioclese, chloritivad clinopyroxene,
1€79  58°42.53° 140°56.49° 10d opaques. Amygaulgy (1) 1eg with ¢hlae
rite and 2e0lites.

Volcu\(zluua 219ngsE0nE, vary hard. mas- foraminifurs and blo-
5ve, wnsgray. mediva- to vary coarsc clasq¢ic getritus

79-34F grained. moderdte)y wal) sorted, Malnly larluaing Yerge fora-
— Basalvic rock fragmenry and suborginate  minifery (Amphisto-
dloctastic getritys {0 a cadcareous gira?)
matrix

Pubbly Muditone, rumly, mavilve, medium- #{gdle fonene (uppar

79. 344 TR-griy, waxy, with angulsr 0 fubangu- Ulatisipn) faramini-
lar voleani¢ clasts to § o ta maxIoum fers (aCludEng Ampniy-

L2F {-N toqina
focend palynomarght

dalgidal basalt, Raed, mecium-bluish-
Jray, hm-gﬂ\'ng anygdatosdel inter«
sartal texture. Groundmasx of altered
794158 plagiochase, orthopyroxete. oliving, 4nd
opucues 10 awvitsified glaty matriy,
Amygoulas f111ed WIRh redial seectita
and 78014tes,

1300- 58°42.70" 140°56.50° Spsaledc 1apalTi tuld, hard, mitrive,
22 9. 35 ° ) - . 75 raylshebTue, paTsgonit{zed basaleic
S60 5844377 14075492 79-35A apilli o 4) o maximum Sixe B MaTria

of smectita, aontconite, caleite. and
Opdouves.

$Uty shale, moderataly indurated, mai-
79-33¢ 1ive, brownish-geay. abundant kervgen.
Siltstone, moamrataly induratss, mexnive, Xi{odie ta late Cocena

78-350, ISE  TBrownisheqriy, abundant microfossils and  palyeomorpng
herogan, ta fart calcsredus.
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Table ). --tocation ¢nd s¢scription of greqaed pre-Cusrerniry outcrop or prasable sulcrop tamples ((ont(Aued)

ap  Dreage Locotian ?“i"'“" Sungic
fo. No. Depth Latstude Lenq\tu_-—dn (kg) Dasignation L) thology Forsriy Coamgals

bﬁnﬁc‘rtgh shale, slightly 1o moderately Niddle or la(a €ocene
ndurated. l[ominated to massive, dusky- nannofasxiic
yeilowisn-drown, abundant microfext{ls and Lare €acene (upper
karogen, mica and tish scales common)y on Narizian] foreminifers
7906, 388,  bagding planei, one large piecr of car- faclvang h#hiuglm
360, 360 bonized waod 18 on deng, In part calcare- ano Disco 3
ous {(concretlons?), 1n pare with beds to Eocend, (late Locenz?)
1 om thich of 7ine-grained, greenish-gray palyncmorphs
530- $8°44.14° 140°58.77" voleaniclprete, highly fossil{ferous S1)1cedys 1ponge re-
390 58026 N ispess, e 4TS ransstone. .
! ! Yolcaniclastic sandseone. harg, msssive. %hisSﬁtM 3b. aad
mottled grayfsh-bTue, medicma e vary scocyeTio 50,
79-368 cosrse-grained (2 om), masoly pasaltsc
rock fragmeots ond mimerals, abundant

@egafossi) fragments and Yarge formmini-
fers, caicaredys mavrix.

Basaltic 1api)ii tuf(, hard, grayita-
73-26L purple andolar 14p1T1f to 4 om (0 grewa

altered wyff matrix,

2 9-36

Mano{ml daggle, hard, massive, gray- Some Daspit
ack, Drown, medlun-dark-gray, ané dlachy are
79-26C. 26t olive-gray, vary fige grainrd {nt2ryertcsl shegred and
F 268, porphyritic texture. Phenocrysts to Q.) fractursg.
' ' m inclede (resh clinopyroxeas «nd frash Kinimum oage
== to altered plagiociase: groungmess ik 38.942.8 my.
clinopyraxend ., plagioclaza, sod dodaues based on bastsit
with Interatit(ad palagonite ar cPloro- whotd rogd K/Ar
p:-nn.z; wygoules of 1e0]1vta and chlo- Sate
rite.

Q,Fuloual ollvine bacadr, rard, ma3-
sive, r~g7ay, Tine-greined,
intersertal porphyritic texturv. Phmo-
crysts (eo 5 em) plagiociase partly
altered t6 180l (tes and clay, ¢}lagpyrox-
79-281 ene, ang o\hé:; uund‘m chlgﬂz:! and
” . . o, ) jggdingsite, wndmsS (S parrly altersd
2 79-25 7300« $B¢40.70° 140°35.94 170 plagioclase snd pyroxans, (ron ork And
1500 SHVe1.06° 140°52.07' interstitis) chlarophaeite after batagon-
fte. Approximately 25% zes)tte. Ch)o-
rita, and clay-f{11ed amygoules.

8loclavtic sandstone, very hard, white or Forseinifars, including
wid Cherg! Fate red, anguiar 3o roynd- Eoteng Ampnistagins
od calcaracus ¢lasts to V4 mm ip medium-  sp. and Ugtcgczchm
75-248, 268 dark-gray or greenish-gray, fing- Lo 0.
y 't mediun-grafned satr(x oF calcivescomanted
pinclastic matorial and basalifc detr-
tus. BipclattiC detritus congisty mainly
of calcareous glgae, coral, bryorseny,
large formmintders, and shell fraogments

Bioctastic voleasiclastr sandytpnu, very
hard, masiive, fine- W medlumyraiaed,
794260 angular to rounded reef detritys. fora-
- minffary, ond mefic volcanic cock and
mineral fragmnls in cdlcite mabrix.
Rare si)tayize gquartz graing,

Spititized tholgiiric basaly, hard, Rrk- Stichansidead
green, calcite-veined, very fine grainad (redtures
{nmterserta) porphyritic nygdnola:\ 1ex-
o . » . ture. laned andesine phsmocrysts (to 1.5

2750~ $B35.61° 140°38,430 . ”. ¥®) in groundmass of labradarite 1atns,

2350 $6°36.22¢ 140°38.07" H opaquet, g dart devitrificd glass.

Chlarite occors &s replicemanty of femic

miaaralg, veinlats, and vasicle ¢i1lings.

abundant cardonate 15 veiny, patchas in

groundmaid, and vesigle fidVinge. Some

sacondary opadies? silfra.

28 77-8

%gdl‘lg\al ]!ll(tﬁud basall, herd, Sheeres
> . © ' rk~grden. strongly vexlicoTated and pos-
2125~ 58°37.61° 140°38.92 N 779 sibly broccratad, thorcugnly altgses.
1700 SB°38.87 140°38.59' X Yery Fine intergranular testore with
abusdint 1wo) |8 sad chiorite-7{11ed
smygdules,

% 11-9

Slitstane, moderately wel) induyrated, Eocens gr 0ligocens
sTabby. 1{gat-0){ve-9ray to Sarkegray, nanAnorarEs e
7y-11a. 11g  Mbandant kerogen, soderalely abundsnt Late £acenn (Aefugian)
290- 593,16 140°36.89" . micTofossile. sparsa pyricy, carvandceous Foreminifers
* . 2 pl:gt romatnl, and glauconite, in psrt Eocene palynomorphs
sandy.

Sangstone. (eldrpatholithic, wderstely
we urstad, tlabby, gray, medius—
grained, 30901sr to Bubrounded. wm)l
sorred, 231 ceroonate matrix.

T D gy sge39.69" 140%36.03

77114

a3

5iltstoae, 10t to noderscaly fndurgtad, Late focane to 0)igo-
77-108, 108 sTabby, WIY.(Oheeﬂwl‘l-l)My, or dark- cene lor;mmnr;
ite?. S
1895- 6897.33° 140°35.71° gray. waxy, minor pyrite and glauconite?. Eocene palyoomaroh:

, o . 75 Sandstone, Taldspacholithic, frigble,
1400 $4°18.11 140735.29 dlocky, gréy. fine- to menium.grélned,
77-10¢€ angular Lo sudroundad, pervasive ¢ili-
- caous cument 4ad LraCR Df Calofta Cement.
Moderdes secondary pdDrosity,

28 17-10
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Table ).--Location and degcription of dredgea pre-Quiternary outcrop or provable outcrop ¢amples {Lontinued)

Nap
¥

Credge Lacation

Fstimated

Yo Dagtn  Lavitude

Long i tude

Recovery
(kg)

Sampte
Oesignatiga

Lithology fassls Cooromnts

29

1340~ 58°35.70°

728 ag0 $8939.337

140°21,66"
140°20,42"

100

19-28, 248,
24C, 240

79-24¢

ShaTe, si{ghtly indurated, (inady lami- Late to fats aigdie?

nated, dusky-brown, abendant microfos- Eocene azanoplariton

3115, kerogen, aad mica, In oart calcar. Late Eacene (Maripian?}

eous 40d ngderacsly {ndurated. rire "ing- foramiallers

grained sandstons laminge. ¥ddla to late facwne
palyromorons

Sandstone, frlaspathalivhic, very hard,

massive, 1{gnt-gray, medlum-areined,

clean, calcaredus cemeat, abundsdt cir-

bonacacoes plant fragments and mica.

