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TERTIARY FORMATIONS AND ASSOCIATED MESOZOIC ROCKS 
I N  THE ALASKA PENINSULA AREA, ALASKA, 

AND THEIR PETROLEUM-RESERVOIR AND SOURCE-ROCK POTENTIAL 

W. M. L y l e  and J .  A.  oreh house,' 
and l rven F. Palmer, J r., and J .  G. ~ o l t n ~  

ABSTRACT 

Fourteen stratigraphic sections totaling over 16,000 feet 
(5,000 m )  were measured in a 1977 joint State-Federal project 
to  determine the petroleum-reservoir and sour-ce-rock potential 
of  the Alaskd Peninsula. The percentage of  potential Tertiary 
reservoir sdndstone t o  the total stratigraphic section measure~l 
ranges f rom less than one to 100 percent, with an average o f  63 
percent. Sandstones range f rom less than 3 feet to  over 100 feet 
in thickness. Porosities and permeabilities dre low in  most areas 
as a result o f  pervasive pore-fill ing mineralization. Laboratot-y 
analyses indicate that potential reservoir rocks have been preserv- 
ed in certain instances; however, their offshore extension i s  
unknown. 

Hydrocarbon Cis+ extracts range from 37 ppm (parts per 
mil l ion) to  2,984 ppm; the average for  69 samples is 362 ppm, 
which is above the generally accepted level for  petroleum source 
rock. Organic carbon ranges f rom less than 0.2 to more than 8.0 
percent. Thermal alteration index ( T A I ) ,  based on kerogen 
assessment, ranges f rom 1 +  to  3+; most samples have a T A I  o f  2- 
to  2+. Major constituents are herbaceous-spore debris with lesser 
amounts of  woody and amorphous-sapropel grains. Dry  gas is the 
most probable hydrocarbon to  fo rm in these source rocks. 

INTRODUCTION 

A stratigraphic ficld projcct was conductcd on thc 
Alaska Peninsula during a 24-day pcriod in Junc and 
July o f  1977 by thc U.S. Geological Survey (USGS) and 
thc State o f  Alaska, Division o f  Geological and Gcophys- 
ical Surveys (DGGS) (fig. 1). Thc projcct was similar in 
scope to  previous coopcrativc State-Federal ficld proj- 
ects complctcd in 1975 in the Gulf o f  Alaska Tertiary 
province and in 1976 in thc uplands near lowcr Cook 
Inlet and Kodiak Island. 

Both Statc and Fedcral agencies arc responsible for 
thc cvaluation o f  petroleum potential o f  all submcrged 
lands undcr their jurisdictions. Collabordtion o f  Statc 
and Federal geologists on thcsc projccts rcsults in uni- 
formity in thc collecting and proccssing o f  gcological 

data and climinatcs (or greatly rcduccs) duplication o f  
cffort. 

Data arc extrapolated into thc adjacent submcrged 
areas and scrvc as input to evaluation programs being 
conductcd in all areas that havc any future offshore 
Icasc-salc potential. 

Two main bases o f  operation were used during the 
1977 season: Cold Bay from June 14 to  18 and Bear 
Lake Lodgc at Port Mollcr from Junc 18 to July 8. 

Major emphasis was placed on measuring and sam- 
pling Tcrtiary stratigraphic scctions, with a conccntra- 
tion on Mioccne and Plioccne exposures. Some older 
Tertiary and Mesozoic exposures were also examined. 
Samples wcre collected for both a general areal rcsourcc 
evaluation and more detailed studies in relation to  
possible pctrolcum occurrcnccs. 

PERSONNEL AND LOGISTICS 

This rcport combines two scts o f  data. In 1974 
W. M. Lyle and P. L. Dobcy (DGGS) collected data 
mostly in thc Port Hciden-Chignik area; C. N. Conwell, 
R. M. Klein, and F. Larson (DGGS) joined this field 
party for a few days. I n  1977 1. F. Palmer and J .G.  
Bolm (USGS) and W. M. Lylc and J .  A. Morehausc 
(DGGS) collected data from the Cold Bay arca north- 
ward along the Alaska Peninsula to  Unga Island, Port 
Mollcr, Chignik, and Port Heiden. Ross Schaff, Alaska 
State Geologist, and D. L. McGee visitcd the project area 
in 1977. 

Thc 1977 crew flew to  Cold Bay on Reeve Aleutian 
Airways on June 14. The movc to  Port Moller area was 
madc on Peninsula Airways Junc 17. Fucl was transport- 
cd from Seattlc to  Sand Point, Alaska, by ship and then 
moved to  work arcas with a DeHavilland Otter. 

The authors thank Louic Marincovich (USGS) for 
his identification o f  the macrofossils. 

1 Alaska Division of  Geological and Geophysical Surveys. 
2 U.S. Geological Survey. 
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Figure 1 .  Index map showing the area of the 1977 State-Federal Alaska Peninsula stratigraphic projects. 
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FIELD METHODS 

MEASUREMENT O F  STRATIGRAPHIC SECTIONS 

Stratigraphic sections wcrc mcasurcd primdrily with 
Brunton compass and tapc. Occasionally it was ncccssary 
to usc the helicopter altimctcr to detcrminc thickncss. 
Al l  stratigraphic thickncsscs recordcd on thc stratigraph- 
ic scctions arc truc thickncsses that wcrc corrcctcd for 
dip and slope directly in thc ficld or at basc camp prior 
to rough ficld drafting o f  scctions. Al l  ficld measure- 
ments are in fcct dnd inchcs to bc compatiblc with 
geological logs in common use by industry. A mctric 
convcrsion scale i s  provided on cdch stratigraphic 
scction. 

LITHOLOGIC DESCRIPTIONS 

Lithologic descriptions on thc stratigrdphic scctions 
gcncrally follow thc acccptcd format listcd bclow: 

Rock type, dcscriptivc modlficr, color (from GSA 
Rock Color Chart), grain sitc (cithcr Wcntworth 
grade name or in actual metric mcasurcmcnts), 
sorting, lithologic constitucnts, statcmcnts conccrn- 
ing dcgrcc o f  induration, porosity, and scdimcntary 
structures. 
Abbrcvidtions arc commonly uscd to savc l imc and 

space; notations such "ds dbovc" arc freely uscd whcn 
thcrc 1s l ittle obvious diffcrcncc bctwccn unlts. 

SAMPLING 

Samplcs from stratigraphic scctions nnd spot sample 
localities wcrc collcctcd in 7 by 12-~nch or 5 by 7-inch 
samplc bags to  providc enough matcrial for ldbordtory 
analyscs and for samplc cuts for permancnt library 
rcfcrence for both agcncics. The "frcshcst" (least oxi- 
diretl) samplcs available wctc tdkcn by digg~ng small pits 
into the outcrops or taking samplcs bclow thc wcathcr- 
ing "rind." 

The numbcring systcm includcd the scqucncc, col- 
lector's initials, and ycar ( 1 -I P-77; 2-WL-77; 3-J B-77; 
ctc.). The 1974 samplcs had one cxccptlon: dl1 thc 
samplcs on thc Black Lakc scction had a 207 picfix, i.c., 
207.21 -WL-74; 207.22-WL-74; ctc. On a fcw sdmples the 
lcttcrs A dnd B wcrc used to  dcnotc that morc than one 
samplc was takcn at the sdmc locality. 

Sample locattons arc numbered on thc quxiranglc 
mdps A through F), and cross rcfctcnccci (tablcs 
1Aand IB ) .  

A total o f  269 sdmplcs wclc collcctcd: 79 lo r  
porosity and pcrmcability dctcrminations, 39 for hydro- 
carbon analyscs, 39 for bdsin matul i ty detcrtnindtion, 34 
for palynological agc dctcrmination, 34 for micropalcon- 
tological age detcrmindtion, 36 for gcochcmlcal analyscs, 

2 for lithology, 2 for oricntation of sandstones, and 4 
for macrofossil age determination. 

STRATlG RAPHY 

Rocks o f  Jurassic, Crctaceous, and Tertiary age crop 
out in thc mountainous area along the Pacific coast o f  
the study arca. Stratigraphic sections in the area are 
interrupted by unconformitics bcneath formations that 
arc Late Cretaceous, Palcoccnc, Miocene, and Pliocene in 
age. 

Outcrop patterns o f  individual formations are con- 
trolled by largc northcast-trending folds, which are the 
principal features in thc area. In the northern part, 
bcdrock i s  buricd bencath the Quaternary glacial and 
alluvial dcposits o f  the Bering Sea lowlands. 

Thc following descriptions o f  thc various formations 
that crop out in the study arca are based on Burk's 
mcmoir o f  1965. 

NAKNEK FORMATION 

The Naknek Formation i s  exposed cxtensivcly 
throughout thc study arca and consists o f  well to poorly 
bedded arkosic sandstones, conglomcratcs, siltstones, 
and mudstones, which cithcr are intcrbeddcd or form 
relatively thick cxposures o f  a singlc lithology. Sand- 
stones and conglorneratc matrices are typically feldspar, 
quartz, volcanic rock fragrncnts, and chcrt. Granitic and 
metamorphic rocks arc abundant among coarser clasts in 
conglomcrates, and quartz and feldspar arc prcdominant 
among coarser clasts in the siltstones and mudstoncs. 
Quartz i s  generally morc abundant than feldspar in the 
finc-graincd rock typcs, whereas feldspar is commonly 
more abundant than quartz in thc sandstones and 
conglomerates. 

The base o f  thc Naknck Formation is not exposed 
anywhere in the study arca. The maximum exposed 
thickncss o f  thc formation is about 5,000 feet near 
Amber Bay, but  exposcd thicknesscs o f  morc than 9,000 
fcct arc known for thc formation in arcas northwest of 
thc study arca. 

The Naknck i s  thc oldcst rock unit exposcd in thc 
study arca. Sporadically abundant marinc pclecypods, 
belcmnitcs, gastropods, and ammonites indicate an Ox- 
fordian to Kimmeridgian agc for the formation. The 
common prcscncc o f  carbonaceous plant debris and 
marinc fossils suggcsts a nearshore marinc environment 
of deposition for thc formation. 

CHlGNlK FORMATION 

The Chignik Formation, well exposed at many 
locations, is unconformable to underlying rocks and 
gradcs f rom prcdominantly nonmarine near its base to  
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marine in its upper part. The Chignik Formation and 
locally overlying siltstoncs of thc Hoodoo Formation 
were interprcted by Burk (1965) to  bc a typical trans- 
gressivc marine lithologic scqucnce, but morc rcccntly 
Mancini and others (1978) have rcinterpretcd thc two 
formations to bc timc-equivalent lithofacies rcpresenta- 
tive o f  deposition in nonmarinc to inncr neritic and 
outer neritic to bathyal environmcnts, rcspcctivcly. 

The largely nonmarinc Coal Valley Membcr o f  thc 
Chignik Formation has bccn interpreted by Burk (1965) 
to be the basal part o f  the formation and by Mancini and 
others (1978) to bc a nonmarinc facies deposited simul- 
taneously with the rcst o f  thc Chignik and Hoodoo 
Formations. Thc Coal Valley Mcmbcr i s  composed pri- 
marily of well-bedded sandstones in which large carbona- 
ccous plant fragments arc common, oftcn in association 
with abundant marine fossils. Sedimentary and volcanic 
rock fragments arc major components o f  these sand- 
stones; carbonatc occurs commonly as ccmcnt and as a 
replacement o f  silicate clasts and may make up as much 
as 50 percent o f  the rock. Minor conglomerates, carbon- 
aceous shales, and coal streaks are interbcddcd with the 
sandstones o f  the marine portions o f  thc Chignik 
Formation. 

The Coal Valley Membcr displays a maximum thick- 
ness o f  about 1,200 feet in Coal Valley and the arca 
southeast o f  Staniukovich Mountain; i t  i s  absent in somc 
locations. The upper marine portion o f  the Chignik 
Formation reaches a maximum thickncss of about 2,000 
feet near Herendccn Bay. 

An irregularly abundant marine fauna dominated by 
pelecypods, principally lnoceramus schmidti, indicates 
that the Chignik Formation i s  Campanian. 

HOODOO FORMATION 

The Hoodoo Formation (Burk, 1965) i s  widcly 
exposed and consists predominantly o f  well-bcdded 
black and dark gray siltstones and shales with somc 
interbedded fine-graincd sandstones and conglomerates. 
Although slaty cleavage is not developed in the forma- 
tion, abundant pencil-slatc-likc prismatic splinters arc 
commonly formed by weathering o f  siltstones (fig. 2). 
Conglomerates contain typically well-rounded chert and 
volcanic, granitic, and argillitic pebbles and cobbles and 
havc black siltstone or fine-grained sandstone matrices. 
Because o f  thc incompetencc o f  the predominant litho- 
logies o f  the Hoodoo Formation, deformation o f  the 
formation is  charactcrized by extrcmc folding and shcar- 
ing which togcther account for the absence o f  any 
known complete and undisturbed stratigraphic section. 

The contact betwcen the Hoodoo and Chignik 
Formations i s  gradational, and the Hoodoo Formation 
was interpreted by Burk (1 965) to  be a more distal 
facies than the Chignik Formation in a single marine- 

transgrcssivc scqucncc; Mancini and others (1978) rcin- 
tcrpreted the Hoodoo Formation as a more distal time- 
equivalent lithofacics in thc same stratigraphic interval as 
the Chignik Formation. D. L. McGcc (DGGS rcport in 
preparation) accepts both Burk's and Mancini's intcrprc- 
tations and suggests that thc lowcr part o f  the Chignik 
Formation i s  timc-cquivalcnt to both the lower part o f  
the Hoodoo Formation and thc Coal Vallcy Mcmbcr 
followcd by a trdnsgrcssive cvcnt In which the marinc 
Chignik and Hoodoo Formations overlapped thc prc- 
viously dcpositcd nonmarinc Coal Vallcy Mcmbcr. This 
order o f  deposition best tits thc lateral intcrfir~gcring o f  
thc formations and thc upwdrd grading o f  thc Cod1 
Valley Mcmbcr into thc Chignik marinc sequence. The 
greatest known thickncss o f  the Hoodoo Formation IS 

morc than 2,000 fcct and pcrhaps as much as 3,000 fcct 
in the arcd betwcen Hcrendecn and Pavlof Bays. 

Fossils arc cxtrcmely rare in thc Hoodoo Forma- 
tion, but the few marinc pelecypods, ccphalopods, and 
ammonites that are found in the formation suggest an 
age of Campanian to carly Maestrichtian. 

TOLSTOI FORMATION 

The Tolstoi Formation (Burk, 1965) crops out 
extensively north o f  Pavlof Bay and consists largely o f  
brittle black siltstones made up o f  poorly sorted andesit- 
ic and basaltic volcanic dcbris with interbedded mafic 
volcanic flows and sills in somc localitics. Thc formation 
unconformably ovcrlics older formations and has a 
thickness o f  about 5,000 fcct everywhcrc except in thc 
arca south o f  Mt. Vcniaminof, wherc i t  is  about twicc 
that thickness. 

Although a rich Palcoccne to possibly early Eoccne 
fossil flora was found in this essentially nonmarinc 
formation, middle and late Eoccnc marine mollusks werc 
found in two localities. Thc Tolstoi Formation rcprc- 
sents thc early part of a marine-transgressive lithologic 
sequence (fig. 3). 

STEPOVAK FORMATION 

The Stcpovak Formation (Burk, 1965) consists o f  
an altcrnating sequcncc o f  thin-bedded mudstones and 
massively bedded mudstones and siltstones. I t  contains 
several thin coals and many carbonaceous zones through- 
out the section and also some thin petrified wood zoncs. 

The formation was deposited in the Oligocene under 
conditions ranging from swampy (as suggested by thin 
coals and coaly zones) to  marine (questionable Fora- 
minifera and shell fragments). 

Thc contact bctween the underlying Tolstoi Forma- 
t ion and the Stcpovak Formation i s  gradational. Thc 
Tolstoi i s  massively bedded, whereas the Stepovak i s  
thin-bcdded. The dctrital grains o f  the Stepovak and the 
Tolstoi Formations are similar; volcanic rock fragments 
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make up dbout 50 percent or the detrital grains: plagio- 
clase feldspar (morc than 20 percent), quartz (less thdn 
10 pcrccnt), and other rock fragments (morc than 20 
pcrccn t). 

BEAR LAKE FORMATION 

The Bear Lake Formation consists of a sequcncc o f  
rocks ranging from nonmarinc to shallow marinc. Thick- 
ness estimates vary from 5,000 to 10,000 fcct. The 
oldest rocks o f  the formation ate exposed in the Unga 
Island-Cape Aliaksin arca (Wischart, 1971). These rocks 
arc dominantly volcanic and volcanically derived scdi- 
mcnts. This basal part of the formation i s  Burk's Unga 
Conglomerate Member o f  the Bcar Lake Formation and 
has bccn assigned a middle(?) Mioccnc dgc from marinc 
invertebrate fossil data. Upper Oligocene(?) plants have 
also becn reported from Unga Island (Burk, 1965). 

In general, the Bcar Lake Formation i s  a transgrcs- 
sive sequence with nonmarinc bcds, including coal, in 
the basal  art o f  the scction dnd fossilifcrous, marinc 
sandstones in the upper part o f  the section. Local 
regressive cycles can also be identified. The section 
contains zones o f  marinc and nonmarinc conglomerates. 
On the Bering Sea sidc o f  the study area near Port Mollcr 
and Milky Rivcr, thc section is predominantly clayey 
sandstone with lesser amounts o f  siltstone and conglom- 
erate. For the most Dart thcsc sandstones arc too friable 
to  permit collection of representative samples lot- poros- 
i t y  and permeability evaluation. 

