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A very remarkable mountam, risig with o uniform ascent from the shotes to its [ofty summi. which
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Prm@ymnr&:t&magpmmﬁummpmafvm! and clothed vt snow and ice.
thpugh which netther tree nor sirub were seen to protrude . .

— Peter Puget, Chatham, Mey 171794 (Vancouver's "Vovage of Discovery™: Lamb. 1984)

INTRODUCTION

Angustine volcaro lies in sonthwestern Cook Inlet,
sonthcenwal coastal Alaska, 280 km sombwest of
Anchorage (figs. 1 & 2). The nearly arcular island is 12
km wide east-west, 10 km narth-south; a nearly symmet-
rical central summit peaks at altimde 1254 m. From
aerial photographs flown in Angnst 1990, the U.S.
Geological Servey's National Mapping Division at
Vancouver, Washington. scribed s new topographic map
of Augustipe Island at 1:25,000 scale with a8 10-m
contonr mierval, on which a new geologic map is ploded
(plate 1).

Genlogic mapping was done m the field over 7 bref
seasans berween 1988 and 1993, the map data plotted on
venical serial photographs flown in Sepiember 1986 and
August 1990. Companson with photographs flown in
Angost 1976 belped distnguish same look-alike deposits
of the 1976 and 1986 eruptions heaving somilar diswibu-
nons. From the serial photographs the map was compiled
with an snalog Kern PG-2 streoplotier.

Landshide Paradigm

Apgustine's smmtnil consists of several overlapping
domes emplaced dming many hsiofic and prehisionc
erupnons. Most fragmental debris exposed in coastal
€XpoSres comprise angnisr blocks of dome-rock ande-
site typically of cobble 1o boulder size bm carrying clasts
as large 85 4 w § m_ rarely as large as 30 m. The surface

of such deposits is hummocky. a field of sieep conical
mounds and intervening Gepressions with maEry mMeLeTs
of local relief. En route to Kamai i 1913, Griggs (1920,
P- 341) hagd triefly inferred landslide (debris avalanche)
as the origin of Angestne's hummocky coasial wpogra-
phy about Boxr Pont, by geomorphic analogy with the
bommocky and blocky deposit of & 1912 landslide near
Kamnai,

Several other reports noted bhmminocky, COsrse
deposits on the flanks of several Pacific volcanoes:
Bandsi-san and Yatsugatake in Japan, Galunggung and
Raong in Indonesia, and Ruspehn, Egmont. and White
Island in New Zealangd: such deposits had been inferred
10 originate suddenly by landslide or “lahar” These
+ olcanic examples were summarized and discussed in
texthooks (Cottan, 1944, p. 247-253; Macdonald, 1962,
p. 180). In nonvolcanic moumntain valleys famous bstonic
catastrophic landshdes--at Eim, Switzerland in 1881. at
Frapk Alberta in 103, at Gros Venire valley, Wyoming
in 1925—had also formed coarse blocky deposits with
similarly hummocky topography. a gigantc prehistonic
endmember gt Saidmsrreh, Iran became kmown and
discussed (Hamison and Falcan, 1937, 1938; Oberlandear,
1965, p. 61-62, 155-156). These pheromena figured in
syntheses and in geomorphcdogy textbooks (Sharpe.
1938, plates 1 & 8. Thambary. 1934, p. 90-93). Bm
uwere of Griggs's obscure paragraph and upattuned to
gecmorphic hiteramre and textbooks. smdents of Angns-
tme in the 19705 did not admit landshde to that volcano's
seminal processes (Danemman. 1973; Johnston, 1978
Kienle and Swanson. 19800,
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Figore 1. Index map of Cook Inlet, Alaska Awngustine
vaicano constimtes most of Augustne Island.

The hummaocky deposits on Angustine's lower flanks
resemble both 1opographically and lithalogically those of
tie great landstide or debris avalanche that mitiated the
spectacular 18 May 1980 eruption of Mount St. Helens
{Voight 1981; Vaight and others. 1981). The deposut of
that landshde revealed o all the ongm of caarse dismicts
with hommocky wpography at other stwatovalcamic
cones. Smee 1980 many hammaocky coarsely fragmental
deposits on Avgustne's lower flanks have come 10 be
miexypreted as deposits of numerons grear landslides and
dehris svalanches. Table 1 smnmarizes themes of geolo-
gic Tepors aholl Angustine that precede the present map.
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PROCESSES AND DEPOSITS

Angustine volcano consists of matenals emplaced by
different processes. summarized in the followmng para-
oraphs (fg. 3.

A lave dome forms when magma extrudes 100 “sufl”
10 flow much. thos having slopes as steep as 40° and
more. A dome also grows by mjection of magma.
swelling as an inflaring baltoon. A soccession of maore
than six domes form Angustine's siTnmit ares, others are
baoried within, and three others protrude high on its
flanks. A growing dome sheds hot lthic boaldery
avalanches (lithic pvroclastic flows) that flow w© the
lower valcano flanks.

A lava flow has less viscosity than flows of a lava
dome =nd thus flow farther downslope. Awmgustine
reveals anly a few shart lava flows. the most obvions at
midlevel on the north flank

Expanding. escaping gas violently fragments magmsa
rising in the vent, and the dense mixture of gas and rock
erupts explosively. The erupied matenal flows rapidly
down the volcano flank as a pyroclasnc fipw, consistng
mostly of gas and pumice fragments but also beanng
rock fracments. The resuliamt pyvrociastic-fiow depasit.
consists mostty of sand-size particles bnt can include
large bonlders: some are Tich in low-density pumice
blocks that doring flow “float” 1o 15 wp and sides.
Pyrociastic flows shed from an emplacing dome coRsist
mostly or entirely of nonpumiceons (“lithic™) rock
fragments.

Fragmented magma, akong with accidental material
eroded from vent walls. is carried gp in a vertical erap-
tion column and then falls omt as angular clasts of pumice
and rock fragments. Some matenial falls broadly on the
valcano fianks: most il is carmried to particular azimaths
by wind The iene zephra denoies material deposied
from such a fall regardless of its grain size. On the
valcsno flanks the clests can be decimetsrs in diameter.
typically gmin size decreases loganithmically downwind.
A few 1ephra lavers on Angustine are (.5 10 1 m thuck
and with fragments as large s several CERUIMESIETS, INARY
others are moch thinner and of sand-silt ash.
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Figure 2. Angosune Island Most piace names are mitrmal but are nesded in present repart for locations and designanion
of geolog: map mnits. Mostly mfommal place pames procesd north from sommir then clockwise aronnd coast. 8D,
sammit-dome camplex: NSL North Slope tava fiow: BP, Burr Point: NEB, Northeast Banch: NEP, Northeast Pomr, YC,
Yeliow Cliffs. EP. East Paint: SEP, Sontheas: Point: SER. Sontheast B=ach: SP. Sounth Point: KD, Eamishak Dome: LE.
Long Beach: WL. West Lagoon: W1 West Island: NWL, Northwest Lagoan: GP. Grouse Point. NB. North Bench: RP.

Rocky Pomt

Blocks are also somenmes gjected explostvely and
wavel omward on ballistic sajectones. They may be
grectad W any azimpth, inchiding windward.

Rarely during magma intresion high imto the volca-
nic cone, the stecp ST area of 8 voicano becomes so
mechanically anstable as to fail as a hnge landshde or
debrs avalanche On the lower volcanoe flanks a debns-
avalanche deposit has 8 hummocky seaface with as muoch
as ens of meters of mehef and comprises fragments of the
sammit domeds) Tanging from small boalders 1o rare 30-

m miternally fracioved megabiocks. Most of the outer
flanks of Angustine volcano consists of coarse. lithic
diamicys, many of them as thick as 10 m and more, and
with hmmimocky topography. Conmasting other siratoval-
canoes. debns avalanche is a fairly common process at
Aptustne.

Hot pwroclastic debns tamdly mixing with and
melung seasonal snowpack can adsorb erough warer
ansform oo & mass flowage of wet. muddy rock debas
called a lohar. A lahar typically is nch m large booldars
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Table t —Summan of previous geologic work aboul Augustine volrand

Relerence

+

Topic .

Davidson. 1884

Summarv of observed affects of & October 1883 Augusune eruphos

G.E.. Davidson. tunpue leter
o Nev (8B4

Relates durect observanon m June (884 by a Capt Culie thar N flank Augusane shd a5

| amcivsmuc landsiule mio sea on & Oct 1883

Beckur. 1898

! Darect obssrvanons of flanks and crater after 1883 enupnon

Gnggs. 1979

5 Ronetf swop at Angusine. mrzeprats Buor Pomt depost as landshde obscure reference

Coals. 1930

Lisung of Aleunan-arc volcanoss and SUmmnars of nstopc srupnoens

Diettarman & Reed, 1904

Geolome map at 1 250000 including Augusnne Island wgensrabzed

Deusmman. 1968

Summary of observed affect of 1958 Augustme eruphor

Dwnerman, 1973

Geologic map at 1:63 360 of Angusime sland

Kienle & Forpbes. 197#

Summary of ehserved effects of 1976 Augusnpe eruplon

Buoiflar. 1976

Map md soungraphy of Mesozex recks, south fank Angusuoe Ialand

Jobnston 1978

Summary of histonce enptons. 1976 erupuon chruzalogy. processes. and pomuiogy of
erupied matanals

Johnston, 19™

Evidence that Augustme volcamsm began durmg the late Flestiocene

lohpston & Detemman 19™

Sumina-y of lstaric ereptions. dzleton of spanous =19C erupnon”

Etente and Swanson. 1980
jrepnmiad 1985]

History of Angustne volcano. hazards (mostly pyrociasuc flow. tahar. and dome gowth:

Kienls & Swanson 1983

Plaie-fectomc suliing and pernlogy. maludimg Angusims

Swbert 1984

Documantnon of Momt SU Heiens-rype debns avalanches off mary volcanoes. mcinding
Augusuane

