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MINERAL RESOURCES OF ALASKA 

GEOLOGY OF T H E  MOUNT KATMAl AREA, ALASKA 

Tbe M m t  Eatmal area k on the aarrka Penlnmla and mprbes the M m t  
Katmai quadrangle, the Cnpe Douglas area of the adjoining Hognag quadrangle, 
and parte of the Karlu$ and Nalrnek quadrangles. The area, whlch Inclndea 
nearly all the Batmni National Monument, is one of high relief and is drained 
by stream of preglnclal orlgln. At  leaat two ice advances are fndicated by 
the moraine configuration. Premnt-dag gl~clation is meted to nnrnemns 
alphe glaciers in the mountain arms. FUteen recently active ~olcanoes roughly 
form a line from Mount Douglas to M ~ r t l n  Mountah 

8eBirnentn1-y rocka older than Middle Jnrassic age. and of Late 3 m m I ~  
Late Cretnceoum, and Eocene age are repreaentd Silicic and madc igrreona 
rocks of Early and (or) Middle Jnramlc and Tertiary age locally intrude the 
sedimentary rocks. Volcanic rocks, chiefly andesite and basalt of Tettfary and 
Quaternary a#% locally overlie the  formatloas of Late Jurasnlc and Late Cre- 
taceous ~ge. me Naknek formation of Late Jurassic age m p r 1 w  a con- 
glomerate mIt overlain bg 8,000 to D,W feet of iosslliferons snndstone, silt- 
stone, mngIomerate, and shale. A new tormatlon, the Xagnyak formation, of 
Late Cretaceous (Campanlan-Maestricbtlan) age iis proposed. The formation 
baa been dIvldpd loto three Informal memherw: n lower +2,000-iaot fwailiferoarr 
silixdone member, a middle 1,OWfoot snndskone, dItstone, and shale member, 
and an upper +I,Wfmt llttoral sandstone and slltstone member. A largely 
nonmarine coal-bearing formation at lea~t  R30 feet thick mnslsts of con- 
glomerata sandstone, siltstone, ahale, and mnl, and lnterhgem with layered 
volc~nlc rocks of Eocene age. 

Beven northeastward-trendtug anticlbes 1 0 c ~ I l y  interrupt the reglonal sontb 
easterly dip of the wdimentary mh. The largmt la the Ramlshak nnticline, 
whwe  eat k Intruded by a quartz diorlte 8tock. B reverse fault tranwcta 
the mapped area from the Little Kamhbak River to Conltact Creek. 
Tbe mb ot the NaJmek fornetion were derived i n  part from Lower and 

(or) Mlddle J m d c  intrusive racks and were laid down as shelf deporrlta dur- 
ing a transgression of seae d u r i n ~  Late Joraasic time. The Area wan nt a 
state of base level daring mmtt of Cretamaua tlme. The mu transgessdt dur- 
ing Late Cretaceona time, md thIfl wm followed by a major regression of the 
mas pennltthg the area to emerge complete1 J during Eocene tlme. No majof 
deformation occtrrred during Juraaslc and Cretaceous Mrne and slnce then there 
bas been only one major period d foldbg and faultfm, probably after Eocene 
and before Qnatwnarg time. 
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262 MINERAL RESQWRCEB OF ALASKA 

&dmmtary rocks of the Nab& and E d  lormatlma may s e m  aa 
both a sonm and a mervolr for peh1eum. Locally, atrnctnral and strati- 
graphic traps may a h  be prwent. Bny explolbttlon of the area for petroleum 
~ e e m s  remote, hmwer, and probably ahould not be attempted untll wch tlme 
as driIling in more favorable localitlm north and muth of the Mount Katmal 
area deitmfb the petroleum pmalbilitlea of the &en* rock& 

During the I9M field mason the authors m d e  mmmaisssnca 
stndies in the Mount Katmai qaadrangls and djacent areas. The 
map area (fig. 44), which includes nearly all the Kahai  Mat;ional 
Monument, is on the Alaska Peninsula. approximately between lat 
58"00' N. md 59O00' N. I t  is bounded on the west approximately 

by long 156°00' W. and on the east by Shelikof Strait, and covers 
about 5,000 sqnam miles. The field season began duly 1, 1954, and 
ended on September 2,1064. These geologic investigations were made 
in collaboration with the US. National Park Service ae part of a 
seienti6c program designed to avaluate the various geological, biolog- 
i d ,  batanica4 and archeologicaZ features of Icatmai National 
Monument, 
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The area, was mapped on vertical aerial photographa at n scale of 
1 : 40,000~ The98 ge~logic data were later transferred to a base map 
of 1 : 250,000 scaIe. The use of aerial phobpaphs facilitated m a p  
ping and allowed the geologists to cover a censiderabl y greater ama 
t h ~ n  mould otherwise be possible in a short field season. During 
the mum of the work eight field camps were established. These 
camps were reached by float plane aupplied by the U.S. Air Forca 
From t h w  base camps, geologic investigations were made by foot 
traverse as far as practical. In addition to the time thrtt was apenf 
on the pound, a part of tke season was devoted to an aerial recan- 
naissance of the 

PRRVIOm31 WOBK 

Since 1898 many scientists have contributed to the knowledge of 
the area mapped. In that yew, Jm E. Spun c d  the Alaska 
Peninsula from N h e k  on the west coast to Katmai Bay on the east, 
and his studies of the geology in the vicinity of Mount Katmai and 
elsewhem wem published in 1900. B. I<- Emarson and Charlas 
Palmhe, members of the Hariman Alaska Expedition of 1809, 
landad at mvaral points along SheIikof Stmit and rnde collections 
of plant fcwsils from the rocks of Emme nge at Cape Nukshak. 
Their hdhgs ware published in 1904. W. W. Atwood in 1911 pub 
l i e d  the wsulta of mnnsisance  work in 1908 along pa& of the 
mastline of the area mapped by the authors. In 1923, K. F. Mather 
made a reconnaissance study of the &s from Iliama Bay to the 
S%vonoski River, and during the same year W. R. Smith joined 
Mather's party at the Savonoski River after making a geologic study 
of the srea from Cold Bay (now Pule Bay) to Mount Katmai. 
The studies of both Mnhher and Smith were published in 1925. The 
eruption of Mount Ratmni in 1912 and the emplmment of the tuff 
in the Valley of Ten Thousand Smokes are treated in publieations 
by R. F. Griggs (1922) and C. N. Fennsr (lB0,l B2, 1923,1925). 
In more recent years, J. C.  K u z ~ r d  and others (1950) of the 

Union Oil Company of California and the Ohio Oil Company pub- 
lished the results of their &dings near Kamishak Bay and Capa 
Kapyak. glmial plcigy of parts of the area are included in 
publications by E. H. M&er (1952, 1953, 1954). Also, within the 
past 5 years, studies of volcanology and geomorphology hnve been 
made by Garnim M i q  and to a lesser extent by WoweI Williams, 
J. B. Lucke, H. W, Coultsr, and G. L. Snyder* Summary ebte- 
ments by t h w  men am nvailable in a report by the National Park 
Servica (Lmby and others, 1954). 



la 1953, R. Werner JnhIq a geologist of the W.S. hlogical Snmey, 
lost his life while engaged in scientific hvBsti@ions in Katmai 
N ~ t i o n d  Monument. Juhleb field notes and those of his assistant, 
Ronald W. Kistler, have been used in the prepamtion of this report, 
and their mapphg in the vicinity of Momt Katmai has beon 
beladed on plaM 29. 
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The Monnt Katmai area is d i ~ i d d  &symmetrically by the volcanic 
Aleutian Range. The mountains rim steeply from the fiordlike bays 
of the Shdikof Strait d i n e  to altitudes greater than 7,000 feet, 
and parallel the northeasterly trend of the peninsula across the 
entire area. From the crest of the mountain range the a1 titudes of 
the peaks drop less abruptIy westward and northmestward, and be- 
yond the Iirnit of tlm area mapped the topography paasas into a low 
coastal plain. 

A line of high mountain peaks, many of which a m  either dormant 
or active ~ o l c a n q  extends from Mount Douglas on the northeast to 
Martin Mounhin on the south&. Between these limits lie Fonr- 
peaked Mountain, the reMiveIy low Kagvymk C r a k ,  and the con- 
of Kdmk Volcano, Momt Denison (with an altitude of 1,506 feet, 
the highest peak in the area mapped), Snowy Mountain, Mount Kat- 
mai, Trident Volcano, and Mount Mapik. Six miles northwest of 
Mount Katmai the cone of Knife Peak Volcano ~ s e s  from the Valley 
of Ten Thousand Smokm to an altitude of 7,589 feet. 

Most of the betmeen Martin Momtain and K W  Volcano 
is built of s u m i v e  volcanic flows and generally BXCH& 4,000 feet 
in altitnde, e m p t  where baadmd-cutting &reams locally have dis- 
wted it. Within thesa p p p h i o  limits K-i Pas is the anly 







mutheastward to Shalikof Strait. The river flows tranEmem to the 
regional structure through a glaciated W-shaped valley about 5 miles 
wide, The floor of this valley is composed of thick mh deposits 
from tha 1912 eruption of Morint Kstmai, and the river, flowing on 
them deposits, comprises hundereds of small streams which Intercon- 
nect 2.0 form a bmided pattern. T h e  gradient of h river, axlcept in 
its hdmtem,  averages 10 feet per mila. 

Unlike the $amnoski, Ukak, and Katmsi Rivers, which ffow trans- 
ea~sa to stroctural trends, the Kamishak and smaller related drain- 
sges are subsequent streams. The Kamishak River, paralleling the 
northeastward-tmnding r&onrtl ~truct~uure, heads in relict cirques 
and active glaciem of the vofcanio mountains and dimentary-xwk 
uplands, flows northeastward, and, beyond the map are% receives the 
water of the little Kamishak River and empties into Akumwawik 
Bay. On the upper 13 miles of t.he river the pdient  averages 35 
feet per milmile. Below its junction with the South Fork the gradient 
averages 18 feet per mil& 

mxmt3 

In the northwest corner of the map area a, p u p  of in tern&& 
lakes m i v e s  the water of ma& of the westward- and northwestwad- 
flowing streams. W& of the map area these lakes ara drained by 
t,he N a h k  River, which meanders through tha lake-studded BristoZ 
Bay coastal plain and empties into Kvichak Bay. The lakes rare 
glacial in origin, and their beds were scourad in intrusive and vol- 
&c mh They lie I- than 200 feet a h w  sea level. 