The amount o f  plutonic detritus in the Bcnr Lnkc 
Formation increases to the north on the Bering Sea sidc 
of the study arca and i s  interpreted as the initiation of 
erosion o f  the mid-Tertiary plutons which had not bccn 
unroofed yet during the deposition of the Unga Member. 
Therefore, the Port Mollcr-Milky Rivcr rocks arc young- 
er than those in the Unga Island-Capc Aliaksin area 
(Wischart, 1971). Burk (1965) cdmc to n similar con- 
clusion using macro fossil and stratigraphic data. 

The Port Mollcr arca rocks represent a regressive 
sequence that grades upward from coarse-grained, large- 
scale crossbedded sandstonc and flascr-bedded siltstones 
to  pyritic siltstones and highly lossilifcrous conglom- 
erates (Wischart, 1971). 

Rocks o f  the Bcar Lakc Fortnation suggest dcposi- 
tion at the seaward edges of two geographically distinct 
accrcting and subsiding alluvial plains in a tidal delta- 
barricr bar cnvironment. The scdimcnts deposited on the 
older o f  these two plains represent the lower Miocene 
basal Unga Member of the Bear Lake Formation. They 
consist o f  a thick sequence of rapidly dcpositcd debris to 
the north o f  the uplifted Shumagin batholith. The 
younger of the two plains was buil t  northward from n 
series o f  quartz dioritc plutons that intruded the Unga 
Member and other sedimentary rocks during the Mio- 
cene along a line approximdting the present Pacific 

codstline o f  the Alaska Peninsula. 
The depositional cnvironment for most o f  the Bear 

Lake sediments appears to have been that o f  tidal flats 
and tidal channels formed in lieu o f  an offshore barricr 
bar complex. Quiet water, backshore paluddl and fluvi- 
at~le deposition arc indicated by the scdimcnts (Wisc- 
hart, 1971). Overall age for the Bear Lake Formation is 
middle(?) and late Miocene. 

TACH I L N  I FORMATION 

The Tachilni Formation crops out in sea cliffs along 
the southeast coast o f  the Alaska Peninsula west o f  Cold 
Bay. The formation consists of poorly consolidated, 
brown to greenish gray sandstones and conglomerates 
with minor black shales; volcanic rock fragments and 
chert arc predominant among clasts in the sand and 
coarser sire grades. 

The basc o f  the Tachilni Formation i s  not  exposed, 
and the top o f  the formation is graddtional with over- 
lying volcanic rocks. A marine fossil fauna, dominated 
by early Pliocene mollusks, i s  abundant locally in the 
formation. The overall age o f  the Tachilni, on the basis 
o f  gastropods, i s  considered to be late Miocene to early 
Pliocene (Nelson, 1978). 

MEASURED STRATIGRAPHIC SECTIONS 

BLACK LAKE (plate I )  

The Black Lake stratigraphic section i s  located in 
sec. 3, T.  43 S., R. 60 W., Seward Meridian. The upper 
600-plus feet o f  the Beat Lakc Formation in this scction 
is an alternating sequence of siltstone and sandstone 
(figs. 4 and 5). The topmost 100-plus fcct has becn 
oxidized dark reddish brown and appears to have been 
heated by contact with nearby intrusive igneous rocks. A 
500-foot-thic k massive sandstone unit with somc reed 
imprints and floating pebbles occurs 687 feet below the 
basc o f  the Milky River Formation (Galloway, 1974). 
This unit caps a series o f  5-  to  25-foot-thick alternating 
sandstonc and conglomerate, which in turn overlie a 
270-foot-thick conglomeratic sandstonc with oscillation 
ripple marks and carbonaceous trash. The basal 640 feet 
i s  a series of massive sandstone and shales with somc 
conglomerate and mudstone. 

M I L K Y  RIVER (plate 1 1 )  

The Milky River stratigraphic section i s  in secs. 33 
and 34, T.  48 S., R. 69 W., Scward Meridian. I t  contains 
more thdn 80 pcrccnt sandstonc, sandy conglomerate, 
and sandy mudstone. The bcds are prcdominantly mas- 
sive. The upper section is capped unconformably by 
volcanic layers, tuffs, and water-deposited volcnnically- 
derived sandstonc (figs. 6 and 7). Pelccypods and gastro- 



6 GEOLOGIC REPORT 62 

pods are commonly prcscnt in the upper 158 fcct of thc 
scction. Several other thin zoncs also have pelecypods, 
and some thin zones are coaly or contain petrified wood. 
The presence of marinc fossils and o f  channel cut-and-fill 
sandstones and conglomcratcs (fig. 8) suggest that the 
depositional environmcnt ranged from shallow marine to  
fluvial. 

Therc arc few mudstones or shales in this measured 
section. I n  general, the CIS+ extracts from thc limitcd 
hydrocarbon source beds o f  the Bear Lake Formation 
are moderately high (over 500 ppm avcrage). 

SOUTHEAST BEAR LAKE (plate I I I )  

This measured section is located at thc east cnd o f  
Bear Lake along a prominent ridge in secs. 20 and 29, T .  
49 S., R. 70 W., Seward Meridian (fig. 9), where the 
Miocene Bear Lakc Formation consists almost entirely 
o f  friable sandstone and i s  capped and preservcd by lava 
flows, mudflows, and ash beds. Locally the section i s  
conglomeratic. Cut-and-fill channel dcposits, lenticular 
sandstone beds, high-angle festoon crossbeds, and thc 
presence o f  wood and coaly dcbris indicatc a fluvial 
environment o f  deposition for most o f  the measurcd 
section. A t  least 143 fcet o f  thc scction contains numcr- 
ous pelecypods, including pectins, and gastropods, which 
indicate that the depositional environment for this part 
o f  the section was marine, probably in the shore-face 
regime. Zones o f  fossil hash are also present. 

HEREN I and II (plates I V  and V) 

The Heren stratigraphic sections are exposed in a sea 
cl i f f  along the south sidc o f  Hercndcen Bay near the 
Heren triangulation station in sec. 9, T. 51 S., R.74 W., 
Seward Meridian (fig. 10). Heren I stratigraphic scction 
i s  composed of interbedded sandstone and mudstone of 
the Tolstoi Formation that total 143 fect. The basal part 
o f  this section i s  grass covered near the beach, and the 
upper part terminates at a fault that separates Hercn I 
from Heren II. Palynological data indicate a Paleocene(?) 
or early Eocene(?) age and suggest a marine environment 
o f  deposition. Numerous burrows in one thin sandstone 
and the presence of coaly streaks and carbonaceous 
debris suggest a shallow marine to transitional 
environment. 

The Heren I I  stratigraphic scction, which ovcrlies 
Heren I across a fault contact, i s  172 fcet thick and 
consists o f  unnamed interbedded sandstone, mudstone, 
carbonaceous mudstonc, and coal. This section is  also 
Paleocene to  early Eocene in age. If the throw on the 
fault separating the two sections is small (as indicated by 
limited drag features), then a stratigraphic sequence is  
suggested that begins with shallow marine in Heren I and 
becomes nonmarine upward into Heren II. These out- 

crops havc prcviously becn mapped as Plioccnc by Burk 
(1965), probably on lithologic charactcristics only. 

Porosity rangcs from 0.3 to 11.8 pcrccnt and aver- 
ages 7.3 percent; permcability rangcs from 0.06 to 8.50 
mD and averagcs 0.95 mD. 

WATERFALL POINT (Platc V I )  

This measured section i s  located in sccs. 30 and 31, 
T. 51 S., R 69 W., Scward Meridian, where the Oligoccnc 
Stepovak Formation i s  well exposed in cliffs at Wdtcrfall 
Point on the west sidc o f  Stcpovak Bay. 

Thc predominant lithologies in this section are olive 
or grccnish gray, finc to coarsc sandstone, dark-gray to 
black or brownish-black mudstoncs, and grayish or 
grccnish black siltstoncs. Sandstoncs tend to be pcbbly, 
and crossbcdding i s  common. Calcareous concrctions, 
commonly with raggcd surfaces, occur along somc bcd- 
ding surfaccs in sandstoncs, and somc sandstone laycrs 
are carbonate cemented. Fossil marine pelecypods and 
to  a lesser extent gastropods are abundant in some 
sandstone horizons. 

Sandstonc samples from this scction havc porosities 
o f  1.7 to  12.1 perccnt; the sample that tested 12.1 
perccnt porosity i s  calcareous, and pctrographic exami- 
nation suggests that pore spaces are largely o f  solution 
origin and not well connected (permcability for this 
samplc i s  0.06 mD). Organic carbon content o f  mud- 
stones in this section is vcry low (0.26 to 0.42 percent). 

LEFTHAND BAY-BALBOA BAY (plate VI  I) 

This stratigraphic section i s  locatcd in sec. 29, 
T. 53 S., R. 73 W., Seward Meridian, where the Stepovak 
Formation i s  exposed in a ridgc that cxtcnds northward 
from the mouth o f  Lefthand Bay (fig. 11). Thc line 
along which the section was measured i s  offset across a 
covcred intcrval of about 300 fcct stratigraphic thickness 
near the center o f  thc scction. 

Mudstone and siltstonc are the predominant litholo- 
gies in thc section; these rocks are various shades of olivc 
or greenish gray. Thin sandstone and carbonate beds and 
carbonatc nodules are located in the lower half of the 
section, and thin bentonite beds and a tu f f  bed occur in 
the upper half. 

Organic carbon content in samples from this section 
i s  very low (0.23 to 0.86 pcrcent), and a singlc sample 
that was tested had a porosity o f  1.7 percent and a 
permeability of 0.02 mD. 

BEAVER BAY AND BEAVER BAY EAST 
(plates V l l  I and IX)  

The Beaver Bay and Beaver Bay East stratigraphic 
sections are located in secs. 13, 14, and 24 and secs. 32 
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and 33, rcspectivcly, in T. 54 S., R. 77 W., Scward Mcr- 
idian (fig. 12). Siltstonc dnd mudstonc, typical of thc 
Stepovak Formation, predominate. Locally thin sand- 
stones and conglomcrates arc prcscnt. Carbonaccous 
debris and pctrificd wood occur in thc nonmarinc 
portion ot thc scction. A minor part o f  thc scction 
contains symmetrical ripplc marks and burrows. Thc 
cnvironmcnt of dcposition ranges from mudflats to 
shallow water marinc. Thc sandstoncs arc gcncrally thin, 
silty, and of  poor rcscrvoir quality. 

ALlAKSlN PENINSULA (platc X) 

This measured scction is cxposcd in d promincnt sca 
cliff and is locatcd in scc. 18, T. 54 S., R. 75 W., Scward 
Mcridian (figs. 13-1 7). Thc sandstonc, conglomeratc, dnd 
conglomcratic sandstonc scction is cquivalcnt to thc 
Unga Conglomcratc Mcmbcr o f  thc Bcar Lakc Forma- 
tion. Thc cnvironmcnts of dcposition rdngc from shallow 
marinc (as attcstcd by burrows, pelccypods, pcctins, and 
gastropods) to fluvial or dclta-plain stream cut-and-fill 
dcposits with cross-laminations, conglomcratc pods, dnd 
many bouldcr and cobble zoncs. Coal fragments and 
carbonaccous dcbris arc common in the nonmarinc 
dcposits. A largc pcrccntagc of the clasts arc volcano- 
genic. Thc sands arc friablc and gcncrally yellowish 
brown to dark gray. 

WHITE BLUFF (platc XI)  

Thc Whitc Bluff stratigraphic scction is locatcd in 
scc. 5, T. 56 S., R. 74 W. ancl in scc. 32, T .  55 S., 
R. 74 W., along cast-facing cliff cxposurcs boldcring 
Zdchary Bay on Unga Island (flgs. 18-21). 

Thc scction totals 948 fcct and consists of intcrbcd- 
dcd mudstoncs, sandstones, and conglomcratcs with 
minor amounts of coal, tuff, and conglomcrdtc. Onc 
coaly zone is near the base of  thc scction and thc othcr 
is about 334 fcct up in thc scction. Individual coal beds 
rangc from a fcw inchcs to 2 fcct thick. 

Palynological dctcrmindtions indicate a nonmarinc 
dcpositional environment during a warm palcoclimate in 
Tcrtiary timc (possible Eoccnc, Oligoccnc, or middlc 
Mioccnc). Small cvolutionary changes in thc Tcrt~ary 
pollen spcctrum prccludc assignmcnt to a s~nglc cpoch; 
lithologic similarities favor assignment o f  thcsc beds to 
the Unga Conglorneratc mcmber o f  thc Mioccnc Bcar 
Ldkc Formation, howcvcr. Apploximatcly onc-third of 
thc total scction is sdndstonc and conglomc~atc that can 
be considcrcd potential rcscrvoir rock. Some sandstoncs 
arc too fridblc to pcrmit sampling for polosity and 
pcrmcability. Thc only sample that su~vlvcd transport 
and handling had 4.2 pcrccnt porosity and 0.06 mD 
pcrmcability. 

EAST MORZHOVOI BAY (platc XII)  

This stratigraphic scction is locatcd in sec. 35, 
T. 60 S., R. 90 W., Seward Mcridian, where thc Miocene 
to Pliocene Tachilni Formation is cxposed in cliffs north 
of Cape Tachilni on the cast side of the mouth o f  
Morrhovoi Bay (figs. 22-24). 

The measured scction, which is offset about % mile 
with dn ovcrlap near its ccntcr, is predominantly poorly 
consolidated sandstones, mudstones, and conglomerates; 
individual bcds are so discontinuous laterally that the 
cxdct amount of ovcrlap between thc two parts o f  thc 
scction cannot be determined. Sandstones in thc section 
arc locally calcareous, commonly pebbly, crossbedded, 
and, on weathcrcd surfaces, jarosite-stained. Calcareous 
concretions are common in the sandstoncs and conglom- 
eratcs. Pctrified wood is present in the section, and fossil 
marinc mollusks arc abundant in some layers. Minor 
thin, light brownish or greenish gray claystonc bcds in 
thc scction are probably altered volcanic ash. 

Organic carbon content in mudstone samplcs from 
this scction is very low (0.28 to 0.69 pcrcent). Much of  
the sandstone in thc scction is too friable for porosity 
and permcability measurcmcnts. Two samples collected 
had porosities of 11.6 and 20.1 percent and permeabili- 
ties of 2.42 and 2.0 mD. Howcvcr, there is almost no 
visible porosity in thcse samples. 

WEST MORZHOVOI BAY (plate XI I I )  

This scction is located in sccs. 19 and 30, T.  61 S., 
R. 92 W., Seward Meridian. The Tachilni Formation 
section is topped by a 400- to 500-foot-thick scrics o f  
rcsistant volcanic flows and breccias. Angular volcanic 
clasts arc found in the conglomcrates, conglomeratic 
sandstoncs, and the 35-foot-thick breccia that make up 
thc rcst of thc scction. Brokcn shclls are found in a 
95-foot-thick sandy conglorneratc, and some pelccypods 
in a 45-foot-thick bed of massive sandstone. Several 
andcsitc dikes occur in the lowcr half of the scction. 

This cxposure is considcrcd to bc Pliocenc by Burk 
(1965) and late Miocene to carly Pliocenc by Nelson 
(1978). 

RESERVOIR CHARACTERISTICS 

Significant thickncsscs of potential reservoir rock 
occur throughout the Alaska Peninsula. Pore-filling 
ccmcnts arc pcrvasivc throughout most of the outcrop 
samples cxamincd, but sclcctcd outcrop samples and 
well log analyses indicate that thc porosity o f  somc of  
thc potential rescrvoir rock has bccn prcscrvcd. This 
prcscrvation could havc resulted from carly migration of 
hydrocarbons, although there is no cvidcnce to support 
this. 
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RESERVOIR GEOMETRY AND SIZE 

Measured sections and well data indicate that thick 
reservoirs should be present in the Miocene Bear Lake 
Formation. Greater quartz content and types of  deposi- 
tional environments o f  deposition make this formation a 
primary drilling objective. Potential reservoirs should 
have the large areal extent typical of tabular sand bodics 
that result from linear clastic shoreline deposition. Ge- 
ometry consistent with beaches, upper and middle shore- 
face deposits, and offshore bats should be present in the 
subsurface. 

The Stcpovak Formation has very thin sandstones 
and sandstonc stringers that arc not expected to havc 
good reservoir characteristics. 

Some massive sandstones that are present in the 
Tolstoi and Chignik Formations are of poor quality 
onshore but cannot be ruled out as possible reservoir 
rock in nearby submerged lands. One or more strati- 
graphic tests will be needed offshore to evaluate the 
rcscrvoir quality of these rocks. 

Discrete sandstone thickness determinations and 
sandstone percentage determinations have been made for 
the stratigraphic scctions measurcd. These dctcrmina- 
tions are all for Tertiary sandsloncs ranging in age from 
Paleocene(?) or Eocene(?) to Pliocene. Sandstone thick- 
nesses havc been grouped into three thickness categorics: 
0-15 meters, 15-30 meters, and gredter than 30 meters. 
These data are tabulated on Table 2. 

The percentage of sandstone in the total strati- 
graphic section measurcd ranges from less than 1 percent 
to 100 percent and averages 62.8 percent for all ages 
(table 2). 

General observations indicate that there are no 
preferential areas, directions, or flank positions where 
rcscrvoir rocks arc preserved. Transitional and strandlinc 
sand bodies should be oriented roughly parallel to the 
existing Alaska Peninsula shoreline (Sclley, 1970). Fluvi- 
al sand bodics should havc an orientation normal to the 
existing coastline, as should offshore deepwater turbiditc 
deposits (Middleton and others, 1973). In general, all 
surface structure post-dates rcscrvoir dcposition. 