102%- 58°37.42°

717 435 sgeaa.ger

140%08.66°
140°06 . 49"

75

77-178, \1C.
170, Y7E

Shale, saft to doderstely nard, Yeminared Lete focene or Ol fgo-
to massive, grayfsn-orange. brownigh- cene (Refugian or
gray, AAd medium-gray, wixy. abundant lemorrisn) foramini-
microfossils, terogen, mics, carbonaceous fary

plant fragmeats, in oart 4tlty and ¥necr- Cotene palynomorphs
vedded w(th laminae of media-gray stit- Eocene? diatoqs and
stone or fine~qrained highly miceceous silecoflagellates
sandstone.

Sandsvone, 1ithofeldspathic, moderately
Rard. friadble. Yight-gray, medfum-
qrained, subangular to Subrounded, nignly
nicaceons, <1liceaus cement. secondary
porogity.

510~ S&*uU.7T”

778 g0 setis.92’

140°05.46¢
140°04,67'

225

77-184, 188

Silty shaje, 5oft to moderytely tndurstes. Eocene palynomorons Abuadant slick-

ocky, Yamlaated {n part, tza to ltght- Ldte Oligocene diatoms  ensides 4ng
gray and yellowish-gray, adundant sfls. 3nd s111ceflagellates  lron-oxide-
caous microvoss(ls sng elca. sparse coateg frac-
pyritic micronadules 2nd gliuconite. Tores

2040- 58°16.48°

8-20 grp sgri92e

139°32.42°
139°28.37"

400

19-20B, 20D,
20E, 200

19-204

19-208, 206

T9-2404, 20C

Smale, slightdy to moderately indursted, Early? Eocene naono- Abundart s) k-
rassiva, median-dari-gray, locally abun-  plantten ensioes
dant microfoidils, mice, carconaceous Early to middle? Evcene
plant materia), and fish scales, (n part  (upper Pemutian to
with very nard, lignt-gray calcareous lower? Ulatisian) for—
concrecions. amingfers
£ocene, possibly exrly
£ocene palynomorghy

Sandirone, volcaniclastic and bloclastic, Abundant Amphistoqfas
very hiro, medium-gray, 7ine- to coarse-

gratned, angular <o subrounded; clasts

are predominantly basaltic volcanic rock

and minara) fragments witn subardinate

Quartz, potash feldspar, chert, and otrer

nonvolcanic detritus, ang minor snelly

rataria), calcareous cement,

Sandx%one nd <1lrgtone, hard. Dedded,
151le, medium-dark-gray, fine- to
medfum-grained, faldspathol {thic sang-
ftone alternacing with dark-grdy o
black, {nch- t5 millimeter-yzale taminpe
of carbanackouvs ang micaceous si)tstere,

Claystone. stightly indurated. massive, Late Q)igpcene to
“Tow density. yallowish-gray, Abungsnt Recent diatoms
3{1iceous microv¥ossils, very fine grained

mica, carbonpaceout glant fragments.

735~ 58%19.00'

B 00 sae20.16°

139°28.80"
139°27.10°

300

Sandseane, feldspatnolithic, dard, fria- Some blocks are
¢, massive, medium-gralned, angulsr to 1] fckensaad
Subroundad, ddundant basyltic detr{tus,

Shate. sltgntly to maderately indurated, Late to laty middle?
medlum-dark-grey to dark-qray, sdarse €ocene panadfpssils
microfassils, disseminated carborachous \are tocare (Mariztan)
plant ratrerie), sone small traifs, or foraminifers
aurrows: (n part very hard 4dd calcareous Midsle to late Eocene
(cantretions?). pa | ynamorphs

M

2480. 38°09.52"

g1 sghiyaer

139°%06.9}"
139°05.73°

79178

Ali%dalo‘nal basalt, hard, mastive, green-
14h-black, ua-graineg intersertsl
with roughly $O0Y amygdules; groundmass is
aVtered plagroclate, fresa sugite, minor
Orthopyvoxene, and opaques 1h 4 brown
Db lsgonive matrix; amygdules f{1'ed with
1601 ite and brown clay.

1220- 58°11.22',

1918 g30 seevy.040

13%405.10"
134°04.30"

170

79-184

79-188

Amygaslofag) basale, nard. matsive, me- ALY pasalt en-
UA<dsrY-qrdy 10 dark-gray, fine- to ceot for L=
neaium-grained hyala-ophitic amygasioigal chunis of 3e0r-

terture’ altersd plagiociase laths, frasn matyey rock
cYinopyronene, rare orthopyroxene, and Srovably early
Opaques va palagonitized glass or chloro- €ocene on dasis
phaeite matrix. Jmygdulas fitled with of $0,7+5.2 m.y.
teolite, enlorite, and aisor ctay. basgalt K/Ar age

Bagple, hard, Mmisive, medium-grained,
suboph{tic texture. Fresh plagioclase,
eljagpyroxens apd opaques in 2)tersd
glaxs matrix.

Shale, moderatély iaguratec, homogentous. Tertiary palynomorohs
med{Lm-dark-9ray
Sﬂuagng. 11{gntly {ndurateu. ceeply May e late

werthered to Doderste-ye) low-Drown, me- Cenprave
diumgray, 30ungaAt finely divided mica.
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Table 1.--Locatign and duycription of geedqed pre-Quatermary outérgp Qe probable suternp ssmples {Continucd)

%o Oredge Logation ti‘!c“::‘!ﬁ Sample
Ko, No. Depth \stituoe  Longitude txg) Daxignation Lithology Fossily Commenl§
. IS ‘ - ' S{ltstone, crumily to maderate)y {ndus Locene odlynomorohy
h[3 29-19 B0 $8%1).56" 139°04.09 125 79-19A, 196, “rated, mascive, medium-dark-gray, rignly
320 SBM13.24° 139°02.40° 13C micacecus, s04rie fixh scates apd ungl!
megafossily
Felaspathpl {trig sanastone. valcanictas-
1250~ 58700.62° 138¢28.C&' -3 tlc, very Ajrd, BIGCKy, greanishagrsy,
hH 77-3 750 §8°00.92' 13342740’ 250 in part peboly.
77-38 Argillite, nard. greyish-black.
. Siltstone, siightly induratad, dark-gray. Quaternary? aganofos.
2080- 57°58.90° 138°28.78° 7724 Sandy with ()eating pabbles. sils
% 712 260 Plerstocsne or Nolocene
1500 57°59.39" 118°24.88¢ foraminifars
. S11tstone, Nard. tight-gray, calesrmsus Early Plrocane Jiatoes
28 anor Ulapconity Tertiary palynomordhs
Sandstons, 1{thic wacke, hard, :labby, Sandsrons sne
70-188, 14 Tuh-gréy. mredlum-grained. angular o tensely (Rearad
510~ 57°%4.2)° 118°02.45' —— sebangular, poorly sorted, @icasasus, o
k1 78-16 W0 47°54.57° 130°0).231° 50 port with celcite cement.
' 78188 Siltstore, safe, weathared Y{gnt.brown, Late Pliocana to Kolo-
waxy, abungant bfotite, diatomageous. céne with rewsrkes
HMiacene diatoms
Metasandstone, 1ithofaldsosthic, mery, None Rorxs intgnyely
; A ' ) gray to grecalsh-gray, fine- s msaiwn shedred
a0 -6 197- 59°11.550 13002344 38 JARYLN grained, angular 0 subangular, poorly
150 %8°12.15° 138“23.12° sortad, laurontits (n ogeches and vein-

Tets.
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Figure 10.--Sparker seiasmic line and txrue scale bathymetry across the

continaental slope near dredge localities 12-14.
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Pigure 12.-—Sparkay seismic line and true scale bathymetry across
the continental slope near dredge localities 20-23. Dashed line
indicates dredge cast with no bedrock recovery.
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Pigure l3.--Sparker seismic line and true scale bathymetry
across the continental slope near dredge leocality 24.

Dashed line indicates dredge cast with no bedrock recovery.
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Figure 15.--Sparker seismic line and true scale bathymetry across the continental slope near

Dashed lines indicate dredge casts with no bedrock recovery.

dredge locality 29.
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Figure l17.--Sparker seismic line and true scale bathymetry across the

continental slope near dredge localities 32 and 33,
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Figure 18. Sparkexr seismic line and true scale bathymetry
across the continental slope near dredge localities 34-36.
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Unit E) Approximately 800 m of clastic sedimentary rocks of early Eocene
(Penutian stage) to early Oligocene(?) (Refugian stage) age.

Unit £) 300+ m of clastic sedimentary rocks at least in part of late
0ligocene (Zemorrian stage) age.