Fieldwork by the authors was concentmhd mainly on the dudy of 
Mesozoic and Cenazoic stratigraphy and structure, and less so on the 
gtudy af the glacial geology of the a m  Mapping of the glacial fea- 
tures (see pI. 29) was b a d  in part upon observations in the field, 
but for the most part resulted from interpretation of verticaI aerial 
photo~;~aphs. The authors interpret that at least two separate glacia- 
t i on~  m u d ,  md fiat these conwponci to the B m b  h k a  md 
niuk Arm glglaciatian~ described by MuIler (1953, p. 2-3) and asigned 
to late Wisconsin age by P6w6 and others (1953, p. 13). 
In the northwestam part of the mag area, terminal moraines of the 

two glaciations m cEmrlp p-med (pl. 29). The older of these 
two, the Brooks Lake, is superimposed on what may ba a partly ob- 
gcnred ground momine of an earIier advance. The Bmks Lnke ad- 
vance is mpr89811hd by a series of amate genemlly undissected lat- 
era1 and terminal mornines enclming h k e  Bmks, f davain Lake, 
h k e  CopfLle, and Rammemly h k e .  Muller (1953, p. 2) reports that 



may be partly equivalent to the crystalline limestone schist and quartz- 
ite of Paleozoic(?) age mapped by Mather (1925, p. 163-164) at 
the head of the Paint River, or to the Paleozoic and early Mesozoic ( 9 )  
age rocks exposed in the vicinity of Lake Iliamna (Martin and Katz, 
1912). 

BEDDED ROCKS OF XESOZOIC AGE 

NAENEE FORMATION 

History.-The name Naknek was given to a rock "series" by Spurr 
(1900, p. 170), who stated : 
The Naknek series consists of a great thickness series of granitic arkoses and of 
of conglomerates which generally contain pebbles of granite. 

He further noted (p. 169-170) that 
at Katmai Point the basal rock exposed just above tidewater is hard massive 
granitic arkose; above this comes a dense aphanitic rock . . . and higher up 
come arkoses, made up of very coarse granitic fragments, and coarse conglomer- 
ates, having pebbles of biotite granite. Through all the rocks of this series 
indistinct plant remains are common. 

On the basis of the available information i t  is not quite clear where 
the type locality of the Naknek was intended to be, nor is it entirely 
clear what Spurr considered the upper and lower limits. Presumably 
Spurr had no specific type locality in mind, but intended that the name 
represent the rocks exposed from Mount Katolinat to Katmai Pass, 
and southward to Katmai Bay. Martin (1905, p. 44) used the word 
formation in place of series, and the name Naknek formation as it 
is used now applies to a sequence of rocks of Late Jurassic age locally 
having a basal conglomerate member. Martin and Katz (1912) 
originally applied the name Chisik to this conglomerate and treated 
it as a unit of formational rank overlying the Chinitna shale and 
underlying the Naknek formation, but in 1926 Martin treated the 
Chisik conglomerate as the basal member of the Naknek formation, 
and this is its present usage. 

I n  1925, Mather mapped a conglomerate unit as the Chisik con- 
glomerate over the crest and along the flanks of the Kamishak anti- 
cline, and the authors have extended this mapping along part of the 
shoreline of Lake Grosvenor (pl. 29). The contact of this conglomer- 
ate unit with older rocks is not exposed in the map area, and its 
identification by Mather as the Chisik conglomerate apparently was 
based on the lithologic similarities of the conglomerate in the Mount 
Katmai area to the one described by Martin and Katz (1912) in the 
Iliamna region. 

Ocmrrence am? lithology.-The Naknek formation crops out in a 
mountainous belt 20 to 38 miles wide which trends northeastward 



m the e n h  a=. On the northwest side of its ontemp Mt the 
formation is in fault contact with igneous rocb of Early and (or) 
Middle Jnras~~ic age. In the northeastern pert of the map area it is 
overlain partly by rocks of Crehcmus age, and both here and over 
much of the central part of the map a m  it is overlain by volcsnio 
rocks of Tertiary and Quaternary aga 

The Chisik wnglornerate member mmists of irregularly bedded 
marine conglomerate which, north of the mapped area, may be as 
much aa 1,000 fed thick (Mather, 1925, p. 160), Along tha northeash 
shore of Lake Gmsvenor the conglomerate contains large generally 
rounded cobbles and boulders of granite, chert, jmper, and meta- 
morphic and mrafic ignwus roch in a green feldspathic fossilifemus 
sandstone matrix. The conglomerate is lenticular and is interbedded 
with coarse green arkose. The thickness of the member undoubtedIy 
Variw considerably throughout the area, and its contact with the 
overlying beds of the Naknek formation is gradational. 

The part of the Naknek formation above the Chisik conglommah 
member consists of 6,000 to 9,000 feet of marine sandstone, siltstone, 
mnglomerata, and sMe. The lowest 800 feet of this sequence is com- 
p m d  of fie- to coarse-grained arkose of low ta medium pormity and 
low perme~bility. The sandstone contains rounded fragments of 
g m y  and green chert, feldspar, and white qnaw, with interbedded 
dense medium-gray siltstom and sandy red-weathering shale, Thin 
beds and lenses of mng1omerab containing granite, chert, md meta- 
morphic and mafic igneom detritus in a feldspathic green argillaceous 
matrix are present, and limy and nadimg siltstone concretions and 
carbonamow material mur sporadically. The 800 feet is fosili- 
ferouq and specimens of Awe@, which is the predominant fossil 
type, are so abundsnt that locally the rock ia coquinoid. 

Omflying the lowezt 800 feet is about 2,000 feet of lem reskfant 
predominantly thin-bedded siltstone, he-grained mdsEone, a d  
sandy shale. Conglomerate similar to that dwribed above ocxurs as 
minor lenses. The AweZEa ~ p .  which chamcterim the lower I d s  is 
present tn a 1-r degree in this part of the sequenm. 

The upper 3,000 to 6,000 feet of Ehe Naknek formation conaisks 
lmnlly of massive conglomerata, similar in composition to the basal 
Chisik conglomerate member, interbedded with fine- ta coarse-grained 
fossilifemus ~rkose, siltstone, and dlale. Massive conglomerata mi ts 
as much as 2,QOO feet thick and composed predominantly of large 
bouldem of silicil: and mafic intrusive rocks in a green fossiIiferous 
sandstone matrix crop out rit Mount Katolinat. Pebbles of biotite 
granite are abundant throughout the mks in the npper 3,000 to 6,000 
feet of the formation, and as Spurn (1900, p, 170) nohs, many of 
the upper has  contain macerated plant remains. 



Iliernred shwiiqrnphic rrectiolarr.-Only one section which was in- 
complete, wa9 rneknid by the authors & the field. This section is 
on tlm northeast side of Lake Gmvenor (pL 29) where the essentially 
flat lyina beds of tha Naknek formation crop out in resistant hnclles. 
~e i tker  the upper nor the lower contact of the formation is exposed. 
Units of this stratigraphic section (I, pl. 32) are dmribed below in 
descending succession. 

Beclicm I: M u h k  fomab$m on mrtheuat aide of Loke 6ro#enot 

~ L O F ~ ~ I O U ,  pl. as: ~ T ~ P ~ I C  d o n .  pr. a21 
PhkkRerr 

) 

1. Blltatone, sandatone, and &ale. Upper b d a  consiat of gray hlghly 
indurated mamlve siliceous siltstone, and gray-green sandrrtone; 
remainder of unit con~ l sb  of gray-green fossIliferous sandwone, 
gray dense slabby siltstone, and red-weathering sandy  hale. 
Partly co~ered----,,-,-,,,,~,-,,----------~---, 840 

2. Blltstonq gray, resfstant, dense, makes up large part of nelt ; minor 
interbedded me-grained arkoae of low porosity and pemeabilleg. 
Arrcelln w. common throughout. Partly covered -,------,-,,,, 800 

3, landatone. gray-green. fine-gralnd, anbgraywacketype, with 
granules of green and gray chert, and jafqwr; and gray den- platy 
siltstone, Aatcello sp. mre --------,,,,,,,,,,------,-,,,,,, 140 

4, Arkose, I tght-grny to green, fine-grained, AtreeUa-bearing ---BB-BBBB 00 
6. Snndatone, llght-gray to green, alabby, arglllamatt, and gray hkr- 

bedded slltstone. AdBlmlla sp. common, ,------,,,,,,,,,,---- 76 
8. Siltstone, peen, ~radeg to green sandstone: mlnor thlu carbonaceous 

~ e a m s .  duoella sp. common EX 
7. Biltatonq may, den% well-indomted. noncnlcareouar; in x- ta 2. 

inch bed#, abundantly fosslliferoaa Fomll colln. 26277, near top 
of unit_-,----,---,,,,------------,-,,-4-,----,,,,,,,,,,,,,,,, 3tW 

8. Bandstone, green, falrlg well €mi&, locaUy coqninoid, fwtlifwous. 
FosEril colla 25nS , , - - ,B, , , , -- , , , - -~------h---d-------  60 

0. kndatone, green-gray, mame-grrIned, noncalcareona. DetrItal: con- 
s t i t~~ lenb  are well m ~ ~ o d e d  ialrly well sorted green and gray cbert 
and feIdapar, and white quarb, Aumlta 8p. and pecttnold peIecy- 
p d s  abu~dant----,--~--------------,--,,--------,,,,,,, 90 

10. Slltstcme, gray, masaive ; contains !ensee of mnggFomeratic ~~andsrtone 
wlth subrounded chert gaina fn a green fofisiliferous mndatana 
matrix ; grade9 into Gbialk conglomerate member below. Interval 
abundantly fossilifemus; k s i l  coHn. 25278 --,,,,,,,,,,, %O 

21. Conglonlernte, marine. wfth Ism well-rounded cohblea of granite, 
chert, nnd maflc Igneous rock in s lfreen fos~lllf~rous matrix; 
makes up Chfslk condomerate member. Auoella sp. common--- 80. - 

Total meamred Naetnek formation --,,-- - -----------, 2,440 

Age and m k t h - J u r a s s i c  fossils collected by the authors are 
listed b~lom. Identifications are by R. W. Imlay, of the U.S. Grw 
logicnl Survey. In the first celnmn in this tnMe and otJher tabla  of 
f k l s  that follow, 'fUSGS Mesozoic loc." refers to the Geologiml 



S w ~ y  h w i c  la l i tg .  number under which the fossils are 
filed Foasil mllections 25276,26277, and 25278 wem obtaind from 
stratigraphic section 1 ~t Lake Gmwnor (ph. 29 and 32). Xlot 
25279 w w  collected from an isolahd cutbank on the south side of 
Lake Gmvenor (pi. 21). 

U#@S 
JTeaouoio he. IdemUpmiiom 
25276 Au&& rupoau (Flscher) 

AuoeUa w q w m a b  (pon 

Bucb) 
MeEeagriwnu 8p. 

25m ducoila mgoaa (meher) 
ducello rnoaqumau (voo 

Buch) 
Pteuromym np. 

BLT(f8 
YsrW0oCe tw. I-- 
252~8 dumna mqarmk (am 

Buch) 
AUoellu maso  ImRileT) 
Pleuromya 8p. 

23279 Auce1l.a m o s q t r ~  (von 
Bnch) 

ahmchonellld brachlopods 

Smith (1925, p. 199-200) made several fossil collections in the 
muthwest part of the area mapped by the authors. The I d t i 8 9  
are plotted on plate 29, but, owing to the diflerence in the base maps 
uwd by Smith and by the authors, the positions may not h exact. 
Smith (1925, p. 200) lists the following fossils identified by T. W. 
Stun ton : 
EO77. Earrt I d e  of KejuIlk Pam, blew Oaa Creek : 

Rhynchmlla ap. 
P l c u m ~ a  sp. 
Turbot sg. 