BASIN MATURITY 

Kcrogcn-type assessment and thermal alteration in- 
dex (TAI) determinations were run on the 69 samplcs 
collected from stratigraphic scctions and spot sample 
locations. Fifty-cight samples are from Tertiary cxpo- 
sures, and 11 samplcs are from Cretaceous outcrops. The 
Tertiary samples havc a TAI  level that ranges from 1 to 
3- with an average of 2. ( A  T A I  level of 2 equates to a 
moderately mature hydrocarbon-maturation level.) Cre- 
taceous samples havc a range of 2- to 3+. Thcse altcra- 
tion levels equate to a moderately mature to a very 
mature maturation level. 

Kerogen constituents in all samplcs arc dominantly 
herbaceous-spore/cuticlc with secondary, amphorous, 
woody, or coaly grains. Thus, the most likely hydrocar- 
bon to be generated is dry gas. There are, however, 
significant amounts of amphorous material present in 
most of the samplcs, which suggest the capability for 
generation of some liquid hydrocarbons. 

Table 4 shows the kcrogcn assessment as processed 
by Geochemical Laboratories Incorporated. 

HYDROCARBON SOURCE ROCKS 
RESERVOIR POROSITIES AND PERMEABI LlTlES 

The porosities and permeabilities (tablc 3) range 
from low to fair in the Tolstoi and Stcpovak Formations 
to fair to good in the Bear Lake Formation. The Bear 
Lake Formation i s  friable and difficult to sample. Perme- 
ability is very low to nonexistent in the Tolstoi and 
Stepovak Formations and low in the Bear Lake Forma- 
tion except for three high permeabilities of 990, 72, and 
53 mD. Most samples had permeabilities of less than 1 
millidarcv. 

RESERVOIR STRUCTURE AND 
SPATIAL RELATIONSHIP 

All the stratigraphic sections in this report were 
measured in either homoclinal dip areas or on the limbs 
of folds where comparison of units or bed sequences was 
not possible between the different flanks o f  a structure. 
Deposition during the Tertiary was sporadic and 
complex. 

Source rocks on thc Alaska Peninsula range from 
fair to good, from 37 to 2,984 pprn hydrocarbon. The 
average for 69 samplcs is 362.3 pprn hydrocarbon. 

An analysis o f  hydrocarbon content by rock age 
indicates that hydrocarbon content is higher in youngcb 
rocks: 
j urassic and Crctaceous 105 pprn (1 1 samplcs) 
Eocene No data 
Oligocene 290 ppm (26 samples) 
Miocene 550.5 ppm (27 samples) 
Pliocene 627 ppm (4 samples) 

The highest values of 2,984, 1,947, and 1,372 pprn 
occurred in thc Miocenc Bear Lakc Formation. The 
lowest values 55 through 89 were in the Crctaceous 
Hoodoo Formation. 

STRUCTURAL GEOLOGY 

The study area is the site of extensive volcanism, 
and the sedimentary rocks of the area have been folded, 
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faultcd, and intrudcd by pluton~c and hypdbyssal rocks. 
Thc gcncral structural relationships in thc arca havc bccn 
dcscribcd by Burk (1 965), and thc following outlinc i s  
bascd on his work. 

Thrcc en cchclon anticlinal complcxcs that deform 
rocks o f  Middle or Ldtc Jurassic to Plioccnc agc arc the 
principal structures in the study drca. Thcsc anticlindl 
complexes arc locatcd bctwccn Katma~ Bay and Aniak- 
chak Crater, betwccn Kujul ik Bay and Stcpovak Bay, 
dnd bctwccn Stcpovak Bay and Cold Bay. Fold axcs in 
thcsc complcxcs trcnd gcncrally northeastward and di- 
verge slightly in a clockwise scnsc from thc axis of thc 
pcninsula; fold stylc sccms to  vary in rclation to rock 
competcncc, with shales and siltstones morc t~ght ly  
foldcd than sdndstoncs and conglomcratcs. 

Major stecply dipping rcvcrsc longitudinal faults arc 
locatcd in  the southcrn fldnks of most anticlincs. Dis- 
placcmcnt across thcsc faults is generally grcatcst near 
thc culminations and decrcascs toward thc noscs of thc 
folds. Smallcr stccply dipping normal longitudinal faults 
arc locatcd in thc northcrn flanks of somc anticlines. 

Thc abundancc of stccply dipping rcvcrsc dnd not- 
ma1 faults and a tcndcncy o f  anticlincs to havc broad 
crcsts and monoclinal flanks suggcst that bascmcnt 
faulting may havc playcd an important rolc in the 
structural dcvclopmcnt of thc study arca. Plutons oS 
Jurassic, carly Tertiary, and middlc Tcrtiary agc crop out 
in or adjaccnt to  thc study arca, and i t  is cvidcnt that 
cxtcnsivc tliffercntial vertical movcmcnts havc occurrcd 
in the arca following cach pcriod of plutonism. 

Outcrops o f  plutonic rocks of various agcs arc 
locatcd along discernible t~ends: Jurassic plutons crop 
out  along the peninsular axis, lowcr Tcrtiary plutons 
crop out  in islands southcast of the pcninsula, and 
middlc Tertiary plutons crop out along the southcastcrn 
coast o f  the peninsula. Similarly, recent volcanocs tend 
to  bc aligned along and oldcr volcanocs somcwhat 
southeast of thc axis o f  thc pcninsula. No consistent 
gencral relationship bctwccn plutonic or volcanic ignc- 
ous activity and structural configuration has bccn dctcct- 
cd in the study arca, howcvcr. 

PETROGRAPHY 

Forty-six samplcs of sandstoncs from mcasurcd 
stratigraphic scctions and spot localities in  the study arca 
werc cxamincd petrographically. O f  thcsc 46 samples, 2 
were from the Naknck Formation at Bold Bluff Point on 
Hcrcndccn Bay; 5 wcrc from thc Chignik Formation at 
Gull Point on Herendccn Bay and the low sea c l i f f  of 
Staniukovich Mountain; 14 wcrc from thc Tolstoi For- 
mation in thc Hercn I and II stratigraphic sections and at 
an unnamcd mountain northwcst o f  Bcavcr Bay; 9 were 
from the Stcpovak Formation in the Bcavcr Bay and 
Waterfall Point stratigraphic scctions: 12 wcrc from thc 

Bcar Lake Formation in the Blaclc Lake and Milky River 
stratigraphic sections; and 4 werc from the Tachilni 
Formdtion in the East and West Morzhovoi Bay strati- 
graphic scctions. Sample locations and a summary of 
pctrographic data for rcpresentativc samples are present- 
cd in Table 5. 

Framework clasts in all thc samples are dominatcd 
by chemically unstable constituents indicative of deriva- 
tion from predominantly igneous sourcc terrancs, varia- 
tions in which are rcflcctcd in differences in the clastic 
compos~tions o f  samplcs from thc various studied forma- 
tions. The arkoscs o f  thc Naknek Formation are compo- 
sitionally sim~lar to typical quartzosc intermediate gran- 
itic rocks with a slight admixture of volcanic clasts, and 
i t  i s  cvident that Naknek sediments wcrc derived from a 
predominantly plutonic source. The sandstoncs o f  the 
Chignik Formation are characteristically litharenites in 
which volcanic and finc-graincd sedimentary clasts pre- 
dominate, and a mixed volcanic and scdimentary source 
tcrrane i s  indicatcd. Sandstones in the Tertiary forma- 
tions arc volcanic arenites dominated by volcanic clasts, 
which indicates a volcanic source area; a particular 
abundancc of quartz in samplcs from the Bear Lake 
Formation suggests that significant recycling o f  older 
scdimcntary rocks may have played a rolc in the deposi- 
t ion o f  that formation. Pumpcllyitc was obscrvcd among 
clasts in samplcs from the Tolstoi and Tachilni Forma- 
tions, and a glaucophanc clast was secn in onc sample 
from thc Stcpovak Formation; somc zeolite- dnd blue- 
schist-fdcies rocks tnust have cropped out somewhere in  
thc source terrdncs o f  these formations. 

There i s  l itt le visiblc pore spacc in any of the 
samples cxamined; most samples have no visible pore 
space. This lack o f  visible porosity is the result o f  
deformation o f  ductile clasts, primarily volcanic or 
scdimcntary rock fragments, during compaction and 
fil l ing o f  any remaining potential pore spaces with 
various ferruginous, phyllosilicate, tectosilicate, and car- 
bonatc materials. Thesc features, which havc caused the 
low visible porosities (and low measured permeabilities) 
of the samples, havc resulted from diagenesis of the 
rocks; there may be bcttcr porosity in similar sandstones 
in the subsurface or offshore in adjacent OCS (Outer 
Continental Shclf) areas. 

For cvery formation studied, except the Naknek 
(from which only two samplcs were examined), thcre are 
samples in which porosity has been reduced either by 
ductile grain deformation or by fil l ing o f  potential porc 
spaces. Thc more authigcnic pore-filling matcrial there i s  
in a sample, the lcss dcformed are the ductile grains in 
that sample. In  thcsc samplcs compaction was accom- 
plishcd largcly by ductilc grain deformation after burial; 
the introduction of authigenic pore-filling material ar- 
rested such grain dcformation and preventcd further 
compaction. 
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Pore-filling phascs in the samplcs include amol phous 
ferruginous matcrial, authigcnic clays (including chlo- 
rite), carbonatc, zeolitc, quartz, and authigenic albitc. 
Amorphous ferruginous material dnd authigcnic clay 
commonly coat clasts and generally undcrlic and thus 
predate any othcr porc-filling phascs that may be prcs- 
cnt; thesc two materials and carbonate are the only 
pore-filling phascs that wcrc observcd alone in any o f  the 
samplcs. Quartz was observed in partial syntaxial ovcr- 
growths on some quartz clasts but was never sccn to 
form a complete cement in any samples; such syntaxial 
overgrowths may have formed during a prcvious scdi- 
mentary cycle. 

In several samplcs whcrc two or morc pole-Cill~ng 
phases coexist, tcxtural cvidcnce such as cmbaymcnts 
indicates a rcplacemcnt rclationship among the phases; 
replaccmcnt or partial rcplaccmcnt of framework clasts 
by pore-filling materials i s  common in thc samples, too. 

lntragranular fractures were observcd in many o f  
the samples. Such fractures arc fil lcd with the same 
pore-filling materials as fills potential intergranular porc 
spaces in the same sample; thus fracturing occurrcd prlor 
to emplacement of the porc-filling matcrials. In scvcral 
o f  thcsc samples ductile grains are little deformed, and 
fracturing must have occurrcd as a result or partial 
dissolution o f  the rock after cementation had arrcstcd 
deformation o f  ductilc clasts. Further cemcntation aftcr 
fracturing brought rocks to  their prcsent configuration. 
The past existence of secondary porosity i s  furthcr 
indicated in some samples by the occurrcnce within 
pore-filling carbonate or zeolite o f  fragrncnts o f  clay 
coats broken away from clast surfaces, and thc largc sizc 
o f  somc intcrgranular spaces suggests that thcy were 
formed by dissolution aftcr primary compaction had 
ceased. In none of thc samplcs where compaction by 
ductilc grain dcformation was cornpletcd i s  there any 
evidence o f  secondary porosity evcr having cxistcd. 

The formation o f  secondary porosity rcsults from 
changes in the physical and chemical conditions in a 
rock such that a material that was once stable bccomcs 
unstable and is  dissolved away. Similarly the fil l ing o f  
secondary porosity requires certain physical and chemi- 
cal conditions to precipitate the pore-filling phase. Both 
these types of changes havc occurred in at least some o f  
the samples studied, and burial and upl i f t  probably 
figured significantly in achieving and changing physical 
and chemical conditions in the samples. In one samplc 
(23-WL-77, Stepovak Formation, Beaver Bay) there are 
two generations of carbonate ccmcnt separated by a 
layer o f  authigenic chlorite, which also fills intragranular 
fractures. Early carbonate cementation prcvented com- 
plete destruction o f  intergranular spaces by ductile grain 
deformation, and subsequently, secondary porosity was 
formed by dissolution o f  carbonatc. As secondary poros- 
i ty  became morc extensive, renewed compaction led to 

thc formation of intragranular frdctures, but infil l ing o f  
sccond'iry porcs and intragranular Cracturcs with chlorite 
prcvcntcd complction of compaction. Finally chloritc 
was rcplaccd by carbonatc, but thc process was not  
cornpletcd. Thc chdngc from conditions whcrc carbonatc 
was precipitatcd to those wherc i t  was dissolved and 
finally to whcrc chlorite was prccipitated all probably 
rcsultcd from incrcasing dcpth o f  burial. Similarly thc 
rcturn to  conditions favoring thc precipitation of car- 
bonate probably rcsultcd from uplift. This samplc might 
havc had significant porosity today had i t  remaincd at 
somc depth whcrc carbonatc was solublc and chloritc 
not yct stablc. Such sccondary porosity may cxist at 
lcast locally in similar rocks at depths favorable for the 
formation o f  pctroleum reservoirs in offshore areas 
adjaccnt to the study area. 

GEOCHEMICAL ANALYSES 

Onc hundred and cight stream sedimcnt and two 
wholc rock samplcs wcrc analyzed for thc prcsence o f  
gold, silvcr, copper, Icad, zinc, molybdenum and anti- 
mony (tablc 6). Sample 5.5-IP-77, from Unga minc 
tailings, i s  not a strcam-sediment sample. 

PALEONTOLOGICAL DETERMINATIONS 

A total o f  19 outcrop samples were proccsscd and 
analyzcd for palynological agc dctcrminations (table 7). 
A l l  samplcs with definable agcs were from Tcrtiary 
strata. 

As the rcsults in Table 7 show, the nonmarinc 
Tertiary sarnplcs are difficult to place in any defined agc 
subdivision. In the Alaska Peninsula study area, the 
nonmarine Tertiary section displays slight or no cvolu- 
tionary changes in the pollen spectrum. In  Oligocene and 
younger strata, wc arc dealing mainly with climatic 
fluctuations, whereas a few unique specics may be uscd 
in distinguishing Paleocene or Eocene strata. Due to 
these factors, i t  is  impossible to  assign any given samplc 
to  a single epoch. Other information, such as sample 
location on columnar scctions or geologic maps, could 
assist in age interpretations o f  floras. It i s  also desirable 
to havc sufficient section coverage in sampling so that a 
known or reliably definable age boundary i s  crossed; this 
boundary can then be used as a datum to  which the 
other unknowns may bc rclatcd. 

Table 8 lists the macrofossils found in samplcs from 
the Bear Lake, Stepovak, and Talchilni Formations. 

GRAVITY CONTROL 

Gravity values from over 200 newly occupied sta- 
tions during the 1977 field season are currently bcing 
reduced and integrated with previous gravity surveys 
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conducted by the Alaska DGGS in 1974 and by thc U.S. Selley, R. C., 1970, Ancient sedimentary environments: 
Geological Survey. Bouguer gravity will bc dctcrmined Chapman and Hall Ltd., London, 224 p. 
with a common datum for all gravity survc~sconductcd Wisehart, R. H., 1971, Paleoenvironmental analysis o f  
over the project area. Gravity data and interpretation the Bear Lake Formation (upper and middle Mio- 
maps will be published when computcr programming cene), Alaska Peninsula, Alaska: M.S. thesis, Uni- 
and data compilation are completed. versity of California at Los Angeles. 

CONCLUSIONS 

During the 1977 State-Fedcral Alaska Peninsula 
field project, stratigraphic sections totaling 16,000 feet 
(5,000 m) were measured and 269 samples were collect- 
ed and analyzed. Significant new data were obtained on 
petroleum-reservoir and source-rock potential, deposi- 
tional environments, paleontological age dating, struc- 
tural geology, petrographic and diagcnetic character- 
istics, geochemical control, and gravity control. 

Porosity and permeability analyses on most samplcs 
indicate a range of poor to  fdir reservoir potential. A few 
samples o f  Miocene age have good porosity and permea- 
bility. Thick potential reservoir sands were measured at 
several locations; however, the offshore cxtcnsions o f  
porous sandstones are unknown. 

Source-rock potential i s  considered good. Kcrogen 
assessment favors the gcncration of gas as the major 
hydrocarbon type. Most samples analyzed for maturity 
(TAI  method) indicate a submature to  maturc rangc o f  
maturation. 

We conclude that the offshore area adjacent to thc 
Alaska Peninsula is  a good place to explorc for 
hydrocarbons. 
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TABLE 1 A AND 1 B-CROSS REFERENCE 

TABLE 1A-MAP NUMBERS TO SAMPLE 
OR STATION NUMBERS 

USHAGIK QUADRANGLE (PLATE A)  

Random Sampling 

Sample or Analysis or 
Map No. Station No. Measurement 

1 65-IP-77 Palynology 
1 66-IP-77 Hydrocarbon 
1 67-IP-77 Porosity and 

permeability 
2 62-IP-77 Palynology 
2 63- 1 P-77 Hydrocarbon 
2 641 P-77 Porosity and 

permeability 

CHlGNlK QUADRANGLE (PLATE B) 

Map No. 

