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In October 1W6 the War Department (now Department of the Army) r e  
quested the Wlogical Survey to undertake a program of volcano inveetlgntiona 
lo the Aleutian IsIandeAlaska Peninsula area. The flmt fleld atudies, under 
general direction of  G. D. Robingon, were begun as smn as weather permitted 
in the ~ p r l ~ l g  of 1948. The results of the drst year's field, laboraton, and 
library work were -bled hastily ae two administrative reports. Part of 
the data was published in 1950 in Geo1ogical Snrvey Bulletin 974-B, "Volcanic 
Activity In the Mentian Arc," by Robert It. Coata. The remainder of the 
data ham been reviaed for publication In Bulletin 1028. 

The invmtl~atlons of 1W6 were mpporbed h o s t  entlrely by the MLUimy 
Intelligenm Division of the Ofice, Chief or Enginera, U.8. Army. The Wlogi- 
cal Sumey Is indebted 0 the Omce, Chief of Engineers, for Its ear4 recoptition 
of the value of ~ e o l o d c  stadiea In tbe AleatIan region, which made tWs regort 
pomible, and for Its wntfnnlng mpport. 
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INVESTiGATIONS OF ALASKAN VOLCANOES 

GEOLOGIC RECONNAISSANCE OF FROSTY PEAK 
VOLCANO AND VICINITY, ALASKA 

Frosty Peak fa a nested summlt cone of a prominent Quaternary volcano 
on the western end of the AInskt Peninsula, hetwmn Cold Bag on the eaet 
and Morzhovoi Bay oa the west, Thia part of the penlnsnla cdmpxlees two 
major phpiogrnpphte provlncem deeply glneEated and eroded monntaiaons 
area bordering the Pnclflc Ocean and a tundra-co~ered cowtal lowlana border- 
Ing the Bering Bea. 

The oldest rock unft recomlmd In the erea is the Belkof&l tuff, a thick 
equence of well-bedded volcnntc sedimentary rmke, tuff, agglomerate, and 
some interbedded flows, prlnciplly of baealtrc compoerltion, that mop out along 
the Pacldc const eamt o f  Cold Ray. The m k g  have k e n  moderately deformed 
and Lntrnded by quartz diortte s tocb end by dikes, sllls, and plug0 of bsnlt  anrl 
andeslte. Tbesa rocks have been deply  erodrd and am belleved to be mtddle 
Tertiary in age. A sequence of poorlg consolidated and ~l lghtly deformed 
marine sedimentary rock#, here named the Tachllnl iormatlon, wblch are 
probably derived from the Belkotski tuff and associated intrusive m k ~ ,  crop 
out along the Paeidc mRt wmt of Cold Ray. The a@ of thew rmka fa beUeved 
to be late Tertiary. Volcanfc rocks in IwhW k n o b  and hllla in the vicinity 
of Thlnpoint Lagoon are of unknown age, but are also bel levd to be Tertiary. 
In Pew late TeMary or early Quaternary ffme. TolcaaIc actlvlb sooth- 

wt of Morzhovoi Bay built up a I~rm etratovolcano, b ~ r e  a l l 4  MorzZloroI 
volcano, on the ero8txl remnants of the older rocks. The rock8 ot this ancient 
volcano are light-grag porphpritfc oUrhe b~latltic lava aowa and interbedded 
p m m e  roclre, and aome =worked ~olcanic material, and are here named 
the Mor~hmoi aolcanice. Ernption of thia rolmno, in early to rnlddle PIeieW 
cene, cnlmlnatea In coLlapae of the central part, leaving a meat caldera. 
Later, a large donbleconed volcano, here called Frosty volcano, waa bullt up on 
the northern danlm of the eroded remains of Morthovol Tolcano. Fraety 
volcano waa p r t l y  destsoyed by catdera-forming actlvlty. and subsequent re- 
newal of empffon bnilt e prominent volcanlc cone. FmmW Peak mne, in the 
mnthexn part of the caldera The roclns of the an-1 Frmty volcano and o t  
the gonnger Frosty Peak cone are basaltic lava f f o w ~  and some b a t e d  
p.mwlastic mka, here named the Frosly P a k  volcanica Since the Iast emp 
tiom at Froaty Peak, probably pew late in Plehhxne or in Recent time, 
glaclem, &earns, and h'ost action have been rapidly dleaeeting iQ upper elope. 

The area waa glaciated extensively during the Pleiatoene. Olacierm drain- 
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ing to the north formed Iarge pfeamwt gladem, from which was deposited 
thick Mft on the lowbnda; glaciera draining to the gonth, howem?, calvefi 
off directly into the Padflc Oeean, an8 left llttle or no glactd M t  along the 
Pacific mmt. A large icefield, now mnpylng the northern part of the caldera 
of old volcano, lspiU~ over low coIa In the caldera rim and poahes a 
large tongne of iee down toward Mombo~ot Bag. 

M y  Peak, a prominent Qrr-ry oolcano on the wegtern end 
of the Alaska Peninsula (fig" 1041, is one of mom than 75 major 
volcanoes known in the Aleutian ~olcanic arc3 (Caab, 1950). This 
great are, which is dominatad nearly throughout by volcanoas and 
the products derived from them, extends for mom than 1,500 miles 
muthwastmd and westward from the Alaskan mainland, and is 
one of the e a f i ' a  major stmctaral featuma in the north Pacific 
Ocean. The potential threat of d h c t i o n  by them volcanoes to 
major military and civil instdlatims in the area, Id to a request 
by the War Department, in 1945, for the Gteological Survey to an- 
dertake a program of volcano m h  in the Aleutian am. The 
investigation of Fmty Peak and sumuuding am,  as d68cribad in 
this report, is a part of the p-m of msmrch designed by the 
GeolcgicaI Sumy to  provide basic infomdion on the general gealog-~ 
of the Meutian arc, and on its past and probable future volcanic 
activity with respect to the various military and civilian estab- 
li~hments. 

PREVIOP& nmmTIamIon 
V e v  little p p p h i c  or geologic investigation has been done on 

the western end of the Alaska Peninsula. klthough the Alaska 
Peninsula was d k o v e d  a d  visited by R k a n  and English ex- 
plorers as wrTy as 1741 (Baker'I 1906), the first significant sxamina- 
tion of the peninsula was not made until the summer of 1888, when 
Capt. M. N. Staniukovich surveyed the n o d   ham of the Alaslm 
Peninsula. Lieutanmt Woronkofs& m 0 y d  the muthm shore 
of the pniawra in 1838. Ilia G. Womenski collected minerals and 
f &s from the p.eninsula in 184243 for the Imperial Academy of 
Science of St. Petsmburg. In 1848, Gmwingk (1850) compiled a 
summarg of all previous work of a geographic and plogic nature 
~ n d  assembled the facts in a &g1e convenient voluma. DaI1 (1896, 
p. 342-8471 briefly discussed areas reported to wntnin upper Miocene 
f milifemus marine strata on the western end of the peninsula. At- 
m a d  (1911) mapped parta of the Alaska Peninsula, including the 
Ralhoa-Herendsen Bay and Unga Island regions, in 1908. Jaggar 
(1929, 1945) visited the area in 1927 and 1028 while making a re- 
connaissance investigation of the M a ~ h  Peninsulfi and Aleutian 
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Islands, but the scientific d t s  of his investigations wen not pub- 
lished. Capps (1934) briefly examined some coastal parh of the 
area in 1932. Hubbard (1935) visited the mea in 1934. Kennedy 
and Wddron (1955) mapped the geology of Pavlof Volcano and 
vicinity, immediately east of the Fmsty Peak area, in 1946. A very 
izlbmting and useful summary account of the people md natuml 
history of the Aleutian Islands and Alaska Peninsula, including 
keys fo r  the identification of birds and planb of the mm, was pm- 
p ~ d  by the Smithnim Institution as a War Backgronnd Study 
(Collins and others, 1945). 

EIELDWOBK 

The fieldwork on which this report is based was done by the 
mitar, assisted by D. R. Nicholq during the summer of 194'1. As 
no base maps were available nt the time of the investigation, field 
data were compiled on trimetqpn aerial photographs. Subsequent 
to the field invest;i@ions, singlelens Pertim1 aerial photoppha 
of parts of the area mere made availrrble and examined. The b~se  
map (pl. 79) is a I : 100,000 composite of pa* of the False Pam and 
Fort Randall 1 : 250,000 quadrangles. 
The geologic infomation presentad in this mport is of recomais- 

sanm nature. AccessibZty of much of the area is difficult even 
under the most ideal conditions. During the 1947 fierd season the 
work w m  severely h~mpered by exceptionally stormy weather thxt 
prevailed throughout the summer and by the serious 1w of a boat 
and other field equipment, including notes, cameras, and aerial photo- 
graphs. Consequently, for mme parta of the area, the data and in- 
terpretations presentd here are b a d  only on fragmentary infor- 
mation, 
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aEOURAPHY 
MCATXON D ACCEEL8-P 

The araa mapped geologically and c~l led the M t y  PaaZr area in 
t b  report comprises a part of the wmtem end of the Alaska Peninsnla 
(fig. 104) that extends from the Bering Sek on the north to the 
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P a d c  h n  on the south and from Monhovoi Bay on the west to 
the W r n  shorn of King Cove on the east. Cold Bay &Airport,' the 
only village in the mapped area, is on the northwest shores of Cold 
Bay, abont 425 airline miles southwest of Koditak and about 175 
airline milea north& of Dutch Harbor an Unalask~ Island. King 
Cow, the &te of a Pacific American Fisheries galman manerg, Iiea 
at the eastern edge of the area mapped. Many trappers' hub and 
Garahma (native Aleut md huh) are found throughout the a m ,  
principally dong the shores of the bays and coves; they provide m e  
emergency shelter and protection from storms. 