Erenle. Davies. Millsr. Yount
1980

Summarv of chronology and obrerved effects of 1936 Angusune sruphon

Datev. 1983

Petrology. petrogephy. geochemistry of Angustme domes and lava flows

Reeder & Labr 1987

Sersauc evidence for bebavior and nmumg of Angastne 1576 erupon

Siebert. Ghoken. TR 1987

Wienie. Kowalik & Murty,
108”

| Namencal smulanon of 1883 Angustmian Sunam

Swanson & Kaenle 1988

Com sanson of 1986 Anensnne erupnon with hazards seport of Kienie and Swarson 1930

Siebert. Ghoken £ Kienls,
19de

Copea % of debns svalanche Tormang fanks of Angesune voicanc. detils on prefnstonic
West Ivnd and 1883 Bum Puime debns avalanches
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Table 1 —Sumonary a1 previows geeiogic WOTE @DOUT ARFUTIINE VOICOAC —CORIHULL

Kamam lohniop, & Wairr
164

1576 erupnor cimomniogy. «ffecks. deposits. and syangraphy

Buget & Kienle 1907
=40.004 vxs

Teprka- and “C-dafzd 12 Augusune debris avalancies m iast 2000 v sardv deposus

Siebert. Beger & Ghelen
1995

Details of debzis-avalanciie deposis or north fhmk

b contas all graim sizes down to sand. silt. and even
clay. The mare viscous lahars leave pamed sharp lateral
levees and have sieep, lobgte ermm It 15 difficoit from
the iithology and geomorpiuc character of surface
cxposmrss © distngush a boaldery lithic diamict empla-
czd as lithac pyvoclasuc flow (dry flow from one empia-
ced as depmis-fiow labar (wet flow). Geomorphically both
can be leveed and with steep. mimcately tobate. bonidery
ermm.

Storm waves wash all of AngusHRe’s Coasis. FEmov-
mg debns finer than cobbles from beadiands. mcluding
newly deposued wngues of pyrociasnc flow or lahags.
amd leaving a bonldery beach deposit. In reénmans be-
rween headlynds wave-winnowed sandy beach deposit
accumitiares. Some of the sand 15 m mm reworked by
wind mio eolian sand denes at the back of the beach
above maxmmum wave height

ROCK TYPES

In hand specomen and thin section. Angusnne dame
and lava-flow tocks are plagiociasse-porphyritic andesite
rangmy from dark gvay  hghr gray w reddish (ox-
dized). Deposits of debris avalanches, debns flows. and
pyvrociasoc flows copsmst of or contamn boulders snd
smaller fragments of posphyonc apdesie. w the eve
wdensical 0 summmt-dome tocks. On the south flank are
axe mhers of fragmental obvine basal

Chemicalty anatyzed Angustine rocks scatrer across
the SiQ). field of andesire of Le Bas and others (1986)
and of L.eBas and Sweckeizen (1991. fig 5 (hg. 4). A
Tew gmalyzed whole-yock samples range down mro the
basaluc-andemite field or up o the dacite ficld The glass
fracton of pammice fragmems ranges from dacie w©
rhvolite. For each of six coarse pumuce Iavers of the last
2000 vears. he mos1 sihicic of the glass analvses s well
mo the riyvolite rapge >72% 8i0.,).

GRAIN SIZE AND SHAPE

Gram sizes are designated by the standard Wep-
tworth classificanons for sediments, These and shape
designations (such as angularity) are as by Folk (1w80.
A designation such as “pebbly sand” denotes solely graimn
size. having no imphicariop whatever abom genesis or
emplacement mechanism.

CHRONOLOGY
Radhocarbon Ages

‘We have obm@ined 47 mdiocarbon ages from orgapic
matenals merbedded with wphea deposits on Angusone
Island (mble 2). In such a layered sequence. a dated
grganic sample mmediately overfymg a tephra provades
a minimmn-iimitng age on thai Ephra; one From jost
below provides 3 maximmm-imitmg age. Most madiocar-
bon ages directly hmit the age of tephra layers. Bur once
age-bracketed by mdiocarbon daies, a distmowmshable
tephza l#yer becomes a usefnl date by proxy. Table 2
depicts a gemerslized composite sgangraphy of Angus-
une’s debris-avalanche deposits with respect 1o the main
tephra deposirs.

Tephrochrenology

Tephra seguences 1- w0 3.5-m tuck are relatrvely
confmous aiong the east. southeast. and soath coasts of
spcustme Isiand These zomnths are genemlly the
downwind direcrion where tephra ends 10 accomniate,
but also these directions are where the lower-flank
deposits are genemallv older than on other flanks. Upper
Holocene strangeaphy established h these most complete
secuons show seven or e1ghz coarse pumuceons iavers
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lephre iavers @@ ALgusnne volcane

Table 2 —Srrangraphy or radhocarpon gges and
tephre lovers @ Augustme volcanc—eonImugd

Redinmeiric Ages Lab. MNo. . Reforsuce ~
& tephra doposits) i

101 7=0 7 fmod. B-33672 Thes smdy
<283 L1496 | BKST
~183 114973 E BK9Z
14060 B-2473 BKSZ
DT T B-24770 I BK9Z
195+1 13 " : SE.88
20590 114924 BKSZ
280=10C B-24781 BKSZ
330145 " I SK88
38020 QL4308 ' Thes smdy
"Teprha lnver B!

38735 " SGES9
410=30 B-247T ; BK9Z
45080 B-28536 BKSZ
470140 " - SK38
490=70 B-24776 | BE92
73060 B-28537  BEYZ
{Tephra kbaver M

400=50 B-35672 This smdy
~10=30 B-5566 This study
76060 535660 | Thus smdy
~T0=50 " G
800=60 B-33663  Tins smdy
300=20 " i SKER
860=8D . B-24780 | BKO:
1.000=100 B-24780 | BKSZ

Radiometric Ages Lab. MNao. Reference ~
+& tephra deposits)
(Fephra Llayer C)
320=60  B-35665 Thus studv
110070 Y B-58976 Tias smdv
1130250 B-28535 BKSZ
1195=130 : SK328
L 2140 " SKER8
1.290=80 B-22539 BES2
1.400=350 B-28534 RK9Z
1.420=60 B-28338 BED2
102050 . B-35666 | This smdy
(Tephra fayr ©) |
119080 B-57901 Thus smdy
1.470=16D . BK92
15082155 " BEYZ
1580220 QL4811 | Ths smdy
diistal,
1.610=70 ETH 3826 | BES:
(Fephra layer )
1728225 QL-4812 | Thns smdy
il
1.830=80 B-24775 BEKSZ
(Tephbra nver G)u
2.160=60 , B-33674 This smdy
R a7l l QL-431C Thas stedv
idigtal’;
(Distal Argostine
t=phra)

10
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Tabie . —Sirangrapi o7 -adiocarbon cge: ana
ephra lgvers ar Augustme volcane—conimued

T
Radivmetric Ages Lap. Mo, . Rasferemce ~
& tophra deposgits.
3620235 QL-4872 Thos stadv

1cismal

6220=70 B-35¢7¢ | Tims smdv
= 1F 33675 L Thns smdv

T
39 390~ ETH 7166 . BEKSZ
240, 40> ETH 716~ BEKS2

~ BESZ. Begér and Kienie 1997 SGKHS. Siebert and
others 7989 SK84. Swmmson sad Kienie 1985

1 Smangwapince rethoens of e G m e tree daes
ised st below it are unceTmm

> ANDS dute

sangrapmcalty saparposed. some will ntervenme fne
sand- or silt-sized) wphra lavers. In apward sranevaphac
omder (Ag. 37 the coarse levers ae desyanared overs G L
H C. O M and B Laver O 15 rare. s onan and
argnificance obscure.) Withm scattered miter secnoms of
oider debms lie several addmional lzvers that are not
easity correlated from place w place.

In 1995 James R Rughle and Cheres E. Mever
twritten common.. 993 microprobed glass from 21
sampies of Apgusnne coarse proximal Ephrs for gt
major etemenrrs. These date support many of the comela-
uons based on field sorangaphy and also snggest correls-
tons with parts of some of the miter sectons. But they
also show that several supermmposed Ephras are chem:-
cally herogeneons and th some of thesr composinorat
Tanges overlap each other. For mstmce. ephra vers C
ani M omive essenmally idemncal resolts. as close as
replicare analvses of exther laver M or laver C. Further
analvses of these and of compmrable dam bv I E. Begér
axe mderway. Conrelarion of wphras berween separaed
locahnes 15 thos by Geid swangraphv. m a few places
angmenied by the microprobe dam

L.omysnons oF tis seargraphic method ae several.
The wennficanon of the ipwest ephra m a segqoences 15
crmesl m deciphering the age of an maerivmg deposit
Parts of the wphra sequence gre readilv disongmshable
m the Selg--ihys iephra O commoondy 15 a coupiel. and
severai decmeters of fne-ash beds separate ©ph: lavers
T acd E In sectons along the sowth and =ast coasts tat

conmn several superposed ©phm iavers. feld character-
150cs are usualle sufficenr @ denniv mam wpima lavers
with cermnry Bun where only one ar twe epira lavers
dppesT m 3eChon. denndy ¢an e ammguons. A wpira
can be “mussmg” at exposed or wms@Eble sies such as e
crests of levees and hemmocks. smes above vegemEnon.
and stopes siesper than abom 157 Suoch soanmaphic
problems cansed bv post-emplacemnent erosion ¢an be
overcome ooly bv explonmg on arv one dEpoSIl TUeT-
ous sues. mcinding sume m swales. vegemted areas. and
otier sies fikely © retam a deposied ephri.

Table 2 -—Strangraphv or tephra lavers and
debris-avalanche deposics

Dehris-Avalonche Deposit | Tephra Laver

Burr Pomt . AD I838%

Rockv Pomt

West Ieiand

(Grouse Pomt

Southesst Beach

Lagom

Naorth Bench

Long Beach

South Poxmt

Mortheast Pomt

Southesst Pomt

Yellow Cliffx

Eagt Pomu

i1
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Figore 3. Skemh siowing genenc processes and hazardous phenomens ar Angustme volcann. Modified bv Bobme
Myvers from Mvers snd Bransdev 110050
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Jrapies data commiied from Kienie aud Forbes (1976}, Daiev -

1386), Swanson and Kienie [198E), Sieh-11 and nthers

(1989), amd from seiected analvses by Tmmes R. Riehie m 19935 of epima sampies collected donmgpresent majecs

Bomndanes of named figlds accarding m LaBas and others (198

61 and LeBas and Streckeisen 1981 fg. 5.