'Botevndtes Bp. 
PhylEocw~s ap 
Bone irapment 

Jurassic, Na$nek 
12M8. U p m  part of Gas Creek. Low& ex& beds: 

As~eZfa RV. 
Eumimotia m. 

Jurassic, N~knek 
12079. Mountain top eaat of YorI Pasa : 

Awe- m ~ q w &  (VW Bnch) 
Asdarle hfp. 
PEs~rOmga flp. 

Jnrmic, Nalmeh 
l2Wl. BakM Monntaln, north dde of Valley of Tw Thoasand 8moken: 

A u d a  moaqwmk (von Bnch) 
Lima sp. 
Ttwbof 6p. 
Belemnitea m. 

Jurassic, Naknek 

Rocks of t he  Nahek formation are widespread on the Alaska 
Peninsula aa well as in other amas including the Mahnrrska Valley 
PREE Tnl kwh& MonntWins. Irnlay (1952, p. 977-978) points out that 



The basal part oi tbe Naknek iormatlon Is of lower Wordinn am Clrra* to 
p Z i a d b  eonw ot northwe  Europ? ) , as ~ b o w U  by the p-nce "Of *idon8 
@mica of CordCoamw la the Cook Inlet . . . fandl In the Mabnsfta 
Valley. . . . The overlying b&i in the lower part of the Naknek formation are 

, of pr-ble upper Olrfordlan flfp?, ae sbown by the presence of Amoeboeeraa 
. (Prlbaod0cera.9) aseociated with flnely etrfate dmR& brmd (muilker) . . . 
: A Klmmeridglaa age to baual PortlandIan am? for the nppr part of the .NakfWk 
formation Is shown by the presence of drtctrlh n o s g u W  (yon Bnch) and 
A. rugoau (Flmher} . . . 
AuceZh fironmi has been more m n t l y  dssignshd aweella e m a d r k  
In the Mount Ratmai &area the Cwdiiweraa zone and the Amebo- 

G e m  mne are not represented in the lots c o l I e c ~  by the authors. 
, AweZZa mgom and Awella m p a w b ,  which Imlay believes are 
characteristic of the Middle Kimrneridgian to L m r  Portlandian 
stages (see fig. 45), occur in M a  that are not more than 80 feat; 

' above the upper contact of the Chisik mnglornemte member. Unless 
the Chidk, mapped by the authors, is reppesenhtive of ImIay's 

. two older zones, it would appear that there are overlap relationships 
within the Naknek f omation. Andher st lbative is pmible, how: 
ever. I t  ha~l already been noted that the assignment of this con- 
glomerate member to the Chisik was done by Mather (19281, md 
that the assignment was apparently based on lithologic similarities 
of the m ~ l o m e r a t a  in the Mount Katmai area to that dewribed by 
Martin mcI Katz (1912) in the Iliamna region, The authors rec- 
ognize little lithologic difiemnce between the eonglomarate unit that 
h been mapped as Ghisik in the Mount Katmai area and other con- 
glomerata units that %-re higher in the Naknek formation, and, al- 
though they ha- retained Mather's mapping, they believe it possible 
that the cunglomerate mapped as Chisik in t;he Mount Katmai n m  
is younger than, and may not be continuous with, the type Chisik. , 

E&tmy=-The name Rsguyak formation is p m p d  herein to 
designata the sequence of rocks of Ikte Cmtmeous qp that is typi- 

, fied by the stratigraphic wctiotr exposed in the vicinity of Kqyyak. 
The type gection includes the exposum at Kaguggk and the quenoe  
exposed in the aert cliffs from the mouth of the Big River to the 
Swikshak River. A t w d  (1911, p. 41) included these m k s  as part 

. of the Chignik formation. However, rrg this section has relatively 
' little in common with the -1-bring sequence at Chigriik, about 
52% milas to the southwest, it geems mom logical to assign a ditTemt 
formation name to the Upper C m b w  beds in this area 

Other geologists have studied the mks in this vicinity h the past. 
Martin 7l,%t%, p. 299) states : . . 

- .  



The nom shore of IEsgagltg: Bay, m e  AmaL or Dongha VmyS, mat 
fnr from the east enti of the &n&a PenInsnEa, comWna an- ahmt- tlnbrolren 
wries oi outrropa & wdhentary r m k ~  -king sLlghffg north of weat and 



dlmng 15" N. The weshmnost expomma consist of dark shale with mnrine 
Upper C r e h c m w  fmiI8 . . . The roch in the eaat end of the CWE m i s t  of 
grag sandstom wf th thinner bb of dark &ale In which no fmiki were found, ex- 
cept fragmentary dlmtyIedonoua leavw that were too imperiect for identiBcati0n. 

H a m a d  (1950) reports as follom concerning the mpmres on the 
Ragayrtk promontuq : 
About 44XI feet of beds ecrmprblng i o w ~ r o n s ,  concpetl-, Wck 

limy siltetone with thin be& of dark bluiprh-gray Ilmmtone are ex- in the 
@m cliff8 on the cape and in the snrroundlng reefs. !he  p w m e d  ba6e of tho 
Cretacreous 18 in a W f d  gremhh-gray We-gmlned sandstone cropping out at 
the mainland edge of the sandflat weat of the ape. The nature of the  in*^- 
lxming &wctloe is unknown. The barn1 sandstone m t a  with ap-t WE- 

formi ty on the Upper Jnrmslc Naknek fomatIon. 

The 3bfoobthick sandstone bed dwribed by %zzard is consided 
by the authors to represent the lower limit of the Kaguyak formakion 
in th is  a m  The upper beds of the formation are overlain by vol- 
canic rocks of Tertiary age of the Aleutian Ranga 

Ocewrreme uad lithology.-The K8guja.k formation is eondined in 
its geogrltphic distribution to the northeastern part of the rnrtppd 
area. Only the exposures in the vicinitg. of &guy& were vigM 
by .the authors, and the extension of the formation dsewh;ere in 
the m a  is basd largely on the interpmtation of vertical mrbl 
phohgraphs. 

The formation has been divided into t h  informal members: a 
lower foasiliferons siltstone member, a middle maasiw locally cross- 
hdded concretiona~ sandstone and interbedded siltstone and silty 
shale r n ~ m b e ~ ~  md an upper thin-beddad smchhne arid siltdone 
member. In the sxpmures at the type I d i g  the lower membr is 
abut 2,000 feet thick, the middle member is 1,090 £=ti thick, ~ n d  the 
uppr member is about 1,460 feet thick. The upper contact of the 
formation was not wan. 

T y p  s&ctdon.--Units of the type &ion (2, pIa 29 and 38) are 
describdbelow in d-nding stratigraphic s u m i o a  

H & h  E: Type mWbm tlae Ewgrdc fmwaatToA at X M  a&ng the &so 
oli#ar ,fm Big RCer to Rwihhak: Rlvsr. 

1. B~tllaStOne and ~ i I t  shalem mag, lnterbedded, eer$ fine gdmd to line- 
grained, nrgllbceous, noncalmmus, rM-weathering; sandstone 
locally contalnu carbonaceous partinga and mhor Ironatone,,--,, 780 

2 Sandstone, ironstone, and aUt shale; platg and m&y-weathem; 
sandstone 1% 8ne grained. Internal lamb c w e d  --,,,-- 700 

5. Sandatme, sllt~tone, md Alt nhale, interWded, Llght-gray, d n e  
grain@ ; aandntme In Ln EB much as 4 feet tblck, with Wdmer 
interbe& of ~Ilishne and Bilt ahale ,,,,---------,,___ 75 



common,-,,,,-,-,,,-,,--,--,,;-,,,-,-,,--nnnnnnnnnnnnn-n 7B 
5. Handatone, .1Igbb to medlum-gmy, dne- i% mediamgralned, 

~hil le interms I foot thick ,------,,,-,---,,,,,- ------- W 
8. gandatone, mag, medium-grained, massive, sllglghtlp argllhccma 

Large epheroldal andstone eoncretiws,-------,--------*,, M) 
7. hndstone, llght-gray, fhegrained, rna&velp b?ddf!d; d t b  &Itstone . 

concretions alined on bedding plan-; black silt sbde at  base Of 

m i  - -  - -  80 
d Baoa~cwe, ailtetone, and silt shale; rhythmically bedded. Band- 

stone is Ught gray, f lne  to medium-grained, with ahaly partinlfs 
and Lam spheroidal siIi.dane concretions locatly alh& on bedding 
surfacm; silt shale is dark gray, with platy to hackly fracturing; 
aandatone units up to 6 feet thick; rriltatone and Mlt abale units up 
to n b u t  8 feet tblck; Interbds In ahale unlt several inches thick-, 2b 

9. slit &ale, alltstwe, and sandstone. RhytbmtcalIy beddd unit of 
dark-gray well-lnduram a l l  t ~hnI& dmm nonc~lcarmua hacklym 
fracturing siltstone, and light-gray finemlned well-indurated non- 
calcareow sandatone. '8andatone contains a h a 4  pastlnga and ch~r 
gakla, and is formd In beds 2 inch ta 10 feet thick, with thinm 
interbeds of alltatone and sllt &ale. Large apberoIda1 .eilbt9ne 
and madatone concretion8 I m l l y  allned on beddlng suriaw--- 206 

10. E&n&tone, aIlt sbaIe, and sflhtone. Speradlc outcropa of light red- 
dish-weathering Anmained aanbtone, medtum-gray platy. rrlIt 
shaIe, and dm# ~lltstone; sbaIe galla PartIy covered--,,,--, S00 

11. Andeslte silt. F~etrwra~hic dem?rfpUon Cmmple 54 rUTe 45) : Mega- 
scoplcally a medium-dark-my phanerftic rock. 3 f i c r ~ l c a l l p  
holocry.stalline and equfgmnnlar. It mmbte pr&ominantIy of 
unoriented lster&n@ring laths of  pbgioclase averagEng 0% 
In length ; interatices between tbe plagioclase llltha fHled d t h  
grains of aWt& The plafrlwlaae la predominantly andeslna; the 
auglte fs in part alterM to amphihole. G r a b  of pyrite are a h  . 
present ,,,,----,,,,---,-----,,------------- - 40 

I m e  i n  , ,  -, ,--, 220 
13. SiltRtone, dark-gmg, hackly iraetmhg, d m  n o n c a l m s ,  *tb 

aldk veining dong db- hint aptem; large spbemld*l 
d a r k - m y  fmdllferonn siltstone conmetiom awed on Wdlng  
planes hare a fetid odor on fmti break. lntfre d o n  f a l l .  
beafing; fwrsil colln. 25282 and 25283 ,--,,,,--,,,,,--n282 - - - -  