Unit G) The Yakataga Formation, a sequence of clastic sedimentary rocks
including much glacially-derived detritus of Miocene through Pleistocene age
that is as much as 2,000 m thick on the continental slope.

The units delineated on the continental slope are entirely marine.
Considerable intertonguing may occur between Units B, C, and D of late
Paleocene(?) through earty Oligocene(?) age. They are unconformably overlain
by Units E and F.

Oceanic crust near the base of the slope is overlain by hemipelagic
sediments and turbidites to 6 km thick (figs. 7 anrd 13; Bruns, 1979; von Huene
and others, 1979a, 1979b) and deep-sea deposits locally lap up onto the
continental margin as a slope rise prism {fig. 19). The deep-sea sediments
are mainly of Quaternary age at the surface although probable early Pliocene
deposits were sampled at one locality on the slope rise prism (38). This
thick ensimatic sedimentary sequence is inferred to be in part of pre-Pliocene
age based on correlations made with seismic reflection data {von Huene and
others, 197%a, 1979b). Unconsolidated deposits, presumably largely of
Quaternary age, fil1l1 the broad Yakutat Seavalley, Alsek Canyon, and Cross
Sound Canyon, and occur as relatively thin deposits elsewhere on the shelf and
slope. As the deep-sea and Quaternary deposits have no direct relevance to
the petroleum potential of the area, they are not discussed further in this

report.
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Unit A: Pre-Tertiary rocks.

Mi1dly metamorphosed (zeolite facies) metasandstone and argillite have
been dredged from the continental slope between Alsek Canyon and Cross Sound
Canyon (37 and 39) and from the Fairweather Ground topographic high on the
adjacent continental shelf (40). Greenstone reported from dredge locality 40
(Ptafker and others, 1978c) was determined to be greenschist in thin section
and is now believed to be an erratic. These rocks are unfossiliferous but are
lithologically most similar to the sedimentary part of the Late Cretaceous
Yakutat Group on the adjacent mainland (Plafker and others, 1978a). These
pre-Tertiary rocks are considered to be economic basement for petroleum in the
Yakutat block.

A broad magnetic high roughly coincides with the Fairweather Ground
outcrop area and extends northwestward to the vicinity of Alsek Canyon (Taylor
and 0'Neill, 1974). The anomaly, which is comparable in shape and amplitude
to those related to early Tertiary granitic plutons on the adjacent mainland,
suggests the presence of Targe intrusive bodies in the offshore pre-Tertiary
basement terrane. If so, the anomalies define the minimum outcrop extent of
pre-Tertiary rocks on the continental shelf.

Unit B: Eocene(?) and Paleocene(?) rocks west of Yakutat Seavalley.

Calcareous feldspatholitic sandstone and conglomerate interbedded with
hard carbonaceous and organic-rich shale or siltstone have been dredged from
three prominent linear ridges that 1ie along the lower slope wast of Yakutat
Seavalley (figs. 3-7). In addition, amygdaloidal basaltic flow and
pyroctastic rocks and diabase dike(?) rocks were recovered with argillaceous
rocks at dredge localities 4 and 6 (figs. 7 and 8). Total vertical extent of

this unit §s 900 m with the base not exposed.
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The sedimentary rocks contain abundant carbonized plant fragments and
some arenaceous foraminifers, but no age-diagnostic fossils were found. One
basalt sample has a whole-rock K/Ar age of 55.2+7.1 m.y. (sample 78-22A5,
table 2}, Two other mafic rock samples with younger whole-rock ages of about
33 m.y. (samples 78-41K and 78-22A7, table 2) probably represent minimum ages
for these rocks., If the older date approximates the true age of the rock, it
would be close to the Eocene-Paleocene boundary in age. The radiometric data,
together with the significantly greater thermal maturity of the shales in Unit
8 retative to those of definite early to middle Eocene age east of Yakutat
Seavalley, are the rationale for inferring that Unit B is in part, or
entirely, older than Unit C and is probably of late Paleocene to early Eocene
age.

Rocks in this unit appear as acoustic basement on seismic reflection
profiles so that the internal stratigraphy cannot be worked out. The age data
and litholegy suggest that Unit B is most probably correlative with the
onshore Paleocene Orca Group, or the "unnamed siltstone” that lies below the
Kulthieth Formation (Plafker, 1971). The “unnamed siltstone," however, is not
known to contain either the coarse clastic rocks or basaitic rocks that have
been dredged from Unit 8.

Unit C: Eocene basaltic rocks.

Basaltic rocks were recovered at eight localities along the continental
slope between 138030' W. and 141°15' W. (fig. 4, table 1) and they are
inferred from the seismic profiles to comprise much, 3if not all, of the lower
part of this segment of the continental slope.

The basalt unit is at least in part of early Eocene age and could range
into the middle Eocene based on microfossils in shale interbedded with the

basalt or immediately overlying the unit. K/Ar whole-rock ages of four basalt
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Table 2.--Potassium-argon age data for basaltic rocks

(Analysis by Geochron Laboratorieg Divigion, Kruegexr Entaerprises, Inc.

Constants used:

A, = 4.72 x 10710 yr=)) o = 0.585 x 210710 yr=l ) x40,k - 3122 % 2074 g/gi
Map No- Sampla No. Y K30 Ave. Ky0  Ave. qurrad boerad Calculated age
Analyzed material™
(£ig. 1) {table 1) (percent)  (parcent) (ppm) “Oay (m.y.)
total
Slightly altared
. 362 . 165
2 78-41X diabase copble or .J63 .000871 33.3 £ 2.8
outcrop . 3865 .229
Frash, glassy . 0666
4 78~2205 trachytic basalt , 0639 .0670 .000268 - 083 55.2 £ 7.1
with abundant 0705 .091
iron ore
Pregh, fine-grained
.191 178
4 78~22A7 holocrystalline 2193 .000468 33.6 £ 3.9
basalt .186 . 164
Slightly altarad,
. -09§ . 104
18 79-40D porphyritic, .095 .000203 29.7 & 3.6
subophitic basalt <095 -209
Slightly altered,
. .256 ,182 .
20 79—-33H porxphyritic, .254 000480 26.2 £ 3.0
intersertal basalt +253 -144
Slightly altered,
amygdaloidal,
24 79-26L poxphyritie, 354 .350 .000982 -298 38.9 ¢ 2.8
. -346 292
intarsertal basalt.
Minor altaration
Slightly altered
35 79-18D hyalo-ophitic -164 .163 .000598 -193 50.7 4 5.2
amygdaloidal 162 .186
basalt
1/

~ Wnale rock sample, crushed to -60/+4200 mesh and

products prior €0 analysis.
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samples from the unit yield three Oligocene (localities 18, 20, 24) and one
early Eocene (locality 35) ages (table 2). The Oligocene ages are considered
to be minimum ages resulting from argon loss during alteration, whereas the
Eocene age of 50.7+5.2 m.y. is compatible with the paleontological data and
probably approximates the actual age of the basalt sample.

Basaltic rocks in the unit represent diverse conditions of emplacement
ranging from flows to breccias and aquagene tuffs. These rocks are inferred
to be interbedded with minor sedimentary rocks based on the dredge results.
At one locality (no. 35), the occurrence of small amounts of shale with
thermally overmature kerogen suggests that shallow basaltic intrusives have
been emplaced in the sequence.

It is not possible to accurately deduce the stratigraphic thickness of
Unit € either from the scattered samples recovered or from the seismic
reflection lines on which the basalt shows up as acoustic basement. The
vertical extent through which dredge hauls of predominantly basaltic rocks
have been recovered is 900 m. This thickness probably represents a minimum as
the base is not known. The upper contact is likely to be gradational judging
from the common occurrence of tuff and one sample of lithologically similar
basatt at Tocality 22, well above the inferred top of this unit.

The igneous rocks comprising Unit C are entirely basaltic in
composition. They exhibit a wide variety of textures ranging from glassy to
diabasic. Plagioclase phenocrysts are common and serpentinized olivine
phenocrysts are locally present., Augite is the predomipnant ferromagnesian
mineral and iron oxide minerals are locally extremely abundant. Most basalts
are amygdaloidal and altered to varying degrees.

Chemical analyses of major, minor, and rare earth elements are available

for only one sample from locality 26, although a representative suite of
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samples collected in 1979 are In the process of being analyzed. The one
sample for which analyses are completed is distinctly more alkalic than
primitive oceanic tholeiitic basalt and has affiniies to suites that
characterize mature continental margins or intraplate ridges and seamounts
(David Gottfried, oral commun., June 1980).