Geomorpholegy

Manv of the map mis are distmgmshed fom
newghbommg deposts pardy by panmamne meignons
Thus ane wnt exoded heck mro a soaign, bigh sea chiff
mygt be much older tiem an onciiffed netghbor of simiiar
maenat juting seaward. Sharp levess define the laeal
limrts of same dehns avalmches. 4 it far more vege-
et tham s lthologicaily ssmiisr neighbor ar the ssme
altsmide must be much aider.

Bounidery lithic pyrociastuc fows (dry flows) and
debns-{ow tehars rwet fiopws; thal have dowed less tat
3 fEw Kiometers < be neady uienncal in geomorplic
axpreszuvl as thev are m lithology 1coarse gTain szes.

mussive texmre. mguiar cias chapes). Both types of fiow
typically are gmvelly sand ar samty gravel can have a
few mezers of local relief. and are levesd and have SESD.
omcaely lobate wommi. Y2 such geomorphic charsc-
remstics help distmpuoish the two from depoxins of other
oOogms—fr mstamee mmommocky  debns-avalaoche

Unconsclidsed dehns delivered wo the coast irom
Aungnetine volocmo 1 eroded back over tmme bv ses
waves. Sea Zliffs an _Angnstne’s coasts rauge up m 40 m
meh wiere eoded far back oo araen depasis, A sez
cliff [fig. 64) coases m develgp when a fowage from a
new SImpUon overmes and spreads bpevond tie cliffl
pushing the coasdme seaward (fig. aF. Or a sea Ciff —m
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AUGUSTINE VOLCANO, ALASKA

be sarovaded by a flowage down an adjacent valley that
then spreads coastwise. isolating the chiff from whe sea
(fig. 60). Many such sea cliffs lying back from Augos-
tine’s present coasts tell of gradusl wave ercsion arrested
when new eruption deposits are emplaced.

SYNOPSIS OF GEOLOGIC HISTORY

In lower Cook Inket on the flank of a small island of
Jurassic clastic-sedimentary rock, Angustine velcano
begin erupiing befare the Iate Wisconsin glaciation {late
Pleistocene). The oldest krnown effusions ranged from
explosive eruptions cf olivine basall interacting with
water to dacitic or thyodacitic pemiceous pyroclasuc
flows. Late Wisconsin piedmont glaciers issuing from
the mountainons we. tern maintand swrounded the istand
al & time when daciuc eruptive dsbris swept down the
south volcano flank.

If Aungustine eruptions occurred between the late
Wisconsin and abont 3600 yr B.P. there is but scant
evidence (tkough deposits may lic offshore). On a few
south-flank kipuka inliess, undated but stratigraphically
decp pumiceous pyroclastic-flow and -fall deposits may
represent this period. On Shuysk Island 100 km south-
east of Augustine, distal fall tephra of Augusiinian
chemicai provenance (probe analysis ¢f glass) dates
betwsen about 3620 and 3360 47 B.P. {table 2; Riehle
and others, 1596).

From saanewhat before 2200 yr B.P. 1o the present,
numerous coarst debris avalanches have swept 1o
Augustine’s coast and beyond, most recently in AD.
1883. The decapitated summit sfier that eruption and
replacement since by andesite domes emplaced during
five suisequent eraplions suggests the process by which
the many older avalanches occarred: collapse of steep
summit domess, replaced by later dome ergptions. The
most mdersicod historic examplie of such volcanic debris
avalanches is the preat Moant St Helens landslide of 18
May 1980 (Voight and othess, 1681; Voight and others,
1983 Glicken, 199.

Beneath a tephra layer “G" dated at shoat 2200-
2000 yr B.P. lies a cogrse, hummocky debris-avalanche
deposit along the east coast, the oldest exposed such
deposit on Aungustine Island. Between about 2100 and
1800 vr B.P. (between tephma layers G and ) two large
debiis avalanches swept east sud sootheast 10 the sea
Betwesn 1700 and 1400 yr B.P. (between tephras 1 and
H) 2 lsrge debris avalanche shed east and east-northeast
to the sea.

Berween about 1400 and 1100 vr B.P. (berween
tephre layers H and C) oue debms avalanche swepl to the
sea on the sonth, another on the southwest. and perhaps
a third on the porth-nonbwest. Pumiceous pyroclastc
fans were shed to the southeast and southwest and lituc
pyroclastic flows and labars(?) to the south and south-
east. Between atout 1000 and 700 yr B.P. (between
tephma layers C anc M) pyroclastic flows, pyroclasuc
surges, and lahars swept the west and souoth flanks.

Betwesn about 700 and 400 yvr B P. (between tephra
layers M and B) a debris avalsnche swept to the sea on
the west and & small one on the south-southeast. Large
lithic pyroclastic flows shed to the southeast. smaller
ones descended exitng swales on the sonthwest and
south.

Betwaen about 350 yr B P. (after tephra Iaver B) and
hiSoric time, three separate debris avalanches swepl o
the sea on the west-northwest, north-northwest, and north
flanks. One of them (West 1sland) was large end fast,
most of it having rode to sea beyond a sea cliff cat back
into otder deposits. Augustine’s only conspicuous lava
flow was emplaced on the north fisnk.

During this prehisioric period numerons domes must
have basn emplaced at the summit, repeated’y renewing
the source for catastrophic debris avalanches. Remnants
of these old-r domes form the east and sonth sides of the
present summii-gome complex. Below the summit area
at least three domes were emplaced on the upper flanks,
one on the south (Kamishak dome). two on the northwest
(domes “T" snd “H™), Another undated and nearly buried
dome or lava flow diversifies the upper sonath flank.

During at least the last 700 years B.P. beach and
back-beach malisn dunes accreted at the southwest coast
farming a conspicuous faimtly ribbed coastwise topogra-
phy there.

In historic times an eruption in 1883 shed a debris
avalanche to the sea on the north-northeast, followed by
pyroclastic flows and surge. Eruptions ia 1935 and
1963-64 grew summit domes that spilled respectively
over the southwest and sovth flanks and shed coarse
tubbly littic pyroclastic flow down those fianks. FErup-
tions and 1976 and 1996 grew domes that draped down
the north Aark and shed voluminogs pyroclastic flows 10
the northeast through north-northwest flanks. Doming
both eruptions bt sspecially ip 1976 m. moch smaller
pyroclastic flows and {or) lahars swept down valleys an
other flanks,
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SEH iLEeves

Buried Sea i Af
New Sea CliAY
_. Wavc Fension

_ Arrested Sea Clctf
2.4 New Coasturse Lbpasit

ave F"aswﬂ

Figore 6 Skeich showing in profile development of arvested sea cliffs at Apgustive Islaad.
A. High sea chiff cut into Cowage (such as debris-avalanche) deposit Wave erosion of this chiff can be arresiad by ejther
B.or &,
B. Initind sea cliff is overniddan by new flowsge deposil, winch isolates initial cliff by moving coast seawsrd. into this
deposit & new sea chiff is cot.
C. Initinl sea cliff is isodated fram sea by a coastwise flow delivered through an adjacent side gully; into this dsposit a
new sca chff devalops seaward '
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PRE-AUGUSTINE MESOZOIC
ROCKS

A block of sedimentary bedrock constitated the
islamd befare the Pulcano exasted. This bedrock reaches
from the south coast 1o as mgh as altimde 400 m, the
lower 300 m mapped ik some detail by Buffler (1976).
Consuteent invertebrate fossils identifies most of these
rocks with the upper Jurassic Naknek Formation (Deuer-
man and Jones. 1974). The Naknek Formabon on
Angustine 1sland comprises a lower member of thin-
bedded dark-gray siltstone 10 very fine sandstone and an
upper member of cliff-forminig thick-bedded. mediom 10
fine sandstone (units Jash and Jns). Pelecepod fossils lie
throaghout the saction. The bedrock block dips south at
a variahle 10-367, mostly at 10-15°. The south dips are
despite the subsequen: growth of the volcanic edifice that
doubiless hss isostatically depressed the bedrock narth-
ward, fanuening the south dips.

The cliff-forming upper sandstone is exposed almost
continuonsly for more taan 2 kilometers along strike
below about alimde 270 m. At the head of West Kami-
shak guity kes a newly discovered, poorly exposed patch
of highly oxidized sandstone at altitudes 350-400 m,
exposed only because the head of the gully is steeply
incised beneath s carapace of coarse andesitic rubble
many meters thick This relanon suggests that muoch of
the conspicuotsly smooth slopes lving between sea level
and abont 500 m and between azimuoths soath-sontheast
and south-sonthwest, including a kipuka 10 the east. are
fondamentally of this bedrock albeit thickly and thaor-
oughly mantied by Angustine debris.

Just west of the contonuous Jurassic bedrock, Det-
terman and Janes (1974) mnd Buffier (1976) repost upper
Cretaceons rocks bearing Inoceramus fossils. This ont-
crop seems no longer to exist, perhaps buried by the
extensive pyrociastic-flow and lahsric deposits of the
1976 erupnon.

The Mesozoic rock mast have exisied as an offshore
islang before Augustine volcano began 1o erupt. Reason-
shle (10-30") slopes projected norsh from today's ont-
crops suggest that the north parnt of this block lies beneath
the Angusting central vent

Algng the south coast of Angustine Island, angolar
boutders of fossiliferons samistone are common within
the Long Bench delbwis-avalanche deposit and among the
bench bonlders derived from it by wave erosion. These
samdstone boulders extend as far as 2 km west of the

westnost gully that ioday can convey such blocks from
existing ovtcrops 1o the coast. This distribonon indicaies
tha the Jurassic bedrock lies buried beneath Augusune
debris at least 0.4 ko northwest of the present limit of
OnLIOop.

Springs emerge at contact of the upper sandstoue
member with its underlying shale, water that doubtless
contriptes o Teresl and maintenance of the prominent
upper cliff Abundant water on a layered sequence
sloping gently toward a steeply incised face is a circum-
stance condacive to landsliding. which indeed seerms ©
have occarred 1o cause § highly fractured block. gppar-
ently of the upper sandstone member, Iying a1 the coast
{msp unit PD.