At tha time of the investigation, the a m  was accassible only by 
rnilitarg air or sea transport and by sch~dded airline flights of the 
h a v e  Aleutian Airways, Inc., from Anchorage. Because them sm 
no roads or manmade traits, exmpt in the vicinity of the airbase, 
movement in most of the area is restricted to travel by foot or by 
watsr. (Jood mchorages are scarce, but smdl boats can obtain some 
shelter in the many lagoons and small bays. 

The Alaska Penhula, of which the Frosty Peak area % n part, 
consi& of a chain of mountains known as the Aleutian Range. This 
range is bordered on the north by the extensive Ihring Sea mastal 
lowland, and mpsratd-in some places nearly isolated-by lar,qe 
northward-trending partly flooded lowlmds. Several large islands 
and numerous islets and rmks lie oflshore. In general the islands 
in the Pacific Ocean south of the peninsula are rugged and moun- 
t&ons with rockbound md cliffed shorn, whereas those to the north 
in the Bring  Sea are low sandy bars. 

The Maudan Range in the Frosty Peak area is relatively low, 
raveraginl! 1- than 1,000 feet in altituda Large ~tratovo1omoe.s rise 
above the general level to an altitude of about 3,000 to 7,000 feet. The 
range has been deeply eroded by stmams, glaciers, and frost &ion 
to pdnce  many simp s l m  scarps, diffs, and barn mk. loefields 
and mall glaciers occur on the higher peaks, sspecislly on tha north 
and northeast s l o p .  The mountains rise abruptly from the Pacific 
Ocean ; staep-welld, fiordlike bays indent the rugged consths, end 
with the ~xception of the lowlands partly .encircling the larger bays, 
only a few broad, flat valleys interrupt the persistent clifls and steep 
dopea Narrow boulder h c h e a  lie rtt the foot of the m k y  cliffs, 
and smd beach= are found along the coastal lowlands and at the 

1 Known an Fort M n g  Wad& W8r II and in tht aulj ywma, and m 
Thornboron Air FOFCU B*w from about 1BC7 antll abut IOM or 1956. and now o m  
at* bp avP*eronaatlcs Ahinlm*ncn.  



heads of some bays and COW. Sand and gravel spits and bars are 
mmmon in the bap and mvas, whererts FBB& and offshorn 
abundantly £ringed with kelp, commonly flank the rocky headlands. 

The Bering Sea lowland constituta a p t I y  sloping plain that 
rises gradually fmm the sea to merge either impemptibly with the 
mountain slops, or in places, to intemct them sharply. The Bering 
Sea lowland is continuous throngheut the a m  mapped, and ia from 
less than 2 miles to more than 10 milw in width, The surhce  of thia 
lowland is generally lass than 800 feet above sea level ; it is character- 
ized by a dense p w t h  of vsgetation, many rounded hills, end 
numeroua lakes, streams, and swamps. The shores axe commonly 
mndy and backed by low bluffs cut into the v m r e d  fomdunw. 

Rima and streams abomd in the area. Thorn draining into the 
Pacific Ocettn generally flow in steep-walled valleys and are bath 
shorter and of h p e r  @ent than t h m  draining into the Bering 
Sea. The valleys are plincipally Il-shaped glacial troughs with rela- 
tively flat floors ; many of the streams head in glaci J cirques. Per- 
manent ice fils the coalescing craters of F M y  Beak volcano and 
spills over severall low coIs, where it forms either hnnging glaciers or 
short, cascading gl~ciem. The main ice drainage is w&ward into 
Morzhowi Bay thmugh a b m h  in the caldera rim north of the 
swnmit cone of Frosty Peak volcano. Here a large tongue of im, 
heavily lrtden with rmk debris, sxtenda for nearly a mile downvalley. 

CILnUlTPI 

The FXOBQ Pask area is in one of the stormieat @oaa of the 
world. The frequent cyclonic a t m m  crossing tha North Pacific 
Ocean and the Bering Sea are the dominant factom influencing the 
weather of the area and account for the frequent oocurrencea of high 
winds, low clouds, and fog. The climate is basically maritime, and 
temperatures, though cold, am not normally severe, principally due 
ta the rnodemting effect of warm water transported into the area by 
the Japan Current sgstem. The m a n  annnaI temperature is about 
87.8" F, but the mean amml maximum and minimum tempersturea 
difFer less than loa. Temprature extremes rnnge from 78" to -go F, 
but temperaturea blow zero are extmmeIy rare. Winter lasts 'I to 9 
months, and frmb have bean recorded for every month of the year 
except July and Augarrt. 

T h e  total precipitation is low, only about 33-34 inches per p r ,  
but it is fairly evenly di&ributed throughout the year. Total snow- 
fall also is low, averaging abut 40-45 inches, but it may accumulate 
to consider&ble thichesses in drifts. Cloudinem averap  about eight- 



tmths (80 percant) sky mver the year around; fog occurs most fre- 
quently during spring and summer months. 

Winds of high velocities are mmrnon in the region; average 
monthly wind speeds of 2Q miles per hour or mom throughout the 
year 8xe recorded at Cold Bay. In wintar the winds am most fre- 
quently northweshrlies; in summer the prevailing winds are south- 
southeast. Rapid variations in wind direction m r  throughout the 
year, however, and strong winds of gale force may wme from any 
direction during any time of the year. Williwaws, violent katabatic 
winds of local sxtent, frequently occur on the leeward side of the 
mountaim The williwaw is an especially danproons wind for small 
boats, owing to the suddenness of its axumnca as well as b its 
violence and extreme gustinesk 

mamamow 
Arctic-tp vegetation pwails in tha arm The dominant and 

most conspicuous form are the grams, sedges, md mosses consti- 
tuting the tundra planb that grow so profusely in the lowland areas 
and blanket the lower mountain slopes. Alder bushes and duntad 
willows, seveml varieties of shrubs and barry bushes, fern, watm 
plants, and many varieties of flowering plants dso thrive on the low- 
land. Alder bushes generally are limited to the lower 400400 h t  
of the mountain slopes and occur in irregularly SCaEtsred thickets on 
the lowlands. h plam willows and alder bushes are as high as 20 
fat, but ganeraIly they are ody 4-43 feet high and p w  as a maze of 
low, creaping branches. The upper limit of vegetation ranges from 
1,000 to 1,500 feet in altitude. 

LrnX 

Amhml life is abundmt in the area. North America's lar@ 
omnivomus ~tnirnal, the great brown bear, is both common and un- 
predicbbly dsqpmus enough that a traveler in the area must ba 
armed md constantly alert. The caribou, which were once plentiful 
on the peninsula, were rapidly disappearing at the time of the investi- 
gation, mainly bemuse of the ravages of wolves. The waters of the 
arm, both salt and fresh, also abound in wildlife. Salmon, halibut, 
trout, and sheUh are ~pscialIy abundant, and sea mammaIa, such 
as whales, dolphins, porpoises, seals, and tm lions are frequently 
agen, Land birds, although common, are small in number compared 
to the gr& numbers and varieties of sea bids. The most frequently 
sean land birds are the song spamws, ravens, Alaskan longspurn, 
p ~ ~ ,  hawks, and eaglm. Dnckq geem, @Us, Bms, p a s ,  
m u m ,  and curmomnts abound along the wads. 
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Ths geneml geologic f eaturns of the Frosty Peak area are shown 
on plate 79. The area is wadily divisible into three general geologic 
units: a group of moderately deformed, probably middle to late 
Tertimy volcanic and marine sedimentary mka that crop out along 
the Pacific mast ; a seriw of younger, probably late Tertiary and early 
Quaternary volcanic rocks that make up the compcwita stratovolcanoes 
built up on the northern flanka of the older m k a ;  and the Pleistocene 
and Bwmt unconsolidated deposits that comprise the Bering Sea 
coastal lowlmds and the lowlands adjmnt to the larger bays. 
Frosty Peak volcano dominates the area; its history ia virtually the 
historg of the building and development of mcamive composite 
volcanic conm, their waning and p~rtial dwtmction by eruption, col- 
lapse, and erosion ; and finally, the building and development of the 
present F&y Peak volcano summit cone within the caldera of the 
an-1 volcano. 

Tertiary units of the area mnsist of both dimentary and ignmus 
mks. The sedimmtarg mlrs include marine graywacke, poorly 
consolidated marine sanddone and h e  conglomerate, and volcanic 
sandstone and mnglomemte. Tha igneous rwh am predominantly 
axtrusive mks of basaltic oomposition--tnffs, flows, breccias, and 
agglomerates-but some are of andwitic cornpition, and some are 
mafic and felsic intrusive &. In genml, these igneous rocks ap- 
pear tn beIong to the calealkslic circum-Pwific suits (Coats, 1062; 
Gatm and others, 1954). 