Basalt in Unit € has some of the highest magnetic susceptibilities found
anywhere onshore or offshore in the Gulf of Alaska region (table 3). These
rocks coincide remarkably closely with a pronounced linear magnetic anomaly of
+250 to +600 gammas along the continental slope that has been defined by
atrborne and shipboard magnetic data (Nangler and Wageman, 1973; Schwab an&
Bruns, 1979). The anomaly is 15 to 60 km wide and extends from the Yakutat
slope area in a west-northwest direction for about 500 km. The origin of this
anomaly has been the subject of considerable speculation and has been
variously attributed to dike intrusions by Nangler and Wageman (1973), to
Mesozoic volcanic rocks extruded along the Queen Charlotte fault system by
Taylor and 0'Neill (1974), and to an undefined pre-Cenozoic linear magnetic
source by Schwab and Bruns {1980). Coincidence of this magnetic anomaly with
the highly magnetic rocks of Unit C indicates to us that the anomaly is most
probably caused by the Eocene and older(?) basalt. Preliminary model studies
of the anomaly suggest that it could result from a layered unit having the
approximate thickness and magnetic properties of Unit C and a down-dip width
beneath the continental shelf of roughly 100 km (Andrew Griscom, oral commun.,
July 1980).

Unit C cannot be unequivocally corretated with units either in outcrop or
in wells in the Gulf of Alaska Tertiary Province. A sequence of basaltic filow
rocks and breccias that are lithologically similar to some of the dredged

samplas occur in a small fault-bounded block along upper Hubbs Creek in the
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Table 3.--Magnetic susceptibility of volcanic rocks

USGS
No. Sample Weight Weight Volume Density Bridge KT
(Fig. 1) Number in air in water Reading

78 - 22A1 -- -- -- -- -- .000077
22A2 -- -- -- -- -- .000205
4 22A4 -- - -- -- -- .002802
22A5 -- -~ -- -~ -- .005570
22A8B -- -~ -- -- -- .000076
17 78 - 458 -- -- -- -- -- .0015M
20 79 - 33G 27.9 17.2 10.7 2.6 1786 .003588
21 79 - 34E 29.7 19.0 10.7 2.78 1882 .003780
79 - 261 25.6 15.6 10.0 2.56 719 .001545
24 26K 29.1 18.5 10.6 2.74 1372 002782
26L 29.5 18.8 10.7 2.76 1690 .003395
26 77 -9 -~ -- -- -- -- 002775
79 -18C 26.5 15.8 10.7 2.48 494 .000992
35 18D 28.3 18.2 10.1 2.80 1132 .002409
18E 27.8 17.2 10.6 2.62 47 .000095
18F 27.7 17.1 10.6 2.61 1066 .002161
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Samovar Hills between Cretaceous flysch on the east and middle Eocene coal-
bearing beds on the west (Plafker and Miller, 1954; Plafker and Addicott,
1971). A sample collected from these volcanics in 1979 yielded an early
Eocene whole-rock K/Ar age (Plafker, unpub. data, 1980}. This age, together
with the lithology and structural setting of the Samovar Hills volcanics,
suggests that they may be correlative with the dredged basalts of Unit C.

Unit D: Eocene sedimentary and volcanic rocks.

Unit C is overlain by a diverse sequence of interbedded sedimentary and
mafic pyroclastic rocks and minor basalt that is as much as 2,100 m thick east
of Yakutat Seavalley but appears to thin out eastward in the vicinity of 139°
W. (figs. 3 and 4).

A diverse and abundant microbiota:including coccoliths, benthonic and
pelagic foraminifers, siliceous microfossils, and palynomorphs in Unit D
indicates an age range from early Eocene (D. lodensis zone; Penutian Stage) to
probable late Eocene (Narizian stage). Discrepancies between age assignments
based on the different microfossil assemblages present preclude detailed
delineation of Eocene stages. The paleontological data, however, are
generally compatible with a normal stratigraphic sequence. Exceptions are the
occurrence of Jate Eocene foraminifers in samples from localities 12 and 13 in
the lower part of this unit which, if correctly identified, could indicate
large-scale slumping or structural complications.

Sedimentary rocks predominate in samples from Unit D and are largely
organic-rich shale, calcareous and concretionary shale, and tuffaceous
shale. The argillaceous rocks are interbedded with subordinate amounts of
feldspatholithic sandstone that commonly has a high percentage of calcite
matrix and micaceous and carbonaceous siltstone. The sequence also includes

minor pebbly mudstone, palagonitic tuff and lapilli tuff, volcaniclastic
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sandstone composed Targely of coarse beach-worn basalt grains, and coarse-
grained to pebbly volcaniclastic and bioclastic sandstore. Bilogenic
components of the bioclastic sandstone include a variety of organisms
characteristic of shallow-water tropical carbonate reefs such as coralline
algae, coral, bryozoans, echinoids, and large foraminifers such as

Amphistogina sp.

Paleontologic and lithologic data on the depositional environment suggest
that there has been considerable transport of shallow marine sands into deeper
marine sediments. Foraminifers in the non-sandy samples are predominantly
warm water species that are interpreted to indicate bathyal, largely middle to
upper bathyal environments. One sample (locality 15) is thought to be lower
bathyal or deeper on the basis of the pelagic foraminifers it contains. Some
of the pelagic foraminifers indicate deposition in an oxygen minimum zone. In
contrast, the associated bioclastic sandstones and some of the volcanogenic
sandstones are interpreted as having formed in nearshore environments along a
coast with fringing carbonate reefs on volcanic rocks compositionally similar
to basalt in Unit C. This interpretation suggests that either Unit C was
exposed to erosion along the basin margin or subaerial eruptions occurred
during much of the time that Unit D was being deposited.

Unit D does not correlate with any Eocene rocks known from outcrops or
wells on the adjacent mainland. It could represent a deeper marine egquivalent
of the Kulthieth Formation and unnamed siltstone unit in the Malaspina
District (Plafker and Miller, 1957).

Unit E: Eocene and Oligocene? sedimentary rocks.

A sequence consisting of approximately 800 m of bedded sedimentary rocks
underlies the upper part of the slope between about 138945' W. and 1410 W.

(figs. 3 and 4). The sequence contains a rich biota of microfossils including
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coccoliths, foraminifers, and palynomorphs, but most of these fossils are
Tong-ranging forms. Those fossils that are age-diagnostic indicate that the
unit is predominantly of Eocene age, probably ranging from early Eocene
(Penutian stage) to late Eocene and possibly into the early Oligocene
(Zemorrian stage).

Organic-rich shale, calcareous shale, tuffaceous shale, siltstone, and
feldspatholithic calcite-matrix sandstone characterize Unit E. The shale {is
commonly laminated and contains abundant carbonized plant material, mica,
pyrite micronodules, glauconite, and fish scales. The siltstone is highly
micaceous.

Oepositional environment was outer shelf to middle bathyal based largely
on data from benthonic foraminifers. The combined lithologic and
paleontologic data suggest that Unit E is a somewhat nearer-shore facies
equivalent of Unit D and that in part it is younger than Unit D. Correlations
with onshore units are the same as for Unit D except that if the upper age
1imit ranges into early Oligocene, it could be temporally equivalent to not
only the Kulthieth Formation, and unnamed siltstone unrit, but also the lower
Poul Creek Formation (Plafker and others, 1978a).

Unit F: Oligocene sedimentary rocks.

Silty shale containing a rich diatom flora was sampled at one locality
(31) on the uppermost slope near 140°15' W. (figs. 3 and 4). Thickness of
this unit is estimated to be roughly 300 m based on interpretation of seismic
reflection data along the dredge line (fig. 16).

Unit F differs from the underlying strata in that the shale is relatively
low in organic carbon content, it contains abundant mica, it is rich in

diatoms and si)icoflagellates, and calcareous microfossils are absent.
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The siliceous micrafossils indicate a late Oligocene age for Unit f.
Middle and early(?) Oligocene time may be represented by an unconformity
between Units E and F although it does not show up as an angular unconformity
on the seismic profiles. Eocene palynomorphs in the shale are probably
reworked from beneath the postulated unconformity.

Unit F 1s correlative in age with the marine Poul Creek Formation which
crops out on the mainland west of Icy Bay and has been penetrated by wells
onshore and in OCS lease sale block 39 on the Yakataga shelf (Plafker and
others, 1975, 1978a). The dredged samples differ from the Poul Creek
Formation in that they do not contain the glauconite, mafic aquagene tuff or
flow rocks, or the characteristic Poul Creek foraminifers. Presence of only
siliceous microfossils in Unit F suggests that 1t may represent a deeper water
facies than the Poul Creek Formation.

Unit G: Miocene and younger sedimentary rocks.

Units A through F are unconformably overlain along the continental slope
by a Tate Cenozoic sequence of marine clastic rocks. They are thin and
discontinuous along the upper slope and on the adjacent shelf from 138 W. to
about 140°30' W. but they thicken rapidly westward to at least 2,000 m in the
area west of Yakutat Seavalley (figs. 3 and 4). The unit is characterized by
well~defined closely spaced reflectors on seismic profiles that show shoreward
thickening of the sequence to form an asymmetric sheif basin whose axis lies
close to the coast (Bruns, 1979; fig. 3).