PLEISTOCENE DEPOSITS

Pleisiocene-age materials arop out sporadically on
the sonth flank. comprising a landslide block, glacial
deposits, and volcanic materisds.

Volcanic Rocks

Several small inliers on the sounth volcano flank
expose bedded dark, basaltic fragmenta! material whose
beds 1 to 30 cm thick aliernate berwesen medigm sand
and granule gravel, generally poorly sorted (unit Pvb).
Same beds that contain moch mod-sized malerial are
tightly cemented. Fragments of porphyritic alivine basalkt
&s large as 20 am are scatered tmough the sections. Most
framments zre very anguolar, bt a few are sobangular o
snhround, distincidy abraded.

A few beds have low-angle cross beds. some
laminae contain mug balls (accretionary Lapilli) 3 w 8
mm ir diameter, and scme beds contain angular bombs
as large as 20 an whose impact sagged underlying beds
as much as 25 cm. These chsmacteristics, the blocky
shape of apparently juvenile clasts. and retenton of fine
sand and silt in many beds are evidence that water was
the main propeliant in the explosions and that at least
some of the beds were wet during emplacement. Sech
deposits are commonly called “hyaloclastie®.

Olivine-bassh hyaloclastite at altitnde about 300 m
is overiain by about 10 m of white pumniceous beds (mmit
Pvr) ranging from openwonk, angolar pomice pebhles
(fall bed) 1o pebbly sand with subangalar pumice clasts
{pyroclastic-flow deposit). The lowest puniceons beds of
very coarse sand are interlaminated with the apper 20 cm
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of the basaliic hyaiociastite beds. At the westmost mlier
volcanigenic beds both overlie and underlie glacigamic
beds bearing exotic stones (scale w0 small W show on
map; see discossion below).

Landstide Block

A block along the south coast just east of the month
of West Kamishak Creek is 500 m long &nd 60 m high of
pesrly iptect sandstone of the upper member of the
Neknek Formation, which lies in sitn 200 m higher.
Compared 10 unambiguousty in-sifu rock, the coastal
block {umit P7) contains far more plentiful small fanlis
and joints, many of them open fissures. Also, attimde of
pedding in the coastal block is highty variable, evidence
thar many sub-blocks bave rotated with respect © each
other. Despite its size, it seems clearty a block landshde.
as Bufiler (1976) also infers but Detierman (1973) does
noL

Glacial Depasits

Scaftered surfrce exotic stones of diamicts contain-
ing exotic stones, some of them glaciatty smated, crop
ot at severel places on the south flank (unit Pg). These
stomes range from angular o rounded and from pebbles
to boulders as large as 1.6 m. Among the diverse rock
types are granite, granodiorite, diorite, quanz diorite,
gabbro, dinbase, porphyritic dikerocks. granite-gneiss,
harnfels, greenstone, amphibolite, vein qoartz. banded
limestone and chert, and argillite. All the siones are
mmweathered snd hard, clensdy of the last (late Wisconsin)
giaciation and not an alder one. Hamilton and Tharson
(1983, p. 46~47) summsrize radiocarbon dates indicating
thal the late Wisconsin glaciation in Cook Inlel region
occurred between about 30,000 and 12,000 C yr B.P.
The scanered debris on Angustine Island comtaining
exotc stones lie between altides 120 and 290 m but
appsrently no higher. This ahimde may regisier the
height 1o which coalesced late Pleistocene piedmont
glaciers from western mountains filled lower Cook Inlet
and hanked against Augustine Island, perhaps abomt
15,000 years ago (sce Haroilion and Thorson [1983, fig.
2 4] for generalized illustration). Johnston (1979) re-
pmedexoﬁcsmashighasBlOmonam]km
narth of Soath Podnt, bat the tenge of unargeably glacial
exoiic stonas i that stea is 230-275 m, similar to thas on
» spur 1.6 km farther west (250-280 m). The exoudcs
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Johnston reported mgher zre much smaller. far beuer
roamded, znd gpparentty derved from congomena beds
upslope within the upsection part of the Jurassic Naknek
Formaton.

A section at 10-30 m altitude oveslying the sooth-
coastal landslide block (unit PT) includes exotc-besnng
outwash of chiefly volcanic debris (umit Pog). and an
interbedded primary pumiceons fall deposit from Anguos-
tine. The outwash incindes pumiceous gravel dipping &5
steeply os 38° northward and northeastward These
onsbore dips imply glacier ice contemparaneously
banked agsinst the south side of a iargely unglaciated
Augostine Island, perhsps dunng ice thinning and
recession. The dips stecper than repose angle suggest
sertling and yotation during melting of formerly adjacent
or undertying glacier ice.

At altitede about 300 m slong Augustine Creek
(wesmmost of the Pleistocene sections) the lowest ex-
posed bed of 8 section of altesnating 1ephra and pums-
ceous pyroclastic-flow deposit is walerlaid pumice from
which wood and charcoal fragments vield two AMS
radiocarbon ages greater than 39.000 yr B.P. (table 2}
This bed is overlain by a bed of glacial ontwash—so
inferred by its comtent of exotic stones—which is overlain
by a pumiceous (Angustine) bed. Thus some of the
Pleistocene-age glacial and volcanic matetisls perhaps
predates the late-Wisconsin glaciation of Cock Inlet

DEPOSITS OF LATE PLEISTOCENE
TO LATE HOLOCENE AGE

Fall and Pyreclastic-Flow Depasits (onit
PHfp)

Exposed on the steeply exoded sides of three south-
side inlier kipukas a1 altitades 250-700 m are 8-10-m
sections compising several beds of pamiceous and lithic
pyrociastic-flow deposits interbedded with many bads of
loose, soned pumiceous fall deposit. The uppermost
pumiceoss fall beds probably correlate with tephras M,
C. and perhaps with other tephra beds of the coastal
sections, thongh ambiguous field character and ambiga-
ous chemical data make such correlation wengous. Yet 2
radfiocarbom age of about 2160 yr B.P. (1able 2) from the
upper midsection (below the upmost few tephma layers)
ai the easmost such section supposts the 1ennons cofrels-
Hon.
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The lowest parts of these mhier-kypuka seQuences 1n
pleces oveslie Pleistocene glacial deposits (hearing exonc
stones) and gre probably Pleiswacene in age. Fram the
lowest exposed pumiceous bed from the wesmmost of
these secuons, rwo AMS radiocarbon dates exceed
39,006 vt B.P_ (1ble 2).

LAVA DOMES OF UNCERTAIN
LATE HOLOGCENE AGE

Kamvishak Dome {unit dk)

Eriushas ‘ome Yoimns a conspicuons bump on the
south oicane flsed. wpping at altitede 513 m. It is
thiofiy Wlanzees 5y younger fall and ballisnc debeis
lenving ¢ @ anly exposwe on its steep south face. The
rock  usizis of ight-gray porphyrnne andesite contain-
ing abomt 135 percem: plagioclsse phenocrysis and 3
percent homblende phenoarysis. Becanse even the apper
part of the dome seems to be overdain by considerably
less than the more than 10 m of fragmental deposits that
lic locally farther downslope. it seems w be of lawe
Holocene age.

Domes “T" and “H” (units di and dk)

Two domes of poarphyritic gray andesite form
conspicuous 1opographic bmmps at altimdes 1025 and
910 .m on the ‘apper narthwest flank, some 400 to 800 m
northwest of the eniral summit-dome complex. The
large West Isiand debris avalanche (table 3) must have
ieft a large crater mcloding this ares. 50 the domes mast
be vomger than aboat 350 vr B.P. (age of B tephra, 12ble
2\, theogh thev precede the historic eroptions.

Prehistoric Summit Dome(s) (onit ds)

Probahly several domes comprise the east and south
sides of the summit cone. Three overigpping Gomes 51
distinguished by shght varnianons in overall calor sepa-
mated by shallow wpographic moats. Part of the east side
is desply eroded into the “pinnacles®, which on 2 1909
photograph (Kienle and Swanson, 1980, fig. 10: Swan-
son and Kienle, 1988 fig. 5) is rock beheaded by a
sl collapse drring the 1883 ezuption. Tins old dame
rock is overdapped by the several histonic domes: ihe
south side by the 1964 dame, the west side snocesstvely
the 1883 (bored). 1933, and 1964 domes.

Lava Fiows (unit Id)

Massive parphyritic sndesite crops out below the
level of summit and subsmmmit domes at 4 sites on the
sonth and north flanks Largely bimed by vounger
fragmental debmis, these inliers crop oot only in small
paiches that have diminished even in recent decades.
They are far enoogh downslope 10 be classed as “lava
flows”. and in form they seem not to be large mounds.
thoneh the posphyritic andesite is Hke that of the domes.

DEPOSITS OF LATE HOLOCENE
AGE (PREHISTORIC)

Most of Aggustine’s exposed apron of coarse debris
is younger than 2500 years. Overlying and intercalated
pumicsous fall deposits. partly dated by madiocarbon.
give some limits to tming and camelation of most
depasits. Most of the volume of flank deposits compnisas
bouldery diamicts of angular clasts of porphytnc ande-
site. Each diamicr is an wsorted, unstratifisd mixtore of
angular clasts of all sizes from sand W endarmous boul-
ders. Most or all clasts are of scarcely vesiular parphy-
mitic andesite similar 1o rock of the present dome com-
plex. Many of the diamicts contaim a minar constitments
derived fram (a) Mesozoic rocks that butivess the south
volcano flank and (b) their sporadic veneer of Pleisio-
cene deposits.

Small-scale wopographic character helps 1o idennfy
emplacement mechanisis by debris avalanche on the
one hand, or by deheis flow or Lithic pyroclasnc fiow on
the other. The surfaces of mumy flank deposiis are scarce-
7 hommocky it are delicately muhitohate and leveed.
Thees fomms are typical of high-resistance pyroclastic
" .+ 5pd debris-flow lahars. The surfaces of a few de-
_ w3 g smooth and sloping gently seaward, denoting
2 firesage such as by low-resistance pyroclasuc flow, 1a-
har, or allovioin.