14. Covered interval ,,-,,-,-,,, ,,,, -,,-,,I-~-,,,,,,,,-, 230 
15. Biltstone, medlnm-grag, verg b s e ,  m a d v e 4  bedd* u u t o e o ~  

breaks down lo n e d l a k e  fragpwnb and hackly fracturln~ silt 
abhle. Abundant large mhemidat limy d e m  siltatme mncretion~, 
IocalIy p g r l W  and abnndantly fwsiliferaue, alined on berIdlng 
planeer. W o n  near base k o r n e a  slt~hffg sandy. Fornil co!Itb 
BZSQ and 25281 ,-,--,,---,-,,,-,-,,,-----------,-,---,-,, - - - -  



. . , rnblrrsrr 
Itset) 

I n m  Proj&an of strike a m  tb ~ & g a k  indlmtes 
that not mom thm 300 feet of additional &ion la m t  b 
tween unit 16 gnd the contact at Kaguyak dex-rlbd by Hnmard 
(1980, p. mt ,,,-,-,-,,,, , ---,,-,------- ,,- - - - - - -  m - 

Total measured Kagagak formation ,,--,,,,,,----------- 4,650 
Nabek iarmatioa 

Age and cmehtim.-Fomils mllectd from the lower ailtstone 
member of the Ka.guy& formation were ideneed by M a y .  These 
mmples were mllectd from stratigraphic section 1, the location of 
vhich is shown on plata 29. The pmitions of the mUections in the 
stratigraphic column m &own on plate 32. 

uBaB 
Msrorob  bU. I k s n M j W W  
2a.m T r r o r n M  sp 

~ w r m y a  ap. 
25?8f, PocWdfscrrs I N e o d s r r t n o ~ )  

BP. 
Illocemmws d. t L a s ( r o d  

N-o and Matnmoto 
h t & h  8& 

U8118 
Ye4woIO Iw. f-- 

Ammda CE A. w ~ ~ ~ o s r s n s t s  
Gabb 

B282 mtooercrs ( @ a u d m s )  m. 
25283 I m m ~  d. I. M r o e m &  

Nagao and Matumoto 
I~oeran*rs d. I.  d h i k o t a m  

ets Nagao and Matmob 

' Chn~~rrning tha  mll~ctions, Imlay (1954, written cummdwtion) 
st&*: 

Tbe fossils dram the gagnfaa formation ate of CampanIan or Maedrlchtian 
a#m and are -r than any f m I l a  l o a d  In the Gblfpik formation in the 
~ontbemm part: d the Alaska Penlnaula. In the mlketoa htonntafne foasIIa 
ldenff cal with tbw In the Kagnpak fonnatlw mcur at the top of the eilfxtone 
member of f i e  Matanmka formaEon 'below the hl~heat eaad~tone mmber. 
The smooth c o m p d  pachydiscld ammonite from fmstl lot 26283 i8 g m d  evl- 
dence .of a -poeItiw higb In the Upper Ctetamns  Muence. The malt  1- 
mum with @harp, e~e~aallg-spaced ribbing that is compnmd with I. I c w s t r o W  
Nngao arnd,Matnmoto fe Illrewiae common Ln the Mgh C r e t a m s  b a a  

IA addition to the colIwtions made by the authors at this l od ie ,  
f06sils of Late ~~ age am known alm 'to mur in the upper 
beds that form the hills betwean the Karnishak and Douglw Riven  
Iday  and M d e  (1954, p. 234) stab : , 
dglmonitaa of Late Cretaceous age, probbly Campanbn, have f m d  at 
Cape Qguyak rm the 8helILoi Stralt in the upper part of a mnence mnslem~ 
of e h t  400 feet of black siltatwe md thln beds of limestone o~erlyinlf the 
N a h e k  formation (Hazeart4 1950, p. m). The ammonih lnclade Pachprdbwr 
cf. P. ootaaodensia Btoll&a, P. rucfQsMia (Meek), P M U o c m  rumosum 
(Meek), Qautlrym d. CI. dmmuimwe Whiteavea, and Dipbmmeaa notabcls 
WhIteafee. With &#& In one specimen d I ~ ~ a  that i e  probbb an inr 



ma- form ot I, aarBscnclatud (Meek), The same tmmnblage has fonnd. 
dm, nbont T mllw mntheast of the month of the ~ h b i k  River. 

BEDDED mghl OF r n 0 L O I C  AGE 

C b d h m Z H D  RO- 

H&tmy.-The term d-beaxing mks is here used to dssignste the 
cod-- nxh of Tertiary n p  that am exposad in the Ihtmai 
8 .  Coal-baring mks on the Al&a Peninsula wem mentiond 
by Dall and Harris (1892, p. 2381, who ~~ that 
dong the ehores d Ala~kn west & eontb imm Oook'm Inl& Ugnlb 
W danbtless aswwiated: Rfth plant i m m u n e ,  are not uncommon, but the 
eqloratlon of this sbm ham beeti very fm@& 

Atwood (1911, p. 4941) described cod-hring + of Tertiary age 
~t Cape Douglas and between "Hallo Bay and Amalik." 

C a a l - h r i q  sedimentaq roc& were srrid by Smith (1939, p. 62) 
to be found in patches dl the way from Cape Douglas to and7beyond 
Padof Bay. 

Oe-8 and Z%'thotugy.-The mal-kring m b  cmp out on the 
northward-facing f anIt scarp dong the south side of Ha110 Bay* at 
D a k a d  Lake, and at Geographic Harbor. These rmb probably 
are also present on the south side of K a G  Canyon, md judging 
from a &etch map by Stone (in Atwood, 1911, p. 60) they may b 
p m n t  a h  in the vicinity of Capa Douglas. They locsally interfinger 
with volcanic mks of Fmene 8ga and cannot be mapped throughout 
thB -. 

The Unit msists pdominantly of noonmarina cong1ommatet a d -  
stone, ailhtonq coal, and pE~nbbwbg mudstone+ and ran* from 
mks devited in lagoons or swamps to those deposited on the F,c-mn~ 
beaches. Volcmic rmks are locally inhrbeddd. 

Conglomerate units of the aoal-bearing m k s  are up to 60 feat thick 
and contain pebbles, cobbles, and bonllders of rn~fic igneous rocks, 
p n i t a ,  the* silicifid wood, and silicifid tuff in a light-gray to 
p n  coarse-pained tuflaceous matrix. The fine- to m a n e - p i n e d  
l ight-py sandstone units consist of chert, white qua* granite, md 
maFrc igneous detritus. Disseminated carbonacmus materid and 
plant impressions am conunon. The sandstone units are in geneml 
mderstely prous and permeable. The mquence is further character- 
ized by thin seams of lignite and low-rank coal, &~9ociated with plant- 
br ing  light-grsy mudstom 

M w e d  s$~u.tigmph& 9ecW.-Two stratipphi~ sections of the 
-1-baaring m h  were measured in the field, one at Geographic 
Harbor (4, pls. 29 and 82) and one at Cape Nduhak (3, pls. 29 m d  
32). The one at Cape Nnkshak, athe more complete of the two, is 
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e x p d  on the northward-facing fault warp that forms the divide 
between Kukak and Halto Bays. The mmsumd sequ~nca dips 2 6 O  5. 
Neither the top nor the &tom mntwt of the unit Wa8 ahserved at 
this l d i t y ,  but an the hillside facing Kukak Bay volcanic mh 
crop out not more than 500 feet stratjgraphically higher than the top 
beds of khe rnensured section. Units of the Cape Nukshak sactian am 
described below in dmnding stratigraphic succession. 

8- 3: Cu&becsdw sock8 at Cage NwkahoR 
I m H o n ,  pi. 28 ; graphic sedou, pl. 321 

~ W A W  
(?set 

Sandstone and conglomerate; mndstone l a  llght gray* fine to c w  
pained, gmrtsom; cong1merate mataina pebble% wbbles, and 
boulders of white qua- mafic and Bilidc i ~ e O n s  rrrcka, cberf, 
and w& m e n t a  Thin seams of cnrbonaceons material, lig- 
nit+ and plant-beatFng clayatone ,,,--,,,-- - ,,----I------- -------- 

Bandatone, fine, medium-, and coamegralned, qnarbee; and eon- 
glamerate cnntalning very we11 rounded pebbles of white q a a d  
and black chert. Thin -me of lignlte and carbonaceom materfal. 
Clogatone wlth abundant l e d  impmslona Colln. Cd bKe 36-,, 

Gonglornerata with cear~gmined tuffaceom matrh; masdve, can- 
t a i n h g  pebble$ abbletr, and bor~ldem of maflc and silicic mua 
a k a ,  chert. and white quartz -,,--,-,,,,I-,,------------ 

8andstone. light-gray to m n ,  ftnegmhed, m a d m  qnar-e, con- 
tainlnp: earbonaceon~ wocul impressions: and inkbedded green- 
gray leaf-beatlnp: sllmtone -,,,,,,,,--- -,--- *-------------- -- 

Bandstone. llght-$ray, fine- to con-grained, locally clubonaceou~, 
rnderateIy goreus and permeable ; and conlplomerate containlag 
pebbles of blark chert, white quarh, graotte, and mafic Igneous 
rocks. Tcq of unl t conlsts of Iww and beds 1 fmt thick of car- 
b o n a m s  material and Lignite mntafaiog gray plat-bearlap: clay- 
stme. Colln. 54 A= 35 ----,,,,,,,,,-,,-,--,,---,--,,,-,----- 

Sandaton& gm?nhh-gray- coarsegmined, friable. slabbp weathering. 
Detfitnl ronatituenb are predominantIy quart= and minor bhcR 
~hert-,,-,----,-,--,,,--,-,,-------~--------,~----------~--- 

Conglomemte with Itght-grep tuffaceons mlrtrlx, mamire; contaim 
pebhlee and mbblea, ae much as 8 inch- In diameter, omdating d 
maflc Igneoua rfwb granite, white quartz, ~lliciiled w m &  black 
chert, m n  chert, alld ~ilIcified taff ---,,,,,,,,,,--,*tafftaff--tafftafftafftafftaff 

Rnndstone, Ughtqrag, cmrse- to line-gmlned, loeaIlg c n r b o n a ~ ~ ) ~ ;  
beds 2 lachm tblck,,,,,-,,-----,,,,,,,,,,,,,-,--,,--,,,-- 

Con~lomemte, maaslve, conbina -1- aad co8b1e8 d silldc and 
maffc Igneoos mck aa much as 8 lnchea In diameter; carbonaCeauB 
matrix ,,,,,-,,-,--,-,-,,,-~----,,---,--,,,,,-,,,,,, 

;Sandstone aml conglomerate, laterbedded ,,,,,,,,,--,,--- 
CongEomemte, madsive; conWns pebbles, cobblee, and bonldera d 

ma5c lgneotls roc& granite, chert, and allid- wood ; mmtltnente 
rnoutly well rounded ; mrbonaceona Bandstone interbd~,,,,, 

Isand~toae, m a r e ,  pebbly, cmskdded ; contalns large lenm d W- 
nite and mab wood and lamellae af carkonaceous material-,,,,,,, 



18. BiIhtwre, sanatone, and cwgIomerat& Slltst~ne Is caalg, En l d c h  
beds interbedded with daa to mrae-&ned &na&tone, and chert- 

, and qua-haring conglomemte ---,---,,----------- ----b---,- 46 
14. Ijandrrtone, medium-gray, coarae-grained, pebbty ,,,---,,,,,,,--- 40 - 

TOM measared coal-bearlng m b  at Cape NnkehaBL ,,,,,,,,, 8a0 

The mks exposed in the 280-fmt incornpleta stratigraphic d m  
at G q p p b i c  Harbor (4, PIS. 29 and 82), crop out dong the south- 
WBSt shore of Geographic Harbor and farm the south flank of a 
northeastwad-plunging anticline. Units of the &ion are demribed 
below in desencling stratigraphic m d o n .  