A thick series of wall-bedded tuffs and agglomeratas and soms 
interbedded flows, named the Eelkofski tufl by Kennedy and Waldmn 
(1955, p. 6), crop out principally east of Cold Bay and are hlieved 
to be the oldest, racks in the Frosty Peak area. me Belkafski tuff 
murs dong the Pacific corust from King Cove to Kaslokan Point, 
nnd although not observed, probably also underlies mast of the moun- 
tainous area immediately surrounding Lenard Harbor. Only one 
isolated outcrop, too small to map, was observed west of Cold Bay. 
This outcrop is e x p o d  for about 10 feet vertically and for less than 
800 yards along the base of the muth mall of the large valley that 
trends westward from Thinpoint Lagoon, Fragments and pebbles 
of tug that l itholo~cally resemble the Relkohki tuff QWUP in many 
beach and stream deposits, 
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The Belkofski tuff is mposed  largely of fine- to coarse-grained 
litllic tuff, mghg f m  p n  to purple to gray. In many places 
the tuff has been mworhd by water, m that the originally angular 
fragments are now subrounded to  rounded, and the rock may be 
classed as volcanic sandstone and volcanic congIomer~h (71Ventwortli 
and Williams, 1932, p. 50). The tuff is made up chiefly of a micro- 
crystalline aggregate of feldspar microlites and chlorite, but includa 
crystals and angular fragments of oligmlase feldspar. Interhdded 
flows or sills of bmZt and andsite are mmmon and, bemuse of their 
greater resistanm to erosion, form benches on the &per slopes in 
many plates. Zlocally, tuff hss been silicjfied and sericitized; intro- 
d u d  metallic minerals are not abundant, and the chief one is pyrite. 
The total th ihes  was not ascertained, but it is at least several thou- 
sand feet. 

The age of the BekoMci tnfP is believed to b middle Tertiarg, 
but evidence for the age d e t e h t i o n  is not wnc~usive. The only 
pyroclastic deposits on the peninsula known to be of w l y  Tertiary 
age are the "lower'' beds of Palache's (1904, p. 7677) Stepovak 
series. Them rwk8 seem to occur only locally, however, and am 
not cromparabls to later pyrmlastic deposits that cxxur extensiveIy 
throughout the peninsula, and me assigned a post-Emme qge by 
Atwood (1911, p. 48-52), Smith and Bttker (1824, p. 185-1871, and 
Knappen (1929, p. 1W-201). No fossils mere found in Frosty Peak 
a m ,  but many plrant frzssils were found in better expmums of the 
tuff in the Pavlof area [Kennedy and Waldron, 1955, p. 6). The 
principal fwiEs are Bilicified and carbonized plants and trunks of 
both deciduous and evergreen trees; in p I m ,  impressions of conifer 
needlea also occur. Partly on the evidenm of the fmil trees and 
partly by malogy with nearby areas, a post-Emne and pre-PlaW 
cene age for the Belkofski tuff in the Pavlef area was indicated, 
and the rocks were tentatively agaigned an s p  of late Tertiary 
(Kennedy and Waldron, 1955, p. 71, principally because younger 
mdiments of known Tertiary age did not crop out in the area. At- 
wood (1911, p. 5M8), however, describes a sequence of pyrdastic 
deposih, intruded by dacite ( P )  and diorih porphyrite, that occur 
in the Hernudeen Bay-Unga Island area ta the east. He  ons side red 
these volcanic mlm to be late E m n e  to early Miocene in age becnum 
they overIie the Kantti formation ( h e )  and underlie the Unga 
formation (Mimane). The m u m c e  in the F&y Pmk area of 
youngm Terti~ry marine wdimantary rocke (Tmhihi formation) 
suggesta that the Belkofski tuff is most nearly correlative with 
Atwood's late F m e  or eady Miocene voIcanic rocks and that the 
most probable age f o ~  the nelkofski tuff, therefore, is middle Tertiary 
rxt her than late Tertiary. 



The name Tachilni formation is here given to a sequence of 
predominantIy marine sedimentary rocks thst crop out discontin- 
uously along the Pacific coast from the west side of Thinpoint Cove 
at lewt ss far west as C a p  Twhilni. M n g  to hazardous landing 
conditions along the Padfic cortst and to the difficult a-ibility of 
the arsa, except by boat, these rwks were examined only cursorily 
in a few 1 d i t i ~  along the beach. Consequently, neither their ex- 
tent inland nor the details of their stratigraphy are known. 2718 
formation contains a wriw of very dark brown to Iight-greenish- 
p y  h e -  to coarse-pined fossilifemus sandstone, p y w s c k e ,  grit 
and he-grained conglomerah, and mme black shah Stratificstion 
and soding differs aad grades abruptly, both laterally and vertically. 
Crmbedding occurs in pIaces, The materid is mostly only semi- 
oodidatsd; locally near intrusive bodies, the rocks are well 
indarated. 

Near Cape Tachilni, the type locality, more than 200 feet of poorly 
consolidahd sedimentary mh, rich in marine fossils, is well ex- 
posed in a ma11 ravine. Here the beds dip gently northward and 
am unconformably overlain by lava flows. They include crossbedded 
coarse-grained p y  to brown sandstone alternating with fine-grained 
oonglomerate, p~bbly sandstone, and some thin black ~haEa Some 
bBdS are mrnentsd with iron oxides; others contain many concre- 
tionaq masses. Locally, thin-bedded shale and mndstone are m m -  
pled, contorted, and cut by many small faults ; this suggmts slumping 
during or shortly after deposition. 

A typical aandsha  in the vicinity of Thinpoint Corn cunsisb of 
about 30-35 p m n t  angular to subrounded qua* @ns 10-15 p r -  
cent euhedral feldspar pains, including some microcline, 5 percent 
pyroxene and amphibola grains, 20 percent angular tn roundad fkg- 
manta of volcanic m k ,  and 20 pemnt m a ~ x  mtlinly c o m w  of 
a mixture of chlorite md some calcite, mi- and mricite, The rock 
rnsy be 421assd as a medium-grainmi rmbgraymcke (Pettijohn, 1949, 
p. 255). It mtm in a sequence of light-pni&-gray san-ne 
that weathers to light brown and mngw in p i n  size from fine ta 
mam. Thew bed9 also contain pelwypods and many lenses md 
s c a t t e d  pebbles of volcanic m k  

A typical fine-grained conglmne~~~te or pride mthbne of this 
f omation consists predominantly of well-mded granule-M 
fmgment~ of a l b d  volcanic rocla and pumice and mtrtina a few 
scattered smaIl p i n s  of quartz. 'She matrix is - p o d  of an 
intimab mixtufe of chlorite, mlcite, serpentine, and an unidentified 
cryptm~1Pine  m 6 a I  which appeazs tn be a mixtnne of clay 
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minerals md chalcedony, but part of which may be devitrXed & 
Pe1qpods and gastropods occur in this unit. 

The total thickness of the formation is not known, but at l& 
peveml hundred feet of the material is e x p o d  along the coast. The 
base of the formation was not seen. 
In the eastern part of the area, the Tachilni formation is uncon- 

formably overlain by Iava flows; westward, l~owever, iit appears to 
pssg u p w d  conformably into a basal saquerrce of nonfossiliferous 
volcanic sedimentar~l m k s  succeeded by intarbeddm3 pymclmtic mka 
md lava flows. PmumabIy all the overlying rwks are part of the 
Morzhovoi volcanics, but the true relation between t h w  two forma- 
tions in that area is not known. 

Some collections of mmine invertebrate fossils were made from 
rocks of the Tachilni formation, but unfortunately they wem lost in 
transit. Fossils most common seen wero echinoids, gastropods, and 
pslecypods, apparently shallow-w ater types similar to tlze present- 
day forms found on the beaches, and hence probably not too diagnostic, 
excapt to indicate that the rocks are not older than Todiary in age. 
Some fragments of carbon~ceous plmt material also occur in parts 
of the formation, but none suitable for aidentifieation were obtained. 
The author believes that the formation is younger than the Belkofski 
tuff, but the contact betwean the two was not seen, Fmthor east on 
the peninsul% Atwood (1921) describes masine sadiment~rg rmks 
of both Eocene and E w e  ages, the Kenai and Unga formations, 
mpgctively, which am separated, by a considerable thiches of 
volcanic mh. The rock of the Kemi formation are more deformed 
and bettar consolidated than those of the Unga formation ; in addition, 
the Kenai formation has been intruded by silicic intrusive rocks, but 
the Unga fomtion has not. Lithologic, stratigmphic, and stmctural 
similarities that seem to exist between the Unga and Tachilni for- 
mations suggest that they may be coml~tive in time of deposition. 
Therefore, pending future paleontological dehrainations, the Tachilni 
formation is tmtativsly assigned ta the 1d.e Tertiary. 

The fauna and lithology of tha rocks suggest that they were do- 
posited in s ahsllow-water nearshore shelf environment on n slowly 
subsiding coast. The invertebrate fossils, although occurring 
throughout the fornlation, appear to be most concentratd in h- 
grained wnglomerata, suggesting either rapid burial during times of 
more vigornus alluviation, or more likely, accumulations by wave 
action along interstroam strandlines. Likely sources of the cladie 
materid in the Tacl~ilni formation are the vulcrtnic sedimentary rocks 
of the Belkofski tuff and the related stacks of quartz diorits of the 
Frosty Peak a m  and of the Pavlof area to the eat .  
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VOI.CAHIC ROCXE OF IIXIXFWLMT faaoon 

Isolated knobs and hills of volmnic m k s  of nn$nown age, which 
appear to Zw lithologically similar, occur in the vicinitJr of Thinpin t 
1,npn. The material consists predominantly of bmnl tic lnpi1Ii tuffs 
and indudes some bwlt ic  lava flows and vary mm p i n e d  b m i a s  
and agglomemh. Soma of the breccia and agglomerate f rapenh  
am as Earp as 20-30 feet in diameter; most fragments, however, are 
coarse Ispilli, and mnge from 1 to 3 inches in dinmoter. The very 
coem breccia8 and agglornemtes are probably thmrat or vent b m i a  
remnants of old volcanoes. Olive-clrab mlors, largely the result of 
oxidation snd palwnitization, predominate in the rocks, but some 
included fragments are black. The lavas and pyroclaatic fragments 
are predominantly porphyritic bmlts  with intersertal textures nnd are 
composed chiefly of tabtilnr- and lath-shaped phei~ocrysts of labrado- 
r ib  in n matrix of brown glass and palagonite. Some of the rocks 
have a hyalopilitic texture, and the gmundmass is c a m p o d  of micro- 
crptalline laths of feldspar interwoven with glass and grains of 
magnetite. Commonly, only a small mount of pyroxene is present, 
either augite or hypersthene, or both. Other minor mnstitumts 
include magnetite, other iron oxides, zeditas, calcite, cristobalib, 
tridymite, and chlorites. Olivinq where present, is cornmonIy re- 
p] aced by idd ingsi b and magnetite. 