The srface form of the very coarse deposits along
maost of the coast is hammocky with local rehef of many
maters. The hammocky topography and bhoge angular
constitoent boulders mimic the deposit of a hoge langd-
stide (debris avalanche) that initaled e paroxysmal 18
May 1980 erupiiocn of Momnt St Helens, Washington
(Voight and others, 1981; Glicken, 1986). The nomeroas.
hmmmocky coarse deposits ai Angustine, some &s thack
as 30 m. mpst have 3 similsr arigin by debris avalanche.
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A coninpons high sca chiff berween Sontheast Pomt
and Northeast Point exposes boualdery diamicts below the
H iephra that by color and relation 10 tephra layers we
separate mio four nmits, al! apparently deposits of debris
avalanche. All are cleady fragmentl but conzain sngolar
boulders 8s large as § m and tare shanered megablocks
mach larger. The angulerity and large size of blocks
confused Denerman (1973): lacking the cancept of
debris svalanche. he mapped this 6-km segment of coast
a8 in-sou lava flows.

Deposits Older than G Tephra (2500?-
21007 yw B.P)

Esst Point Debris-Avalancke Deposit (anit G-a)

A diamict forming the lowest par of coastal sea chiff
for 3 km along the east coast is at least 13 m thick (base
nat exposed). It coniains angular andesiie fragments as
large as 5 m; on the beach before the sea chif are wave-
wimowed lag boalders as large as 7 m. The large clasts
are set in a gravelly-sand marrix of shanered andesite,
generslly gray i in places oxidized reddish Most of the
boulder-sized andesite clasts sye gray, some aye reddish,
and a few ate highly altered 10 yellow or white. A few
delicate. pasmatically jointed clasts mest have been hot
Juveile doine-rock clasts that coaled after emplacement.

The deposit is capped by the sparsely exposed G
wepiwa, and that overtain by the kghly oxidized booldery
diamict of Yeltow Cliffs debris-avalanche deposii

Deposits Between G and I Tephras (21097-
18007 vr B.P.}

Y liow Cliffs debris-avalanche depopsit (lowey part
of enit Glays)

Overiving the G tephra (sparsely exposed) that caps
the East Poini dshris-avalanche deposit is a highly
oxidized massive diamict contsining angular ahered
andesite boolders commanly 1-2 m in dismsier. soing a5
large 58 3.5 m This distincsively vellowish it S0 9 m
thick fonns the middie to urper pan of te sea chiff for at
least 2.5 km along the east coast The mawix and large
clasts niike are sromgly ahered o saft zeokiwe(?) and clay.
But the unit also conmins sparadic pods melers i
dismeter of gray to reddish coarse diamict of scarcely
shered andesite. Midwsy betoeen East Point and North-

2%

east Pamt i1s sirface shows sharp local rehef of 34 m
where direcily buned by the Norheast Pomt debms-
avalanche deposil Al and south of Sontbeast Pomnt the
Yellow Cliffs daamict s oveilam by the gray Southeast
Puoin debris-avalanche Geposit which s capped by the 1
wEpiTa.

The hommocky surface wpography and the massive
and coarse =xmre clearty dentfy the Yeltow (Qiffs
diamict as a debris-avalanche deposit The enclosed pods
of unoxidized diamict and the fact thar the mnit 1s both
overlain snd undestain by moxidized w weakly oxidized
similar dismicts shows that the besvy aheranon had
occurred before the avalanche.

Southeast Point debris~-avalanche deposit (epper
part of enit Glays)

Overlying the Yeilow Cliffs diamict and beneain
tephra Iaver 1 along the coastal chff 350 m west of
Southeast Point bes a diamict ar least § m thick with -
siztu boulders as large as 3.5 m. ami winnowed 0Des oD
the beach below as large 85 7.5 m. The angular clasis are
gray to reddish and scarcely altered. conmastng the
undedyvimg Yellow Cliffs diamict. The deposii exiends at
leasi 2.5 km nostheast along the coastal cliffs w East
Point, where it is also overlain by the 1 weplea and that, in
tarn. overlain by the Northeast Point debns-avatanche
depesit The surface slope at wp of sea chff. if projected
seaward, indicates that deposit has been wave eroded
back at least 0.5 k. perbaps 1.5 km. Relanons among
four delxis-avalance deposits—iwo of this map unit, ope
of the overiving umt, one of the underlying urdr—are
shown schemarically by figore 7.

Deposits Between 1 and H Tephras (1760-
1400 yr BP.)

Northeast Point debris-avalanche deposit (enit JHa)

Undesrlying the H tepima, a coarse and wassive dis-
Thict extends coastwise for more than 4 km fom north of
MNortheast Point w sonth of East Pomt The deposit
conmmins angular bonlders of gray andesite as large as 7
o niermediate dimmeter. The sorface is broadly hom-
mocky, having a relief of 3 m over distances of 50 m_ A1
East Poimt it is ar least 20 m thick (base not exposed); 1t
tapers soath 1.5 km sontb of East Point 10 7 m thick,
from where it pinches omt within a few hondred meisrs.
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Figure 7. Schemanc skeich of coastal chffs along east side of Augusime Islapd showing swatigraphic relanons of four
oldest dabris-avalanche deposits and the tires oldest of the coacse pumiceous-1epina “marker beds™

Is south pant overiies three older debns-avalanche
deposits (see above). The north side of the mam body of
deposit is delimeated by a symight levee 3-8 m high Bm
{outside) this levee. This northeyn bouldery debris may
also be pan of the Nocthesast Point debris svalanche. bat
of a phase that immediately preceded the levee-foming
phase. This coarse robbiyv dizmict is exposed m the walls
of mcysed gullies upslope. appaxently tracable up © the
base of the summit dome complex Manthng Eph
(lowest cearse iepiva = H) and humos three meters and
muwe thick bave considersbly smoothed this opography.
But beneath this maniie i coastal exposnre it has a sharp
local relief of at leqst 6 m over distances of 20 m. A few
bonlders larger than 2.5 m ip the mp of the deposit
protruge throogh the thick wphra-humos blankst

About 0.8 km somti of Noartheast Point the upper
pan of the deposit is swikingly monolithologc, every
fragmeni sngular. only a low psoportion fimer than
pebble size. Here the deposit appears o be a single domne
block at least 30 m long; it 1s moxe disagpregared than
so-callzd “Jig-saw™ blocks in the 1980 Mount St Helens
avalanche described by Ghicken (1985). yet it did not
dilate and] disnggregate enough 1o fom or admit mamwix
This hnge block must have piggybacked mose or less
iniact atop the moving avalanche. for such a gigantic
block cannot have besn moved byv pvrociastic flow or
lzhar. Dererman (1973) mistook this bonidery fraomen-
al deposis Bke the ofhers alomg thas coast for in-sizu lava
Tow.

A1 Noriheast Point the deposii Grosses a strazghi
east-facmg scarp 650 m long and 30 m high tha: hes
abox 430 m back from the s2a ar Nartheast Pomr. This

sea cHif bad been cut imto the Yefow Cliffs {(and older™
detwis-avalanche deposits. The capping section inclkimg
a lowermost coarse pumice (layer H) 15 the same before
the scarp as it is bebind Thns the scarp wms overmndden
oo thickly enough to oblitemate it utteddy (fig. 68). The
debos-avalanche deposit is at least 20 m thick (base not
exposed) seaward of the buried sea cBif whose origmal
height therefore must have been al least 40 m.

Nearly countions bouklers, some as large as 5 m.
extend at least as far as 600 m offshore of Nartheast
Point, showing that the criginal deposit has been eroded
back at least that far into its present sea chiff.

Nortir= st Bench debris-evelanche or labar deposit
fonit 7H D

A bouldery gravel diamict (omit JHI) contaiming
angular porphyritic andesite stones as large as 4 m hes
cuiside (north of) the levee that dehimiates the north side
of main body of Nomtheast Point debms-avalanche
deposir (it 7Hg). The seaward part of this unit narth of
the levee is reiadvely nonhpmmocky and calied bere
the bench 1s interpretad as a lahar deposit {upit JH]). Bum
more than 200 m back from the sea chiff the zrea camide
levee 1s nearty as hommocky as thal south of the leves,
and thas is also mapped with mit /Ha Both map wrizs
{(omits JAT and IHg) ave overlain by a 1epima seqaence
with tephra H a1 its base. The Ramish seaward-sioping
pan of this avea debneghng the bench may be a labaric
phase that issned from the debris avalanche.
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Samidv gravel lacking large blocks underfies H?
1=pnra awop the Plewstocene landshide block tomi PD on
somth side of island. ¥ may be contemporaneons with
Northeast Bench lahar'™ deposit

Deposits Between H and C Tephras (1400~
160 vr B.P)

Somth Peint debris-avalanche deposit (unit HCas)

Sonth Point, winch juis 0.6 km seaward of the
general line of the south coast consists of a diamict of
angalar clasts of parphyritic andesite as larpe as 6 m m
mermediasie diameter. s hummocky surface has local
yehief of 10 m. Clearty a debris-avalenche deposit. i1 has
10 discermible levees ppslope. where it has been desply
buried bv vounger erupnon deposirs. especially m
196364

Like tie geconorphic relanon at Northeast Poind, the
Sounth Poant debxs avalanche overrode and partly boried
a sea chiff that now bes 200 m back from South Pom
seaward angd behind the arresied sea cliff. The presant sea
chff (seawsard of buried cpe) 1s 30 m kgh, the mimmmm
thickmess of South Point debris-avalapche deposit there.
That Soath Poimt is far broader and projects mnch farther
seaward than Northesst Point saggests the later's preater
age. consistent with ephra sangraphy.

The =phra-znd-himos sequence thar overlies the
debris-avalanche desposit mnges fiom 0 © 8 m thick,
tvpically 1-2 m fsck. having the C ephra at i1y base.
Though this is the voungest of the large debris ave-
lanches forming Angusmne's south and £ast Coast. ¥ 00
15 sroded back mro a ngh cliff. It is thos geomorphically
muoch older than anv of the uncliffed debris-avalanche
deposits on the northwest and north coasts.