Marine mudstone, siltstone, sandstone conglomerate, and conglomeratic
sandy mudstone or diamictite characterize the late Lenozoic sequence in
outcrop and wells (Plafker and Addicott, 1976). Poorly consolidated mudstone
and clasts that are probably ice-rafted dropstones in diamictite were

recovered at locality number 2 where this unit overlaps and partially buries a
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ridge of Paleocene rocks (fig. 6). Strata of Unit G were not sampled
elsewhere along the slope because emphasis in this study was on the pre-
Yakataga stratigraphy and because the unconsolidated nature of the strata
would have required sampling methods other than dredging.

Unit G §s correlated with the Yakataga Formation of middle Miocene
through Pleistocene age which is extensively exposed onshore and has been
penetrated by wells both onshore and offshore in the Gulf of Alaska Tertiary
Province (Plafker and Addicott, 1976). Paleontologic data for the samples
from locality 2 indicate a Pliocene or younger age, and it is likely that the
near-surface exposures on the slope are mainly in this age range.

Discussion

The dredge sample data do not permit detailed interpretations of the
stratigraphy on the Yakutat slope. It must be emphasized that dredge hauls
probably bias the samples in favor of moderately resistant ledge-forming
slabby rock types that can be broken off by the dredge or can be sampled as
talus. Very soft or very hard and massive rock units are not as likely to be
recovered readily. The nature of the sampling, together with the
uncertainties regarding the exact location of a given sample, preclude
detajled stratigraphic reconstructions. As a consequence, the
lithostratigraphic units delineated in this paper should be considered as a
working mode) that will undoubtedly require major modification when drilling
data become available for the Yakutat OCS.

The lower part of the Tertiary sequence of late Paleocene to early
0ligocene age (Units B-E), with a minimum thickness of 2,800 m, shows
intertonguing relationships between Jithostratigraphic units. This sequence
appears to be unconformably overlain by late Oligocene strata {Unit F) and the

Miocene or younger Yakataga Formation (Unit G) along the slope. This suggests
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significant uplift and erosion of the continental margin during early? and
middle 0)ligocene time as well as in post-Oligocene time. The occurrence of an
upper Oligocene unit, however, is based on one dredge sample and the age range
of the unit is not known.

The Paleogene sequence Taps up on, or abuts against, a pre-Tertiary
basement in the Fairweather Ground area (Unit A} that is believed to be close
to the early Tertiary continental margin. Although the nature of the basement
beneath the Paleogene sequence of the Yakutat slope is not known, refraction
data from the continental shelf south of Icy Bay indicate that the basin is
floored by oceanic crust (Bayer and others, 1978). Thus, there is a basement
transition from pre-Tertiary continental margin rocks in the Fairweather
Ground area to oceanic crust in the area south of Icy Bay.

SOURCE ROCKS

Units 8, €, D, and E include argillaceous rocks with organic carbon
contents high enough to be considered potential source rocks for
hydrocarbons. The hydrocarbon source potential of selected samples from these
units was evaluated by analyses of total organic carbon cotent, kerogen type,
thermal alteration index, vitrinite reflectance, and thermal analysis by Rock-
Eval pyrolysis (tables 4, 5, 6). In addition, two samples were analyzed by
conventional extraction and chromatography techniques. Results of analyses of
the 1977 and 1978 samples, with emphasis on the Rock-Eval, extraction, and
chromatography data, have been published previously (Plafker and Claypool,
1979).

Organijc carbon and hydrocarbon content

Total organic carbon contents of samples listed in tables 4 and 6 range
from 0.42 to 1.87 percent and average more than 1 percent carbon. Minor

differences in organic carbon contents for some of the same samples listed in
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Table 4.--Organic carbon and visual kerogen assessment
[Analyses by Geochem Laboratories, Inc.]

Total Visual Kerogen (R-34) Thermal
organic % Distribution Alteration

Map Geochem. USGS carbon Index

No. Sample No. Sample No. (WT %) Amorphous Herbaceous Humic Inert (R-35)
) R219-002 79-16F 0.81 0 38 N 3 2.9
003 16G 1.46 0 40 30 30 2.9
004 16H 1.15 0 27 36 36 3.1

4  R201-008 78-2202 0.84 0 71 29 0 2.4
008 2203 1.13 22 44 33 0 2.6

010 22D4 * 0 67 33 0 2.5

6 006 77-208 1.03 0 20 40 40 3.6
007 22B 1.45 0 83 17 0 2.3

R219-026 79-42D 1.24 1 56 33 0 2.3

027 42E 1.11 0 56 33 11 2.3
10 028 43A 0.95 0 55 27 18 2.1
029 43E 1.22 20 60 10 10 2.1

11 030 44A * 9 45 36 9 1.6
12 018 37A 1.5] 37 63 0 0 2.0
019 378 1.27 0 67 33 0 2.3

020 37C 1.22 0 56 44 0 2.3

13 021 38A 1.5 31 54 15 0 2.2
022 38C 1.54 27 58 9 9 2.2

14 023 39D 1.57 11 67 22 0 2.3
024 39F 1.03 50 50 0 0 2.1
025 39G 1.10 30 50 10 10 2.1

15 R201-01) 78-43F * 27 36 36 0 2.3
16 012 440 1.64 0 100 0 0 1.9
013 44F 1.49 0 83 17 ] 1.9

014 44F 1.41 22 67 11 0 1.9

23 R219-015 79-386A 1.34 40 60 0 0 2.2
016 36C 1.40 30 60 10 0 2.1
017 36D 1.86 27 55 9 9 2.1
27 R201-002 77-118 1.12 0 86 14 0 2.1
28 oM 108 * 0 71 29 0 2.1
29 R219-011 79-24A 1.59 0 75 25 0 1.8
012 248 1.42 1] 56 33 0 1.9
013 24C 1.53 10 50 30 10 2.1

30 R201-003 77-178 1.22 0 83 17 0 2.2
coa 17E 0.63 11 56 33 0 1.2

3 005 18A 0.56 0 56 44 0 1.2
32 R219-006 79~208 0.67 0 50 40 10 2.3
33 009 21E 0.65 0 44 44 11 2.3
35 005 18A 0.54 0 22 33 44 4.0

* Insyfficient sample material
A8



Table 5.--Vitrinite reflectance summary (R-33)
[Analyses by Geochem Laboratories, Inc.]

Map Geochem. USGS Number of Reflectance (%Rg)

No. Sample No. Sampie No. Readings Minimum Max imum Average

1 R219-002 79-16F 50 1.25 1.57 1.45

003 16G 50 1.92 2.29 2.12

004 16H 50 1.90 2.37 2.16

4 R201-008 78-2202 50 0.53 0.67 0.60

009 2203 9(Pop. 1) .37 .59 .49

41 (Pop. 2} .79 1.03 .90

010 22D4 4(Pop. 1) .45 .73 .59

45(Pop. 2) .86 1.09 .97

1(Pop. 3) 1.20 1.20 1.20

6 006 77-208B 4(Pop. 1) 0.49 0.59 0.54

50(Pop. 2) 2.90 3.64 3.32

8 007 228 50 0.37 0.49 0.43

9 R219-~026 79-42D0 50 0.37 0.54 0.46

027 42E 50 .38 .56 .47

10 028 43A 40 0.34 0.53 0.44

029 43E 50 .34 .47 .40

11 030 44A 39 0.26 0.41 0.34

12 018 37A 50 0.31 0.46 0.37

019 378 50 41 .61 .50

020 37C 50 .41 .57 .48

13 021 38A 50 0.36 0.55 0.46

022 38C 50 .35 .54 .44

14 023 390 50 0.53 0.69 0.61

024 39F 50 .33 .53 .46

025 396G 50 .38 .58 .50

15 R201-011 78-43F 2(Pop. 1) 0.27 .31 .29

50(Pop. 2) .43 .63 .55

16 012 44D 46 0.23 .40 .32

013 44E 50 .21 .42 .33

014 44F 25 2] .38 .29

23 R219-015 79-36A 50 0.27 0.43 0.32

016 36C 50 .28 .41 .33

017 360 28 .29 .43 .36

27 R201-002 77-118 S0 0.3 0.48 0.39

28 001 108 50 0.40 0.60 0.52

29 R219-011 79-24A 50 0.29 0.40 0.33

012 248 50 .27 .41 .33

013 24C 50 .27 .42 .34

30 R201-003 77-178 50 0.34 0.50 0.43

004 17E 20 .18 .29 .22

31 R201-005 18A 46 21 .36 .25

32 R219-006 79-208 50 0.54 0.75 0.61

33 009 21E 50 0.49 0.67 0.57

35 005 18A 50 4.16 4.95 4.56
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Table 6.--Drmmiy carben caontent and Roak-Sve! pyroiysis data for o leeled dredpe wvamplos
from the easzorn Qulf of Alaska

(n.a. & no analysis; n.3. = no determination)