L mnbtune,platy -,,,--,,, ",,,--,-I ,,,,, --I- --1, - ,,,, ----- 12 
2. Snndatone, %-myI triable, cxmbeddeS, with cwglomwate Iemes--,, If+ 
8. Bandstone coam te conglomeratfc, mbonaceous, wlth pebbles oi 

white and madc and dlicfc mcks -,,--, ,- ,,,,, ,,- ---,--- 7 
4. Volcanic flow rock, with i n t e r h l d d  carbonaceous matedd. Petm 

graphic degcrlptfon of the flow (sample W AKe 17) : Megatwopic- 
ally a mtxlium-gray aphmitlc porphyritic exttnslve rock. The 
phenacrysb are wblte and average abut 1 mm In length. Mfcre 
scopically the rock i~ identitled as 8odk andmite. The mlcrdltes 
of phgIoclaae have tbe approxfmate mmporl tlon & The laths 
of pbgldase  are orient& In anhpnrnllel dnw llxlea Phenmryats 
of f omer pIaglwlaae and fmromamerdlan mlnerala are completely 
replac4 by mlcfte. Contains flnelg d i a ~ m i o a t t d  limonite and a 
l a r ~  opaque includon of carbonaceous( P) material ,,,,,--,-,,-- 9 

U b d a t o n c ,  medium-gray, coarse-grained -,,,-w-h-m-----h---------- @ 
t 8andston~ .light-gray-geen, fioe-grnlned, rnawslve ; hterbQddeB Wth 

shale; plant bearinn mudatone, and thin C-1 aeamk C o b  M - 

BKe 16--,,,--,,,--,,,,,--------------------------- 1s 
7. Basalt EtiLl( 7). Pekromaphtc demipHon Immple M Age 16) : 

Megwmpicallp a dark d e w  aphmitic m k .  Mlccoecopically all 
intmgriimIar bolocryatall t ns mck. Pla~aclaw, pre&minantly 
labradorite, m r s  aa unorlentPd IebrdnnePIne: laths. Be-n 
the latba c@,plaRloclaee the lnbrmtlUal augite(?) haa alterd to 
chlorlk. Gwtaina calcite, which probably r e m n t a  an altera- 
tlon p m d t t c t _ , - , - - , , , , , , ~ ~ - - , - - - - - - - ~ ~ - - - - - ~ -  18 

B Silbezwe ---,-,,-,-,- -,,, ,,,-, , ,,,,,,-,-,---------- 3 
9. Elhale. d a r k w y ;  plant frngments mmmw ,,,,,,,---,, 5 

f& Bandatone, dark-gtag, m b d d r d  ; d t h  shale ---, -- ,,-,-,---,--- 4 
31. Handstone, dark-gmy, den@, flaegraln& ,,,, , -  8 
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FJodIc andmite ffm. PetrOgsaphE~ deemlptlw (sample M AEe 14) : 
M g m I c a U y  s vesicular lighbgrag-green rocLr with some or the 
vesiclmi filled with qzlartz or calcite. MlcroacopicaJly the m k  f 
hoIocrpstalllne. The groundmnas coneistR of lath-sham microlltee 
In a felty textured arrangement. The plagimlaw? has the apgmxl- 
mate compxdtion An, (oligoclaeandet~lne) . A few phenmryata 
(0.5 to 1.0 rnm diameter) of ualclc p l a ~ l o c l a ~  are present. The 
8prhen Is hlgbly chlorltiml and the chlorite probably is an aktera- 
tion prDduct of former fermmagneainn minerals. Secondam - 

quarts i~ abundant .......................................... - 6 
Sandstone and black alIt shale, interbedded ; nonIfmy sllCBCone con- . 

cretiona ,,,-,,,,,,,,,~-,-----,-,-,,,,,,,,,,--,----- 5 
Siltstone and carbnaceons  hale, interbeddeL ,,,,,,,,,,-,,--, 4 
Cavered I n t e r v a I - - , - - , , , , - - - - - - - - - - - - ~ - - ~ ~ - ~ - - ~ - .  M) 

Sandstone, Interbdded, wfth plae, thin-Mded sIlbtane ,,--,,----, 8 
Sandstone, Ugbb to medium-my, fine- to coarse-grained, mamlve, 

with abundant wood and carbonaceous material ---,,,,-, , ,,,-,, 
Shale, black. with abundant leaf imprmons. Colln. M AKe 18,,,,,, 
Wndmne, v e v  Ught p a y ,  dense, salt-and-pepper M t n r d ;  maesivs 

unit ; eenglomernte l e n w  containing w w d  f ragmenta near base,, 
Coal and platy carbmaceouar ahale, interbedded ---,-,----------- 
8and&ine, friable, crosehedded -------,--------,----w------d----- 

Coals male ---,-------,---------,--h----------- ---- --- 
Bandatone, light-gray, very floe grained, f s l e b l ~ - , , -  ,,-,,,,, 
Coal and slilty mandstone, interbedded ,,,--,- ,L--,,-,, 

Total m a r 4  coal-tea- m k s  at Gmgtitmlc Harbor,,, 280 

Age and comh.t&m.-Tertiarg -1-bwwing mh of the Alnska 
Pminsulw have h n  mentioned by many workers. Dall and Harris 
(1892, p. 834-249) tnmtimd lignite beds along the shorn of the 
Alaska Peninsula and discused them as part of the "Miocene of the 
Kenai group.'' AtmoocE 4 191 1, p. 49) stated that "Cape Douglas, t I ~ a  
northsastsrn extremity of the peninsula, is cumpod in part of Ter- 
tiary nxks, p m a b l y  of Kenai a@'' Fail evidence c i M  by At- 
w d  indicates that the mks he dwribea are of h e  age. 

Smith (1939, p. 82-63), in speaking of -1-hring Tertiarg beds 
in southwestern Alaska, notes that they 
have h a  f o m d  In more or 1- dlscGntinnou~ pate- nu the way fmm Cape 
Douglas * ho and hayofid Pavlof Bay * *. T3mughont thin trad the 
loweat mdmmtary beds n p m r  to be In %enera1 dw1$ comparable with the 
mica1 Kemal formatton. 

Since 1928 the name Kenai f-tion has bean nmd only for Eocene 
rocks of the Kenai Peninsula. Howm~r, the ml-bring rocks of 



Tertiary we &at am described in this =port may be comparable with 
the Kenai formation of Eocene agc~ 

The plant f osqils mUwted f ma the f omation by the authors were 
identified by Rolnnd W. Brown. Collections 54 AHe 13 and 54 AKe 
'16 were obtained at Geographic Rmbr (4, pls. 29 and 32). &nee- 
tions 54 AKe 35 and 54 AKe 36 were obtained at Cape Kuhhak (3, 
p k  29 and 32). 
Irwm mlwthln r&uumw 
.'rl AKe 13 GZggrploalrobuk dukolensde (Brown) ; dicutylerlonOU~ S~avm remm- 

bllng Ainu#, Betar la, and Cwylua. 
54 AKe 18 3MagseoZia csep. 
54 AKe 25 Metaaeqrofa mcldmfotiu (Newbrry) Chanw 

AJ@w alaakma (Newberry) 
64 ARe 36 Uetaseq?&a oMenfal4a (Newkrry) Chancy 

Ahua a l a e k w  (Newberry) 

Roland W. Brown (1354, writtan communication) states that d- 
tl~ough the materid hm the b t  two localitiaa is fragmental, them 
seams ta be enough tu suggest early Tertiary age. Re further states 
that "Tile last two localities are definitely Terti mry,  probably h e n & ' '  

In uddition to the collections made by the authors at Cape N&h& 
collections were made at this locality by members of the Hamiman 
Alaska Expedition of 1899. These exellent collections are listgd by 
Atwood (1911, p. 6%54), who also quotes F. H. Know1ton's identiha- 
tion of them. Knowltvn rsferred the colledion to the upper Eomn~. 

POLFPWW FLOWS A 8 8 Q C L a m  ROC= 

Owing to the short time available for  field studies, the authors made 
only a few observations of the volcanic flows and assr>ciated r& in 
the area, Xevertheless, certain relntionships, of the volcanic seguence 
are evident- Volcanism began at I& as, early as Eocene time and 
continued inhmittently through the Tertiav and Quaternary 
periods. In addition, the volcanic-rock sequence includes a folded 
unit n t  least, in part, of Eocene age unconformably underlying 
younpr undefomd flows. Recause of the limited fieldwork it was 
not feasibIe for the authors to map this subdivision consistentIy, nor 
was it possible to debmine the agas of all the intervals of volcanism. 
On the geologic map (pl. 29) the volcanic pocks haw been subdivided 
into three units : a folded sequence, pnrtly of Eocene tags, which locally 
contains nonmafine sedimentaq memhm ; a younger genem1ly mas- 
siva undeforrned sequence; and an mdiffersntiated sequence campria 
ing both. In nddition, the nndifle~entiakl unit loeally compl ia  



Kenati formation equimlenta and Tertiary intrusive d. The -1 
thihees of the V Q ~ ~ C  wErs is probably mom thm 6,000 feeti 

The folded volcanic-rock quence compFises interbedded andesib, 
basalt, and water-laid tnE with l d  1- of agglomerate, sand-  
stona, siltstone, and planbbaaring mudstone. In the northwestam 
p a t  of the area the quenm is cornpod of several thousand k t  of 
them rocks, whiah locally overlie roclrs older than Middle J u d ~  
and Lower and (or) Middle Jurassic intrusim r w ~ .  The volcanic 
sequence was deposited under much the same e n v i m m b 1  cunditiom 
as its partial time equivalent, the cod-bearing & The ssdimenw 
lenw and intarbeds of agglomerate consis* of a volcanic milt* 
endosing boutders of igneous rock and silicified wood. The igneous 
dstritus is predominantly m&c in cumposition, although pbbblas of 
granih mur locallyy. Interbedded in the volmnic ro& are mud- 
flows, lenticular crossbedded coarse-pined green sandstom, thin- 
bedded ta fissile coaly shale, and dense silzstone. Much carbonaceous 
material afld many poorly preserved leaf impressions further char- 
acterize the fomtioa  Fmgments of l e a v ~  in one of the plant 
collections (54 ARr 1, Lahe Gmvenor locality, pl, 29) were idenkified 
by b l a n d  W. Brown (writhn communication) as belonging to 
Metaseqwiu oc&?m&J& (Newbemy) Chaney, C ~ d p h y I I u m  d i p t i -  
m (Newberry) Brown, md other dicokyldmous species. H e  states 
that, although the material was fragmental, tkere appeared to be 
enough ta suggest an early Tertiaty age assignment for the sequence 
chamcerizd by this flora. 