3 
4 
5 
6 
7 

8 
9 

10 
11 
12 

13 
14 
15 
16 
17 

18 
19 
20 
21 
22 

23 
24 
2 5 
26 
27 

Random Sampling 

Sample or Analysis or 
Station No. Measurement 

PH Base Gravity 
PHI 2 Gravity 
PHI I Gravity 
PHI0 Gravity 
pH09 Gravity 

PHI 3 
pH06 
pH07 
pH08 
TRI.#213* 

TRI.#211 
38-J B-77 
39-J B-77 
40-j B-77 
41-jB-77 

Gravity 
Gravity 
Gravity 
Gravity 
Gravity 

Gravity 
Geochemical 
Geochemical 
Geochemical 
Geochemical 

42-J 8-77 Geochemical 
43- J B-77 Geochemical 
pH03 Gravity 
pH04 Gravity 
pH05 Gravity 

pH06 Gravity 
TRI.#211 Gravity 
TRI.#210 Gravity 
33-1 80-77 Geochemical 
34- J B-77 Geochemical 

Map No. 

27 
28 
28 
29 
30 

31 
3 2 
33 
34 
3 5 

36 
3 7 
38 
39 
40 

4 1 
41 

Sample or 
Station No. 

35- J B-77 
36- J B-77 
36-j B-77 
32-J B-77 
45-J 8-77 

46- J B-77 
47-JB-77 
PHOI 
pH02 
48-J B-77 

PHI 4 
TRI.#189 
31-18-77 
30-J B-77 
29-J 8-77 

TRI.#197 
283-WL-74 

41 284-WL-74 
42 TRI.#205 

Black Lake Stratigraphic 

43 5-WL-77 
43 6-WL-77 
43 7-WL-77 
43 8-W L-77 
43 9-WL-77 

43 10-WL-77 
43 1 1 -WL-77 
43 12-WL-77 

Analysis or 
Measurement 

Geochemical 
Geochemical 
Geochemical 
Geochemical 
Geochemical 

Geochemical 
Geochemical 
Gravity 
Gravity 
Geochemical 

Gravity 
Gravity 
Geochemical 
Geochemical 
Geochemical 

Gravity 
Density; magnetic 

susceptibility 
Geochemical 
Gravity 

Section (Plate I )  Samples 

Lithology 
Paleontology 
Paleon tology 
Hydrocarbon 
Paleontology 

Paleontology 
Hydrocarbon 
Porosity and 

permeability 
Porosity and 

permeability 
Porosity and 

permeability 

Macrofossil 
Macrofossil 
Porosity and 

permeability 
Porosity and 

permeability 
Lithology 

Porosity and 
permeability 

Lithology 
Lithology 
Geochemical 
Geochemical 

Porosity and 
permeability 

Hydrocarbon 
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Sample or 
Station No. 

Analysis or 
Measurement 

Sample or 
Station No. 

Analysis or 
Measurement Map No. 

43 

Map No. 

Porosity and 
permeability 

Porosity and 
pcrmcability 

Lithology 

Porosity and 
permedbility 

Porosity and 
pcrmeability 

Macrofossil 
Macrofossil 
Macrofossil 

Macrofossil 
Lithology 
Porosity and 

permeability 
Lithology 
Porosity and 

pcrmcability 

Lithology 
Porosity and 

pcrmcability 
Density; magnetic 

susceptibility 
Pol-osi ty and 

pcrmcability 
Porosity and 

permcability 

Lithology 
Porosity and 

permeability 
Porosity and 

permeability 
Hydrocarbon 
Hydrocarbon 

Gravity 
Officc sample 
Office sample 
Gravity 
Gcochemical 

Porosity and 
permeability 

Density; magnetic 
susceptibility 

Office sample 
Hydrocarbon 
Gravity 

Geochem ical 
Gravity 
Gravity 
Gravity 
Gravity 

269-W L-74 
M R03 
M R05 
TRI.#178 
MRlO 

49-J B-77 
MRI  1 
MR12 
PHI 5 
TRI.#198 

Geochemical 
Gravity 
Gravity 
Gravity 
Gravity 

Geochemical 
Gravity 
Geochemical 
Gravity 
Geochemical 

Gravity 
Geochemical 
Gravity 
Geochemical 
Age date 

Geochemical 
Density 
Magnetic 

susceptibility 
Dcnsity; magnetic 

susceptibility 
Density; magnetic 

susceptibility 

Porosity and 
permeability 

Lithology 
Hydrocarbon 

Random Sampling 

3 1 8-W L-74 Gcochcmical 
TRI.#192 Gravity 
268-W L-74 Geochemical 
M R06 Gravity 
M R07 Gravity 

Density; magnetic 
susceptibility 

Gcochcmical 
Density; magnetic 

susceptibility 
Gcochemical 
Geochemical 

M R08 Gravity 
M R09 Gravity 
TRI.#223 Gravity 
31 5-WL-74 Geochemical 
TRI.#224 Gravity 

Age date 
Density 
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Map No. 

71 

72 
72 

7 3 
7 3 
7 3 
73 
74 

74 
75 
75 
7 5 
75 

75 
75 
7 5 
76 

76 

76 

76 
76 
76 
7 7 

78 
79 
80 
81 
82 

83 
84 
8 5 
85 
86 

86 

86 
86 
87 
8 7 

88 
88 
88 

88 
89 

Sample or 
Station No. 

291 -WL-74 

Analysis or 
Measurement 

Magnetic 
susceptibility 

Gravity 
Geochemical 

Gravity 
Geochemical 
Density 
Office sample 
Geochemical 

Geochemical 
? 
Density 
Office sample 
Porosity and 

permeability 

Density 
Paleontology 
Geochemical 
Porosity and 

permeability 
Density 

Magnetic 
susceptibility 

Density 
Age date 
Geochemical 
Gravity 

Gravity 
Gravity 
Gravity 
Gravity 
Gravity 

Gravity 
Gravity 
Gravity 
Geochemical 
Gravity 

Density; magnetic 
susceptibility 

Quartz diorite 
Age date 
Gravity 
Geochemical 

Density 
Geochemical 
Magnetic 

susceptibility 
Age date 
Density? 

Map No. 

89 

89 
90 
90 

90 

90 
91 
91 
9 1 

9 2 

93 
94 
9 5 
9 5 

Sample or 
Station No. 

305-WL-74 

306-WL-74 
307-WL-74 
308-WL-74 

309-WL-74 

31 0-WL-74 
31 1-WL-74 
31 2-WL-74 
3 1 3-W L-74 

MR02 

TRI.#147 
TRI.#182 
TRI.#I 84 
248-W L-74 

Analysis or 
Measurement 

Magnetic 
susceptibility? 

Geochemical? 
Density 
Magnetic 

susceptibility 
Geochemical 

Geochemical 
Density 
Geochemical 
Magnetic 

susceptibility 
Gravity 

Gravity 
Gravity 
Gravity 
Geochemical 
Gravity 

Gravity 
Gravity? 
Gravity 
Geochemical 
Geochemical 

Gravity 
Geochemical 
Hydrocarbon 
Office sample 
Age date; 

density; magnetic 
susceptibility 

Gravity 
Float 
Geochemical 
Gravity 
Magnetic 

susceptibility 

Density 
Geochemical 
Office sample 
Geochemical 
Rock sample 

Office sample 
Geochemical 
Geochemical 
Geochemical 
Geochemical 

Geochemical 
Geochemical 
Geochemical 
Geochemical 
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Sample or 
Station No. 

Analysis or 
Measurement 

Sample or 
Station No. 

144-WL-74 
60-W L-74 

60A-W L-74 
TRI.#70 
BS23 
BS15 
TRI.#61 

BS16 
TRI.#68 
59-WL-74 
TRI.#60 
BS17 

TRI.#59 
TRI.#58 
TRI.#62 
TRI.#67 
58-WL-74 

BS20 
BS22 
NONE 
TRI. #58 
TRI.#56 

TRI.#55 
TRI.#66 
TRI.#63 
TRI.#19 
TRI.#54 

TRI.#47 
TRI.#46 
TRI.#53 
1224 
1223 

SB2 
1221 
1220 
121 9 
TRI.#52 

1216 
121 5 

Analysis or  
Measurement Map No. Map No. 

110 
111 

112 
112 
113 
114 
11 5 

116 
117 
117 
119 
120 

121 
122 
123 
1 24 
124 

125 
126 
127 
128 
129 

130 
131 
132 
133 
134 

135 
136 
137 
138 
139 

140 
141 
142 
143 
1 44 

145 
146 

Geochemical Geochcmical 
Geochemical Gcochemical 

Office samplc 
Magnetic 

susccptibility 
Office sample 
Density 

Geochemical 
Gravity 
Gravity 
Gravity 
Gravity 

Gravity 
Gravity 
Gcochcmical 
Gravity 
Gravity 

Gravity 
Gravity 
Gravity 
Gravity 
Geochcmical 

Geochcmical 
Officc samplc 
Gcochemical 
Geochemical 
Geochemical 

Geochemical 
Office sample 
Geochemical 
Geochemical 
Gcochemical 

Age date 
Intrusive 
Densi ty; magnetic 

susccptibility 
Geochemical 
Geochemical 

Gravity 
Gravity 
NONE 
Gravity 
Gravity 

Gravity 
Gravity 
Gravity 
Gravity 
Gravity 

Age date 
Density 
Magnetic 

susceptibility 
Thin sections 
Age date 

Gravity 
Gravity 
Gravity 
Gravity 
Gravity 

Geochemical 
Density 
Magnetic 

susceptibility 
Geochemical 

Gravity (1222) 
Gravity 
Gravity 
Gravity 
Gravity 

- - 

COLD BAY QUADRANGLE (PLATE C) 

Random Sampling 
Gravity 
Gravity 

Sample or 
Station No. 

BS09 
TRI.#71 
BSlO 
BSl I 
BS12 

BS13 
BS14 

Analysis 
Measurement 

Gravity 
Gravity 
Gravity 

Map No. 

103 
104 
105 
106 
107 

108 
109 

Gravity 
Gravity 
Gravity 
Gravity 
Gravity 

Gravity 
Gravity 
Gravity 
Gravity 
Gravity 

Gravity 
Gravity Gravity 

110 TRI.#124 Gravity 155 42-W L-74 Geochemical 
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Sample or 
Station No. 

43-W L-74 
44-W L-74 
TRI.#44 

TRI.#45 
TRI.#33 
53-WL-74 
TRI.#32 
52-W L-74 

IZ06 
1207 
3-JBM-77 
IZ05 
2-J B-77 

1208 
I Z09 
l Z l 0  
4-j M-77 
lZ l  I 

1204 
Site Cold Bay 
NONE 
1203 
1202 

5- J M-77 
I ZOl 
1-JM-77 
FPOI 
TRI.#20 

3 7-W L-74 
UN15 
3-WL-77 
UN14 
2-WL-77 

UN13 
1 -WL-77 
UNOl 
UN02 
TRI.#40 

TRI.#41 
TRI.#42 
TRI.#43 
TRI.#39 
UN l  I 

15-J M-77 
56-WL-74 
TRI.#36 
TRI.#34 
TRI.#35 

55-WL-74 

Analysis or 
Measurement 

Sample or 
Station No. 

Analysis or 
Measurement Map No. 

155 
156 
157 

158 
159 
159 
160 
160 

161 
162 
162 
163 
163 

1 64 
165 
166 
167 
168 

169 
170 
171 
172 
173 

173 
174 
1 74 
175 
176 

176 
177 
177 
178 
178 

179 
179 
180 
181 
182 

183 
1 84 
185 
186 
187 

187 
189 
190 
191 
192 

192 

Map No. 

Geochemical 
Geochemical 
Gravity 

Gravity 
Geochemical 
Gravity 
Geochemical Gravity 

Gravity 
Geochemical 
Gravity 
Geochemical 

Gravity 
Gravity 
Geochemical 
Gravity 
Geochemical 

Gravity 
Geochemical 
Gravity 
Geochemical 
Gravity 

Geochemical 
Rock sample 
Gravity 
Geochemical 

Gravity 
Gravity 
Gravity 
Geochemical 
Gravity 

PORT MOLLER QUADRANGLE (PLATE D) 

Random Sampling Gravity 
Gravity 
NONE 
Gravity 
Gravity 

Sample or 
Station No. 

Analysis or 
Measurement Map No. 

199 
200 
20 1 
202 
203 

203A 
204 
204 

Gravity 
Gravity 
Gravity 
Gravity 
Gravity 

Geochemical 
Gravity 
Geochemical 
Gravity 
Gravity Gravity 

Gravity 
Geochemical 

Geochemical 
Gravity 
Geochemical 
Gravity 
Geochemical 

Milky River Stratigraphic Section 
(Plate I I )  Samples 

Porosity and 
permeability 

Porosity and 
permeability 

Hydrocarbon 
Paleontdogy 
Hydrocarbon 

Paleontology 
Hydrocarbon 
Paleontology 
Hydrocarbon 
Paleontology 

Gravity 
Geochemical 
Gravity 
Gravity 
Gravity 

Gravity 
Gravity 
Gravity 
Gravity 
Gravity 

Geochemical 
Geochemical 
Gravity 
Gravity 
Gravity 

39-GB-77 Porosity and 
permeability 

40-G B-77 Hydrocarbon 
41 -GB-77 Paleontology 
42-G B-77 Macrofossil Geochemical 
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Sample or 
Map No. Station No. 

Analysis or 
Measurement 

Sample or 
Station No. 

Analysis or 
Measurement Map No. 

ST02 
19-JM-77 
NO DATA 
TRI.#3 
16-WL-77 

PB05 
BSOl 
PB02 

Gravity 
Geochemical 

Porosity and 
permeability 

Paleontology 
Hydrocarbon 
Lithology 
Palynology 
Porosity and 

permeabi l i tv 

Gravity 
Geochem ical 

Gravity 
Gravity 
Gravity 
Gravity 
Gravity 

Gravity 
Gravity 
Gravity? 
Geochemical 
Gravity 

Gravity 
Geochemical 
Gravity 
Geochemical 
Gravity 

Gravity 
Geochemical 
Gravity 
Geochemical 
Gravity 

Geochemical 
Gravity 
Geochemical 
Geochemical 

Porosity and 
permeability 

Paleontology 
Hydrocarbon 
Paleontology 
Paleontology 

Hydrocarbon 
Porosity and 

permeability 
Hydrocarbon 
Macrofossil 
Paleontology 

Paleontology 
Hydrocarbon 
Porosity and 

permeability 
Paleontology 
Hydrocarbon 

Porosity and 
permeability 

Macrofossil 
Porosity and 

permeability 
pileon tology 
Hydrocarbon Southeast Bear Lake Stratigraphic Section 

(Plate Ill) Samples 
Macrofossil 
Paleontology 
Hydrocarbon 
Paleontology 
Hydrocarbon 

230 34- J M-77 Office sample 
230 35-J M-77 Porosity and 

permeability 
230 36-JM-77 Porosity and 

~ermeabil i tv 
103-W L-77 Macrofossil 
103A-WL-77 Paleontology 
104-W L-77 Hydrocarbon 
105-WL-77 Macrofossil 

~ i e o n t o ~ o g ~ '  
Hydrocarbon 
Porosity and 

permeability 
Paleontology 
Hydrocarbon 
Macrofossil 
Macrofossil 

Macrofossil 
Macrofossil 
Paleontology 
Hydrocarbon 

Random Sampling 

BS06 Gravity 
PB31 Gravity 
NO DATA 
SR12 Gravity 
TRI.#125 Gravity 
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Sample or Analysis or Sample or 
Map No. Station No. Measurement Map No. Station No. 

Analysis or 
Measurement 

Random Sampling 26 1 NO DATA 

Gravity 
Geochcrnical 
Gravity 
Geochemical 
Gravity 

Gravity 
Geochemical 
Geochemical 
Office sample 

Density; magnctic 
susceptibility 

Office sample 
Gravity 
Geochemical 
Gravity 

82-WL-74 
NO DATA 
PB30 
BS07 
TRI.#72 

TRI.#126 
SR13 
SRl I 
30-J M-77 
SRlO 

29-J M-77 
PBl I 
SR03 
20-JM-77 
SROl 

18-JM-77 
S R04 
21-JM-77 
TRI.#127 
PB06 

PB07 
P B09 
PB08 
PB04 
TRI.#138 

162-WL-74 
163-WL-74 
NO DATA 
PB03 
TRI.#173 

237-W L-74 
160-W L-74 
161 -WL-74 
1 58-WL-76 
159-W L-74 

Geochemical 

Gravity 
Gravity 
Gravity 

Gravity 
Geochemical 
Density 
Magnetic 

susceptibility 
Office sample 

Gravity 
Gravity 
Gravity 
Geochemical 
Gravity 

Gravity 
Geochemical 
Office sample 
Gravity? 
Porosity and 

permeability 

Density 
Office sample 
Volcanic flow 

Geochemical 
Gravity 
Gravity 
Geochemical 
Gravity 

Geochemical 
Gravity 
Geochemical 
Gravity 
Gravity 

154-WL-77 
155-WL-77 
156-WL-77 
NO DATA 
62-W L-74 

TRI.#84 
69-WL-74 
66-WL-74 
TRI.#85 
70-W L-74 

TRI.#79 
63-WL-74 
TRI.#89 
75-W L-74 
TRI.#91 

TRI.#90 
76-W L-74 
77-WL-74 
TRI.#86 
71 -WL-74 

TRI.#88 
74-W L-74 
TRI.#87 
72-WL-74 
TRI.#80 

Macrofossil 
Gravity 
Gravity 
Gravity 
Gravity 
Gravity 

Gravity 
Geochemical 
Office sample 
Gravity 
Geochemical 

Geochemical 
Geochemical 

Gravity 
Geochcrnical 
Gravity 
Geochemical 
Gravity 

Gravity 
Gravity 

Geochemical 275 
Rock sample 275 
Geochemical 275 
Geochemical 276 
Density; magnetic 276 

susceptibility 
277 

Gravity 
Geochemical 
Macrofossi l 
Gravity 
Geochemical 

Gravity 
Geochemical 
Gravity 
Geochemical 
Gravity 

Porosity and 277 
permeability 278 

Paleontology 278 
Gravity 279 
Geochemical 
Geochemical 280 
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Sample or 
Station No. 