Genetic Hydrogen  Oxygen Trang forma-
Map CI/ Syz-/ S;-E/ S,i/ T(S;)i/ fotential Index Index vion Ratfo
aumber Sample (par-  (ma/g} (mg/y) (marg) (%) 3453 S2/C §4/¢C S1/8148,
(fig. 1) number cent) {ppm) {mgHC/9C) (ngC0,/¢C)
] 79-18F 0.5 0.0% 0 0,78 0 90 V] e 1.0
] /9-166T 1.16 0.06 004 0,27 546 60 0.4 23 0.43
1 791640 V.04 0.12 0 0.54 0 120 0 52 1.0
] 78-2201 0.7% 0.304 0.375 0.89 a4s 475 50 92 0.2z
4 ‘ 782202 0.84 0.099 0.415 0.72 442 514 49 87 0.9
4 78-2203 1.13 0,145 0.816 0.)4 439 961 n 12 0.15
6 . 77-208 V.03 0.030 0.100 n.a. n.d. 130 13 n.a. 0.23
8 77228 1.45 0.017 1.513  na. 426 1,530 105 n.a. 0.01
9 79-420 V.48 0.08 0.60 0.413 437 680 42 k1) 0.12
9 79-42E 1.2 0.09 0.63 0.26 432 720 52 22 0,12
10 79-434 1.3 0.04 0.41 0.98 429 450 30 Al 0.09
10 79-43E 1,37 0.04 0.90 0.64 42% 940 66 47 0.04
1 J9-44A 0.80 0.5 0.23 0.85 424 180 26 97 0.40
12 79-37A IR 0.05 0.88 1.02 436 940 Wl 91 8.07
12 79-378 1.10 0.03 0.27 0.9 445 300 24 a3 0.
12 79-237C 1.28 0.04 0.66 113 439 700 53 Nn 0.06
13 79-184 1.51 0.07 0.90 1.2t 429 970 §0 80 6.07
13 79-38C 1.10 6.04 0.28 1.35 429 320 25 123 0.3
14 79-39D 1.67 0.05 0.%9 0.8 442 640 35 22 0.07
14 79-39F 1.03 0.15 0.69 0.86 447 840 67 83 0.1?
14 79-33G 0.82 0.11 0.2 0.72 452 350 29 87 0.3
16 78.44D 1.64 0.034 1.42 2,03 423 1.452 86 123 0.02
1] 78-44¢€ 1.49 0.18% 1.18 2.63 425 1,350 8 176 0.14
16 78-44F 1.41 0.140 0.943 3.11 [43] ).080 67 221 0.13
22 79-35D 0.68 0.06 0.22 0.39 426 280 32 $7 Q.23
23 79-364 1.74 0.08 1.30 2.54 435 1,380 75 136 0.66
21 79-36C 1.87 0.1 V.98 2.6) 4312 2,090 106 140 0.05
23 79-360 1.61 0.12 2.15 2.38 428 2,270 133 146 0.05
27 77-118 1.12 0.035 1.405  n.a, 408 1,440 128 n.a. Q.02
29 79-24A 1.73 0.14 1.39 V.93 429 1,530 a0 112 Q.09
29 79-24B 1,78 0.14 1.38 1.73 430 1,520 18 97 0.09
29 79-24C 1.76 6.05 1.10 1.73 428 1,150 82 98 0.03%
30 77-178 1.22 0 0.810 n.a, 420 2o 66 n.a. 0
0 77-17¢C 0o.Nn 0.0V6 0.454 p.a, 420 470 66 n.a. 0.03
30 77-17¢ 0.63 0,088  0.232 a.a, n.d. 280 44 n.a. 0.17
k)] 77-184 ‘ 0.56 0.036 0.314  n.a. 392 350 62 n.a. 0.10
32 79-208 0.75% 0.03 0.3 0.50 438 180 20 66 0.12
n 73-20€ 0.41 0.09 0.04 0.44 436 130 10 106 0.70
33 79-210 a.61 0.03 0.07 0.9 440 100 12 83 0.3
13 79-2¢ 0.83 0.04 0.09 0.34 48] 130 15 54 0.32
33 79-21F 0.42 0.06 0.07 1.27 428 130 16 303 0.47
3% 79-184 c.75 0,05 0 0.20 0 50 1} 28 1.0

\
Jfor.ﬂ organic carbon ana)yses by Rinehart Laboratories, Arvada, Colorsdo.

2
JThermal analyses by T. Daws and J. P. Baysinger, U.S. Geologics) Survay,
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both tables 4 and 6 reflect analyses by different laboratories. The carbon
contents of almost all samples listed are above the generally accepted minimum
values of Q.5 percent organic carbon for argillaceous hydrocarbon source rocks
(Tissot and Welte, 1978). The extractable hydrocarbon content (genetic
potential) as derived from Rock-Eval pyrolysis ranges from 50 to 2,270 ppm
(table 6). A plot of organic carbon versus extractable hydrocarbons suggests
that the analyzed rocks are mostly wet gas or oil-prone (fig. 21).

Visual kerogen assessment

Organic matter in the analyzed samples is dominantly herbaceous with
subordinate humic and amorphous kerogen and minor inert (ccaly) components
(table 4). The kerogen composition is of the type that can generate both
liquid hydrocarbons and gas (Dow, 1977) and is in agreement with the data on
organic carbon and extractable hydrocarbon contents.

Vitrinite reflectance and thermal alteration index

Vitrinite reflectance and thermal alteration data show large variations
in maturity between units as well as within the same unit. The analyzed
samples range from immature in Unit F to very mature or severely altered in
Unit B. Most samples from Units D and E are submature to moderately mature
with only a few that could be classified as mature (vitrinite reflectance
greater than 0.6 and thermal alteration index greater than 2).

As indicated by figure 22, there are systematic variations in maturity
laterally along the slope. In general, samples east of Alsek Canyon and west
of Yakutat Seavalley are more mature than those in between. Samples from
localtities 32 and 33 east of Alsek Canyon are close to optimum maturity. A
third sample from locality 35 in this area is clearly anomalous in that it has
a thermal alteration index of 4.0 and vitrinite reflectance of 4.56 indicating

severe alteration. As the analyzed sample was a single piece of shale
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recovered in a dredge haul otherwise entirely of basaltic rocks, it is
believed to have been "baked" by emplacement of the basalt or associated
shallow intrusives.

Analyzed shales from between Alsek Canyon and Yakutat Seavalley are
submature and immature with only one sample (from locality 14) that is mature.
West of Yakutat Seavalley all samples analyzed have undergone thermal
histories that have resulted in maturity or overmaturity. The increase in

thermal maturity from east to west across Yakutat Seavalley was noted
previously from data on temperature of maximum Rock-Eval pyrolysis yield
{Plafker and Claypool, 1979, fig. 4).

Extraction and chromatography

Two shales collected in 1978 at localities 4 (sample S5-78-EG-22D3) and
16 (sample S5-78-EG-44D) were analyzed for extractable hydrocarbon content by
solvent extraction, e&ution, chromatography, and gas chromatography (Plafker
and Claypool, 1979). These resuits are summarized below.

The sample from locality 4 is exceptionally rich in extractable
hydrocarbons (700 ppm) and the saturated hydrocarbons have a mature, waxy
petroleum-like distribution. The saturated hydrocarbon fraction predominates
over aromatic hydrocarbons (S/A = 1.36), extractable bitumen is 71 percent
hydrocarbons, and the hydrocarbon-to-organic carbon ratio is 6.2 percent.
These characteristics of the extractable organic matter (assuming it is
indigenous to the rock) in this sample indicate that petroleum hydrocarbons
have been generated in sufficient quantities to consider the sample as a
possible source rock. In addition, the relative amounts of hydrocarbons and
total organic carbon indicate that the sampled rock has undergone close to the
optimum thermal history for liquid hydrocarbon generation. However, the

saturated hydrocarbon distribution still retains signs of slight immaturity,
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such as a large predominance of pristane over n-Cq7, and a carbon preference
index (CPI) value of 1.25. Rocks with similar organic matter in a downdip
position which had undergone an additional 500 m or so of burial should have
even more favorable source rock properties.

The sample from locality 16 is less rich in extractable organic matter,
but it s stil} above average for immature shales. The content of extractable
hydrocarbons is 101 ppm., Saturated hydrocarbons are subordinate to aromatics
(S/A = 0.55) and gas chromatographic analysis indicates a mixture of saturated
hydrocarbons dominated by compounds which have undergone only slight, low-
temperature modification of their biochemically-derived structures. These are
the sterane, di- and triterpane compounds. A lower proportion of hydrocarbons
in the bitumen (0.45) and a2 low hydrocarbon-to-organic carbon ratio (0.61
percent) are also indicative of the low degree of therma) maturity. The
saturated hydrocarbons are the type usually associated with organic matter
derived from aguatic plants under marine or lacustrine conditions, with
exclusion of organic matter derived from vascular plants. Envirvonments in
which this type of organic matter is deposited and preserved usually result in
rocks with capacity for 1liguid hydrocarbon generation.