The age and stratigraphic relationships of these volcanic mcks to 
other rocks in the aren are not definitely hown; they appear to be 
definitely older than the strabvokanms and pmihlp  as old IL~ f Ile 

Belkofski tuff. They are arbitrarily assigned a Tertiary l a p  

TERTIAET QUdTEEWdBP SO- 

MOREEOVOL VOfiCAWIC8 

The name Morzhovoi vol canics is hem given to a muence of lam 
flows and i n b r h l d d  pyroclastic rocks, and some associated volcanic 
sedimentary m k s ,  that overlie the Belkofski tuE and Tachilni for- 
mation. This mass of volcnnic rocks comprises the eroded remnants 
of an ancient Isr@ composite volcanic: cone, here ctalled Morzhovoi 
voIcano, in the area south of Frosty Peak. The two Walrus Peaks 
and other higher peaks in the Rrea are believed to be remnants of tho 
caldera rim of this ancient volcano. 

Volcanic sedimentary rocka constitute the base of the formation 
and crop out along the Pacific const south and east of Reynolds I h d ,  
hem designated as the type locality. These rocks consist of poorIy 
canso'lidated dark sandy shale, sandstone, and h e -  to coarse-grained 
conglomerate composed of subrounded to rounded fragments of 
volcanic debris. They are conformably overlain by interbedded lnvn 
flows, coam agglomerates, and volcanic bmias .  
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The la-va flows of Momhovoi volc~ntno nm light- to pinkish-py 
porphyritic bssliEts; an intersertal texture is most common, but in 
mrne of the flow textures are intargranular or hyalopilitic. The 
principal phenoqsts are PI ilgimlme, (30-40 pemn t )  , nugite (3-10 
percent,), hypersthem 12-18 percent), and olivine (&5 pemnt )  . Ac- 
ccsory rrlinernls are principr~lly magnetite and apntite. Secmdnry or 
aIteration prducta are magnetite, limonib, iddingsits, serpentine, 
chlorite, tridymite, cristobdite, biotite, antigorite, and mlites. The 
p1:~gioclase phenocrysts are mostly subhedral labradorite, but some 
are l~ytownitc; they range in size from 0.1 to 3.0 rnm. Tlla corn- 
p i t i o n  ranges from An, to An,, and averages about An,. Most 
of the feldspam are unrrlbred, but many have hclusim of ghm, 
apatite, and unidentified cry ptn~rystalline materials ; commonly they 
have progressive xoni ng nntl plys-yn thetic twinning. IIypersd~cne 
phenocrgsts are euhdral to mbhedral, weakly pleochrsic, comrnmIy 
nnnl tered, and range in sixo from 0.1 to 2.8 mm. Augite phenoevsts 
am euhedrnl to mbhdrnl, comlmonly twinned, unaltered, and range 
in size from 0.1 to0.8 mm. Olivineoocurshma1E,amauntsinn~rly 
all the mkg examined. Whem olivine is ppes~nt the hypersthene 
conle~~t  is low; wl t~m olivint? is ~ l ~ s e n t ,  the hypssthene content is 
higher. Most of the olivine is subhedm1 and mm1y lnrger than 0 2  
mrn in diameter; cornlnonly it is altarad ta iddingsib along joints and 
fractures, and less commonly it is partly or complebly replaced by 
serpentine. Magnetite pse11rlornorp11s of hornblende mere seen in a 
few of th,~lese mks;  gpnernlly they are m i a t a d  with minor amounts 
of cA10rita lrnd limonite, and only rarely with biotite. 

Most of the intarbedded pyrocle9tia rocks of Morzhovoi volcano 
m -grained agglomerates and braecias. In the field the rocks 
appeared to be cornposed of fragments of light- to pinkish-grhy p r -  
phyritic lava, similar to the floms just dwribed, set in a tuff atmas 
matrix. The mh were not examined rnicroscopicalTy. 

The Morzhovoi volcanics do not appear to have been deformed. 
The low dips observed are believed tn be all prjrnary OF initial out- 
ward dips of a quttquamrsal natum, which originatd by eruption 
from either s central vent or from firnnm on the flanks of the cone. 
The total thicknsss of the Morzhovoi volcanics is not known, but st 
least 3,000 feet of the formation is exposed 

The Iack of fo&h in the Monhovoi volcmics pm1odes any pmim 
determination of their age. The relative age, however, can be detsr- 
mined with mme degrea of confidence. Lithologimlly and miner- 
alogically they are dist,inct from the older Relkofski tufl and Tnchifni 
formation, and to s, Jesser degree from the m h  comprising the 
younger stmto~olcanoes, Ths older rda are bet& mnsolidnted and 
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more altered than the Morzhovoi volGanics Olivine, which is cam- 
mon in the Morzho~oi valcanica, is a ram component of the post- 
Morzhovoi volcmic &. Structural diffemnm are not diagnostic 
becaw the amount of deformation of the older Tertiary formations 
in m y  placa is no greater than the initial d i p  of the Morzhovoi 
volmnics. The Morzhovoi volcanics, although believed largely to 
postdata the deformation of the older rocks, may be in part contem- 
poraneous with some of the defm&tion. If the older rocb are late 
Tertiary in age, aa postul&d, then the Morzhovai volcanics camat 
be older than latest Tertiwy in age. Late Tertiary and early 
Quaternary ( !) volcanism has been dwzribed in the westem Mantiam 
by Simons and Mathewson (1955, p. 28-29] and by Goah (1966% p. 
80 ; 1956b, p. 72 ; 1956% p, 91) , and fa&her east on the Alaska Pe&- 
d a  by A t w d  (1911, p. 69-71), and by R~medy and Waldm 
(1955, p. 11). 
By comparing tho intensity and degree of glacial erosion of Morzho- 

voi volcano with that of Fmty Paak volcano, it is readily appareat 
th t  Morzhovoi volcano either is much older than Frosty Peak vol- 
cano, or that the la%hr has h n  active for a much longer span of time. 
Morzhovoi volmno hrss been deeply erod8d inta serrntad peaks and 
knifeliko ridges, myrated by broad flat U-shaped valleys, soma of 
which have completely breached what mush have been the old caldera 
wall. Consequently, tho original shape of the volcano has been almost 
completely destroyed, and all that can be seen now is the skeletaI 
remains of what was once a major valmno. Frosty Peak volcano, in 
omparison, has been less severely eroded by glaciers, so that it re- 
bins much of its original symmetry. I t  is the autl~or's opinion, 
therefore, that Morzhovoi volcano is not younger than middle Pleisto- 
ceneinqp. 

B A S U T  FLOWS OF MO- 'BfMEON 

A quencs  of olivine basalt flows makes up a low isolated moun- 
tain mass, 942 feet high, 3 miles west of t l~e aifield. Tha m w  occurs 
ns kn asymmetric idand of rock with steep northertst slopes and gentle 
southwest s l o p  surrounded by glacial drift. Because of the glacial- 
drift cover, exposures are poor, but four separate flows could be seen 
in the steeper nortl~east side. AII flows have m appamnt gentle dip 
southwestward toward Fmsty Peak- These laws am light-gray 
porphyritic rucks with an intergrandsr texture. T h o  principaI 
phenocrgsts nre pIagioclase (3- percsnt), olivine ( 5  percent), py- 
roxenes (10-15 percent), and amphibole ( 5  percent). Accessory 
minerals are magnetite, apatite, crystobnlite, and zeolites. The 
plagiwlwe is euhedml labradorite wit11 an average composition of 
abuut Ah8. The phenocrysts range in size from a few tenths of a dl- 
limeter to about 2 mm and are commonly zoned and polysynthetically 
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twinned. me pyroxene phenwrysts consist of both 0uhdml and sub- 
hedraI s e t ~  crystals a.9 largo nna 1 mm and hypersthene crystals as 
large as 2 m m  ; the hypmthene is only weakly plecldmic. The amphi- 
bola is brown basaltic hornblende that occurs as pllenocrysts as large 
as 0.8 m. levariabf y the hornblende is partly replaced by magnetite 
and chlorite, and the magnetite commonly forms dark corroded rims 
around the crgstals of hornblonde. T h e  olivine phenmrysts are sub- 
hedm1, undtered, and as large as 0.6 milljmeter in maximum d i m h r .  

The extreme dissection and the composition of tha Iavas, which are 
similar to thm of Morzhovoi volcano, suggest that the bm~lf. flows of 
Mount Simeon were extruded sometime during Inte Tertiary to middle 
Quatemry time. 