Long Beach debris-avalanche deposit (unit HCal)

A hpmmocky dismict is sparsaly expossd i the
distal somtwest guarner s small kipukas syvognded by
1976 and older pumiceoss labar deposit and as an
unintemuped bommocky belt jost bevond the Yt of
1576 deposirs. The bmmmocks are as mnch as 9 m high
ard 20 in diameier. one of the larees: consisiing mostly
of ope B-m andesite bonlder Numerous large boulders
promudmg throngh swampy terrain near the sonthwest
coast probabiy are of s deposit A hihic dramict
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expored along Long Beacn alsc imcindes Dommocks
sxposing boalders as large as & m. capped by Iephma
lavers C and M. Large boslders he m mamx of smaller
angelar material of dentical composition. Most of the
lithic classs are porphyninc andesue. bur a few are
sandsone. The avalsnche mest kave flowed down across
Jurassic samdstone (farther west than now exposed) en
route © the coast. Depennan (1973) miswook the south-
coastal exposnre contzining the -m boutder for m-suu
lava flow.

Al low tide and on aexial photographs, large-boulder
lag can be seem as far as 0.5 km off the sonth-somthwest
and southvrest shore; maps show ghly convolmed
batiyymerric comtours here exeEnding to a depth of 10 m
as far as 2 kin offshore. same 8.5 km from the sommit.
Similar sabmanpe bummocky topogmpbhy exiends
generally 6 w 9 kitomerers oatbeard of demoasmable
debris-avalanche deposits on oiber azimuths: soch
wpogmphry off the sonthwest coast mast record e
seaward extznt of debris avalanche.

n the sonthwest quarter 0.6 o 1.0 km back from the
soath coast is semicontinnoos swamp nearty at sea level
devoid of larpe Immmocks bmt diversified by several
large bonlders. This low arsa may have been & lagoon
inboard of a debris avalanche that swept mOsty ©
sen—Jike Nosthwest lagoon now benind West Island (sce
below). Younger pwroclastic and laharic deposits.
incinding from 1935. 1964, and 1976 ergptions. have
nearty filled the former soathwest lagoon. This much-
buried Long Beach debris-avalanche deposit seems w©
extend a simdlar dstance from the sommit cone as e
younger and well-preserved West Isiand debris-avalache
deposit (see below).

The Long Beach debris-avalanche deposit (umt
HCuai) is perhaps only shehaty older than the overlying
pumiceons degposit (Southwest pyroclaspc fan, umit
HCpw). for i exposmres along the eastern part of Long
Bezch where the pumiceons deposit drectly overfies the
lakar thers is no discemible soil a1 the wop of the dianmct

Sounthwest pyvroclastic-8ow deposit (unit HCpw)

A pmmiceons sapdy diamict as thick as 16 m overhies
the Long Beach debris-avalanche deposit and ap assocr-
ated lahar deposit (umits HCal and HCIw? and @recily
wnderlying C tepira in coastal cHffs of the southwest
flank The pyroclastc deposit is 73-80 percent sams)
marrx. among the coarser clasts tree-Juar®Exs are
pomice. one quarzer hihics as large as 5 am (rarely as



alJGUSTINE VOLZANC ALASKA

large as 30 cm; The deposu 15 graded by density
pumice ciasts are copcenrated m upper 3 m of deposit.
lithir clasis i lower 10 . thongh mre hthues he throngh-
out the deposit The upper 3 m of the deposit 1s pale md.
oxidized from ingh woperarme. It has all the chamctens-
tcs of pamiceons pyroclasnc-flow deposit

Seuzthenat pyreciestic-fan deposit ramits HCpe. HCIo
and H(lp)

On the sooth-sontheasr cogst a  DORCEONS
pyiociastic-flow deposit (unit FCpe) is exposed omiy m
secuon m tower part of the sea chff Fanher east &t
Southeast paint a lithic pyxociasic-flow (and lahar™
deposit (umx HClct consists of cobble gravel w sandy
cobble gravel thar 15 vaguely stranfied and lackmg m
large honlders. spggesove of a lahanc or pyroclasuc-fow
deposit. Uptlope fum Sowbeast Pomt 2 proxaimal facies
(mmit FClp) contains pumerons angular htoc (dense)
porpbvrtic-andesite bonlders m 4-6 m range and a few
as fmrge as 9 m. Some smaller denge hiocks are prismari-
cally jomed. revealng thar the flow originated as hot
dome rock Sirface rexame of both facies 15 coarsely
lobate and leveed with a relanvely gentle Jocal rehef as
mach as 2.5 m—the morphology not of debris avalanche
b of Bthic pyrociastic fiow tor Izhar”). The ounsmalty
large size of some biocks (for a pyrodaste-flow deposit)
13 due w the sEEep stope (24°) and short distance (2.2 ©
3.2 ko) berween the smmimit and the deposit Both the
coastal and the proximal facies me overlain by the C
Ephra. the coastal facies underizin by e H wphra

North Bench diemict (anit Iidon)

North Bench diamict comprises angular pOfphyrine
andesite fragments as large as 3.5 m. besrmg a midly
huommocky wpogmphy with local rhief of 5 m Seaward
the deposit 15 wuncated by a gently arcuate wave-ont
scarp as high as 23 m. the highest near-coastal wpo-
graptic feaune along the west and nofh coasts. This sea
CEff 1s mow isolmied 340 w 460 m from the sea bv
vounger deposits thai have flowed coastwise in the
manner shown in fzme 6C. Begér and Kiemle (1952)
ienored the eastem part of this featmre and livmped the
westesn part with thetr Grouse Point debris-avalanche
deposit. The North Berch bouldery dramicr 18 probably
a debris-avalznche deposit but zn onigie by laher or
Hiehic pyrociasac flow canmot be disgualified

North Bench diamict 15 seomorphically distinet from
three neighboring debms-avalanche deposius West
Isiand. Grouse Pomnt. Rocky Pomt) descadbed betow . The
wo segments of the avrested sea chiff runcanng North
Bench are nexly simomnded by these vommger dismicts.
A straighr scazp behmd West Lagoon partly baned by
West Istand debns-avalanche deposil (see below ) may be
a west exiension of this sea chiff.

The North Bench diamict 15 overlmm bv 2
pyrociastic-flow deposit (undistmguished on map and
by the Kanmai 1912 ash and wo older sand ashes. This
teypia yAngraphy is abour the same a5 that ovexiving the
nearby cleady vormger debris-avalanche deposits such as
ar West Isiand and Grouse Point But the geomorphuc
expression incinding 3 pearty continnons stight sea
cHff of moderate herght well back from present coast
indicares a mech older age of the North Banch diarmct
pexizaps m the HC or IH imerval Prabably the ovesiymg
tephira satigraphy is highty incomplete. pexhaps becamse
the vencerng pyrochstc-flow deposit is iself mmch
youmger than the North Beach dianpcy. Thos the correla-
ton cher: shows this it caly very broadly constramed

Deposits Between C and M Tephras (10600
700 yr B.P.)

Pyrochstic-flow deposit (unit CHy)

In a coasml goily 300 m west of Angustine Creek a
sandy pamiceous pyrociastic-flow deposit (umit CMp)
-3 m thick underfies the M(”) wephrz md overhies the
thack, oxidized prmceons pyruclastc-flow deposit of
“Scmtirwest pyaoclastic fm” (ot Hepw). One sie reveals
two massive deposirs—a lower one 13 m thick with gas-
esacpe pipes and an upper one 4 m thick—separated by
20 cm of apparentiy fluvial deposit iacking 2 paleosnl
These fiows probably followed Angustne Cresk when
and spilled through a western swale. This mmit. appar-
ently scarcely eroded, pr. ches omt abort 0.5 km west of
the creek: its overbank spillage was thus Hmited o the
VICIBItY Of Present creeX

Lahar deposit (unit CR4E)
A Jithic Ishar caomr CMD as thick as 2.5 m poured

down a broad paleoswale west of Sonthezst Point. Sima-
iar flows ponred aooss the Jurassic bedrock block and
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chanpeled down Middie and Ezst Eamishak Creeks ©
cuermp part of Sonth Pomi debris-avalanche deposit At
the month of Middle Kammshak Creek the deposit 1s
eroded back mio 5 sea chff tha descends east from 30 w
30 m high with the slope of the fan sarface.

Deposits Between M and B Tepliras (70{~
459 vr B.P)

Lageen debris-svalarche depesit tanit MBad)

Lagoon debris-avalmche deposit has 2 hummocky
wpography with Incal refief of 10 m and conemns angoiar
porplryriic andesite bonlders a+ least as large as 3m. In
cuasml exposmes i 15 ove-r —  oul 60 an of orgamc
debns and wephra, &1 whox ... . a discomdmoous
punuce lapilli, apparendv wphm B The deposit bas a
conspicupus left-lateral levee boilr over a Ithic pyro-
clasur-fiow depostt (umit MBp) © the south, winch 15
capped by ephra B and underiai by wephra M. Part of
the bommocky Lagom debris-avalmnche deposit, though.
ltes onmide (south of) this levee. winch snggests thar the
avalanche arrived m at lesst two closely spaced polses.

The West Tsignd debris-avalanche deposit partiv
baries the north side of Lagoon debAs-avalenche deposit,
banked agamst an apparent sea cliff eroded mo the
Lagoon deposit A nesrdy conrinuous sea cliff msiude of
Northwest Lagomn, overridden and modified by the West
Island debns avaiapche. is perhaps 2 segnem of these
same sea ciiffs.

Pvreclnstic-fiow and labar deposits (anits Mbpio,
MEpk MBp. znd MBpl)

Amp a sea cliff now solated slong the fmer margm
of West lgoon 15 2 4-In massive cobbly sand. apparently
Tithic pvroclastc-fiow (or lahar™ deposit (anit MEpiot.
Tt is cupped by B(T) tepim, winch & one sife 15 uhdenizxin
by M(™ ephra. Upslope at altitmdes 40-90 m the deposit
15 for e bounldery and diversified by momcarely lobae
wrmrm (mut AEpl). The owtboad porton formexdy
exzendsd ar least 300 m sesward Tmp West [agoon. os
legacy a lag of boulders as large as 2.5 m. This wave
syosinn must bave ocomred dormg the M-B pedod. afer
which a growing sand spit enclosed the lagoon and
1solaegd the sea ciiff from ocesn waves.