Analysis or 
Measurement 

Sample or 
Station No. 

Analysis or 
Measurement Map No. Map No. 

67-W L-74 
68-W L-74 
TRI  .#92 
78-W L-74 

Geochemical 
Geochemical 
Gravity 
Geochemical 

Gravity 
Geochemicdl 
Geochemical 
Gravity 
Geochem icd  

Geochem ical 
Density; magnetic 

susceptibility 
Office sample 
Density 
Density 

Office sample 
Gravity 
Gravity 
Gravity 
Gravity 

Geochem ical 
Gravity 
Geochemical 
Gravity 
Gravity 

Geochemical 
Geochemical 

Porosity and 
permeability 

Paleontology 

Paleontology 
Hydrocarbon 
Porosity and 

permeability 
Paleontology 
Hydrocarbon 

Porosity and 
permeability 

Paleontology 
Coal 
Paleontology 
Hydrocarbon 

Porosity and 
permeability 

Porosity and 
permeability 

Porosity and 
pcrmcability 

Random Sampling 

158-JB-77 Geochemical 
157-JB-77 Geochemical 
64-G B-7 7 Porosity and 

permeability 
65-GB-77 Lithology 
66-GB-77 Porosity and 

permeability 
Heren 1 and I I Stratigraphic Sections 

(Plates IV  and V) Samples 

TRI.#1 1 Gravity 
26-WL-74 Age date 
27-WL-74 Age date 
TRI.#29 Gravity 
TRI.#29 Gravity 

Paleontology 
Paleontology 
Porosity and 

permeability 
Paleontology 
Coal Geochemical 

Porosity and 
permeability 

Porosity and 
permeability 

Porisity and 
permeability 

Porosity and 
permeability 

Porosity and 
permeability 

Porosity and 
permeability 

Paleontology 
Porosity and 
permeability 

Porosity and 
permeability Porosity and 

permeability 
Hydrocarbon 
Geochemical 
Geochemical 

36-IP-77 Paleontology 
37-IP-77 Hydrocarbon 
38-IP-77 Porosity and 

permeability 
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Map No. 

300 

300 
30 1 
301 
302 
302 

303 
303 

303 
303 
304 

304 
305 
306 
306 
306 

307 
307 
30 7 
307 

308 

308 
309 
31 0 
31 1 
31 1 

31 1 
31 2 
31 2 
31 3 
31 4 

31 5 
31 5 
31 6 
31 6 

31 6 

31 7 
31 8 
31 8 
319 
320 

3 20 
321 

321 

Sample or 
Station No. 

164-W L-74 

165-WL-74 
TRI.#174 
238-W L-74 
TRI.#140 
166-WL-74 

TRI.#166 
255-W L-74 

226-W L-74 
227-W L-74 
TRI.#141 

167-WL-74 
21 9-WL-74 
21 6-WL-74 
21 7-WL-74 
21 8-WL-74 

TRI.#158 
21 3-W L-74 
21 4-WL-74 
21 5-W L-74 

TRI.#102 

1 1 5-W L-74 
141 -WL-74 
138-WL-74 
TRI.#146 
194-WL-74 

195-WL-74 
139-WL-74 
140-W L-74 
151-WL-74 
149-WL-74 

TRI.#130 
148-WL-74 
TRI.#1 29 
146-W L-74 

147-WL-74 

TRI.#103 
TRI.#128 
145-W L-74 
11 6-WL-74 
TRI.#156 

21 1 -WL-74 
77-SWH-11 

77-SWH-12 

Analysis or 
Measurement 

Geochemical 

Geochemical 
Gravity 
Geochemical 
Gravity 
Geochemical 

Gravity 
Porosity and 

permeability 
Density 
Office sample 
Gravity 

Geochemical 
Office sample 
Geochemical 
Age date 
Magnetic 

susceptibility 

Gravity 
Age date 
Geochemical 
Density; magnetic 

susceptibility 
Gravity 

Geochemical 
Geochemical 
Geochemical 
Gravity 
Rock sample 

Burned 
Geochemical 
Geochemical 
Geochemical 
Geochemical 

Density 
Geochemical 
Gravity 
Density; magnetic 

susceptibility 
Geochemical 

Gravity 
Gravity 
Geochemical 
Geochemical 
Gravity 

Geochemical 
Density; magnetic 

susceptibility 
Paleontology 

Map No. 
Sample or Analysis or 
Station No. Measurement 

Waterfall Pt. Stratigraphic Section 
(Plate VI) Samples 

Porosity and 
permeability 

Lithology 
Paleontology 
Porosity and 

permeability 
Paleontology 

Hydrocarbon 
Paleontology 
Lithology 
Porosity and 

permeability 
Hydrocarbon 

11-GB-77 Paleontology 
1 2-GB-77 Macrofossil 
13-GB-77 Porosity and 

permeability 
14-GB-77 Hydrocarbon 
15-GB-77 Paleontology 

Random Sampling 

PB28 Gravity 
SR16 Gravity 
33-JM-77 Geochemical 
SR15 Gravity 
32-JM-77 Geochemical 

PBI 5 Gravity 
TRI.#30 Gravity 
PB14 
S R08 Gravity 
27-JM-77 Geochemical 

S R06 Gravity 
23-JM-77 Geochemical 
SR05 Gravity 
22-JM-77 Geochemical 
155-JM-77 Geochemical 

156-JMB-77 Geochemical 
156-J B-77 Geochemical 
153-J B-77 Geochemical 
1 54-J 8-77 Geochemical 
22-W L-74 Age date 

23-WL-74 Age date 
24-W L-74 Hydrocarbon 
25-WL-74 Rock sample 
133A-WL-74 Geochemical 
133B-WL-74 Geochemical 
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Map No. 

337 
33 7 
338 
33 8 
339 

339 
340 
340 
340 
340 

340 
340 
340 
340 
340 

340 
340 
340 
340 
340 

340 
340 
34 1 
34 1 
34 1 

342 
342 
342 
343 
343 
344 
344 
345 
346 
346 

347 
347 
348 
348 
349 

349 
350 
350 
350 
35 1 

351 
351 
352 
352 
353 

Sample or 
Station No. 

TRI.#114 
132-WL-74 
TRI.#.I 11 
127-WL-74 
TRI.#112 

128-W L-74 
75-G B-77 
76-G B-77 
77-GB-77 
78-G B-77 

79-G B-77 
80-G 8-77 
81 -GB-77 
82-G B-77 
83-GB-77 

84-G B-7 7 
85-G B-77 
86-G B-77 
87-GB-77 
88-GB-77 

89-G B-77 
90-GB-77 
TRI.#113 
1 30-W L-74 
131 -WL-74 

TRI.#145 
192-WL-74 
193-WL-74 
TRI.#116 
134-WL-74 
TRI.#110 
126-WL-74 
30-W L-74 
TRI.#117 
135-WL-74 

TRI.#7 
1 9-W L-74 
136-W L-74 
137-WL-74 
31-WL-74 

32-WL-74 
34-W L-74 
35-W L-74 
36-W L-74 
TRI.#107 

120-WL-74 
121 -WL-74 
TRI.#108 
122-WL-74 
123-WL-74 

Analysis or 
Measurement 

Gravity 
Geochemical 
Gravity 
Geochemical 
Gravity 

Geochemical 
Paleontology 
Hydrocarbon 
Paleontology 
Hydrocarbon 

Paleontology 
Hydrocarbon 
Paleontology 
Hydrocarbon 
Paleontology 

Hydrocarbon 
Paleontology 
Hydrocarbon 
Paleontology 
Hydrocarbon 

Paleontology 
Hydrocarbon 
Gravity 
Geochemical 
Geochemical 

Gravity? 
Age date 
Burned 
Gravity 
Geochemical 
Gravity 
Geochemical 
Geochemical 
Gravity 
Geochemical 

Gravity 
Density 
Geochemical 
Geochemical 
Geochemical 

Geochemical 
Geochemical 
Geochemical 
Geochemical 
Gravity 

Geochemical 
Geochemical 
Gravity 
Rock sample 
Lithology 

Map No. 

Left l  

Sample or Analysis or 
Station No. Measurement 

Density 
Magnetic 

susceptibility 
Gravity 
Geochemical 
Agc date 

Age date 
Gravity 
Geochemical 
Gravity 
Geochemical 

Gravity 
Geochemical 
Gravity 
Geochemical 
Gravity 

Geochemical 
Geochemical 
Gravity 
Geochemical 
Gravity 

Gravity 
Gravity 
Geochemical 
Gravity 
Gravity 

Geochemical 
Geochemical 
Gravity 
Geochemical 
Geochemical 

land Bay-Balboa Bay Stratigraphic Section 
(Plate VII) Samples 

16-G Ei-77 Hydrocarbon 
1 7-G Ei-77 Paleontology 
1 8-G Ei-77 Hydrocarbon 
1 8-G B-77 Hydrocarbon 
1 9-G B-77 Paleontology 

20-G B-77 Lithology 
21 -G B-77 Hydrocarbon 
22-G Ei-77 Paleontology 
23-GB-77 Lithology 
24-G t3-77 Hydrocarbon 

25-GB-77 Paleontology 
26-GB-77 Hydrocarbon 
27-GB-77 Paleontology 
28-G t3-77 Lithology 
9-IP-77 Paleontology 
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Sample or 
Station No. 

Analysis or 
Measurement 

Sample or 
Station No. 

Analysis or 
Measurement Map No. Map No. 

Paleontology 
Hydrocarbon 
Porosity and 

permeability 

Hydrocarbon 
Paleontology 
Paleontology 
Hydrocarbon 
Hydrocarbon Lithology 

Paleontology 
Hydrocarbon 
Hydrocarbon 
Paleontology 

Palcontology 
Paleontology 
Hydrocarbon 
Paleontology 
Hydrocarbon 

Hydrocarbon 
Porosity and 

permeability 
Hydrocarbon 
Paleontology 
Hydrocarbon 

Porosity and 
permeability 

Paleontology 
Hydrocarbon 
Lithology 
Paleontology 

Porosity and 
permeability 

Shale 
Sandstone 
Sandstone 
Shale 
Coal 

Hydrocarbon 
Hydrocarbon 
Hydrocarbon 
Hydrocarbon 
Hydrocarbon 

Macrofossil 
Macrofossil Porosity and 

permeability 
Paleontology 
Siltstone 
Shale 
? 

Gravity 
Gravity 
Geochemical 
Geochemical 
Gravity 

Geochemical 
Gravity 
Geochemical 
Gravity 
Officc samplc 

Siltstone 
Si ltstone 
Sandstone 
Shale 
Paleon tology 

Gravity 
Gravity 

Source 
Porosity and 

permeability 
Sandstone 
Conglomcrate 
Geochemical 

Beaver Bay Stratigraphic Section 
(Plate VI  I I )  Samples 

Source 
Source 
Macrofossil 
? 
Coal 

21 -WL-77 Palcontology 
22-WL-77 Hydrocarbon 
23-W L-77 Porosity and 

permeability 
24-W L-77 Porosity and 

permeability 
25-W L-77 Paleontology 

26-W L-77 Macrofossil 
27-W L-77 Porosity and 

permeability 

Conglomerate 
Shale 
Paleontology 
Sandstonc 
Source 
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Sample or Analysis or 
Map No. Station No. Measurement 

Sample or Analysis or 
Station No. Measurement Map No. 

47-WL-77 Paleontology 
48-W L-77 Paleontology 
49-W L-77 Porosity and 

permeability 
50-WL-77 Palcontology 

11 3-WL-74 Conglomerate 
169-W L-74 Thin scction 
1 70-W L-74 Age date 
1 71 -WL-74 Magnctic 

susceptibility 
172-WL-74 Source 51-WL-77 Lithology 
173-WL-74 Source 
174-WL-74 Porosity and 

permeability 
175-WL-74 Density; magnetic 

susceptibility 
1 76-W L-74 Sandstone 
1 77-WL-74 Conglomerate 

Random Sampling 

Geochemical 
Gravity 
Geochemical 
Office sample 
Density 

1 7 8-W L-74 Porosity and 
permeability 

1 79-WL-74 Source 
180-WL-74 Sandstone 
181 -WL-74 Conglomerate 

clasts 
182-WL-74 Source 

Magnctic 
susceptibility 

Officc sample 
Office sample 
Gravity 
Gravity 

190-W L-74 Geochemical 
PB22 Gravity 
PB21 Gravity 
PB20 Gravity 
61-lP-77 Geochemical 

183-WL-74 Sandstone 
184-WL-74 Macrofossil 
185-WL-74 Source 
186-W L-74 Lithology 
187-WL-74 Lava 

White Bluff Stratigraphic Section 
(Plate XI) Samples 188-WL-74 Source 

189-WL-74 Lithology 
Paleontology 
Hydrocarbon 
Coal 
Paleontology 
Paly nology 

Random Sampling 

Gravity 
Paleontology 
Hydrocarbon 
Paleontology 
Hydrocarbon 

Porosity and 
permeability 

Porosity and 
permeability 

Gravity 
Geochemical 

Lithology 
Paleontology 
Palynology 
Paleontology 
Hydrocarbon 

Coal 
Paly nology 
Palcontology 
Hydrocarbon 
Paleontology Aliaksin Peninsula Stratigraphic Section 

(Plate X) Samples 
Hydrocarbon 
Paleontology 
Hydrocarbon 
Porosity and 

permeability 
Porosity and 

permeability 

382 41 -WL-77 Paleontology 
382 42-W L-77 Hydrocarbon 
382 43-WL-77 Paleontology 
382 44-WL-77 Paleontology 
382 45-W L-77 Paleontology 

382 46-WL-77 Porosity and 
permeability Lithology 
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Sample or Analysis or 
Station No. Measurement 

Random Sampling 

PB24 Gravity 
PB23 Gravity 
60-IP-77 Geochcm ical 
59-IP-77 Gcochem ical 
58-IP-77 Geochemical 

57-IP-77 Gcochcmical 
54-1 P-77 Geochcm ical 
56-IP-77 Gcochcmical 
PB25 Gravity 
55-IP-77 Geochemical 

Sample or 
Station No. 

16-J M-77 
24-JB-77 
FPl I 
FPIO 
FP09 

A7-JB-77 
77-SWH-01 

Analysis or 
Measurement Map No. 

392 
393 
394 
395 
396 

39 7 
398 
399 
400 
40 1 

Map No. 

41 6 
41 7 
41 8 
41 9 
420 

420 
420 

Geochcmical 
Geochemical 
Gravity 
Gravity 
Gravity 

Geochcmical 
Oriented basalt 

East Morzhovoi Bay Stratigraphic Section 
(Plate XII)  Samples 

42 1 43-G B-77 Hydrocarbon 
42 1 44-G B-77 Paleontology 
421 45-G B-77 Hydrocarbon 
42 1 46-G B-77 Paleontology 
421 47-G B-77 Macrofossil 

421 48-G B-77 Hydrocarbon 
42 1 49-G B-77 Paleontology 
421 50-1 B-77 Paleontology 

STEPOVAK QUADRANGLE (PLATE E) 

Random Sampling 

Sample or Analysis or 
Map No. Station No. Measurement 

Geochemical 
Geochetn ical 
Gcochcmicdl 
Geochcm ical 
Geochemical 

Geochcmical 
Geochemical 
Geochcrn ical 
Geochcm ical 
Geochemical 

51-GB-77 Macrofossil 
52-GB-77 Porosity and 

permeability 

53-GB-77 Macrofossil 
54-GB-77 Lithology 
55-GB-77 Macrofossil 
56-G B-77 Porosity and 

~crmcabil i ty 
57-GB-77 Lithology 

Random Sampling 

Geochemical 
Geochemical 
Geochemical 
Lithology 
Geochemical 

Geochcmical 
Gcochcmical 
Gcochcmical 

Gravity 
Geochcmical 
Geochcm ical 
Geochcmical 
Geochemical 

Geochemical 
Geochemical 
Geochemical 
Geochemical 
Gravity FALSE PASS QUADRANGLE (PLATE F) 

Geochemical 
Gravity 
Gcochcmical 
Bulk rock 
Bulk rock 

Random Sampling 

Sample or Analysis or 
Map No. Station No. Measurement 

41 4 UN03 Gravity 
41 4 7-JM-77 Gcochcm ical 
41 5 UNlO Gravity 
41 6 UN12 Gravity 
41 6 25-J B-77 Geochemical 

Bulk rock 
Bulk rock 
Bulk rock 
Bulk rock 
Bull< rock 
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Map No. 

424 
425 
425 
426 
426 

42 7 
427 
428 
428 
429 

430 

Sample or 
Station No. 

77-SW H-08 
FP05 
A4-J B-77 
UN04 
8-J M-77 

FP19 
9- J M-77 
FP19 
A1 0-JB-77 
FPI 8 

FP20 

Analysis or 
Measurement 

Bulk rock 
Gravity 
Geochemical 
Gravity 
Geochcmical 

Gravity 
Geochemical 
Gravity 
Geochemical 
Gravity 

Gravity 

West Morzhovoi Bay Stratigraphic Section 
(Plate XI  I I) Samples 

Porosity and 
pcrmcability 

Porosity and 
permeability 

Palcontology 
Macrofossil 
Palconlology 

Paleontology 
Paleontology 
Porosity and 

permcability 
Age date 
Geochcm ical 

Porosity and 
permeability 

Thin section 
Porosity and 

permeability 
Office samplc 
Office sample 

43 1 8-WL-74 Porosity and 
permcability 

43 1 9-W L-74 Age datc 
43 1 10-W L-74 Porosity and 

permeability 
43 1 1 1 -W L-74 Hydrocarbon 
43 1 12-W L-74 Porosity and 

permeability 

43 1 13-WL-74 Age date 
43 1 14-WL-74 Age date 
43 1 1 5-WL-74 Lithology 

Map No. 