JWFRUBITEl ROC= 

Intrusive rocks of the area include Tertinry sMks of quartz di0rit.q 
and Tertiary and Quaternary pIugs, sills, and dikes of basalt md 
andesita The two stocks in Lhe mapped Rren m intruded into the 
Belkofski tuff: one is at t11e head of Lennrd Hnrbor, and the other 
near the head of the large valley that trends westward f rorn Thinpoint 
I~agoon. At Thinpoint L a p  the stock is unconformablg over- 
lain by younger volcanic rocks. The M s  are made up of n medium 
to coarsely c~ystrtlline quartz diorite that contains ahout 5-10 per- 
cent qua&, 70-75 pereent feldsp~r, and about 20 percent mafic min- 
emk Accessorgt minerals are apatite, biotite, and rnsgnetita; the only 
alteration p d u c t  is uralite. Tlrs quartz is anhadral and commonly 
forms grmophyric intargrowths with orthoclase. Potassium feldspars 
am principally orthodnse and same microdine ; plagiodase f eldspara 
are principally andesine with an average composition of about 
and a range in composition of from ahout AnBo to h. The mafic 
minerals are largely nugite and hyporsthene; twinning is common 
in the sugite but nbsent in hypsmthene, ~ n i i  normally both are partly 
aItered to uralita. The ndjncent tuff beds have been locally sericitized, 
silicified, and blertclled for a considernbh distanm from the stocksts, so 
that the original composition of tho rocks in these altered amas is 
difficult to debmine. 

Twin intrusive plugs of porphyritic hor~~blenrle nndeite of an un- 
Imam age constitute Arnagat Island. A Innding mas not feasible 
at Egg Island, but observed from a ba t  close inshore, it appeared 
to be a singla plug similar to Amapt, and possibly contemporanems 
with it in age. The A m w t  Idand plugs consist of npproximately 
26 percent andosine phenoerysts, 0.1 fa 5.5 mrn long, and 5 percent 
p n  hornbIenda euhedra, 0.1 to 4.0 rnm long, in t t  microgranular 
groundmttss of stmbby, t~bular feldspar crystals and soma carbonah 
~ninerals. Most of the feldspnr phenocrysts a m  strongly zond  and 
resarbed. Tlle hornblende phenocrysts are strongly pleochroie but 
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ramly twinned ; some of them are rimmed by calcite and magnetite. 
Other minor m r y  minerals am apatite, antigorib, chlorite, and 
limonite. 

Several other plugs of a porphyritic dark-gray to black ttugite 
and olivine b d t  intrude the Tertiary formations. At the margins 
of We plugs, the adjacent strata have been locally tilted and de- 
formed. Mume~us  sills and dikes of dark-gray andesito and dark- 
p y  to black b a d t  also intrude the Tertiary formations, and some 
bmdt dikes intrude the younger strtovolcanoes. Most of the dikes 
are d l ,  ranging in thickness from 6 inches to 15 feet; only a few 
are more than 24 feet thick. hs they can be traced for only short 
distances, they were not mappod. 

Qn8temay rocks of the area include volcanic rocks af the wm- 
posits Gone of Frwty Peak volcano and the P l e i a t ~ ~ ~ n e  and &ent 
unconsolidated sediments of glacial, fluvit~l, marine, eolian, and vol- 
canic origin. 

FROSTY PEAK VOICANICS 

Tba dominant topographic and geu1og-i~ feature in t,he area is the 
composite volcanic structure who= most prominent cone is Frosty 
Peak; the composite volcano ia here called Frosty volcmo. Although 
the earliest history of this volcano is obscured, activity presumably 
began from a single central vent somewhere near the pment craters, 
and additiond vents and fissures on its flanks probably mtributed 
to its growth at various ths. A shifting of the principal vent 
during the later stagas of its development is indicated by the mm- 
nana of the two malescing craters which now form the present 
s d t  caldera. Although expIosive activity occurred nt intervals 
throughout the growth of the main cone, it was subordinate to effu- 
sive activity. The explosions that did occur must ham originated 
mainly from a magma at a low temperatme, as most of the ejecta 
was blown out in a solid s t a h  and came to rest on the slopes as 
angular blocks in an ashy matrix. Because true scoria and rounded 
bombs are mm, the explosions were probably not of the Stmmbolian 
type of oruption, in which the ejecta would be sufficiently viscous 
to have their f o m  modified in flight. 

The lava flows and pyrmlastic rocks erupted from Fmty volcano, 
here rimed the F&y Peak volcanics, are mostly augite bwalts or 
I~yp~mthene-nugita bmalta; a few are hornblende bawlts. The type 
locality is Frosty Peak- The rocks are predominantly light gray, 
where moxidized or unaltered, and am porphyritic. Most of the 
m'ks have a felM or pilotaxitic tedure;  same have an intxwserta1 
M u r e ;  and only a few have an intargrnnular texture. Tha prin- 



dpal phenocrysts are pIagioclase (2540 percent), hyprsthene (trace 
to 6 percent), and augite (3-8 percent) ; hornblende (0-8 percent) 
and olivine (&2 percent) were seen in some thin sections. 

The plagimlasa pl~enocrysts are mostly subhedral labradorib, 
ranging in she from 0.1 to 3.5 mrn and in composition from An, to 
,ha&. Genernlly klle crystals are euhedral and unaltered and rarely 
do they show any resorption; commonly, however, they am progres- 
sively zoned, and many of the crystah show inclusions, principally of 
glass and apatite. The hyprsthene phenocrysts am euhedral or sub- 
hedral and weakly pleochroic and range in size from 0.2 to 1.6 m, 
In m few flows some of the hyperstliene and avgite crystals are inter- 
p w n ;  in others, augite occurs na thin reaction r i m s  around some 
of the hypersthene crystalg. The augits phenocrysts are euhedral 
or P;ubheclraI and commonly twimecl nad range in size horn 0.8 to 
1.0 mm. 130th peen hornblende and basaltic llornblende QCCW in 
these rocks. The latter predominates, and nearly all the crystals 
are rimmed with secondary magnntik, or are partly to almost com- 
pletely replaced with magnetite. 01 ivine occurs sporadically and 
rarely, generally as anhedral crystals nttered to antigorite, iddingsite, 
and magnetite. Accessory minerals nre magnetite, apatite, and 
pyroxene and feldspar in laths and micmlites ; also included is vol- 
canic glass. The most common secondary or alteration products are 
palagonita or clilorophaeite, magnetite, and calcite; others include 
hematit$ limonite, antigorite, iddin~mitq and zoisito. Tridymih, 
calcite, and zeolites occur as vesielo filling. 

Separation and measummcnt of individual flaws is impossible at 
most localities, but it is estimated that the individual flows average 
less than 40 fwd in thicknesg and in only a few places d m  the 
thickness of any one flow appear to ex& 100 feat. Columnar 
structures in the flows arc rarely well developed, but platy or slabby 
jointing is wall developed in sorne places. Most of the & have 
little or no flow structure, and inclusions are u n m o n .  un- 
conformities, which separate ngglomernte beds from overlying lava 
flows, were seen in the large valley on the  west flank. of the mountain. 
Irere small valleys 10 to 30 feet deep were eroded in mms of the 
sofhr pyroclastic material prior to burial by later flows. 

Tho maximum diameter of the two coalescing summit craters, which 
together constitute tha caldera of Frosty volcano, is approximately 
2lh miles in a northerly direction. The southern crater, which is 
the largest, is now nearly filled by the younger volcanic & of 
Frosty Peak; the north~rn crater, and the remainder of the southern 
crater, are drnost completely filled with ice. Becaum of intensive 
ice action, probably no part of t,he original crater walls now mists; 



nevertheless, the present walls sllow the effects of e x h d v e  fumamlio 
action, and the normally somber colors of the lavas give way to mom 
colorful Elnes of yellow, buff, brown, and orrtnge. Where the lavaa 
and ppclastic materials have been attacked by rising gases and solu- 
tions they have been reduced to soft, friahla masses of R brown earthy 
material, or they have bean blenched to  white Iraolinic masses with 
f ihs  of sulfur and other minerals, chiafly iron oxides, lining the 
joints and fractnre planes. 

The compound nature and the scnlloped margin of the oddem are 
probably related to cancentric frncturing and coIlnpse of separst.8 
cones, or the caldera may have been determined, in part, by collapse 
of the roofs of two semidetached magma chambers. Scalloped mar- 
gins of the Santorin caldera in Greece (Williams, 1941, p. 268) and 
the Aso caldera in Kyushu in Japnn (Williams, 1941, p. 278) hare 
bean ascribed to mcl~ processas, altbouglr both of these calderas am 
much larger in diameter than the mldem of Frosty volcano. 

North of Frosty Peak, n roanded pluglike nvnatak projects a few 
tens of feet above the icefield. Gaping bergscllnmds, which mr- 
rounded it, prevented a detailed examhation of the m k  mass; it 
appeared, however, to be similar in magasmpic character to the Frosty 
Peak Iavas. Beeawe of its position, the mass has been mapped with 
the Frosty Peak rolcanics, but it mdd have k n  formed lster than 
the f o m ~  tion of kl~e cddem and contempornneously with the volcanic 
rocks of the summit mne. 

The ago of Frosty volcano is not hown,  but it is p m m e d  to be 
not older than Pleistocene, The rtrnormt of emsion by glaciers on the 
flknks of the volc~no indicates that the volcano was probably 3rargdy 
completed before late glacial (Wisconsin) time, although the pm- 
orvation of the symmetry of the cone suggests that the cone is prob- 
ably not older than micldle Pleishene. The age of the Frosty Peak 
volcanics is t.l~erefore considend to  be Plaistoeena 

Because a prmment icsfieId obscures the eofignration of the sur- 
face of tlte floor of the caldera, the summit cone of Frostg Peak is 
the only recognizable foature formed by volcanic activiQ afhr the 
devdopment of the caldera. That  same minor famamlic actiaity 
stiII persists in ithe caldera, however, is apparent from a very mild 
odor of sulfur dioxide noted by tho ~ultl~or while crosing the csldem 
imfifield. The fumes presumably camo from the eastern wall of the 
caldera, which w w  not exnmined at the time because of inclement 
weather. The presence of fumnrolic activity in the alders, how- 
ever, does not nmsnrily mean thrtt any violent eruptive activitgr 
has wcurrd within tho caldera recently. 