Thermal analysis

The results of thermal analysis by Rock-Eval or MP-3 pyrolysis,
summarized in table 6, indicate that the dredged samples have adequate organic
matter content but not of the chemical type which generates liguid
hydrocarbons. These data suggest that the rocks are immature to marginally
mature with respect to the intensity and duration of geothermal exposure
required for generation of significant amounts of petroleum.

The original hydrocarbon-generating capacity of the rocks is indicated in

a semiguantitative fashion by the total hydrocarbon yield or genetic potential
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(S1+#S», in ppm or kilogram of hydrocarbon per metric ton of rock). The values
shown for the dredged samplies on table 6 range from 50 to 2,270 ppm. A1l but
the samples from locality 23 are less than the 2,000 ppm yleld considered to
be a minimum for o011 source rocks but in the range of yield for rocks with
some potential for gas generation (Tissot and Welte, 1978).

The type of organic matter 1is indicated from Rock-Eval pyrolysis by the
hydrogen index and the oxygen index, which are the pyrolytic hydrocarbon yield
(Sp) and the pyrolytic organic CO, yteld (53), respectively, each normalized
by organic carbon content. Hydrogen indices for the analyzed 1977 samples,
and both hydrogen and oxygen indices for the 1978 and 1979 samples are
calculated and shown in table 6. The generally Jow hydrogen index suggests
that the organic matter in the dredged samples is not the type that would
generate mainly 1iquid hydrocarbons. These results are incompatible with the
data from both visual kerogen assessment and extraction and chromatography
already cited. This suggests that the hydrogen and oxygen indices may not
reflect the original nature of the organic matter because of secondary
alteration due to the submarine weathering that has affected the samples.

Thermal maturity is Interpreted from the temperature of maximum pyrolysis
yield T(SZ) and the transformation ratio (51/So+So) given in table 6. In
general, the transition from immature to mature with respect to 01l generation
is indicated ty T(SZ) values of about 440% C, and transformation ratios of 0.1
(Tissot and Welte, 1978). Based on these criteria, the dredge samples east of
Alsek Canyon and west of Yakutat Seavalley give consistent indications of
marginal thermal maturity. This agrees closely with the independent results

of visual kerogen assessment and vitrinite reflectance analysis.
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Discussion

Argiltaceous rocks with favorable hydrocarbon source rock characteristics
are common in the early Tertiary sequence and some of these rocks have
undergone a thermal history that has resulted in generation of hydrocarbons.
This implies that the rocks now exposed on the lower part of the continental
stope were probably buried to depths of 3,000 m or more at some time during
their history in order to attain the degree of thermal maturity indjcated.
Subsequently, they were uplifted and stripped of at least 3 km of section to
expose the mature rocks at the surface. The time of this uplift may be
recorded by the QOTligocene unconformity between Units £ and F. Finally, the
sequence had to subside to its present depths of 2-4 km below sea level along
the continental slope, probably during the 1ate Cenozoic.

SANDSTONE RESERVQOIR CHARACTERISTICS

Early and middle Tertiary sandstones in the area of OCS Lease Sale 55 are
the only rocks with sufficient porosity and permeability to be considered as
likely potential reservoirs for hydrocarbons. As no sandstone samplies were
recovered from the upper Tertiary and Quaternary units, their reservolr
gualities are not known, but judging from outcrop and well data, these strata
are not likely to have high porosity and permeability.
Composition

Modal analyses were made of fourteen dredged samples from Units A, B, D,
and £ along the Yakutat slope. Most of the sandstones are lithofeldspathic
(fig. 23)--that is, gquartzose grains (Q) and feldspar (F) each comprise, on
the average, two-fifths of total framework grains, and diverse rock fragments
(L) comprise about one-fifth. Rock fragments in sandstones from the pre-
Tertiary Unit A are dominantly volcanic whereas they are dominantly plutonic

in the Tertiary sandstones. 1In general, compositions of the sandstones are
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comparable to age-equivalent units onshore. For reference, Q-F-L plots of
mean vatues for onshore samples from units believed to be correiative with the
offshore samples (Winkler and others, 1976; Winkler and Plafker, unpub. data)
are plotted on the ternary diagram (fig. 23).

Heavy mineral suites of the offshore units are characterized by {in order
of abundance) biotite, epidote, muscovite, amphibole, and garnet. Proportions
of the heavy minerals vary slightly for the units, however. Typically,
samples from Unit A have a significant increase in amphibole and epidote and
samples from Units B, D, and E are richer in biotite, garnet, muscovite, and
zircon.

Compositional contrasts between onshore and offshore units of the same
age do exist. In several places, glauconitic tuffaceous sandstones of well
documented Eocene age (Units D and E, figs. 3 and 4) were dredged from the
continental slope. These samples consist largely of clasts of chloritized
mafic volcanic rocks and are totally unlike any coeval rocks onshore,
resembling instead samples from parts of the Poul Creek Formation of Qligocene
and early Miocene age. Modal analyses were not made of these volcaniclastic
sandstones and they are not included on the ternary diagram.

Texture and physical properties

The dredged sandstones are texturally immature and mineralogically
unstabte. Mechanical and chemical diagenetic effects are conspicuous in all
samples. Generally poor sorting coupled with compaction and squeezing of
labile rock fragments and detrital mica has yielded tight sandstones with few
visible pores. In some samples, most notably in the pre-Cretaceous rocks
(Unit A, figs. 3 and 4), deformation of labile grains has been so pronounced
that, in effect, the grains have become matrix (pseudomatrix of Dickinson,

1970), and it 1s difficult to deduce their original character. This physical
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reduction in porosity has been enhanced by chemical changes that have created
a wide range in cements, including carbonate, chlorite, zeolite, and silica
cements. In most cases, partial dissolution of framework grains has
accompanied cementation.

Carbonate cement is particularly abundant in sandstones from Units B, D,
and £. It may have formed quite early, inasmuch as framework deterioration in
sandstones with abundant carbonate cement appears to be less advanced and
1ittle matrix or noncarbonate cement Js present. Thus, these sandstones may
have been relatively clean when deposited with primary matrix of just a few
percent. However, compaction, alteration of framework grains, and plugging of
interstices with calcite cement and matrix probably began soon after
deposition.

Similar diagenetic features have been observed throughout the
stratigraphic sequence onshore (Galloway, 1971; Winkler and others, 1976).
Such diagenetic features generally have been ascribed to deep burial and are
similar to features that Galloway (1974) observed in well samples from depths
of 1,500 m or greater in the Queen Charlotte Basin.

Offshore in the eastern Gulf of Alaska, chemical diagenesis is most
pronounced in pre-Tertiary and early Tertiary samples. In several pre-Tertiary
samples, siliceous cement is abundant and, in fact, a few quartz-prehnite
veins are present. 1In early Tertiary samples, a sutured fabric produced by
complex interpenetration of many grain boundaries is characteristic. In part,
this fabric may result from compaction, but it also is due to abundant grain
overgrowths. Carbonate and zeolite cement occurs in the samples from Units B,
D, and E, and one sample also has patches of prehnite. The diagenetic effects
in some early Tertiary rocks offshore are analogous to effects observed in the

coeval Kulthieth Formation onshore {Winkler and others, 1976). However, in
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other offshore samples of Eocene age and in those of Gligocene age (Unit F),
severe diagenesis is less compliete, although siliceous cement and pseudomatrix
are common and have reduced original porosity considerably.

Porosity, permeability, and grain density have been measured on 15
sandstone samples dredged from the eastern Gulf of Alaska (table 7).
Measurements were made only on fresh-looking samples, some of which were from
the interior portions of blocks with oxidized weathering rinds. Porosity and
permeability values generally are low and grain densities are high, as they
were for 50 samples from onshore locations (Winkler and others, 1976, Appendix
4). However, two samples of Eocene age from localities 16 and 28 have notable
high porosity and modest permeability (sample nos. 78-44A, 77-10C, table 7).
Inasmuch as thin sections of these two samples exhibit widespread framework
alteration and pore-space reduction by compaction, formation of clay rims, and
siticate overgrowths, similar to the other samples from Units B, D, and E, it
seems likely that porosity 1s secondary. In fact, several petrographic
criteria of secondary porosity described by Schmidt and MacDonald (1979) are
present in the samples: (1) alternating areas of tight and open packing of
grains; (2) partially dissolved and corroded grains; (3) grains fractured by
collapse into adjacent pores; and (4) elongate pores of complicated shapes.
Direct dissolution of detrital and secondary silicate minerals probably has
created some of the secondary porosity; dissolution of early carbonate cement
may also have created new pores, but few remnants of carbonate cement remain
to certify that carbonate dissolution has occurred. The necessary acidic
solutions may have been created as byproducts of organic reactions in adjacent
mudstone, some of which has as much as 1.86 percent organic carbon and has

undergone some thermal maturation (tables 4, 5, 6).