Other Mded volcmia &, consisting predominantly of in&- 
Mded flaws, are exposed along the She1ikof Strait mastline htwwn 
Katmai Bay and Cape Nuhhnk, ~ n d  may be present also from Cape 
NuIrsh& to the Douglas River. 3n the vicinity of Huk& Bay 1,960 
feet of lap& volcanic & dip very gently northward (strati- 
graphid ssctr'on 8, pl. 29). The age of this sequence is unhown, al- 
though the fact thab it is folded mggests that it was deposited before 
Qaatarnarg time, ~ n d  the authors balieve that it is probably Eocene 
in age. Twdvs samples were mUected from this section. The h a l t  
and andesite flom have been hydrothermally altered, and the g$mpIes 
collected from near the b m  of this mmurad section appear h have 
wdergone the great& alteration. Individual flows am &enemUy 1- 
than 80 fmt thick. Petrographic dmcriptions of the samplm bdow. 
Tho measuments in feet are the stratipphia.pmition of the sample 
ahvs the base of the m e a s u d  section. . . 
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V01canIc flow r e .  Petrographic description (aample M AKe 22) : Mega- 
sco~ically a medium-gray aphanitlc rock, containing abundant Seld-r , 

ghenomgab. Xn Ulin sect3011 the groundmm Is M n  to conskt of a dense 
felty textured masa of microlltes, cwptocrystalline quartz, and mame- 
tlte dwt. Phenocrystil of partly altered plagioclarie (Including oligw 
claw and labradorite), averaging about I.& mm In length, are abuudttnt. 

' 

The femmagueslan minerals are almmt entire4 replaced by chlorite, 
caklte, and talc4 ?): The groundmaw is partly chIoritiW, and limw 
nib staining is grevaleat ,,----------------,---------------- &m 

Basalt Petrographic dwcription ( ~ m p l e  54 AKe 23) : MegasmpieaUy a 
den= aphanltic brownhh-gray m k .  In thln d o n  the rock seems 
to be equigrannlar and holwrystalline. The laths of  plagimlase aver- 
age 0.15 mm in length, are interlingering, and display a felty bxtnre. 
In mme arwte of the alide a tendency toward subparallel flow-lhe ori- 
entation is apparent. Extinction angles Indicate that the plagioclase 
has the  approximate mmposiMon b (labradorite). The interstices 
am filled with augite grabs in various stagea of alteration. Larger 
gralna, 0.4 mm in a h ,  of former femngnesian minerala are entirely , 

replaced by ch10rlte, epidote, calcite, and qua*. Magnetite grains 
are common and well diaperaed throughout the @;rmdnlass,---,--,, 1,8W 

Highly altered flow rock. Petmgraplllc dmription (1llamp1e 64 AXe 24) : ' 

Megampicdly a light-green-gray gorphyrf tic rwk Mimmcogic Pam- 
Ination indicates that the rock i s  an andesite vitrophym that has been 
completely altered. The feldspar minerals are a h a t  entirely dp 
~ t r o p d ;  the glass ha8 devltrifid to a chlorltIzed cryptoergstalline ag- 
gregate (quartz?). Two remnant Ilthopbysae are #till discernible In 
the tbin #=tion. The ma0c mineraZ~ have been completely replaced by 
chIarlte (penninite?). Several laths of calcite were probably alao de- 
rived from the dterad maffc minerals, Pyrite isl fairly cwnmon and 
minor limonite staining i s  present ,,- ------------ - ---- %am 

Porphyritic rock, greenish-gray, containing abunaant phenm8b 1 to' 
2 mm in diameter. Petrographic dewrlptlon (mmple 54 BKe 25) : Mi- 
croecopimlly the groundmaas d the rock appears as a cryptocrystalline 
mam containing myrids  of small unoriented microlites. The ground- 

. mag+ ia clouded with magnetite d u e  and chIorfte is abnndmt. The 
ghenocrystar m&t of euhedral to subhedral  lath^ of plagidase feld- 
spar and anglte crystah. The ~Pedornfaanee of bbradorlte sn- , 

that the rock ~olldified aa vf trophydc basalt, which has slnca devitrf- 
3e8. The pyroxene cryatah show vargiag stagesr of nlteratian ; aoms 
are part4 a 2 t d  to uralik 0th- are completeIy replad  by 
chlOr1.te ,--------------------1--1-1-,,-------d-----,,,,,-- r , m  
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Tnteenselg alter& flow mk. PetmW de8mtPtron (gample W d3te 
m) : A p r o f l ~ ~  light- porphyritic rock containing many lightcol- 
ored feldspar pbenmryetiF as much am 2 mm in aiee. The groundma~rr 
comprises a qptocrystalllne maas of  quarB(?) and seconaary quartz. 
The ieIdapar phwocryats are partly altered to wricite, and theee that 
are ldentiflabIe ate In the labradorite part ( h m )  of the plagioclase 
wries. Abundant chlorite [penninite?) and vein quart2 fill many of 
the eavitiee and seama bfapetlte cry~tah are abundant. The rack 
may have aolldllled a8 andmite or, as la Indicsted by the plegioelaw, 
aitrophysie hrralt, but alteration Wea positlve identification im- 
poaeIble,,-,,,---,,-,,,,,------,,-----------,------------,-----,, 1,450 

Votcanle flow rock. Petrographic de~ocdptloe ( ~ m p l e  84 AKe 27) 
Dense medinm-grny porpbyritlc rock. containing many emall I1 to 2 
mm) feldspar and pyrlbole phenocq@a. M l m p i c a l l y  the gronnd- 
ma= is men to consist of a glas~y base contnining many needlelike 
microlltes. &me of the mlcrolltes are arranged in subparalie1 flow 
patterne about the phenocrysta. The plagidclase! phenmrysta, prdom- 
inantly In the labradorite rnnge of the plagioclase series, are rela- 
tively fresh and nnalterecl. Many of the plagioclaw wygta1g are wried. 
Enhedral to aubbdral phenncry& of pyroxene are abnndant. These 
cry~tals haye nndergone ~aryfng d e n e e ~  of alteration, with nralite and 
chlorite repIacIng the pyroxene. Magnetite gralns end limonite &In- 
ins are ~ r e w n t  throughout the  rock, which Ia vltrophyrlc basalL,--, 1,350 

Altered flow mck. Petmgmpblc dencrlptlon (mmple 54 Aka 28) : Mega- 
mmpicalig e den- Pightmag-gm?n porpbpitic rock containing abnn- 
dant white phenmryBta (1 to 3 mm). M I c ~ p l c a l I y  the ground- 
m m  condata largeLv of myptac~tal l ine  quartz Many former feld- 
Bpar mystab are indicated by lathlike crystal outlines now enclosing 
cr-e quartz and calcite. One incompletely altered andmine 
phenoeryst was #een In the thin M i o n .  Small nmonnts of epidate 
and chlorfte, probably derived from pyroxene, are preaent Approxi- 
mately 20 m n t  of the rwk muel8ts of cblorlte (penninite and ripi- 
dollte(9) ~e ine .  A few pyrite cuberr are a l ~ o  present ,,,,,,,,-,,,,,- 1,250 

&Item m a l v e  rock Pehographlc deacrlgtion (#ample M AKe 29) : 
Mottled gray- rock containing many amall (0.1 to 1 mm) white 
ghenocrgsts. The groundmtlsa mnalsta of secondary cryali ine and 
crjrptocrgatalline quartz, chlorite, and shrerle o i  aetlclte. The orlg- 
ha1 p h e n w  minerals have been entirely replaced, with only par- 
tial crysW wtlhes (as much ars 0.5 mm Ln ah?.) remalnlng. Uraltte, 
chlorlte, and epidote represent former femomagnesian mtnwaB, and 
patchm of mrieite and calclta mag be alteration products of former 
ieldsparmineraEs,,,,-,,,,,,,-----------,,,-,--,-------~---,,,~ 550 

Altered extrusive rock. Petmgrapblc deserlptlon faample 64 Ake al) : 
Very aimllar t o  sample 54 ARe 2?3- Mtemtion Is more conplete, with 
the groundmasar composed entlrely of gecondary quartz and chlorlte. 
No distinct cry&& ontunes are p m w t .  but a g g r ~ n t e s  of aericite, 
quartz, chlorite, and caldte probably are alteration producta of former 
feldspar and fmmognesiaa minerals ------,,,-,-----,--,---------- 8Ml 
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A I M  extrusive TO& Petrographic d&ptlw (sample 54 &Re 32) : 
Dense mottled light- to dark-gray m k .  The mundmnss Ia a chlmi- 
Uxed amemte of cryptocrgstalline quartz, wrlcite. and calcite. There 
are no distinct phenocrysts, bnt aggregates of seridte Indicate the for- 
mer presence of feldspar minerals. ChlnrEte, with eagne but discern- 
ible boundaries, Indicates the former presence of mme mafie minerala 
Vein quartz and calcite are common, and limonite IN diseminatd 
throughout the rwk-------------------------------------  220 

Altered volcanic flaw me$. Dense medium- to llght-gray aphanltic rwk 
Petrographic dewription (aample 114 AKe 21) : The gromhitm has 
the appearance of crgrptocrystalltne devitrijied g l a s ~  containing many 
mimolibs which corn- about 20 percent of the groundmass. Frac  
tared and altered p h e n m s t a  Oi plaRioelatle are common rtnd averaRe 
0.4 ta 0.6 mm In she. Tboae Identified fa11 h the an8estlne-labradorite 
part d the ~lngftxlase *rim A few scattered phenocrysts of former 
ferromagnmian mlnemle are completely altered to chlorite. Magoetf te 
dust and a-aory pyrite are present - ~ ~ - - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ , ~ ,  M) 

Altered voIcanie flow rwk. PetrograpMc d&ptim (sample U4 AKe 
33) : A denm brownish-my rock contaidnr many small dark elongate 
phenwry~ka a# much aa 8 mm in length. The rofk baa been completeIy 
altered. The gronndnnw is composed d a fhe mosaic of cryptocryatal- 
line qua& with Enternpersed calcite aggregetea Phenorrgsts af schor- 
1te lndtcate the former presence at feldspar minerals that have been 
altered by hot acid soIutions. Small amoanta of vein quark and 
chbrlta are pceslent, and pyrite and limonite are accaory  minerals,, C1 

The unit mapped rn mdndeformed volcanic mcks (PI. !B) was not 
examined by the authors in the field. Differentiation of the unit i 
based in part upon examination of vertical photopphs and in pad 
upon the field notes of Werner Juhla and Ronald Kistler. The nnit 
consists predominantly of flows of Quaternarg age, but locdy may 
indude volcanic mks of Tertiary ag& 

lpPLr 

Delineation of the tnff unit ( pl. 29) is b& on tterial recomb- 
sanm of the area and examination of wfiical &a1 photographs. 
The emplacement of this thick tuff deposit prior to the 1912 eruption 
of Mount Kahai hw been d i s c u d  in great detail by Griggs ( 1022) 
and Fenner (1923) as volcanic smdflow. h addition, summary 
ststernexits concerning this tuff deposit am pm11ted by Curtis, 
Williams, and J h l e  (in Luntey and others, 1954, p. 55-59). 

mFXCZbL DEPOSITS 

SnrficiaI deposits in the Katmai area are predominantly alluvisl 
gravel and glacial mamine md gravel, bat locally some nsh and: 
pumice depwits are exposed and a few small beach depasits may be 
seen along the shore. Individual lateral, terminal, and recessional 



moraines am shown on the geologic map (pl. 29) ; other surficid 
deposits, including alluvial and glmial p v e l ,  ash and pumice de- 
posits, and bench deposits, are shown on the map as undiflerentiatad 
surficial depmik 

INTRUBIVE ROCKST 
-10 AGE 

Within the area mapped, intrusive mks of Jumic age crop out 
in a northeastward-trending belt 3 to 20 miles wide. The igneous 
body, which is of batholithic proportions, has been mapped in the 
n i w a  region to the north (Martin and Katz, 1912, pl. 2), and as 
far south as Bchamf Lake (Smith, 1925, pl. 4). In the Katmai 
area the intrusive body abuts the Naknek formation in fault rela- 
tionship, and northwest of the fault it is overlain by layered volcanic 
rock that are, in part, of Eocene qp. The intrusive rocks cut the 
racks older than Middle Jurassic in the viciniq of Rulik L&e. 