43 2 
43 2 
433 
434 
434 

43 5 
436 
43 7 
438 
438 

439 
439 
440 
44 1 
44 1 

442 
443 
443 
444 
44 5 

445 
445 
44 5 

Random Sampling 

Sample or Analysis or 
Station No. Measurement 

Gravity 
Gcochemical 
Gravity 
Gravity 
Geochemical 

Gravity 
Gravity 
Gravity 
Gravity 
Geochcrnical 

Gravity 
Geochemical 
Gravity 
Gravity 
Gcochcmical 

Gravity? 
Gravity 
Density 
Gravity 
Gravity 

1 2-1 M-77 Geochcm ical 
13-JM-77 Gcochem ical 
14-1 M-77 Geochemical 

TABLE 1 B-SAMPLE OR STATION NUMBERS 
TO MAP NUMBERS 

SAMPLING BY j .  A. MOREHOUSE 

Sample No. 

1-1 M-77 
2-J M-77 
3-JM-77 
4-J M-77 
5-JM-77 

6-JM-77 
7-1 M-77 
8-JM-77 
9-JM-77 

10-JM-77 

Random Sampling 

Map No. 
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Sample No. Map No. 

44 1 
44 5 
445 
44 5 
187 

41 6 
None 
243 
21 1 
242 

244 
331 
330 
330 
290 

290 
329 

S. E. Bear Lake Stratigraphic Section 
(Plate Ill) Samples 

35-JM-77 230 
36-J M-77 230 
37-JM-77 23 0 
38-JM-77 230 
39-JM-77 230 

40-JM-77 230 
41-JM-77 230 
42-JM-77 230 
43-j M-77 230 
44-J M-77 230 

45-J M-77 230 
46-1 M-77 230 
47-J M-77 230 

Random Sampling 

41 0 
41 0 
41 0 
41 0 
41 0 

403 
403 
402 
402 

SAMPLING BY W. M. LYLE 

Random Sampling 

Sample No. Map No. 

1-WL-77 1 79 
2-WL-77 178 
3-W L-77 177 
4-WL-77 None 

Black Lake Stratigraphic Section 
(Plate I )  Samples 

5-WL-77 43 
6-W L-77 4 3 
7-WL-77 4 3 
8-WL-77 43 
9-WL-77 43 

10-WL-77 4 3 
11-WL-77 43 
1 2-W L-7 7 43 
13-WL-77 43 
14-WL-77 4 3 

15-WL-77 43 
1 6-W L-77 4 3 
1 7-W L-77 4 3 
18-WL-77 4 3 
19-WL-77 4 3 

20-W L-77 4 3 

Beaver Bay Stratigraphic Section 
(Plate VI I I )  Samples 

21-WL-77 377 
22-W L-77 377 
23-W L-77 377 
24-WL-77 377 
2s-WL-77 377 

26-W L-77 377 
27-WL-77 377 
28-W L-77 377 
29-W L-77 377 
30-W L-77 377 

31 -WL-77 377 
32-WL-77 377 
33-WL-77 377 
33A-WL-77 377 
34-W L-77 377 

35-WL-77 377 
36-W L-77 37 7 
37-WL-77 377 
38-W L-77 377 
39-W L-77 377 

40-W L-77 377 
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Sample No. Map No. Sample No. 

Aliaksin Peninsula Stratigraphic Section 82-W L-77 
(Plate X) Samples 83-W L-77 

White Bluff Stratigraphic Section 
(Plate XI) Samples 

391 
39 1 
39 1 
39 1 
391 

391 
391 
391 
391 
39 1 

391 
39 1 
39 1 
39 1 
391 

39 1 
39 1 
39 1 
39 1 
391 

391 

Milky River Stratigraphic Section 
(Plate I I )  Samples 

Map No. 

SAMPLING BY J. G. BOLM 

Sample No. 

A1 -J B-77 
A2-J B-77 
A3-J 8-71 
A4- j  B-77 
A5-J 8-77 

A6-J B-77 
A7-JB-77 
A8-J B-77 
A9-J 8-77 
A10-jB-77 

6-1 B-77 
7-J 8-77 
9-J 8-77 
24-J B-77 
25-j B-77 

Random Sampling 

Map No. 
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Sample No. 

29-1 B-77 
30-J B-77 
31 -J B-77 
32-J B-77 
33-JB-77 

34-J B-77 
35-J B-77 
36-JB-77 
37-J B-77 
38-J B-77 

39-J B-77 
40-J B-77 
41-JB-77 
42-J B-77 
43-J B-77 

44-J B-77 
45-J B-77 
46-J B-77 
47-J B-77 
48-J B-77 

49-J B-77 
98-J B-77 
99- J B-77 
100-J B-77 
101 -J B-77 

102-1 B-77 

Map No. 

40 
39 
38 
29 
26 

27 
27 
28 
2 8 
14 

15 
16 
17 
18 
19 

20 
30 
3 1 
3 2 
35 

6 2 
41 1 
408 
409 
40 7 

406 

SAMPLING BY STEVE HACKETT 

Sample No. 

Random Sampling 

Map No. 

Sample No. 

77-SWH-04A 
77-SWH-05A 

77-SWH-01 
77-SWH-01 B 
77-SWH-02 
77-SW H-03 
77-SW H-04 

77-SWH-05 
77-SWH-06 
77-SWH-07 
77-SWH-08 
77-SW H-09 

77-SWH-11 
77-SWH-12 
77-SWH-12A 
77-SWH-13 
77-SWH-14 

Map No. 

422 
422 

420 
420 
424 
424 
424 

424 
424 
424 
424 
424 

321 
321 
369 
369 

59 

SAMPLING BY J .  G. BOLM 

Waterfall Point Stratigraphic Section 
(Plate VI) Samples 

Sample No. Map No. 

Balboa Bay Stratigraphic Section 
(Plate VI I )  Samples 
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Sample No. Map No. 

Milky River Stratigraphic Section 
(Plate 11) Samples 

East Morzhovoi Bay Stratigraphic Section 
(Plate XII)  Samples 

Random Sampling 

Sample No. Map No. 

297 
294 
294 
294 
380 

380 
380 
380 
380 
380 

25 7 
258 
340 
340 
340 

340 
340 
340 
340 
340 

340 
340 
340 
340 

340 
340 
340 
340 

SAMPLING BY IRVEN F. PALMER, jR. 

West Morzhovoi Stratigraphic Section 
(Plate XI  I I) Samples 

Sample No. Map No. 
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Sample No. Map No. 

Lefthand Bay-Balboa Bay Stratigraphic Section 
(Plate VI I )  Samples 

9-IP-77 369 
10-IP-77 369 
11 -IP-77 369 
12-IP-77 369 
13-IP-77 369 

14-IP-77 369 
15-1 P-77 369 
16-IP-77 369 
17-IP-77 369 
18-IP-77 369 

19-IP-77 369 
20-1 P-77 369 
21 -IP-77 369 
22-1 P-77 369 
23-IP-77 369 

24-1 P-77 369 
25-IP-77 369 

Heren I and I1 Stratigraphic Sections 
(Plates I V  and V) Samples 

26-IP-77 29 1 
27-IP-77 29 1 
28-IP-77 29 1 
29-IP-77 291 
30-IP-77 29 1 

31-IP-77 29 1 
32-lP-77 29 1 
33- l P-77 29 1 
34-IP-77 29 1 
35-IP-77 29 1 

36-IP-77 29 1 
37-1 P-77 291 
38-IP-77 291 
39-1 P-77 29 1 
40-IP-77 291 

41 -IP-77 29 1 
42-1 P-77 29 1 
43-IP-77 291 
44-IP-77 29 1 
45-IP-77 291 

46-IP-77 29 1 
47-IP-77 29 1 
48-IP-77 291 
49-IP-77 291 
50-IP-77 29 1 

51 -lP-77 291 
52-IP-77 29 1 
53-IP-77 291 

Sample No. 

54-1 P-77 
55-IP-77 
56-IP-77 
57-1P-77 
58-IP-77 

59-IP-77 
60-IP-77 
61 -1 P-77 
62-IP-77 
63-IP-77 

64-IP-77 
65-IP-77 
66-l P-77 
67-IP-77 

Map No. 

SAMPLING BY W. M. LYLE 

West Morzhovoi Bay Stratigraphic Section 
(Plate X I  I I )  Samples 

Sample No. Map No. 
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Sample No. 

Sample No. 

50-W L-74 
51 -W L-74 
52-WL-74 
53-W L-74 
54-WL-74 

55-W L-74 
56-WL-74 
57-W L-74 
57A-W L-74 
58-WL-74 

59-W L-74 
60-W L-74 
60A-W L-74 
61 -WL-74 
62-W L-74 

Map No. 

Balboa Bay Stratigraphic Section 
(Plate V I I )  Samples 

Random Sampling 

Map No. 

Sample No. 

63-W L-74 
64-W L-74 
65-WL-74 
66-W L-74 
67-W L-74 

68-W L-74 
69-W L-74 
70-W L-74 
71 -W L-74 
72-WL-74 

73-W L-74 
74-WL-74 
75-W L-74 
76-W L-74 
77-W L-74 

78-W L-74 
79-W L-74 
80-W L-74 
81 -W L-74 
82-W L-74 

83-W L-74 
84-W L-74 

Map No. 

Beaver Bay East Stratigraphic Section 
(Plate IX) Samples 
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Sample No. Map No. 

Random Sampling 

Sample No. Map No. 

Beaver Bay East Stratigraphic Section 
(Plate I X )  Samples 

169-WL-74 378 
170-WL-74 378 
1 71 -WL-74 378 
172-WL-74 378 
173-WL-74 378 

174-WL-74 378 
175-WL-74 378 
176-WL-74 378 
177-WL-74 378 
178-WL-74 378 

179-WL-74 378 
180-W L-74 378 
181 -W L-74 378 
1 82-W L-74 378 
183-WL-74 378 

184-WL-74 378 
185-WL-74 378 
1 86-W L-74 378 
187-WL-74 378 
1 88-WL-74 378 

189-WL-74 378 

Random Sampling 
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Sample No. 

201 -WL-74 
202-W L-74 
203-W L-74 
204-W L-74 
205-W L-74 

206-W L-74 
207-W L-74 
208-W L-74 
209-WL-74 
21 0-W L-74 

21 1 -W L-74 
21 2-W L-74 
21 3-W L-74 
21 4-W L-74 
21 5-W L-74 

21 6-WL-74 
21 7-W L-74 
21 8-W L-74 
21 9-W L-74 
220-W L-74 

221 -W L-74 
222-W L-74 
223-W L-74 
224-W L-74 
225-WL-74 

Map No. 

226 
282 
282 
283 
283 

283 
283 
283 
283 
283 

320 
266 
207 
207 
307 

206 
206 
306 
305 
258 

359 
360 
360 
357 
303 

Sample No. 

250-W L-74 
251 -WL-74 
252-W L-74 
253-W L-74 
254-W L-74 

255-WL-74 
256-W L-74 
257-W L-74 
258-W L-74 
259-W L-74 

260-W L-74 
261 -WL-74 
262-W L-74 
263-W L-74 
264-WL-74 

265-W L-74 
266-W L-74 
267-W L-74 
268-W L-74 
269-W L-74 

270-W L-74 
271 -W L-74 
272-W L-74 
273-W L-74 
274-W L-74 

Map No. 

99 
100 
100 
100 
100 

101 
101 
102 
102 
7 3 

73 
7 3 
73 
56 
5 6 

56 
5 6 
56 
45 
57 

57 
5 7 
5 7 
53 
5 4 
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Sample No. Map No. Sample No. 

338-W L-74 
339-W L-74 
340-W L-74 
341 -W L-74 
342-W L-74 

343-W L-74 
344-W L-74 
345-W L-74 
350-W L-74 
351 -WL-74 

352-W L-74 
353-WL-74 
354-W L-74 
355-W L-74 
356-W L-74 

357-W L-74 
358-W L-74 
359-W L-74 
360-W L-74 
361 -W L-74 

362-W L-74 
363-W L-74 
364-W L-74 
365-W L-74 
366-W L-74 

Map No. 

1021 
1021 
1021 
1021 
1021 

1021 
1021 
None 
1021 
1021 

1021 
1021 
1021 
102j 
102) 

102) 
102D 
102D 
102E 
102F 

102M 
102M 
102M 
102M 
102M 

TABLE 1 C-GRAVITY STATION NUMBERS 
TO MAP NUMBERS 

TABLE 1C-GRAVITY STATION NUMBERS 
TO MAP NUMBERS 

FALSE PASS TRAVERSE 

Gravity 
Station No. 

FP06 
FP07 
FP08 
F PO9 
FPlO 

Map No. 
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Gravity 
Station No. 

FPl I 
FP12 
FP13 
FP14 
FP15 

FP16 
FP17 
FP18 
FP19 
FP20 

Map No. 

41 8 
433 
432 
440 
439 

436 
435 
429 
428 
430 

IZEMBEK TRAVERSE 

Gravity 
Station No. 

1201 
1202 
1203 
1204 
I205 

1206 
1207 
1208 
IZ09 
1210 

l Z l  I 
121 2 
121 3 
1214 
121 5 

121 6 
121 7 
121 8 
1219 
1220 

1221 
1222 
1223 
1224 

Map No. 

174 
173 
172 
169 
163 

161 
162 
164 
165 
166 

168 
151 
149 
147 
146 

145 
148 
150 
143 
142 

141 
140 
139 
138 

UNIMAK TRAVERSE 

Gravity 
Station No. 

UNOl 
UN02 

Map No. 

180 
181 

Gravity 
Station No. 

UN03 
UN04 
UN05 

UN06 
UN07 
UN08 
UN09 
UNlO 

UNl  I 
UN12 
UN13 
UN14 
UN15 

Map No. 

41 4 
426 
427 

434 
437 
44 1 
445 
41 5 

187 
416 
179 
178 
177 

PAVLOV BAY TRAVERSE 

Gravity 
Station No. 

PBOI 
PB02 
PB03 
PB04 
PB05 

PB06 
PB07 
PB08 
PB09 
PBlO 

PBl I 
PBI 2 
PB13 
PB14 
PB15 

PB16 
PB17 
PB18 
PB19 
PB20 

PB21 
PB22 
PB23 
PB24 
PB25 

PB26 
PB27 
PB28 
PB29 
PB30 
PB31 

Map No. 

21 8 
21 6 
253 
250 
21 4 

246 
24 7 
249 
248 
200 

241 
289 
365 
328 
326 

363 
376 
386 
387 
390A 

390 
389 
393 
392 
400 

375 
362 
323 
285 
235 
207 
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MUDDY RIVER TRAVERSE BERING SEA TRAVERSE 

Gravity 
Station No. 

MROI 
M R02 
MR03 
M R04 
M R05 

M R06 
MR07 
MR08 
MR09 
MRlO 

MRI 1 
MR12 
MR13 
MR14 
MR15 

MR16 

Map No. 

203A 
9 2 
58 
7 8 
59 

46 
47 
48 
49 
6 1 

6 3 
64 
8 2 
8 3 
8 4 

97 

Gravity 
Station No. 

BSOl 
BS02 
BS03 
BS04 
BS05 

BS06 
BS07 
BS08 
BS09 
BSlO 

BSl I 
BS12 
BS13 
BS14 
BS15 

BS16 
BS17 
BS18 
BS19 
BS20 

BS21 
BS22 
BS23 
BS24 

Map No. 

21 5 
203 
202 
20 1 
199 

206 
236 
284 
103 
105 

106 
107 
108 
1 09 
114 

116 
120 
153 
154 
125 

118 
1 26 
113 
286 

Gravity 
Station No. 

SROl 
SR02 
SR03 
SR04 
SR05 

S R06 
SR07 
SR08 
SR09 
SRlO 

S R l l  
SR12 
SR13 
SR14 
SR15 

SR16 

SAPSUK RIVER TRAVERSE 

PORT HEIDEN TRAVERSE 

Map No. 

243 
21 1 
242 
244 
33 1 

330 
290 
329 
288 
240 

239 
209 
238 
287 
325 

324 

Gravity 
Station No. 

PHOI 
pH02 
pH03 
pH04 
pH05 

pH06 
pH07 
pH08 
pH09 
PHI 0 

PHI I 
PHI 2 
PHI 3 
PHI 4 
PHI 6 

Map No. 

3 3 
3 4 
21- 
2 2 
2 3 

9 
10 
11 

7 
6 

5 
4 
8 

36 
96 



T E R T I A R Y  FORMATIONS AND ASSOCIATED MESOZOIC ROCKS IN T H E  ALASKA PENINSULA AREA, ALASKA 37 

TABLE ID-TRIANGLE NUMBERS TO 
MAP NUMBERS 

1974 TRIANGLE SECTIONS 

Triangle No. 

1 
2 
3 
4 
5 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

2 1 
2 2 
23 
24 
2 5 

Map No. 