61



Table 7.--Sandstone reservoir characteristics

USGS Liguid

No. Sample Permeability Porosity Grain Density
(Fig. 1) Number (md) (%) (p)
5 78 - 24E 4.0 14.9 2.68
6 77 - 20C . 0006 12.0 2.68
7 78 - 2105 Nili 6.3 2.67
2104 .15 5.7 2.68
8 77 - 22A .006 11.7 2.66
9 79 - 428 3.1 21.7 2.68
10 79 - 43C 1.2 16.2 2.71
12 79 - 37F 1.3 14.4 2.69
16 78 - 44A 26.0 31.3 2.59
448 2.9 31.8 2.53
27 77 -11C .008 B.1 2.63
28 77 - 10C 35.9 23.8 2.63
29 79 - 24E 2.8 31.6 2.67
30 77 -17A .51 18.1 2.63
39 78 - 14B 14 8.8 2.69
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Discussion

Sandstones with a few to a few tens of millidarcies of permeability and
modest to high porosities were recovered from the Paleocene? and Eocene rock
units (B, D, and E) and comparable sandstones probably comprise a significant
percentage of these units. Most of the sandstones recovered, however, have
poor reservoir qualities due to presence of abundant unstable mineral and rock
fragnents, common calcite cement, and less common siliceous, zeolitic, or clay
pore fillings. High initial porosities and early calcite cementation are
suggested by the textures. Permeability and porosity appear to be largely
secondary, and could be in part due to submarine leaching of calcite matrix in
the outcrops.

The composition of the sandstones suggests a predominantiy metamorphic-
plutonic source terrane, whereas the pre~Tertiary sandstone has 1ithic and
heavy mineral components suggesting contributions from a volcanic arc
terrane. Compositional and textural data indicate the Tertiary sandstones
were well washed when deposited and that deposition was rapid and from a
nearby source area.

Suitable source terranes for the Tertiary and pre-Tertiary sandstones are
not known to occur adjacent to the Yakutat block in the Saint Elias Mountains
or in the Alexander Archipelago of southeastern Alaska and British Columbia.
The most probable provenance for the large volume of lithofeldspathic
sandstone in the Paleogene sequence of the Yakutat slope as well as the
compositionatly similar sandstone of the onshore Orca, Kulthieth, and Tokun
Formations in the Guif of Alaska area is the plutonic and high-grade
metamorphic complex of the Coast Mountains of British Columbia and Alaska.
Petrologic and radiometric studies of part of this complex by Hollister (1979)

demonstrate that 10 to 20 km of overburden was stripped off these mountains
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during the early Tertiary. As suggested by Hollister (1979), much of this
sediment, which was initially deposited along the continental margin as slope
and deep-sea fan deposits, was subsequently displaced northwestward to the
Gulf of Alaska by dextral transform faulting along the margin of the North
American plate.

HYDROCARBON TRAPS

There are no late Cenozoic anticlinal folds on the Yakutat OCS of the
type that were drilled unsuccessfully in the adjacent Yakataga area (Aud,
1979). The most promising situations fof hydrocarbon accumulations are likely
to be drape folds, and structural, or combination structural-stratigraphic
traps in the section of late Paleocene to early Oligocene age (Units 8, C, D,
E). This section has the best potential for hydrocarbon source and reservoir
strata in close proximity and is apparently unconformably overlain by upper
Oligocene or younger strata that could provide effective seals.

Although it is beyond the scope of this study to discuss details of
possible hydrocarbon traps on the OCS adjacent to the Yakutat slope, some
general observations based on the stratigraphy and regfonal geology can be
made as a guide to exploration on the continental shelf. Preliminary
structural contours showing the general form of the late Cenozoic basin have
been presented previously (Plafker and others, 1978a; Bruns, 1979) and a more
detailed analysis of the seismic reflection data by Bruns is in progress. At
Teast one large structural high that is apparently an anticline within the
early Tertiary section has been recognized, but neither the trend or closure
along strike can be determined with the available multichannel data (Bruns,

1979, fig. 8).
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Drape structures

The dredge data indicate that there may be substantial relief on the
upper surface of the basalt unit (Unit C, fig. 4) along the slope. If this
relief persists beneath the OCS, there is a possibility for hydrocarbon traps
in drape folds over volcanic highs.

Fault blocks and faults

Relatively abrupt lithologic changes along the slope such as between pre-
Tertiary and Paleogene units and between Paleogene units on opposite sides of
Yakutat Seavalley (figs. 3 and 4) suggest that block faulting has affected the
pre-upper Oligocene sequence. This suggests that fault blocks could be
present in the area of Lease Sale 55 and that structurally high blocks and
associated faults may provide traps for hydrocarbons.

Basin marqin traps

Fault, stratigraphic, and combination traps may be present along the
northeastern margin of the early Tertiary basin where the early Tertiary
marine rocks lap up onto--or are faulted against--pre-Tertiary basement
rocks. Along this trend there should be enhanced opportunity for occurrence
of coarse clastic rocks, up-dip pinchouts, possible Eocene carbonate reefs,
and down-to-the-basin fault seals.

Stratigraphic data from the Yakutat slope suggest that some of the early
Tertiary units thin up-dip towards the pre-Tertiary basin margin and that the
contact may be interpreted as a down-to-the-basin fault (fig. 4). A similar
abrupt fault contact exists onshore in the Samovar Hills between Icy Bay and
Yakutat Bay (fig. 3) where the most westerly exposures of pre-Tertiary rocks
in the Yakutat block occur (Plafker and Miller, 1957). Here the pre-Tertiary

Yakutat Group is faulted against coal-bearing terrestrial and shallow marine
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strata of middle Eocene age (Addicott and Plafker, 1971) and basaltic volcanic
rocks of possible early Eocene age.

These relationships suggest that the early Tertiary basin margin extends
from near the west side of Fairweather Ground at the continenta) slope in a N.
309 W. direction through OCS Lease Sale 55 to the Samovar Hills area. This
trend is markedly oblique to the present continental margin and late Cenozoic
basin axis. Between the continental slope and Samovar Hills the location of
the basin margin is not known although it may be detectable with deep seismic
reflection or refraction data. The apparent absence of early Tertiary marine
rocks in the onshore wells both east and west of Yakutat Bay (fig. 3) suggests
that the shoreline at that time lay to the southwest of these wells.
Discussion

Hydrocarbon traps in the Yakutat OCS are likely to be subtle, and, if
present, they wilil probably invalve rocks below the postulated Oligocene
unconformity. In this respect, the area differs markedly from the Yakataga
0CS and adjacent onshore where exploratory drilling was Targely confined to
large, shallow anticlines of late Cenozoic age with targets in the middle and
late Cenozoic section (Plafker and others, 1978a; Aud, 1979). That petroleum
is present in the early Tertiary sequence is demonstrated by the unusually
prolific oil seeps which issue from faulted middle Eocene strata in the
Samovar Hills (Plafker and Miller, 1957). Although the Samovar Hills seeps
were formerly thought to come from middle Tertiary strata overthrust by Eocene
rocks (Plafker, 1971), the new offshore data indicate that the oil undoubtedly

is from the late Paleocene? to Eocene sequence.
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CONCLUSIONS

Our geologic data do not permit predictions regarding the petroleum
potential of the Tertiary seguence that extends from the Yakutat siope beneath
the adjacent continental shelf. They do indicate, however, that the best
exploration targets are within the lower Tertiary sequence beneath the
Oligocene unconformity where there are potential source and reServoir rocks in
close proximity. The upper Oligocene and younger units are judged to be less
favorable for petroleum due to low kerogen content, thermal immaturity, and
poor reservoir properties in the few sandstone samples recovered from this
part of the section. The critical factors for accumulation of hydrocarbons in
commercial quantities will probably be the occurrence of adequate traps at
drillable depths. Traps in the early Tertiary sequence, if any, are likely to
be relatively subtle but at least one large apparent structural high is
detectable on the available multichannel seismic data. A particularly
interesting trend in which to prospect for structural or combination
structural/stratigraphic traps is along the margin of the early Tertiary
marine basin where it trends northeastward beneath OCS Lease Sale 55 from the
west side of Fairweather Ground.

It is worth noting that the preferred early Tertiary objectives for the
proposed OCS Lease Sale 55 bear little resemblance to the sections penetrated
by exploratory wells in the nearby OCS Lease Sale 39 or along the coast in the
Yakutat and Malaspina areas. Exploration in OCS Lease Sale 39 was focused on
large, young anticlinal structures where the principal target section, of
OYigocene and Miocene age, turned out to have inadequate petroieum source
properties and few potential reservoirs (Aud, 1979). Onshore holes that

penetrated the late Cenozoic Yakataga Formation encountered continental to
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nearshore clastic rocks of poorly-defined Tertiary age overlyinrg pre-Tertiary
basement (Plafker, 1971).

Geologic differences between the areas already explored by drilling and
the Yakutat slope and shelf suggest that a meaningful petroleum assessment of
this area must be based on {ts own merits rather than by comparison with
better explored, but doubtfully analogous areas elsewhere. We hope that the
data on the Yakutat slope presented here will be useful in evaluation of the
resource potential of the adjacent OCS Lease Sale 55 and as a guide to

exploration strategy.
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