Vokanic .roc& of tlw m m i t  cone.-The summit cone of Frosty 
Peak ~olcano is a fairly symmetricrrl curnposite volcanic m e  built 
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up mainly within the southern crater, but partly overlapping the 
westem rim of the caldera of its ancs~tral cone. The cons is ap- 
proximately 11h miles in maximum basal diameter; perennial mow 
and ice mantle the slopes of the wne, and only relatively narrow, 
knifelike xidgea project above the frozen cover. Instead of the ml 
bowl-shaped crater, the summit is a precipitous epinelrke mass. The 
sumrnit of the spine stands 1,000 feet or more above the caldenm ice- 
field at the base of the cone. The altitude of the snmmit is not 
definitely known. On plate 79 it is shorn as approximately 6,700 
feet; on other maps and charts tho altitude is shown as 5,784 and 
5,820 feat. The rocks of the cone are very similar to the lavas of the 
main voIcano and consist of light-gray hyperstham and angita por- 
phyritic basalta and minor arnounta3 of pymlastic material. Phenor 
crysts of labdorite and subordinate augib and hyprsthene are the 
most conspicuous minerals. Mqgetita and apatite are common ac- 
cessory minerals. Ths groundmass consists of plagiaclaae laths, 
augita grains, magnetite dust and gr~iTIs, and brown glass. 

Because erosion brg im and frost action hlrs been most intensive on 
the &rn and norhrn slopes, where it has p m d u d  sheer cliffs, 
ths snmmit is ammible only from the western side. The spine and 
parts of tha cone exposed above the gIacier on the north flnnk con- 
sist of lavas altered by mlfataric action, producing colorful hues 
of brown, red, purple, yellow, and orange. The rocks am charac- 
teristically banded, containing considerable whitiah ma;terial, prob- 
ably from kaolinization of the feldspars. Oxis thin section of mla- 
tively f r d  m k  fmm the summit spine resembles other lams of 
the cone, but it is much mom glrrssy. Zoned and twinned labradorite 
and ppxene  p h m m ~  m u r  in s h e - p i n e d  matrix of stubby 
plagioclase laths, magnetite and hematite dust, glass, and some tridy- 
rnih or cristobalite. Mqp~tite and hematite, and in places limonite, 
rirn the pyroxenes ; resorption and intergrowths of orthopyroxenes 
and clinopgmxenes are common. The specimen differs from others 
examined in thin section, however, in that unaltered glass occurs both 
as cefltraI cares and t~ mncentic bands included within the plagio- 
c lm phmmrysts; this mg@ that the lava was ~ubjeckd to re- 
p t e d  and abrnpt chmges in temperature or pmure during 
extrusion arid soIidification. 

The age of the summit cone, Frosty Peak, is not definitdy hm; 
considering the amount of glacial erosion, it pmbably has not been 
active for mveml hundreds or perhaps thousand of years. 

Q U C W  PmFOHITH 

Evidence of glacistion is abundant throughout the area: in the 
highlands, erosional features pradominate; in the lowland, deposi- 
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tional f a h m  am largely dominant. Both till and stratified drift 
mmr, but atratified drift in the form of glaciofluvial deposits p t l y  
exceeds El& 0th8p&. 

Only mall  patches of thin glaciaI drift occur in the mountainous 
areas or in the areas brdering the Pacific Oman. Most of the 
Bering Sea coastal lowland and the lowlands encircling the larger 
bays, however, are mantled to an unknown depth by glacial drift. 
The drift extends well into some of the valleys and to the heads of 
eoms of those now occupied by active glaciers. Eskers and moraines 
form prominent 1-1 topographic featurn on the lowlands, but the 
dominant m r f a  expmjon of the lowlanda is that of a pitted out- 
wash plain with innumerable low hills and depressions, which com- 
monly contain lakes, swamps, or mud playas. Ylis pitted outwmtsh 
surface is in turn mantled by a dense vegetal cover of tundm, grasses, 
%owe- ferns, shrubs, and thickets of alders snd wiIIows. Con- 
sequently, except in the bluff8 dong the shores, exposures a m  ex- 
tremely poor, and a sepsration of the drift into individaal units 
was not made. 

Glaciafluvial deposits of sand and p v e l  p d h a t e  in the ex- 
posures affoded by the Bea bids. Vamd clap am axposed at the 
bases of the bluffs at a few localities. Capps (1934, p. 152) noted 
glaciolaca&rine deposits on the west ahores of G l d  Bay during 
his reconnaissance of park of the Alaska Peninsula. Thin M s  of 
ash and lapilli, %5 inches khi&, m u r  near the surface of the pro- 
glacirtl deposits in many places. Lateral and vertical mdations 
in the glacial dimen& are rapid, and both foreset bedding and 
local mconfomities wur mmmonly. Generally, the quantity, size, 
and angularity of included wbblw and boulders in~reases props- 
sively f mm the mast to the mountain slopes, along with a sirnilrtr 
incmase in the eize and angularity of the particlea constituting the 
matrix. 

Typical gections exposed in the beach cliifs rtre aa f ollows : 

B W 4 m  on, sea Bli@ mar loof of dmk at Uold Bmgr 

B, Soil, Wty, m h y :  capped by tandra and grass ,,-,,-----------,----,, 
T. A&, silty, poorly stratifled- ,,,,,,,,,-,,,,--,,----------- ----,, 

6. Band, pnmiceoo$ coarae; thin clay strata lem than .5 In. thlck ------,, 
5. LapllIi, flne, tiahtan; in thln beds altematlng with h e  black lapi1Q 

Rnd Ifght-tan plaetlc clay ; 8 in. d BLlty sand at baee 
4. Bilt, ~ a n d ~ ,  brown --,,,,,--,,,-,,-----------4--------------- 

3. Hand, poorly morted and poorly stratlft& _-,,--,----,,----- 

2. Orarel, mndy,,-,,,,,,,,,,---,,,,----------~------------------------ 
1. Gravel, pebbly, sandy; base nok ex@, law- 12 h covered wlth 

~lopewa~h,,,,,,,,,,,,,,,,,,,,,,,-,,,-,,,-,,--------- 

Pest 
2-3 

4 
1-1.6 

Total thickness of sectlon ---,---,,,---,,---,----,,,,,-,-- Mf 



8. Tundra anti eoi4 darL4mwq ashy ------+----,-,,--,,,,,, 

6. Silt, eandg, darkbrown. masalve- - - -  -------,-,-,,,-,,--,, 

4. Sand and pebble mvel alternating fn thin b e 8 ~  ,---,,,,-,--, 

3. Sand, stramed. chasee,l-----,------------,,----,-,,,,,--, 
2 Sand, nllty, flne; with lenses of clay fragments -,,,,,----,,-,-,-,-, 
I. Clay, masslce at top: grading into thinly laminated v m e d  clay at 

ha-: dark layem % In. thick. U g h t  layers 2-3 in. thick; bae mv- 
ered with alopewash -,,--,---,------- - ........................ 

Total thleetoesa of man,-----,,,-----,,,,------------------ 

Umrly all fragments in the glacial deposits are volcnnic rock types; 
the only erratics observed were pebbIes of vein quartz or granitic 
m k .  Both types are believed t o  be chiefly of local dderivation, but 
their gource is not definitely h a m .  The granitic rocks are probably 
derived from local small intrusive bodies, such as the diorite stocks 
in Thinpoint Valley and at the head of h a r d  Harbor; or they may 
h, in part, of mcidental ejmta origin. Some small quartz strinpm 
and veins are in minemlizsd zones bordering dioritic intmive mlasses, 
and these could m u n t  for the emtic pebbles of vein quartz. 
Striated boulders are rare in the glaciaI drift; stri~tsd W d ,  how- 
ever, ia common. 

The exact thichess of fin glacial drift is unknown. Bedmk 
underlying drift in the lowland area is not ~X-POML Dnring the 
Armg'a  occupation of the present airport sits during World War XI 
approximahly 35 wells mw dug or d d e d  for water sapply. Un- 
fortunately, no logs of thes~ wells were kept at the time, but sawraI 
of the dug wells wem deep (maximum of 71 ?A), and many more 
w m  drilled to depth of 100 feet or mom (maximum of 119 ft) ; none 
is blieved to have penetrated bedrock below the drift. 

The glacial drift mapped on the lowIands is pmbbly nearly dl 
late Pleisbcene, presumably late Wiscansin in age (Cappg 1931, p. 4; 
P6w& and others, 1953, p. 12). Although A t w d  (1911, p. 87, 90) 
found no evidenm of older glaciations in his mmnnaissanm of much 
of the muthwestern part of the Alaska Peninsula, m n t  wortem in 
many other prrrts of Alaska, including the northern part of the 
pninsdrt, have recognized the existence of several major glaciations 
P6w6 tknd others, 1853, p. 12). AIthough A t w d  (1911, p. 87, 90) 
cmm in the Fmty Peak a m ,  but if so, it was not recognized in this 
study. The ice certainly meltad from the lowEan& prior to the 
last crustal movement, which elevated the penkwla at least 100 feet 
in reapect ta sea level, as indicated by olevatad stseam and marine 
t enma along the Pacific coast, by entrenched-stream channels in 
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major vaUe;gs; both in dlnvium and in h d m d q  and by wave-cut 
clifEa and cam sitmkl behind dented beach rid- Gtlacier~ 
IjigeFed in the mountains, however, long after ice had retmkl from 
the lowlands; in the higher mountains, active glaciers are now can- 
tributkg minor amounts of g1aciaI drift to the upper mches of the 
major vallep. 