170 
43 1 
21 3 
374 
98 

355A 
347 
385 
365 
335A 

29 5 
298 
299 
431 
349 

349 
355 
3 50 
133 
176 

196 
197 
198 
155 
156 

364 
269 
None 
296 
296 

? 
160 
159 
191 
192 

190 
189 
189 
188 
186 

182 
183 
184 
185 
157 

Triangle No. Map No. 
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Triangle No. Map No. Triangle No. Map No. 
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Triangle No. Map No. Triangle No. Map No. 
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Age and 
Stratigraphic 

TABLE 2-THICKNESS OF STRATIGRAPHIC SECTIONS 
AND THICKNESS AND PERCENTAGE OF SANDSTONE 

Total 
Thickness 

Section in feet 

PLIOCENE-MIOCENE 
East Morzhovoi Bay 45 5 
West Morzhovoi Bay 1,221 

MIOCENE 
Aliaksin Peninsula 499 
Southeast Bear Lake 1,175 
Black Lake 2,152 
Milky River 2,658 
Whitc Bluff 948 

OLIGOCENE-EOCENE 
Beaver Bay 1,936 
Beaver Bay East* 2,798 
Lcfthand Bay-Balboa Bay 1,668 
Waterfall Point* 378 

EOCENE(?) OR PALEOCENE(?) 
Heren I 146 
Heren I I  172 

Percent 
Sandstone 

Number 
of 

Sands 

44 
Unknown 

4 
Unknown 

Discrete Sandstone 
thickness-meters 

0-15 15-30 > 30 

44 0 0 
? 4 1 
4 0 0 

All 0 0 

Avcragc pcrcent 62.8% 

Totals 16,206 298 240 29 10 

*Not all the sands in this section were measured; thus percentage of sandstone is estimated. 



T E R T I A R Y  FORMATIONS A N D  ASSOCIATED MESOZOIC ROCKS I N  THE ALASKA PENINSULA AREA, ALASKA 41 

TABLE 3--POROSITY AND PERMEABILITY ANALYSES 

(Analysts by Chcmical and Geological Laboratorics of' Alaska, Inc.) 

Effective Porosity 
% 

Permeability 

(mD) Sample Number 

Waterfall Point: Stepovak Formationa 
2-GB-77 
4-GB-77 
9-G B-7 7 

13-GB-77 

Milky River: Bear Lake Formation 
29-GB-77 
30-GB-77 
39-GB-77 
95-WL-77 
84-W L-77 
93-WL-77 

A72-W L-77 
76-W L-77 
77-W L-77 
78-WL-77 
90-WL-77 

unconsolidatcd sand 

unconsolidatcd sand 

East Morzhovoi Bay: Tachilni Formation 

52-GB-77 
56-G B-77 

Gull Point on Herendeen B,iy: Chignik Formation 
58-GB-77 8.7 
59-G B-77 7.8 
60-GB-77 5.7 
61-GB-77 7.1 

Bold Bluff Point on Herendeen Bay: Naknek Formation 
64-G B-77 6.9 
66-GB-77 6.8 

Tolstoi Formations NE%, Sec. 6, T. 54 S., R. 76 W. 
71 -GB-77 1.6 
72-GB-77 2.4 

Gas Rocks (sce location map) 
73-GB-77 

West Morzhovoi Bay: Tachilni Formation 
1-IP-77 
2-lP-77 
8-1 P-77 
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Effective Porosity 
% 

Permeability 
(mD) Sample Number 

Lefthand Bay: Stepovak Formationa 
20-1 P-77 

Heren I: Tolstoi Formationa 
28-IP-77 
31-IP-77 
32-1 P-77 
34- l P-77 
35-IP-77 

Heren II: Unnamed formation 
38-IP-77 
39-1 P-77 
43-1 P-77 
46-1 P-77 
51 -lP-77 
52-1P-77 
53-IP-77 

Mother Goose Area: Cretaceous 
64-1 P-77 

Mother Goose Area: Tertiary 
67-IP-77 

White Bluff: Bear Lake Formation 
71 -WL-77 

Beaver Bay: Stepovak Formationa 
33-W L-77 
24-W L-77 
23-W L-77 
40-WL-77 
30-W L-77 

Black Lake: Bear Lake Formation 
18-WL-77 
1 2-WL-77 
14-WL-77 
20-W L-7 7 

Aliaksin Peninsula: Bear Lake Formation 
46-W L-77 
49-W L-77 

unconsolidated sand 

S. E. Bear Lake: Bear Lake Formation 
36-J M-77 
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Sample 
Number 

TABLE 4--ORGANIC GEOCHEMICAL DATA 

(Analyses by Geochem Laboratories, Inc., Houston, Texas) 

Organic Carbon C1 5 +  Extract 
Content Kerogen Total Asphaltenes 

(Weight Percent) Typea T A I ~  ( P P ~ )  ( P P ~ )  

a. Kerogen key (in order listed): Predominant-60 to 100%; Secondary--20 to 40%; Trace-1 to 20%. 
Al = Algal, Am = Amorphous-Sapropel, H = Herbaceous-Spore/Cuticlc, W = Woody, C = Coaly, U = Unidentified Material. 

b. Scale from 1 = unaltered to 4 = severely altered; underlined number indicates dominant rank o f  alteration. 



GEOLOGIC REPORT 62 

Organic Carbon 
Content 

(Weight Percent) 

CI s+  Extract 
Asphaltenes 

( P P ~ )  
Sample 
Number 

Kerogen 
TY pea T A I ~  

Total 
( P P ~ )  

a. Kerogen key (in order listed): Predominant-60 to 100%; Secondary-20 to  40%; Trace-1 t o  20%. 
Al = Algal, Am = Amorphous-Sapropel, H = Herbaceous-Spore/Cuticle, W = Woody, C = Coaly, U = Unidentified Material 

b. Scale from 1 = unaltered to  4 = severely altered; underlined number indicatcs dominant rank o f  alteration. 
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-PETROGRAPHIC DATA TABLE 5 - FRAMEWORK CLAST COMPOSITION - 
% QUARTZ % % ROCK 

+ CHERT FELDSPAR FRAGMENTS 
REMARKS CEMENT PARAGENESIS 

Autiigcnlc i l , ~ ) ,  ~ c ( ~ l ~ l c  

Autiigenic i ldy,  ~ c c ~ l ~ t c  

GRADE-SIZE CLASSIFICATION 

pebbly finc to \cr \  i11.11sc s.indzto11c 

Finc to mcJitlm ~ ~ n d s t o n i .  

Flnc to m c d ~ ~ ~ i n  sandsri~nc 

Flnc to medium iandbtune 

Vci, f ~ n c  l o  fine sLi~nilstrmc 

Mcdium to coal\? ~anci,ron~, 

hledlum to cod15c ,,ind5tonc 

Vcl \  flnc lo  ilnc sandstone 

FORMATION 

Ndhnch 

Ndhnch 

Chign~h 

C h l ~ m h  

C h ~ g n ~ h  

Tols101 

Tolstoi 

Tol5to1 

SAMPLE 

64-GB-77 

66-GB-77 

58~68-77 

59-GB-77 

60-GB-77 

71-GB-77 

72-GB~77 

34-IP-77 

Fine l o  vci) codrsc undstonc 20 ti0 5 Carl ,)n,itc, iut l i i j icn~c ch lo~ i tc ,  c.iiht)n.iti 
~tcpovah'  23-LCL-77 

~ r e ~ o ~ a h '  24~WL-77 Fine to medium sandstone 

Stcpo~ahl 30~WL-77 Medium rover\  coa~bc sandstone 

Stepovakt 33-WL-77 Fine to coarse sandstone 

C,ir ,n,itc, authigcrirc chlor IIL,, L~II hc~n~itc 

Iro i* i< lc,  au t l~~gcn~c cl,i\ 

iro ~ x i ~ l c  

Au igcn i~   la\, aut l i igc~l l i  h,!ol in~tc'c, ir t~un.i tc '  

Stepovak' 40-WL-77 Mediuin to coalbe 5dndsrr>nc 

Bear Lake 12-LY L-77 Fine to nicd~um sand,lor!e 35 

Bear Lahe 14-Ll'L-77 Pehbl) fine to very coarse ,andstone 45 

Bear Cake 18-WL-77 Pebbly fine to iodrsc sand~tonc 50 

DULIIIC grdiri c i c f ~ r m ~ t ~ ( ~ n .  11i i11 ox~cli. cunccnti.itcd in pi1tihe, 

Ductile XI .iit! c1cf01 mitt ion 

65 15 20 15 AL genlc chlorite, CAI h l ~ n ~ l l c  

45 25 30 4 8  CI. carbonate 

Bear Lake 29-GB-77 h l c d i ~ ~ m  r,indstonc 

Bear Lake 30-GB-77 Flnc to medium sdnd5tone 

Pebbly fine to very ~odrse sandstone 60 5 35 20 AL ;CI~IC i h l o ~ i t c ,  cdl.bon.it? 
Bear Lake 39-GB-77 

Medium to very coarse sandstone 

Medium to cuarse sandstone 

F ~ n c  to medium sandstonc 

Very fine to medium sandstonc 

Medium to vcr) coarse sandstone 

Medium to very coarse sandstone 

Finc to coarse sandstone 

Fine to coarse sandstone 

:cnlc clay 

,cnlc ~h lo r i rc ,  ! run  oxldc 

cnlc chluritc 

enic clay 

enic clay, zeol~tc 

.ide, authigcnic chl l~r i tc 

.idc, carbonate 

2nic chlor~tc, autliigcnic cldy 

Bear Lake 

Bear Lake 

Bear Lake 

Bear Lake 

Bear Lake 

Tachilni 

Tachilni 

Tdchilnl 

Glauionitc ferruginous pellets, ductilc gain dcfo~mdtion 

Exlcnsi\.e p,irti,il and cc~mpletc rcpl,iccment of cla\l, b) calbonate 

Duct ilc gralii de fo~ m,tI loti 

Very fine to medium sandstone 15 10 7 5 10 
C ate, authlgcnlc cldv 

Tachilni 8-IP-77 

1 Burk (1965) 2 Galloway (1974) 3 Agc rcldtionih~p of kaolin~lu and cdrhonrtc unccrlnin 4 Dldtom ~dcnuilrat\i,ns by Don Olx,n. USGS 

I 
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TABLE 6-GEOCHEM ICAL ANALYSES 

Stream-scdiment samples were analyzed for gold, silver, copper, lead, zinc, molybdenum, and tin. The results arc in parts 
per million. 

Sample No. 

1 -J M-77 
2-J M-77 
3-J M-77 
4-J M-77 
5-J M-77 

6-JM-77 
7-J M-77 
8-JM-77 
9-1 M-77 

10-JM-77 

11-JM-77 
12-1 M-77 
13-JM-77 
14-JM-77 
15-J M-77 

16-JM-77 
18-J M-77 
19-1 M-77 
20-JM-77 
21-JM-77 

22-J M-77 
23-J M-77 
24-J M-77 
25-JM-77 
26-1 M-77 

27-J M-77 
28-JM-77 
29-J M-77 
30-1 M-77 
31 -J M-77 

32-1 M-77 
33-J M-77 
48-J M-77 
49-1 M-77 
50-J M-77 

52-JM-77 
53-J M-77 
54-J M-77 
55-1 M-77 
56-JM-77 

Gold 

0.24 
0.1 0 
0.08 
0.14 
0.20 

0.10 
0.08 
0.04 
0.06 
0.1 2 

0.14 
0.24 
0.1 8 
0.24 
0.34 

0.34 
0.1 2 
0.24 
0.30 
0.1 0 

0.1 6 
0.14 
0.1 2 
0.24 
0.24 

0.34 
0.26 
0.20 
0.1 6 
0.1 6 

0.26 
0.14 
0.14 
0.32 
0.28 

0.78 
0.24 
0.24 
0.38 
0.36 

Silver 

0.00 
0.00 
0.00 
1 .oo 
0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

0.00 
0.04 
0.00 
0.00 
0.05 

0.07 
0.00 
0.00 
0.1 1 
0.00 

2.84 
0.02 
0.00 
0.00 
0.00 

0.00 
0.00 
0 00 
0.00 
0.03 

0.00 
0.00 
0.28 
0.22 
0.22 

0.76 
0.00 
0.00 
0.00 
0.00 

Copper 

19.2 
17.8 
27.7 
19.6 
24.6 

19.6 
16.2 
16.0 
16.6 
23.0 

19.4 
13.8 
10.9 
16.3 
19.8 

18.0 
11.1 
22.2 
4.3 

17.4 

19.7 
12.0 - 
17.7 
16.9 
19.8 

18.2 
15.7 
17.7 
12.4 
15.7 

15.2 
36.8 
49.2 
57.6 
21.4 

46.2 
67.3 
25.7 
37.3 
51.3 

Lead 

3.0 
3.8 

12.4 
7.1 

24.0 

3.1 
7.8 
3.7 
3.1 
2.0 

0.0 
56.0 
11.5 
0.6 
0.0 

3.1 
8.6 

12.4 
1 .I 
1.3 

874 
7.8 
4.6 
2.7 
1.7 

6.9 
13.1 
1.9 

16.0 
1.7 

0.8 
14.8 
51.7 
31.2 
13.8 

267.0 
8.3 

75.3 
8.3 
4.0 

Zinc 

4 3 
44 
33 
73 
7 8 

5 1 
53 
6 5 
5 8 
56 

73 
56 
32 
38 
3 8 

48 
4 5 
5 2 
27 
60 

6 8 
58 
50 
59 
6 8 

60 
32 
2 7 
2 3 
40 

29 
40 

153 
132 
4 5 

61 0 
85 
5 5 
4 2 
29 

Molybdenum 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
2 
2 

Antimony 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
3 5 

0 
0 
0 

0 
0 
0 
0 
0 

526 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

46 
0 
0 
0 
0 
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Sample No. Gold Silver Copper Lead Zinc Molybdenum Antimony 
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Sample No. Gold 

0.44 
0.48 
0.66 
2.74 
0.22 

0.53 
0.44 
0.44 
0.24 
0.1 3 

0.99 
0.23 
0.1 5 
0.22 
0.33 

0.20 
0.1 7 
0.1 6 
0.39 
0.32 

0.40 
0.39 
0.35 
0.22 
0.30 

Silver 

0.00 
0.00 

14.90 
13.50 
0.00 

0.00 
0.00 
0.06 
0.00 
0.00 

5.44 
0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.05 
0.1 1 

0.1 1 
0.25 
0.00 
0.00 
0.00 

Copper 

26.5 
17.4 

2470.0 
1060.0 

28.8 

8.5 
4.6 

19.6 
22.8 
61.4 

390.0 
32.3 
43.9 
16.8 
21.8 

15.3 
27.7 
26.4 
30.3 
10.7 

41.9 
50.0 
21.2 
30.4 
22.6 

Lead 

2.1 
0.0 

3770.0 
21 90.0 

9.8 

5.2 
6.7 

47.6 
4.2 

22.7 

747.0 
10.0 
23.6 

7.1 
3.6 

1.2 
7.9 
3.9 

11.9 
16.8 

20.1 
37.3 
4.1 
7.1 
5.0 

Zinc 

6 3 
38 

8700 
3300 

53 

19 
137 
40 
97 

133 

380 
43 
64 
58 
62 

49 
75 
7 9 
90 

157 

5 1 
224 
68 
8 8 
67 

Molybdenum 

0 
0 
'1 
0 
3 

6 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

2 
'I 
0 
0 
0 

Antimony 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
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TABLE 7-PALYNOLOGY DETERMINATIONS 
(Analyses by Anderson, Warren and Associates, Inc.) 

Fossil assemblages: A = abundant, C = common, F = 
frequent, and R = rarc. 

26-1 P-77 

Gymnosperm pollen (A), ~smundacidites sp. (R), Lyco- 
podiumsporites sp. (R), Taxodiaccac (R). 

Deflandrca denticulata (F), Palaeocystodinium gol- 
zowense (R), Spinifcritcs spp. (R). 

AGE: Pa lcogcnc (Palcoccne-ear ly 
Eocene) 

ENVIRONMENT: Marine. 

Gymnosperm pollen (F). 

Dcflandrea dcnticulata (R), Spiniferites scptatus (R), 
Spinifcritcs spp. (R). 

AGE: Palcogcne (Paleocene) 
ENVIRONMENT: Marinc. 

Gymnospcrm pollcn (C). 

Deflandrca denticulata (R), Palaeocystodinium gol- 
zowcnsc (F), Spiniferitcs spp. (R). 

AGE: Palcogcnc (Paleocene-early 
Eocene) 

ENVIRONMENT: Marinc 

Gymnospcrm pollen ( F ) .  

Deflandrea dcnticulata (R), Palaeocystodinium gal- 
zowense (R). 

AGE: Palcogcnc (Paleocene-early 
Eocene) 

ENVIRONMENT: Marine. 

Gymnospcrm pollen (F), Betulaccac (R). 

AGE: Tertiary 
ENVIRONMENT: Nonmarine. 

Gymnosperm pollen (F), Aquilapollenites quadrilobus 
(R, reworked). 

Deflandrea denticulata (R), Palaeocystodinium gol- 
zowense (R), Sirmiodinium @ (single, reworkcd). 

AGE: Palcogene (Paleocene-early 
Eocene) 

ENVIRONMENT: Marine 

49-lP-77 

Gymnosperm pollcn (C). 

AGE: Indeterminate 
ENVIRONMENT: Nonmarine. 

62-IP-77 

No identifiable palynomorphs. Poorly preserved organ- 
ics, very dark brown color. 

AGE: lndcterminatc 
ENVIRONMENT: Probablc nonmarine. 

65-IP-77 

Lacvigatosporites sp. (R), Fungal spores (R). 

AGE: Indeterminate 
ENVIRONMENT: Nonmarine. 

Gymnospcrm pollcn (F), Lycopodiumsporites sp. (R), 
Osmundacidites (A), Laevigatosporites sp. (A), Ainus 
(R). 