These intrusive rocks are variable in cornpasition but consist p m  
dominantly of hornblende and biotite granita. Megoseopically t h ~  
granite is light gmy to pink. Along tha southeast rn~rgin of the 
intrusive body the rock bemmes darker and more mafia in 
cornpi tion. 

The exact age of the intrusive pocks cannot be on the 
basis of their relationships with sedimentary units in the Katmai 
&ma. They am probably older than the Naknek formation, inas- 
much as bouldem of hornblende granite, probably derived from these 
rocks, occur as detritus within the Chisik conglomerate member of 
the Naknek formation. In the area adjoining the Katmai area on 
the north, Mather (1925, p. 166167) notas that the intrusive rocks 
probably cut the Tuxedni formation of Wddle Jwasic age. He 
further s b t m  (1925, p. 167) that 

The granitic roeka in thb an8 adjacent parHons of the A h k a  Peninsda are 
the m l t a  ot mml IntrnsIona closely a~ijociated in time, but dlstrlbuted 
at interpala throughout the Lowet and Mlddle Jnras~ic emha 

hiather's work is the basis for the age which the authow have as- 
signed t~ them mks. 

TERTIARY A m  

In many locnlitiss in the q dikw rsnd sills of Tediarg and 
Tertiarg ( 8 )  age have intruded the beds of the W h e k  and Kaguyak 
formatiom, which generally have low dips. Smith (1925, p. 1981, 
quoting noha of Fenner, reports CL* * " many gmerally horizontal 
or gently inclined intrusions of hornblende mdesite cutting the ,d i -  
menterg pocks " * *" in the vicinitgr of Mount JhtoLinat. In addi- 
tion, many dikes and sills, presumably of the s m e  composition as 
those that intruds the sedimentary rocks at Kntolinat, are present in 



the mounhim at the headwaters of Gertmde and Takayoto Creeks 
and in the mountains north- of Lahe Gravenor. h the latter 
area the upper several hundred feet of the mountain a p p m  to be 
composed of sills. In addition, inhsim roeh of Tertiarg age are 
known to bB present in the viciniv of Chgmphic Harbor md Kukak 
Bay and dong the fault wuth of HaIlo Bay; and the crest of the 
Kamishak antidine is reported '&* * * ts be intruded by a quartz- 
diosita stack of post-Cretaceous age" (Elazzard, B r y q  and Borax, 
1950, p. 23'17). 

!t%m mmples of intrusive r m h  of Tertiarp age were o o 1 1 4  b~ 
the authors; the d w p t i o m  follow : 

gabbro fntmdhg the fault at Oape Nnksbak (mmp1e IM AEe 87). 
Megascoplcall~ a Ilgbmlored phanedUc rock. Clryatala of qnarta, feldgpar, 
and pyribole dnerals are easfly dlstlngnlebed wfth a hand lens Ylcmscop- 
ically the rock ia hgpauComo~Mc and epuigranular. The crg%bls aPerage 
about 2 mm in alze. Free quartz conr&ltotea more than 5 percent of the rock. 
The feldspar is predominantly labradorite. k few of the feldmr cry~tall 
are partls epidoffd .  Pyroxene (anate) h altering to amphiMle md &I& 
rite. Acm~ory  mlnmala include ~phene, tlmn, aptiM and rnametfte~ 

Qua* dIorlte muected on the southeast aide of Kukak Bay (sample W AKe 
18). A llghtgray-mn phanerltic m k  very simllar in apPearanw to sam- 
ple W AKe 37. M I ~ p i m l I y  the m k  la hmautomorpbic and equigranu- 
lar : i t  has undernone some alteration. The f e ldmr  crgstala average 2.5 mm 
In diameter. More than 3 percent quartz Is present, some as micmgraghic 
intergrowth wftb potash ieldmar. mesa intergrowtba sarround m e  of 
the abundant pladoelam lath that mystalllzed earlier. The ph~ioclaae min- 
erala are mostly ollgoclase and andesine. The maflc minerals have been al- 
most entirely replaced hy chlorite, although a few amphibole mlicts remain. 
Sericite replacement m n m  along the feldspar f r sc tm.  A few crsgtalrr at  
mhwe and much pyrite occur throngbout tba rock as -dam rnlnem4 
togethw with ~econdarg calcite and chlorite. 

Quarh Blorlte collected on the ermtheast shore d Enkak Bay (%ampIe b4 AKe 
20). & light-gray phaneritfc m k  spottpd 4 t h  dark- pvlbole minerah 
Mlmoaroplcally, a hypantamorphic graunlax rmk with @ns avwagiug 1.5 
mm In diameter. The feldspar grains are mostly elkatalIc. C m l m  of horn- 
blende are falrly common and are in variclns atages oi 81-tlob i m m  com- 
paratl~ely unaltered to completely chloriH8ed. A few magnetite g r s b  am 
present. 

BTRUCTPRE: 

The major dmcimal feat- in the am% is a northenatward-trend- 
ing fadt that extends from the Karnishak River to Contact Creek, 
and is particularly wall e x p d  about 2 mil- northeast of Lake 
Gmvenor. This fault of presumed Tertiary ag.a, upthrown on the 
north side, juxtapmes intmsive rocks of Early and (or) Middle 



Jwawic age with the dimmttlry mh of the Naknek fomatioa 
It is the muthwestward extension of the Brnh Bay thrtlgt of the 
&rnishak tnrea {Hmzd ,  Bryan, &rrd Borax, 1950, p. 23771, and it 
haa b n  inferred (Qryc, Miller, and Payne, 1951, fig. 6) to extend 
northwrtrd beyond Chmitna Bay and at last as far south as Becharof 
Lake (Smith, 1925, pl. 4). Within the mappad 9 the fault $em- 
m l l y  has a steep dip. 

Northwest of &a fault, varlcmic rocks of Tertiary age dip p t I y  
and monoclinally toward Bristol Bay. Southeast of the fault the 
regional ~outhcwterly dip is interrupted by raversals, and, locdly, 
gentle folds have developed within the sedimentary and volcanic M- 
puences. Sewn mticlines, all af which trend northeastwad and ia 
general plnngs southwe& or northeast toward the central part of the 
area, were mappad. No marked asymmetry is evidrmt in the anti- 
clines, although ths south flank of the Kamishak anticline is slightly 
a-per than the north dank. This anticline, the largest in the area, 
exknds from the Savonoski River to the north margin of the map 
area d beyond, to Kawnishak Bay, and plunges. muthwwt where it 
apparently dim out at the Savonokki River. 

Two small anticlines lie batwean Kejulik Pass md l3qpya.k Crrt- 
ter. Most of the southwestem anticline is in volcanic roclrs and liw 
~ t l o q  the tmnd of the c h ~ n  of v01car~o-e~ h t w m  Martin Mountain 
and Mount Katmai. It is delineated by dips in the flanking Nahek 
formation. The northewtam anticline, sout;hw& of Kaguyak 
Grater, h~ the m e  general aliiement. The two anticlines appar- 
ently do not connect, although they trend h w m d  each other, Another - 
anticline lieer mth of Tupopphers Paak, and three are formed in 
the wl&c mIzs along the shoreline of Shelikof Strait; All four 
of these strnetm plung~ northeast. 
The thm yync1'inea that have been mapped in the arsa have gmtle 

flanks. 'She 1-t syncline extends from Gas Creek to K&k Bay 
d is for the mast part in volcanic mh. 
In addition to the fault that transects the area from Little 

Kamishak River to Contact Creek, maller faults are present. The 
Iar@ of thme is a westward-trending fault, which extmds from 
Cape Ndmhsk to the volcanic spine of the Aleutian Rmga Direction 
of throw on this hult is qumtionabhe, If, as it appears on vertical 
photographs, the volcanic beds on the north side of the fault are 
correlative with the volcanic rocks that overlie the Kenai formation 
on the south side, then the south side is upthrown relative to the 
north side. 

The volmnoes of the region, as aIrsady noted, are in northeasterly 
dinement. This alinement strongly s t g p t s  that the volcanie chain 



290 MINERAL RESOURCES OF ALASKA 

is structurally oontralled. Surface oatempq howewr, offer little 
evidence as ta the nature of the control The most reasunable a m p -  
tion is that the two anticlines that are dined along tho tmnd of the 
volcanoas are the manifestations of a deep-seated fault, and that the 
m a p a  presumably followed umes of weakness not apparent in the 
surf ace outcrops of the N h e k  formation, 

It appears that, there has been but one interval of major deformation 
~ ince  deposition of the Nagnek formation, and the authom believe ththat 
this deformation probably occurred after h n e  and before Quater- 
wry times. No angular nnconfomities are apparent between the 
formational units younger than Late J w s i c  or older than Eocen& 
However, them ia a. definite angular break between the folded valcanio 
roelzs that interfingar, at least in part, with the Eocene m h  equiva- 
lent to the Kenai formation and younger undeformed volcanic rocks 
that are at least in part Quaternary in age. Tha authors therefore 
sag@ that onIy one interval of deformation occurred, and that this 
was between the deposition of these two volcanic quences. More 
precise dating of the foIding and faulting is not possible with the 
p m n t  limited information. 

hmach m no rmh older than Early Jmssic were studied in the 
field by the mthors, only those e ~ m t a  in geologic time since empl- 
merit of the intrusive rocks of Jurassic age are considered in this 
discussion. These events have been reconstructed on the basis of the 
lithologic character of the rock units, their depositional mlationships, 
their a p  as established by the identi6mtion of the fossil lots by 
Irnlay and Brown, and the structm in tbe map are& 

The emplacement of a batholith in Early and (or) Middle Jmmic 
tima and subsequent uplift apparently created a positive land mass 
from which the arkosic conglornemke and feldspathic sandstone of 
the Naknek formation were derived. The Nalmek formation changes 
very little anywhere along its strike in the area mapped, and its rmks 
~ a e m  typical of ~helf  deposits. The h g h  p e m n t w  of feldspsthic 
detritus within the formation suggests that the rock unit mas deposited 
fairly close to its source, and the thick conglomerate be& and dis- 
geminatad plant remains in the upper part of tha formation are evi- 
dence of minor repemions of the sea in late N a e k  tima 

A major hiatus, from Nemomian t~ Santonim time (Q. 451, eeps 
rates the Nahek and Ksguy& formations, and during the hiatus 
the Mount Katmai area was probably at base level. There is no 
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apparent angular discordance between the Naknek and Rapyak 
formations, and it is themfore anlikely that folding or fault* oc- 
curred between them. 