Thin laysrs of a& and lapifli, 2-5 inches thi* are widespread 
in the area both ov~rlying the glacial drift and within the upper 
part of the drift. The material is gneraIly warn and falls in the 
upper and lower limits, respectively, of ash and lapilli The ma- 
hrial is commonly black md cindery or awrimua and includes 
mme thin interbedded Iayers of pale-colored plastic, clayey veq  fin8 
ash. The ash M s  am overlain by a mantle, from 1 to 3 feet thick, 
cclnsisting of a fairly homogeneous mixtnre of volcanic ash, silt, h e  
sand and pIant remains, presumably mostly eolian in origin. Soil 
tests by the U.S. Army Corps of Engineam, Seattle Dietrich, Seattle, 
Wosh., for the Civil Aeronautic3 Administration, re-1 the material 
to consist of approximately 50 percent clay mineral nggregatas, 20 per- 
cent volcanic ash, 10 percent quartz p i n s ,  10 percent feldspar grain$ 
nnd 10 peroent organic material. The c l ~ y  aggregates were probably 
formed from weathering of the feldqam and volcanic ash. Pmvail- 
jng wind directions are such that only rareIy codd ash from Pavlof 
~olcano or any of its mtelliw ever reach the western. shorn of Cold 
Hay. Most ash in the Cold Bay area was pmumably & r i d  from 
the volcanoes of Frosty Peak, or Arnak Island to the north, which has 
been active more recently than Frbsty Peak cone (Coats, 1950). 

Large arena of wd-sorted sand occur in dunea dong the ma&; 
on the geologic map (pl. 79) only rt few af the laqpr dune arms 
are shown. Onahore winds from the Bering Sea h v a  blown sand 
fmm the wid8 beaches ta form large foredunes which parallel the 
&oreline and a p  the low bluffs, h r g e  sand dunes pmIlel the 
showha and cap older b w h  r i d p  along the Pacific mat and in 
some of the larger bays, especially in the vicinity of the mouths of 
large stream and st the hads  of shallow bays whem abundant 
s o m  material is available. Mmt of the dmes m fixed at present 
by a rank growth of beach ~frass; this tht m& were formed 
during a much drier or colder climah than exists today. 



u v m  

Rmnt alluvial depsits of nnmmlidated gmvel, sasd, silt, and 
clay mantle the mIley bottoms and f l d  plains. T e r n  are rare, 
mostly becaw the overdeepening and widening of the mlIeys by 
glaciers has promated the accwndation rather than removal of allu- 
vium sins glaciers filled the valleys. Detritus, contributedl by W p ,  
swift triblltarim and by t d u ~  md soil weep, overloads the main 
streams, which then form braided channels on the f i t  valley floors 
of the streams draining into the Bering Sea and some of the larger 
bays Streams draining into the Pacific Ooeaa, howemr, haw been 
able to  transport this detritus bemuse they have steeper gradients 
and shorter courses. Consequently some valleys contain only a thin 
alIuvial mwr, 10 feet or less in thickness, and 1#1m of the streams 
are now incising their channels into bedrcck. 

Cowm gravel and sand predominste in the aUuvium, but large 
amounts of d t  and thy are mixed with the mamar fractions in the 
lower stretches of tha larger streams; this h e  material is wntributed 
as rock flour from activs glaciers and permanent ide lds .  In some 
of the larger valleys which still mhin actiw cirque glaciers at their 
heads, outwash as it moves dom8tmam is gradually diluted by non- 
glacial aIluvium until eventually the outwash is lmt in this aIIuvium. 
The distinction between glacial outwash and valley alluvimn on the 
geologic map (pl. 791, therefore, is arbitrmily shown in most places. 

Il-Us DEPQI*T& 

A variety of baach deposits occur in tlm area, ranging from 
lagoanal muck md muds to Goam cobble and boulder deposits in 
beaches, spits, and bars. On the Pacific m a s t  the Tertiary d i -  
mentary and volcanic rocks and the glacial drift are being eroded 
rapidly by the vigorous action of waves and currents. The sand 
and gravel thus produced is deposited nearby as spits and bars, 
or aa broad smdy beaches in the more sheltered heads of bays and 
coves, Spits at the mouths of l a p m  are mmmonly w m p d  of 
cobbles, indicating strong longshore currents; and prominent cobble 
spib nearly enclose Littlejohn Lagoon in Morzhotroi Bay and the 
two lagoons on the wast shorn of Cold Btiy opposih Kdakan Point. 
Large mnd spits s ~ l m ~ y  almost enclose "Shinpoint Lagoon and alao 
produce the large lagoons at the heds of Morzhovoi m d  Cold Rays. 
Successive beach ridges are conspicuous hhind t h ~  sand spits on 
the seaward Bide of Thiipoint Lqpon. The beach ridgas are corn- 
posed of either #and or p v e l ,  whereas the swales cr>mmonIg con- 
tain lakes or are swampy and Elled with muck. Black smd, con- 
sisting chiefly of magnetite and ppxenw, m u m  Iocdly along some 
of the b b m .  Boulders, principally erratics derived from the glacial 



drift, occur in many places along the h c h  and oflshore. Most of 
these boulders are small, but some exceed 6 fmt in diameter and are a 
hazard to small bolrta 
On tke Bering Sen coast, where no Mmck is e x p a d  to dim wave 

action, the erosion of the low bluffs of g1:ladal drift and alluvium 
has produced extensive sand batches. Large offahera sandbars, Zrom 
8 few feet to sewral tens of feet high, have been built upon the gently 
shelving door of the Baring Sea. In plsm these sandbars are as 
much as 3 miles from the mainland shore. 

'CTnc~nsolidatsd tdus and other waste rock, ranging from coarse 
blocky l ~ v e  rubble tn fine w d  and silt, mantIm the lower slow of 
the valley walls and beach diffs. Composition of the rnahrial mainly 
mflects the Qpa or types of mks that crop out in the walls of the 
clifls and valleys. In many places m e  finer eolian m a @ ~ s l  included 
in these deposits is principally intermingled ash and silt. Mmt of 
the valley colluvium i s  mlativaly stable, exwpt at those points whme 
the stream is actively cutting into a dope. However, mllnvium aEollg 
the cocoast tends to be less stable because of continned wave erosion, 
unless the slopes are protected by k h  ridgea 

8TZtWUTURE 

The inferred stmctura of the a m  is sllown in the geologic cross 
section shown an p1ata 79. T h e  major structural festure is the north 
limb of a b a d  anticline that forms the Aleutian Range farther enst 
on the Alaska Peninsula. Superimposed on the eroded remnants and 
northern fink of this anticline are the gmwt mama of late Tertiary 
and Quaternarg stratovalcanoes with their individually developed 
structures. The oldest rocks in the area, the Tertiay marine and 
vo1mG~ sdim~ntary mks, in general, have northerly and north- 
wesbrly dips of 10°-200, locally a8 steep as 3 5 O  ; dips tw steep as 
Ttio-80" were noted only in the vicinity of intmsiw masses. Although 
these older r d s  are faulted tu some errtent, them a p p m  to be very 
littls contortion of individual al Only ah one locality, where thin- 
bedded shale, eanwne, and l e m ~  of fine conglomerate were cut by 
many faults of mall displammenf was crumpling and contortion of 
the ghde M s  o b d  T h e  abmpt termination of the Bekofski 
tuff at the d r n  &ores of Cold Bay mggests the existence of a 
major tramverse fault in the vicinity of the bay, which probably a- 
munts for the existence of the bay. No major linear faults were 
recognized in the younger velamic d s ,  but it is i n f e d  that am- 
uate faults border the caldera& 



GEOLOGIC RECONNAZBsANCE OF FR08TY PEAK VOLCANO 701 

Before tha geomorphologg of the Fr&y Peak area can b wm- 
pletely tmdemtood, much more detailed local and regional studias 
of the westam exkwmity of the Alaska Peninsula lrre n d e d .  It 
is proposed hem to pint out some of the eventa that have o r x u 4  
in the evolution of the major tapographia fwtum of the arm, and 
to present some of &a problems thak must await f n t m  studies. 

A major lowland of varied width extmds northmeat from the 
mountain dopas to tha show of BridaI Bay. It is nearly contin- 
uous for the entire length of the peninsula, with a greatest width 
of about 25 miles. Tllk tundra-mvered lowland plain rises gradu~lly 
from the Bering Saa to intersect s h q l p  with the mountain slopes 
at an altitude of about 200 feet; in some p l s w  the plain merges 
imperceptibly with the mount611 slopas. The surface of this plnin 
j ~ l  now underlain to an d m o w n  depth with glacial drift and alluvium. 
With the exception of a few isoTatd vo1canic knobs projecting abve  
the plain, M m k  was not observed anywhere on the lowland in the 
Fmty Peak or Psvlof arsas. Expomms am very poor, however, 
and much of the lowland was not examined in detail, go that bed- 
m k  may be at or verg n w  the surfam in w e d  places. The total 
areal extent of this plain, which certainly is much greater than 
that now expoesd, is difficult to determine bemuse of hhe lack of 
detailed hydrogmphie surveys of the adjoining Bering Sea. 