AGE: Tertiary 
ENVIRONMENT: Nonmarine. 

Gymnosperm pollen (C), Tsuga (R), Osmundacidites sp. - 

(F), Lacvigatosporites sp. (F), Taxodiaccac (F), Juglans 
(R), Ulmus (R), Nyssa (R). 

Areosphaeridium diktyoplokus (single, reworked?) 
AGE : Tertiary (possible Eocene, Oligo- 

cene, or middle Miocene) 
ENVIRONMENT: Probable nonmarine, warm tem- 

perate paleoclimatc. 

58-W L-77 

Gymnosperm pollcn (A), Tsuga (C) ,  Osmundacidites sp. 
(A), Pterocarya (C), juglans (F), Betulaceae (R), Ainus 
(R), Ulmus (R),=a (R). 

AGE : Tertiary (possible Eocene, Oligo- 
cene, or middle Miocene) 

ENVIRONMENT: Nonmar ine ,  warm temperate 
paleoclimate. 

Gymnosperm pollen (C), Tsuga (F), Laevigatosporites 
sp. (F), Polypodiaceac (R), Osmundacidites sp. (R), 
Betulaceae (R), %s (R), Fagus [single, Tilia (single)j 

AGE: Tertiary (possi blc Eocene, Oligo- 
cene, or middle Miocene) 

ENVIRONMENT: Nonmar ine ,  warm temperate 
palcoclimate. 
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60-W L-77  AGE: Tertiary (probable carly to middle 

Gymnospcrm pollcn (A), T- (C), Laevigatosporites Mioccnc) 

sp. (C), Polypod iaccae (F), Pterocarya (C), Betulaccac ENVIRONMENT: Marinc (probable warm tcmpcratc 

(F), Ainus (F), Carya (R), Ulmus (R), Nyssa (R), TJ paleoclimatc) 

(F), Momipites (R), Fagus (R), Boisduvalia sp. (R). 

AGE: Tertiary (possible Eocenc, Ol igo- 
cene, or middle Miocene) 

ENVIRONMENT: Non marinc, warm temperate 
paleoclimatc. 

TABLE 8 
Gymnosperm pollen (A), Tsuga (F), Osmundaciditcs sp. MACROPALEONTOLOGY DETERMINATIONS 
(F), Lycopodiumsporites sp. (R), Polypodiaceae (F), 
Laevigatosporites sp. (F), Boisduval ia sp. ( R). All macrofossils listed below arc in the collections o f  the 

AGE: Tertiary U.S. Geological Survey, Branch of Palcontology and 
ENVIRONMENT: N o n  m a r i  nc, tcmpcratc palco- Stratigraphy, Menlo Park, California. ldcntifications 

climate. were madc by Louic Marincovich. 

64-WL-77 F i e l d  l o c a l i t y  15-WL-77 (USGS Ccnozoic loc. 

Gymnospcrm pollen (A), T= (F), Laevigatosporites 
sp. (F), Lycopodiumsporitcs sp. (R), Osmundacidites sp. 
(R), Betulaceae (R), Pterocarya (R). 

?Oligosphaeridium complex (single, rewor kcd?). 

AGE : Tertiary 
ENVIRONMENT: Probablc nonmarine, temperate 

paleoclimate. 

Gymnospcrm pollen (A), Tsuga 

AGE: Tertiary 
ENVIRONMENT: Nonmarine, possible warm tem- 

perate paleocl imate 

Gymnospcrm pollen (A), Tsuga (A), Osmundaciditcs sp. 
(R), Lycopodiumsporites sp. (R), Polypodiaceae (R), 
Betulaceae (R), W s  (F). 

AGE: Tertiary 
ENVIRONMENT: Nonmar ine ,  temperate paleo- 

climate 

Gymnosperm pollcn (C), Tsuga (C), Osmundacidites sp. 
(F), Pterocarya (R), Carya (R), Ulmus (R), Juglans (R), 
& (F), Boisduvalia sp. (R). 

Micrhystridium sp. (R), Spiniferites sp. (C), Tubcrculo- 
dinium vancampoae (R), Lejcunia hyalina (single), ? 0 ~  
e r c u l o d i n m ) .  

M7186).-Black Lake mcasurcd section, east o f  Black 
Lakc ncar Range Peak, Chignik (B-3) Quadrangle; NW%, 
Scction 3, T. 43 S., R. 60 W.; latitudc 56"30' N., longi- 
tude 158"43'W. Bear Lake Formation. 

Bivalves: ?Clinocardium sp. 
?Chione sp. 

COMMENT: Specimens arc all molds and casts, 
poorly preserved. 

F i e l d  l o c a l i t y  16-WL-77 (USGS Cenozoic loc. 
M7187).-Same locality as 15-WL-77 above but about 23 
mcters (75 fcct) stratigraphically lowcr in scction. 

Bivalves: Clinocardium sp. 
M 2  sp. 

COMMENT: is known in shallow watcr. 
0-50 m in depth. Clinocardium in  
0-200 m depths. Age i s  in- 
determinate. 

F i e l d  l o c a l i t y  47-WL-77  (USGS Ccnozoic loc. 
M7188).-68 m (225 fcet) above base o f  measured scc- 
t ion in sea cliff, wcst side o f  Beaver Bay north o f  Point 
Aliaksin, Aliaksin Peninsula, Port Moller Quadrangle; 
S%, Section 18, T. 54 S., R. 75 W.; latitudc 55"30'N., 
longitude 16IoW.; Unga Conglomerate Membcr of Bear 
Lakc Formation. 

Gastropod: 
AGE: 
ENVIRONMENT: 

Ch lam ys (Swiftopccten) don- 
m7er i  MacNcil - 
Beringius hataii MacNeil 
Middlc Mioccnc 
Probably inner neritic (0-100 m 
depth); temperate marine climate. 
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F i e l d  locali ty 103-WL-77 (USGS Cenozoic loc. 
M7189).-Milky Rivcr measured section, 760 m (2,500 
fcct) abovc base o f  scction; on north slope o f  valley 
abovc headwaters of Milky River, cast o f  Bear Lake, Port 
Moller (D- I )  Quadrangle; Sections 33 and 34, T. 48 S., 
R. 69 W.; latitude 5S059' N., longitude 16O003' W. Bcar 
Lake Formation. 

Bivalves: Mytilus (Plicatomytilus) sp. 
?Glycymeris sp. 
?Cyclocardia sp. 

Gastropod : - Natica or - Polinices sp. 
AGE: Mioccnc 
ENVIRONMENT: Water depth 0-50 m. 

F i e l d  l o c a l i t y  98-WL-77 (USGS Ccnozoic loc. 
M7190).-Same locality as 103-WL-77 abovc but 143 m 
(472 feet) stratigraphically lower in Milky Rivcr section. 

Bivalve: ?Ciinocardium sp. 
COMMENT: Agc and cnvironment indetcr- 

minate. 

F i e l d  l o c a l i t y  94-WL-77 (USGS Cenozoic loc. 
M7191).-Same locality as 98-WL-77 abovc but about 18 
m (59 fcct) stratigraphically lower in Milky River sec- 
tion. 

Gastropods: N e p t u  nea (Neptunea) plafkeri 
Kanno 
Neptunea (Neptunea) lyrata 
(Gmelin) subspecies 

AGE : Late  early Miocene to late 
Miocene. 

ENVIRONMENT: Indeterminate. 

F i e l d  local i ty  86-WL-77 (USGS Cenozoic loc.  
M7192).-Same locality as 94-WL-77 above but about 82 
m (270 feet) stratigraphically lower in Milky River 
section. 

Gastropod: Neptunea (Neptunea) lyrata 
(Gmelin)ubspecies 

Bivalve: ?@ sp. 
Plant debris: Carbonized leaf fragments occur 

as vcry thin laminations in matrix. 
AGE: Indctcrminate. 
ENVIRONMENT: M x  inhabits depths o f  0-50 me- 

ters in modern seas. 

F i e l d  locali ty 105-WL-77 (USGS Cenozoic loc. 
M7193).-Same locality as 86-WL-77 above but about 
152 m (500 feet) stratigraphically lower in Milky River 
section. 

Bivalves: - Acila sp. lndcterminate bivalve. 
COMMENT: Age and environment indeter- 

minate. 

F i e l d  l o c a l i t y  42-GB-77 (USGS Cenozoic loc. 
M7194). S a m e  locality as 105-WL-77 above but about 
51 m (170 feet) stratigraphically lower in Milky River 
section. 

Gastropod: Crcpidula ungana Dall 
AGE: Miocene. 
ENVIRONMENT: Crepidula inhabits depths o f  

0-165 meters in modern seas. 

F i e l d  l o c a l i t y  42-JM-77 (USGS Cenozoic loc. 
M7195).-Southeast Bear Lake measured section, about 
250 m (830 feet) above base o f  scction; on west slope o f  
Bear Rivcr valley, south o f  Bear Lake, Port Moller (D- I )  
Quadrangle; Section 20, T. 49 S., R 70 W.; latitude 55" 
55' N., longitude 106"IO'W. Bear Lakc Formation. 

Bivalves: Clinocardium sp. 
?Spisula sp. 
?Podo.desmus sp. 
Macoma sp. 

Gastropod: ?Neptunea sp. 
COMMENT: Age and environment indeter- 

minate. 

F i e l d  l o c a l i t y  43-JM-77 (USGS Cenozoic loc. 
M7196).-Same locality as 42-J M-77 above but about 23 
m (75 feet) stratigraphically higher in southeast Bear 
Lake measured section. 

Bivalves: Clinocardium sp. 
O=a sp. 
?&a sp. 
?Protothaca sp. 

AGE: Indeterminate. 
ENVIRONMENT: 0- (oystcrs) inhabit depths o f  

0-35 meters in modern seas. 

F i e l d  l o c a l i t y  45-JM-77 (USGS Cenozoic loc. 
M7197).-Same locality as 43-J M-77 abovc but about 30 
m (100 feet) stratigraphically higher in Southeast Bear 
Lake measured section. 

Bivalve: Ostrea sp. 
Gastropod: ?Turritella sp. 
COMMENT: Age indeterminate; Ostrea (oys- 

ters) inhabit depths o f  0-35 me- 
tcrs in modern seas. 

F i e l d  l o c a l i t y  12-GB-77 (USGS Cenozoic loc. 
M7198).-Waterfall point stratigraphic section, about 
108 m (355 feet) stratigraphically above base o f  section; 
along beach o f  Clarks Bay, near Waterfall Point, Port 
Moller (C-I) Quadrangle; Section 30, T. 53 S., R. 74 W., 
latitude 53"43' N., longitude 160°01' W. Stepovak For- 
mation (Burk, 1965). 
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Bivalves: Macrocallista sp. 
?Macoma sp. 

AGE: Tertiary 
ENVIRONMENT: Indeterminate. 

F i e l d  locality 77-SWH-13 (USGS Cenozoic loc. 
M7199).-Same locality as 1 2-GB-77 above but strati- 
graphic position o f  sample was not provided. 

Sediment-filled burrow of  unknown origin. 

F i e l d  l o c a l i t y  47-GB-77 (USGS Cenozoic loc. 
M7200).-Measured section at Cape Tachilni, locality 5 
m (16 feet) above base o f  section; False Pass (D-3) 
Quadrangle; Section 35, T. 60 S., R. 90 W.; latitude 54" 
56' N., longitude 162"52' W. Tachilni Formation. 

Bivalves: Venerid-mold o f  interior shell 
features 

AGE: 

Clinocardium sp. 
Mytilus sp. 
Indeterminate. 

ENVIRONMENT: Mytilus inhabits depths o f  0-40 
meters in the modern northeast- 
ern Pacific. 

F i e l d  l o c a l i t y  51-GB-77 (USGS Cenozoic loc. 
M7201).-Same locality as 47-GB-77 abovc but 47 m 
(1 55 feet) higher stratigraphically in same section. 

Bivalves: Glycymeris sp. 
Clinocardium sp. 
Chlamys (Swiftopecten) cf. C_ (5.) 
leohertleini MacNeil Venerid sp. 

Gastropods: Natica (Cryptonatica) c&e 
Broderip & Sowerby 
?Neptunea sp. 

Echinoderm: Fragment o f  sand dollar echinoid. 
AGE : ~lio-cene 
ENVIRONMENT: Cool-temperature or colder hydro- 

climate. 

F i e l d  l o c a l i t y  53-GB-77 (USGS Cenozoic loc. 
M7202).-Same locality as 51-GB-77 above but located 
stratigraphically higher and 0.2 m (2 feet) above a break 
in the section. 

Bivalves: Thyasira disjuncta (Gabb) 
sp. 

AGE: Oligocene to Holocene. 
ENVIRONMENT: inhabits depths o f  0-50 me- 

ters in the modern northeastern 
Pacific. Thyasira i s  a cool-temper- 
ature or colder water inhabitant. 

Bivalves: Clinocardium sp. 
Nemocardium sp. 
Macoma sp. 
?Cyrtodaria sp. 

Gastropods: N-C~~ ptonatica) clausa 
Broderit, & Sowerbv 
~argarikes cf. M. cbstalis (Gould) - -  

AGE : Pliocene 
ENVIRONMENT: lnner neritic (0-100 meters), cool- 

temperature hydroclimate. 

F i e l d  l o c a l i t y  4 - I P - 7 7  (USGS Cenozoic loc. 
M7204).-Float specimens from Wcst Morzhovoi Bay 
stratigraphic section, False Pass Quadrangle; Section 35, 
T. 60 S., R. 90 W.; latitude 5456 '  N., longitude 162"52' 
W. Tachilni Formation. 

Bivalves: Clinocardium sp. 
Macoma sp. 
m a  (Arenomya) cf. M_ (A_.) 

AGE : 
arenaria Linnaeus. 
Miocene or younger 

ENVIRONMENT: lnner part o f  inner neritic (0-50 
meters depth), cool-temperature 
or colder hydroclimatc. 

F i e l d  l o c a l i t y  55-GB-77 (USGS Cenozoic loc. 
M7203).-Same locality as 53-GB-77 above but 2.4 m (8 
feet) higher stratigraphically in the same section. 
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Figure 2. Splintery-weathering habit typical 
Hoodoo Formation (Burk, 1965) 
posures. 

o f  
ex- 

Figure 3. Upward-thickcning sequcnce of Tolstoi Formation (Burk, 1965) sandstone 
beds exposed in the northeast quarter o f  sec. 6, T. 54 S., R. 76 W., S.M. 
(plate D). 
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Figure 4. Black Lake stratigraphic section exposcd 
east o f  Black Lake. The light-colored 
bands in this Bear Lake Formation ex- 
posure are generally sandstone. 

Figure 5. Upper sandy uni t  (light-colored) of Black 
Lake stratigraphic section (see fig. 4). 
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Figurc 6. Uppcr part of thc Milky River stratigraphic section. Thcsc Mioccnc strata of 
the Bear Lake Formation are unconformably overlain by younger volcanics 
(shown in the upper left). 

Figurc 7. Lowcr part of the M ~ l k y  River stratigraphic section of thc Bcar Ldkc 
Formation. Arrow indicates correlation marker with upper part o f  section. 
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Figure 8. Crossbedded sandstone of the Bcar Lake Formation common in upper part o f  
Milky River stratigraphic section. 

Figure 9. Southeast Bear Lake stratigraphic section. These 
Bear Lake Formation beds are overlain by vol- 
canic~ (shown in upper part o f  photograph). 
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Figure 10. Heren stratigraphic scctions showing beds of the Tolstoi Formation (Burk, 
1965) exposed along west Herendeen Bay. The sections are separated by a 
fault of unknown throw. 

Figure 11. Upper part of Lefthand Bay-Balboa Bay stratigraphic section showing bcds o f  
the Stepovak Formation (Burk, 1965). View is to  the south. 
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Figure 12. Bcaver Bay stratigraphic section exposing strata of the Oligocene Stcpovak 
Formation (Burk, 1965). 

r. a -  . , .  . 

Figure 13. Aliaksin Peninsula stratigraphic section showing strata of the Bear Lake 
Formation. 
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F~gurc 14 Massive crossbedded unit in the Bear Lake Formation, Aliaksin Peninsula strati- 
graphic section View is t o  the south. 

Figure 15. South-looking view of conglo- 
merate tipping a sandstone unit 
of the Bear Lake Formation, 
Aliaksin Peninsula stratigraphic 
section. 
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Figure 16 "Foss~l-hash" sandstone unit In the Bear 
Lake Formation, A l ~ a k s ~ n  Peninsula strati- 
graphic section. 

Figure 17.  Burrowed unlt  In Bear Lake Formation, Aliaksin Peninsula stratigraphic section 
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Figure 18. Lower part o f  the White Bluff 
stratigraphic section showing 
Bear Lake Formation strata, 
Unga Island. 

Figure 19. Middle part o f  the White Bluff 
stratigraphic section, showing 
Bear Lake Formation strata, 
Unga Island. 
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Figure 20. Upper part o f  the White Bluff strati- Figure 21. Agglomerate unit in the Bear Lake 
graphic section showing Bear Lake Formation capping the White Bluff 
Formation strata, Unga Island. View stratigraphic section. 
is to the north. 

Figure 22. East Morzhovoi Bay stratigraphic section showing the Tachilni Formation. 
This formation is exposed in several places along the bay. 
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Figure 23. Authors Bolm (left) and Lyle working on a fossiliferous ledge in the Tachilni 
Formation, East Morzhovoi Bay section. 

Figure 24. Shale rip-up layers in the Tachilni Formation, East Morzhovoi Bay stratigraphic 
section. 