During Campanian time the seas transgressed tbe Mount Katmai 
area, and the marine Iower member of the -yak formation was 
depaited. T h e  transgmssion was apparently followed by a gradual 
reps ion ,  and the more littoral middle and upper members of the 
Kaguyek formation were deposited. Locally, volcanic rocks, in pad 
of Eocene age, directly o~erlie the Naknek formation, and it therefore 
appears either that part of the Mount Katmai area was completely 
emarpnt during the deposition of the Kaguyak formation or that the 
Upper Cretaceous mks  mere eroded before the Emne epoch 
By Emne time part of the Mount Kahai area was completely 

emergent, The coal-baring m k s  that are egtlivaIent to the Rend 
formation are typical. of those deposited in lagoons, marshes, or along 
baches, and the conglomerate lenses and beds may represent, in p d +  
channel fillings along distribntav stream courses. Early Emme time 
was also one of volcanic activity, as indicated by the interbedded 
flows in the sedimentary sequence; It appesrs that environmental con- 
ditions during this period were not very different from those in the 
Mount Katmsi a m  at the p m n t  time. Tho volcnnic activity prob- 
ably continued intermittently througlr Tertiary time, and the rock 
of the map a m  were defomd between the Emne  epoch and the 
Quaternary pedd. Dikes, sjllq and at EM& one stock were intruded 
into the mdimentary sequenm during or following this deformation. 
Since- the folding and faulting, the Itopog~aphy has been modifjed 
further by volcanic and fluviatile deposition and by glttciation and 
other types of erosion. 

The pocks of Mesozoic and Cenozoic age in the Mount Katmai a m  
lie in the arcua* belt of the bhbuska p y n c l i n e  (Payno, 1965). 
This g m g d j n a l  belt extends northeastward almost to the Canadim 
brdes9 and southwest of the Mount Krttmai area it parallels the south 
side of the Alaska Peninsula. Since the early 1900% a numbr of 
we& have b n  drilled in this geosgnclina, mainly in the older Juras- 
sic rocks. The el& of thew wells to the map area is located about 
25 miles south of Katmd National Monument. Up to the time of 
writing of this report (1956), oil had not been found in wmercial 
quantity, altl~ough oil shows had been found in mmt of the wells. 

Petroleum may Im present in the map area, for oil and gas $ 8 8 ~  

h m  been mparkl, Martin (1905, p. 138) states that ''Seepages have 
been reported from the shores of ofmi&& BayLy, espec.islly at Douglas 
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River," and Smith (1925, p. %lo), states that "gas smpsge91 on Qtss 

Creek [at the hdwatma of the Eejulik River] * * * m a r  for 
about 200 yards along the stream and issue from the loose h l d e w  
in its bed." To the knowledge of the authors, the DougIas River 
seaps have nwer been verified, 

51 the Mount K h a i  area, %,ob0 to 9,000 feet of Upper J d e  
marina fossi l i fem rock, comprising arkom, s i l ~ ~  and shale, 
exposed. The Upper Cretaceous rocks of f i t h e  rnap area include 
4600 + feet of marine shale, siltstonq and nmhore sandstone; above 
this is 830+ fmt of predominantly nonrnarine sedimentary rocks of 
Eocene a g c ~  The mks of Late Jurassic age could be both a source of, 
and reservoir for, petroleum, although in their belt of outcrop the 
mdstone units of the Nahek fornation am tjght and generally im- 
permeable. The sandstone units in the mid& and upper members 
of the Kwyak formation mnnt be dismisd as poPsible peh1eum 
remwoirs. Furthemore the porous permaable sandstone of E m 8  
age may also, under special conditions, contain patroleurn. 

Variables m such that it is not possible for the authors to predict 
the nature and thickness of the sedimentmy mh that might underlie 
the Naknek fomtion in the Mount Katmi a m  These variables 
include unmnformitiews as well as possible lateral variations in the 
mILS older than the Ndmek formation. In addition, the southeast; 
exhnt of the batholith emplaced in Early and (or) Middle Jurassic 
time aim be dehHnind onIy by geophysial work or by drilling. 
However, some idea of the dimenhry  sequence dder than the Nak- 
nek formation can be pined by a study of the literature daaling with 
l d i t i e s  north and south of the Mount Katmai area. 

About 30 miles muth of ths Mount Katmai area, at PuaIe Bay, 
rocks of Triassic as well as Early and h t e  J u m i c  age are e x p d  
below the Mrrhek formation. Kellum, Daviem, and Swimey (1944, 
fig* 2) mapped 2,250 feet of rocks of Lake Triassic aga st this IwliQ ; 
these rocb consist predomimntly of khin-Wded limestone inter- 
h d d d  with sandstone and mlmmus shala K~Ilum, Daviess, and 
Slvinney show a sequence of rocks of early Jurassic aga that everlies 
the pocks of Triassic age and consists of abut 1,050 fset of interbed- 
ded tuff  US sandstone and limestone overlain by a h t  1,270 feet 
of rocks that am mostly shale. At Puale Bay, rocks of Middle 
Jurassic age are missing (Imlay, 1952, chart 8-C), and at least 5,000 
feet of mglomem% sandstone, and shale (Smith, 1925, p. 196-197) 
of the. SheIikof formation of fate Jurwio age overlies the rwb of 



Emly Jurat&o age and underlies the N h e k  formation. Smith (p* 
196) states that "the formation sppamntly d- in &chess b 
ward the eagt from the head of Cold Bay [now M e  Bay J, and some 
of the massive sandstone beds change lahmlly into  hal la" 

At Urns Covs, about 30 miles north of the Mount Katmai 5 ~ 3 %  

Martin and Ltz (1912) mapped a sequence of Late Triassic age 
(tha Kamishak formation) which is probably mrrelative with the 
Triassic qnenm at Puale Bay, and they stated (p. 48) that it "prob- 
ably exceeds 2,000 fwt and may be much gre~ter?' They described 
the qumm w consisting of chert inhrstmtifid with thinner beds 
of Eimastone, shale, and sandshe. About 70 miles north of the 
Mount Kat,mai area, west of the peninsula between Iniskin and Chi- 
nitm Bays, 1Xa-k (1954) mapped a thick sequence of volcmio 
b&s, lava, and andesitic t u b  of Early Jumssic age, which overlies 
Triasic rocla. At this same locality the volcanic mks are overlain 
by the Tuxedni formation of Middle Jurassic age ; this includes 8,000 
feet or more of genemUy tight sandstone, silktone, and sh le  (Kimh- 
nor, and M i n d ,  1949; Imlay, 1952; and IIarbck 1954). Overly- 
ing the Tux& and underlying the N h e k  formation is the Chin- 
i h w  formettion, which Rirschner and Minard (1949) state 'bconsists 
of appmxirnately 9,000 feet of mnacems siltstdna" and which Irn- 
lay (1952) believes is correlative with the Shelikof formation at Puale 
Bay. 

The mrnparimn of the mks sauth and north of the Mount H a m i  
arm is shown on figure 46. The occurrence of petrolem in these 
older rock units appeaps h be mast likely in the mks of Late Tri- 
assic w; these may lie as deep as 15,000 feet below the base of the 
Nahek formation in the Mount ICatmai area, if judged by the thick- 
nesses of the older xock units to the south and to the no& 

The anthorn do not rule out the pmibility of prodncing oil from 
structural and stratigraphic traps in the M o m  Ratm~ a m ,  but 
believe that in general the area is not very promising. T ~ B  area 
has k n  subjected to inhnse igneous activity, and it is unlikely that 
favorabIe petroleum strata can be reached at practiml Wing depths 
on most of the structures that muld be drilled. 

Seven anticlines and one major reverse fault are present in the 
map a m .  The largest anticline is the Karnishak, which the authors 
believe to be a c l d  structure on the basis of Matber's map (1925, 
gl. a) and their fieldwork. However, them are two d r 8 w b h  to 
drilling this antidim. It has been intruded at the crest by a quartz 
diorite stock (Hazzard, Bryan, and Borax, 1960), and the depth to 
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a potentially favorable stmtum may be byond the limits of a prim 
tical drilling tsst. 

The two anticlints that transact the oentml part of the msp area 
a m  cImIy raIatd to the slinement of the volcanic chain, and a m  
pmbably a reflection of the deepsated structural control of this 
alinement. If they am, the chances of producing oil from either of 
the two are not @. 

The anticline south of Topopphers Peak the one that cuts Dak- 
a d  Lake, and the one between Katmai Bay and Gqmphic Har- 
bor, all  plunge northeast. The authors have not studied these anti- 
clines in detail, but it is their opinion that none am closed gtmdur89. 

The anthors are not preparsd to my whether the anticline that 
Lies between Kbak Bay and Kaflia Bay is a c l o d  ~tructur& It 
is formed in dense volcanic rocks that may overlie mcks of Cre- 
taceous age as well as Jurassia age, and although the thickness of 
the volcanic mquence is not known, the older rocks, which cannot be 
ruled out as possible oil resemoirs, may IM within drilling depth. 
However, the fieldwork of the autho1.8 was not detailed enough ta 
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rule out the possibility that the anticline has been intruded by igneous 
rock. 

The revem fadt  that extends from the Little Kamisflak River to 
Contact C m k  is the larpst stmetmral feature in the area. No p+ 
bntial drilling sites are readily apparent dong this fault, although 
the s t d m  of the Naknek formation south of Yori Pass, south of 
h g l e  Creek, and west of Kejulik Pass, indicate that them may be 
closum against the southeast side of the fadt along Contact Creek. 
The intrusive M y  that lies along the northwest side of the fault is 
presumed to be of h w e r  and (or) Middle Jurassic age, and if it is, 
it may underlie the Nahek formation on the southeast side of the 
fault. If it does, the chances of striking a petro1eum h r i n g  zone 
in a drill t a t  near Contact Creek are not good. 
Aa already noted, Smith (1925, p. 206) report& gaa w p s  ''slang 

a fault rat Gas creek,'' R l e  seeps were not Pisited by the authors, 
and their mum and nature are not known. Possible drilling sitm 
muld not be delineated from vertical photographs of this vicinity* 
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