In Sourhwest swale a parch of unit MBp is fianked
bv a flaner surface mapped as MEBol).
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Sortheast Beach dehris-avalanche det agit (wmit
AMBa=)

4 bouiderv diammct exposed m upper pant of bl
along Sontheast beach (mit MBas 15 smdded with
anguiar in sita blocks as large as 2.5 m. as large as o m
as lag on beach, and as iarge as ” m m the serf zone
seaward. The diamiz* is overlzm by B wephim and mnder-
iam bv M and C tephras. These tephras overlie mii
HCpe that forms most of bloff Adjacent lshar or
pyroclasuc-flow deposits (amits MBlp and MBp: are
1o larger than 2 m.

Deposits Younger than B Tephra (<359 yr.
BP)

Grouse Point dehris-avalanche deposit (xmit Bay

of 5 m and 1s composed of redidish porplveitic andesite
mcluding angular bouiders ar least as large as 2.5 m.
sirm is ithic pyrociestic-Jow deposit. possihly wateriaid
(smmzmi?) deposit. two thin ash Iayers. and the distinc-
nve whire Katmai 1872 ash.

Ar fowest tides a aearly coafmous fisld of boalders
exiends nesrty s Kiivmeter seawand of the present beach.
The deposit hes neen emyded back mip a pearly conrmo-
Ons, v corving sez ciiff 4-7 m high Thos geo-
morphically this deposit seems oider then the siprlariy
comrse and hommocky West Isiand and Rocky Pomt
deposiis ot mech voumger than the Sonth Porot diammct
and others on the sonth and east coasis. It may e an
eastern armm of Lagoon debris-avalanche deposi

Grouse Point delwis-gualsnche deposit covers part of
the s=a cifff cor fmo North Bench deposit. By this and s
far more hmmmocky surface Exmme. Goouse Pomm
diamict 15 geomorpincally distinet from North Bench
dimmict Also comtrasong the arrested sea iiff of North
Bench, Gronse Pomt deposit jofs o the sea. Groose
Pt depesit must be considerably vounger than North
Bench diarmacr

Gromse Point diamict is not proven o predate tie B
wmphma. exposed 1 gullies upslope from North Bench
dimmict (it dan). Begédy and Kienle (1962} aving not
distingmshed North Bench diamict from Grouse Pomn
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dizmmc, thev mferred the Grouse Pomr as well as North
Bench digmict © mderhie the B wephca

West Yelend debris-avalznche deposit iomits Baw:
ard Bowo)

4 digmicy of trecoaed ardeste-dacite fonms West
Islend . separaied fom the northwest cogst of Angusime
Isiend by Northwest iaroon 0.5 km wide. The deposgl i1s
a mxtmre of sngular o very angubar reddish ™ grayish
porphvritic andesite honlders as lrge as 4 M setm 3
nonsored merrx of Soer diemuct The West Istand
deposit comprises 2 cepnzi core of ummndified high
comcal mmmocks as mgh as 30 11 wath slopes as SESp
as 40°. smrommderd on seaward sides by a wide zone of
lower hommocks (all wmir Bawe). The hommmcks are
capped bv (-30 cm of humus and five sand ashes of
which thres mdodie the Kammat 1912 whie-silt ash. The
B tephra is absent from West Isiond snd dms the
bummincky daroict momstpredae 350 v B P (sbie 7). In
2 guily 1.7 km back from the iagoon ar albimde 85 m. a
imndwnd phsse of the deposit (ot Bowi) 15 mmderdsm by
the M(™) epima (bm B ®phma 15 aussmg).

On the segward side there is bt a discombnzons sea
chff Tive is fairdy soaight West Islmd deposat 1s tnckly
vegetmed by shmb alfer-amd a few space. A COMIIMIDES
field of boplders maEing op © 5 m o diEmeter exteads
at lemer a5 for as 1.3 Jon offshore. mmch of it visible at die
lowest spring tides and discemmbie as well on aemal
phomgraphs.

Bmmmocks an the soatiwest side of West Istand are
nearty Sot wpped. apperemly beveled down as moch as
20 m These somthwesem hrommocks are also sharply
mosed. and some of them coyped by coarse wimnowed
lzg of openwaork boulders gs Iange as 4 m. A few of them
are gverigin by poodv soned sand. perhaps waterdend. as
mgh as 5 m above high-tde level The senmorphcaily
modified southwestmost hnmmocks are evidence of a
grest mosh of waEr aoross tem. This evidence of a hoge
flow of waer permps Tecmgs 4 grest se Wave (SUndmi )
cremed a5 West Isiond debmis avalamche plowed nito the
gen with high momenmm. The modificanon could oot
have be=n cansed by an 1882 sonamm oomnetng Fom
Burr Poarme becanse the low-level mommocky the north
et of West Isimnd (fecing Bmr Pant) is unmodiiied and
becamse at least ane of the modified hommocks is
overlam by mpira oider tm the 1917 Kamm ash.

Cme segward bmmmock on the somh part of the
depostt aached © the mam sland 15 oddly overtam by
pumnrce igpilli chemically dencfied with the M wphra
‘Begét mmpubl data). Begét and Kiende (19920 and
Siebert and others (1995 qugeest that this whoie area
and perhaps also the somhwestem ffth of West Isiand
are part of Lagoon debms avalanche. overiapped bv West
Tsland debris avalmnche. Yet the hammocks are sharp and
COntmMS aauss the aea, with no ©pogEpine it of e
bomndary a5 siown by Sieherr and others (1995, fig. 10V
Pethaps the cappmg M mphmma is 2 fapile clast brought
down.m the Wesi Istami svaignche. as rare fagie class
contzmmy pumice fie m pars of the Bar Pomt detms
avalanche ami 25-30-m dome hiocks rode down @ the
coast in the Bur Poim and MNortheast Pomr detms
avalanrhes.

A Yroad pan of the lower nortiiwest volcano flank
landward of Northrwest lepoon hes probebiy omdy a
veneer of the comse West Isisnd debris-avalsnche
deposit (uuit Bewi) overtying sicilar bonidery rabble of
Lagnon:- debris-avalanche or olfer deposit whose sorface
was exmenmively and broadlv fimed by the overnding
West Island avalanche. The flunng descends a sea chiff 8
o 15 m high (sonthesst coast of Northwest Iagoom) that
demarked Augustne's nomirwest coast st before the
West Isipmd avalanche. The misnd facies (wmt Bawi) is
disinguished by 2 seperate map symbol only becanse it
15.a veneer over older wpogaphy mher tmn a sabsteo-
tiafly thick new deprwit as unit Bowe. Deteonm (1973)
mapped. much of this lendwand area as m-siu andesie
lava flow, i ciesrdy the whole anea is of nonsorted
anguiar course nihble commining anpular boulders as
large a5 many meters. The area of the misnd fames s
meany places covered by dense scrb-sproce forest

Recky Paint debris-avaianpche degosit (wsit Baor)

West af Burr Point. a dismicy foems 3 sherp pomt of
iamt (Rocky Poimt). The deposit as 2 sharply momocky
wpogEphy with aelief of 40 m and local slopes as stesp
as 35° ami comprises amgular audesie booiders ar least
as jarge as 5 m. At low dde thes debmis forms bontdery
isiends (umit ol as far a5 1.5 km offsirore that we besn
winnowed and beveled © bonldery shoals. The Rocky
Point deprsit is abom 80 percent covered by srub alder
bt lacks the spruce covering parts of West Isiand and
Lagoon dehris-avalsnche deposus. Upsiope fram the
main deposit abont Rocky pomt are vegemied debmis
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ievees as lngh as 15 m ten sesm o definge e twoe sules
of tns debns avalanche.

Capmny the coarse dismict m gpwand SUCCESSION 1S
weaidy oxidized soil homzon 20 cmn tuck an argsmc
Inver. a gmv siit ash (1883 eupron™. and a dismmcnve
whie silt ash from the 1917 Kaunal eropnon. The
meguisr. corving sca-cliff line 1s ronghiy simitar o that
41 Wesg Intemd. The sherp morphoiogy of the mmmmoecks
ami that 1 has i ome ash laver heneath the Katmm ash
maikes tns deposut 15 both geomorpincallv  and
srrangrapincailv vounger tham the West [siand debms-
avalgnche deposilt

Hmnmocks on the east side of the Rocky Paim
digimct are overimn tv ash-cloud deposits of 1976 and
1986 ergpuoms. Alder was Jalled bv these evens, giving
the hymmocks ap appestance of vouth like those of the
afjacem historic Buwr Pomm hommocks. The cosmrse
honlders and shoal jut 600 0 1500 m sesward from both
the Rocky Point and Burr Poimt deposts. The bommdary
berween the Rocky Pomm and Bum Ponn debris-ava-
lonche deposts 15 drawn at 3 sharp reénmam m o this
offshore cogrse debms. where the debris becomes mich
finer amd even at spong-low dde reaches only 200 m
offshore.