How the plain was f o m d  is not known, but it is premmed to be 
a broad &I plain, f o r m d  More Plei&xene time, apptbmntE y the 
resaEt of subserial and marine emion of a gradually rising coast 
which was subsequently modified by glacial &ion and the deposi- 
tion of drift, and by changes of sea level during the PIeistocene. 
That part of the plain now e x p o 4  is almost entirely constructionalS 
and has been formed by the deposition of till and pmglacial outwash 
which, in p&, have been reworked and redeposited by streams and 
W&V89. 

The gga of this mash1 plain is similarly unhowa, but it may have 
been in tbe p m  of forming sin= middle Tertiary time, m- 
parable ta major erasion surfaces noted farther west (Gatm md 
othera, 1954, p 44T; Gabs m d  othm, 1958, p. 130; and Coats, 1958c, 
p. 91). 

Little else is known of the mrzer e&anal history of the srea 
becaw of the wbsequant mdi6cation by int~nsim glaciation through- 
out the Pleistmane. At Borne time, and perhaps m v m l  timw during 
the PI&-e .epoch, the mombinolls amas mumulakl  extensive 
icefields. Pallerg glacim hm theem icefields - I d  on the Bering 
Sea lowlnnd to form l a w  piedmont g1aciem seved  htllldreds of 



feet thick. V d q  glaciers that d i s c h e  southward, however9 were 
much shorn and appamntly d m d  08 directly into the Pacific Oman 
without forming piedmont glwsciers. 

A P d  i m p  may ham existed in the area during glacial timm. 
Although the present-day climate is cool and comparatively mild 
and the pmipitatioa is relatively Iow, this climate together with the 
topggpph;g are such that a much greater ~bcxumulatien of mow and 
ice cuuld very e l y  m u r  with any prolonged lowering of tempera- 
turn. I f  it is assumed, as has jwt been auggwhd, th& the Bering 
sea surface was completely frozen during glacial times, then tha air 
overlying the frozen surface of the Bering Sea could take on con- 
tinental chamchristiw, and much lower ternpedmw would m u r  
than under present conditions. Then, if the Pacific O w  remnined 
as an open body of water, the pahmla  would be tbe wn0uence of 
vqy cold and drg northern centinentd air ma= with moister and 
warmer maritime air m a m e a n  ideal situation for large nccurnuln- 
tions of snow and ice. Also, with progressiveIy lowered normal tern- 
peraturn, a perennially f m e n  Bering Sea would tend to produce even 
lower temperatures than normal, thus the persiwm of snow mould be 
increwd throughout the summer months. The volume of ice pro- 
duced from both incmasd snowfall and duced melting might very 
easily grow to local ice-shet proportions. 

Becaum of ths comparative warnth of the north Pacific Oman, it 
m m s  unlikely that much ics developed dong tbe Paeifio c&, 
even during the glacial e p h ~  B w u m  of the compamtive mldnm 
of the Bering Sea. however, it seems probable that sea ice verg likely 
completely filled the Bering Sea during those parts of glacial timea 
when ses, level was high. During the winter of 1955-56, Cold Bay 
from o ~ e r  for the first time on recod, forming an ice layer about 
4 inch- thick and indicating that the Bering Sea surface to the 
northward was also completely ice covered (U.S. Dept. Commerce, 
1956). Themfore it seems reasonable ta expect that during times 
of glaciation, which wem also times of prolonged minimum tempera- 
tures, the M n g  Sea, and probably many of the mallar bays, were 
d d l y  packed with sea ics. Flint (1947, p, 223) arrived at a rrbdar 
conclusion concerning the conditions that prohbly existad during 
glacial episodes in the Bering Sea and north Pacific Ocean. 

Eustatic chmm in ma level must have occurred in the area both 
during and after Pleistocene time, but to what extent is not horn.  
The latest change in the Frosty Peak area haa been an dewtion of 
the I d  rel~tive to sea level of a maximum of about 100 feet. Evi- 
dences of this change, however, were not studied in detail. A maxi- 
mum sea-level duction of about 45 to IS0 meters (about 150400 ft) 



probably occmd during the most extensive glaciation (Tnmball 
and athers, 1958, p. 10). A lowering of sea level of this magnitude 
mould expose nmIy all of the Bering Sea shelf. Buffhgha and 
others (1950), believed that a rather continuous slope brwtk at about 
85 fathoms (510 ft)  on this ~)nspicuous2y flat shelf marked an old 
shoreline cnt at a time of lo~ered  sea level. How n111c11 of this depth 
can be attributed to rsn overall lowering of sen level and how much 
to crnstal deformation is not known. B~brth 1 1956, p. 154) believed 
that the Pribilof area in the Bering Sea wm ~ssubject to large vertical 
crustal movements during the Pleistocene. His evidence, bowever, 
is based on the singular belief that the erosion surface developed on 
the basanent pendotits could be due only to normal ica smsion. It 
seems more likely that ltha erosion surface was actual1 y formed h fom 
Pleistocene tima by wave action and that the evidence far glacial 
erosion is superimposed on a preexisting mave-cut platform. How- 
ever, the m i a n  &ace may hav8 been formed principaIly by pack 
im, as warn the L'Stmnd flats'' in the Frobisher Bay nrca on Rnfin 
Island, Canada (Wengerd, 1851, p. 631). Either of these p i b i l i -  
ties precludes the necessity for large crustal movement in the nrea. 

QEOMIffIC HIBTORY 
The geologic history of tho Frosty Peak area, m r d s  recurrent and 

prolonged periods of volcanism separated by periods of reIative qui- 
escence. The latter am chancterized by =eathering, erosion, and 
normal stream alluviation and marine deposition. 

The earliest event that can be inferred from the visible geologic 
records is a relatively long period of explosive volcanimn, presumably 
in middle Tertiarg time, vhen tho beds of Bslkofski tdT accumulated 
to a thickness of seveml thousand feet. Locally, the eruptive ma- 
terials were extensively worked by streams, and vo2anic sands 
and gravels were deposited in lowland areas Active volcanism was 
inhrrupkd periodically, and forests of conifers flourished, only to be 
subsequently destroyed by burial from renewed volcanic activity. 
Lnter, volcanism m,wed find a period of orogeny e m 4  during which 
time the beds of the Belkofski tuff were intruded and altered by 
diorih 

htsr  in Tertiaq time, when the land masses had been lowered by 
erosion, ma level fluctuated and sandstone, graywacke, fine conglom- 
entte, and some shale--the Tachilni fomation-accumul&ed on the 
bottoms of the ghallow seas of the Pacific Ocean and the adjoining 
low-lying landmasses. TElese sedimenhq pmcesses were then in- 
tempted, presumably near the close of Tertiary time, and the Ta- 
chilni formnt,ion ~nnd older rocks mere compressed into gentle folds, 
and fmlted. During this deformation, igneens activity mas renewed, 



and M E  and mdesih were intrudd along zones of waahess de- 
reloped in these older mk~ 

VoIcanism was again resumed in vmy late Tertiary or in w l y  
Quaternq time, and the large stratovolcano of Morzhowi waa built 
on the older Tertiary sedirnenta and volcanic rocks, probably along 
rifts that deweloped in t h ~  older r&; the basalt flows of Mount 
Sirneon wem also probably extruded at this time. At first the erup- 
tions of Monhovoi volcano must have been mostly explosive, as the 
initial products are predominantly p p l a s t i c  and volcanic d i -  
men- rocks. Latar, however, quiet flows of basaltic lava pm- 
dominated. F m a t i o n  of the summit caldsra indicates that late in 
the hist.ory of this ~almno active voleanism culminated in a series of 
eruptions, probably of gas-rich magma. The initial sspl&ons wem 
pmba bly weak; later, however, t h ~  size and volume of ejecta incraased 
until the energy had spent itseIf and the magma ehember hnd been 
depleted. When the magalt chamber became exhamhd, or nearly so, 
the crater walls began tm collapse, until the entire summit of the cone 
had mllapsed to form a large caldera, similar to  the formation of other 
large cnlderaq euch as Krakatoa, Santorin, and Cmter Lake 
(Williams, 1941, 1942). Apparently after the ool lap,  in early or 
middle Pleistocene time, the volcano became inactive. Subsequent 
erosion by streams, glwiers, and frost action has removed much of 
the original volcano. 

Later in the P l e i m n e ,  while Morzhwoi volcano was still being 
dissected, volcanism was again renewed in F m t y  volcano to the 
north. Whether this renelred activity stemmed wholly from an 
entirely new vent, or whether it repmnts renewed activity of a 
pamitia cone on the north flanks of the older volcano is not h a m .  
Late in the hiBtory of this volcano, active volcanism dm culminated 
in a series of eruptions similar to that postulated for Momhovoi 
volcano, md the summit of the cane collapsed to form a small com- 
pound caldera, 
Lte in Pleidmme time, ~ f t e r  another period of qui~m~8, volmn- 

ism was again renewed-this time in the southern crater of the Frosty 
e a l d e ~ d  the composite summit cone of Fmdy Peak was built. 
After volcanism ceased, probably in late Pleisbcm~ or Rgcent time, 
emion by wind, w a v q  ice, and water gmatly modified the88 vol- 
canoes and their mrmunding lowlands. 

Some eustatic: changes of ~ e a  level have occurred in the Fr&y Peak 
a m ,  probsbly both during and Binca the Pleishma The most 
mxmt change is a relative lowering of ma level, mrdd by elevated 
stream and marine tefiaoes near the Pacific msst, by entrenched- 
s trew channels in major valleys, h t h  in a1luvium and in bedrock, 
and by wamcut cliffs and caves behind ele~ated beach r i d p  
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