MNarth Stape lava flow (anit Bl

4 conspicuous lgva flow on the middle nosth fiank
comsists of massive paphyonc andesite rangmg from
light grav © oxidized light reddish trown. It contams
abomt 10 percent plamoctase phenoorvsts as lamge as 4
mm. The apex of the conspicnmms landiorm ar abomt
aititode G50 m apparenity mazks the sie of a fiank vent
abom 600 m below the present smmt. mdesd helow the
base of the entire summmr-dome complex. The flow
termmeied 450 m below us apex at a dismmee of 1.75
km. Denerman (1973). perhaps confised b irs veneer of
anguiar rabbie. mepped this bodv as “Iahar-rvpe momd™

This lava fiow 15 ususlly considered as the last part
of the 1882 erupuon (Kienie and Farbes, 1976: Siehent
and others. 1987, 1982, 1995: Swanson and Kienie
1988). Kienle aud Swansmm (19800 had cailed o “preins-
wrc” b gave no evidence. Overiying the @pper east
sade of the lava fiow is 2 sharp-cresied ridge at least 640
m long snd as duck as 1S m conxistng of dismeict
mcloding many angaier frapmenms as lorge as 3 m of
domte~rock pomireriic andesite. In anv one small area of
tus deposit the andesite boulders @e diversely biack
reddish. and gy This clesriv mixed deposi is a defris-

5

avalanche leves. The debms can be maced downslope W
alnmde 450 m. below which u 1s discommuonous
alismed with a sharp levee well dzfined beiow almnge
300 m. the west edge of the Burr Pomi debms-avalsnche
deposit tsee beiow). The Bur Pom debms avalanche
acomred at or near the begmmy of tie 18373 erapuoon:
the lava flow 15 older. The lgva fiow appess © be
gverdam by just one cogrse dismct. znd thus i1 MUst e
vounger then the Rocky Pomt debys avalmiche. which
would have swept down tee lava fiow bt 1t then existed.
The lava flow seems o show on Darostms (1870
skech (see Koeale and Swameon 1980. fig.S: Kienie and
others, 1987, fip. 2). though Siebernt and others 1989,
1995% clzim it doesn't show. The soatgraphic level
beneath the Borr Poimt dismrct and os posiion on the
north flank suppes: tar the lava flow oconoed lawe
durmg an emuption thar begen with the Rocky Pom
detmis avaianche.

A hyputhencal altemenve for s age 1s s North
Siope lava fiow began tre 1883 emupriun and was laer
ovemidden by the Boor Pam debris avalenche. Problems
with such a model Tcindes @) there is 1o evidem haking
of thr base of the overdving debris avalsnche as mght
have ocoomred hed the lava been fresh and hol and (bt a
vem at mid-altinide on the flank should have provided
the amier for megms and relieved vem pressure. preclud-
myg myection of megma higher tat wanld canse a debnis
avalanche later in the emprion

Beach ard Eclian Deposits (umit bed}

An area of abmm 1.5 km~ lving 3 © 7 m above sea
levei on the sombrwest comer of Augusune Isisnd com-
prises dozens of subpamaliel ndges. In fomm wey ae
cleariv a snccessuon of accreted beach and back-beach
eplisn-dome depesits. A small wave-cnt cliff mw tos
deposit along West lagoan and several pits dop oo o
show that the ndges are mostiy of well-soned medimn
sand. apparendy eolign deposit. Much of the landward
hzlf of this fearnre is mamied by abom 30 cm of the M
epima. showing thar the landward nidges predate abom
750 vr BP. Excavations am: not desp enongh w discover
whether the C =phim lies desper. The wave-cnt exposue
reveals the M tepima overdain bv 3 m of eolisn samd
capped bv Kamai 1817 ash Ridges farther seawamd
seem devoid af M ephma. Thus the eolisn-camd ndges
seaward of a small north -dmiming estuary bave accreted
igreeiv ar entirely ance 750 v B.P
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HISTORIC DEPOSITS

1833 Eruption
Burr Point debris-avainnche deposit (unit 83

A dizonica abont Burr Pomt consists of lommmocks
with melief a5 mich as 30 m. the freshest such deposi on
Aupnwme [stand. The mncaely hmmocky wopngmphy
ang the seemingly raniom diswibmtion of hmoiocks
bavme stesp 20-357 sides siomgly mesenbie the
deposit of the great debnis avalanche of Momnt St. Helens
of 18 May 1980 Voeight and others 1981 Glicken.
1986. 1991, Breccimed andesite fragmennis compose the
Bur Poim hummeocks: individual biocks are as large as
4 m. Soome biocks are as large as 8 m: one sieb a1 the
Burr Pomm coast 15 15 10 long and at least 3 m thick. A
few of thesz large biocks are highly fragmented bmt
mogsiv imeet, what Qicken (1986) calls Jig-saw” eximre
m the 1980 Momm St BEelens depomt The mmmx
between bincks is conmmnued andedie. s onsmed
pebbiv-send dismict of diverselv sized vervy angular
clasts identical w the large blocks.

Several vaneties of porphyritic andesite compose the
blocks., which m msny piaces sre modomiy trown
together; the gmy with the reddich. the imegulamly oken
with the colmmarty jomed. A few blocks as large as 4
m @e of seeved vent spatter. Several Immmineks contain
hvdmothermaliy altered (soft. vellow w tmown) andesite,
dexived from within the fommer cone. A few hnmmocks
aleo mvorpormee fragiie ciasts of fall pomice. appsrenty
prehistonic eds that must heve lain on the north fank
befare the 1883 exupnon and were camied © the coast
scarcely disapied within the avalanche Empiscement
was thus clegrly by nomurboiem flow that conid caxy
figgile blocks like agclomerme and bedded pomice
without disinterramng snd assimiiating them.

Same of the hommocks @e overiain by an argamic
sail. which comums the distinctive white sitt ash 1 @ 3
cam thick of the 1912 Kame erapiion. Large bonlders of
some coasil mmmocks mve rapidly gowing mgose
lichen tmt bv 1988-19%0 had grown as targe a5 10 w 21
I in dimmeter.

The nomh seawarnd) sides and wops of many hon-
meoks alonyg the shore have admixed exonc pebhles of
others, manv of them affilisted with sigbs of deformed
muud as large as 1.5 m teck and T m iong. Some of the

mud clasis are nch m troken clgm shells and contam
rounded pebhies of feisiie and vemn quartz. Ragiocarhon
anzivses of shells frem oo differemt hemmocks gave
ages of abom 6210 and ~170 vr B.P. (table 2). The mud
clasts are as much as 15 m above bigh spmy udes and
13 m above stmm high water registered by the apper
lirm of sranded driftwood and fistong fioms. The mud
clusts are siabs of hay mud scraped ap by the debms
avalsnche ac it plowed mio offshore sediments. evidence
= the gvaisnche was foasg and snergetic. Tha a moving
avalsnche can beved off 2 lsver of undedying debris and
piace 1t atop the moving debrs 1s illusirated by some
racky s1ow avalsmches (Waitt and athers. 1994, fig. 14).

A conymenons sitaigin. sharp-crested 1ateral leves 3
m 1l m high contmmmy biocks of pomphvric-endesite
dome Tock as large as 6 m merks the left (west) margin
af the dehris-avalanche path. The most upsiope pant
overtiss the Nath Siape Lava fiow & altimdes 700 o 450
m. Below altimde 200 m the east ade of the leves is
pandy tamed by, 2 the leves gest was i several places
ovamypp=:t by, pumiceous pyrociastic flows durmg the
1976 amd 1986 eraptions.

Across the area mepped as 1883 detwis-avalsnche
deposit the lummodky wpography 15 UGmmeTuped by
intervering levess. We disagree with Siebert and athers
({1995} that the hnmmocky area abomt Buor Posm com-
pUises tmee sepaate deposils imerpreted as evidence of
successive. rerrogressive fpilmes of the sommit. Theze 15
no leves w distingmsh their cenmal from eastern lobzs.
which cammol be sepamted by amy lithologic ar
geomornhic crteria. And thewr “westem lobe” of the
deposit is instead the eastern side of the older Rogky
Point debris-svalamche deposit (see sbove). The Bur
Paint dismict thus seems o be a single deposit.

Untike the West Istand debmis-gvalanche deposit. the
Bur Poim deposii is nearty devaid of vegstation and
iacks sem cliffs, gt thms 1t 15 clesriy mmch vounger. The
mpnmocky wopography about Boor Pamt 1s littde if any
shiarper them thee a1 Rocky Poim. The overiying soil and
argaxic laver Teveal the greamer age of the Rocky Paim
deposit compzed © the adizcem smilsdy hommocky
dismict abom Burmr Paint Both Bumr Poimt and Rocky
Poim have offshore remmant isisnds. bt those at Rocky
Pam are wave-beveled to rocky shnals, fimher establish-
mg the relstive antgnity of the lattetr.
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Pvroclastic-flow and surge deposit (umit 2Im

Qvertvmg the Bur Pam detms-avalznche depasat 18
a few cennmeters of lemnaied all ash. overjain by
nansored pebhiy sead 0 to © m thack i mrm grading ap
i a reddish-hmown granatar medinm ssad 5-10 an thck.
Near Burr Pam the pebbiv-sand phase 15 cat by vertcal
mpes 2-30 cm m dizmeter of iniensety oxadized metrx-
fres lithic pebhie gravel with clasts as large as 8 an. The
oxidation 15 aramge o browa to vellow cotings an clasts,
which suoggests that these stroctures were rootess
fomaroles. The deposut s unerpreted as at of a
pvrociastic fluw or surge.

The pyrxctastic deposit thms (o nil over the debris-
avaiauche hommocks. smoothmy the origmal redief of
the debris avaigoche by partdy filling the lows The
depast 1s tickest m the western and sonthern part of the
hummock fieid and thins 0 a few centimeters at the
eastmost coastal hummocks.

Discuscian

In the wake of Augnstine’s 6 Oxtober 1883 eruption.
Dymvdson 1884) from second-hand mécrmation reparted
drmnsatic chenges to the valcano mcinding a collapse of
SUIMmit ares [0 the north side. One of Davidson's somuoes.
a Capt. Cullie of the Alaskn Commercial Company a1
Engtish Bay. mspacred Augnstine durmg close approach
by ship m June 1RB4. reconded in an umpablished letter of
3 November 1884 tram Davidson to the Director of the
Coast and Geodetic Survey. Capt. Cullie reparted that:

.‘_r}mntﬁzmagmsﬁ&qfﬂ‘izmm
aver faff a e brozd fad taken place troaands
Hie racky Goeat harbor on the nordoioy st
uAriIrapumaa”aré‘t&atﬁmfmaqrw

stnsing of the reeky under tfe surrmt leaving o
ace or wll overtaokinyg the siide. Donn this fad
pmered tfie e {sic} and eupted mteria to the
bast af the moumten and had pushed into tie
tﬁurhmﬂarmﬁtlmrrtw Inb‘izmarpmaf
Lm:[mc}mtgf&rwmtssuﬂgﬁvwmﬁmqf

Thres decades later Gayos (1920) tmefly vissted the
north side of Augnstine also concloding that the
hummocky deposst aboat Burr Poant was the deposst of
a great recent landstide. This debnis slide doubless

:'3

camsed the tsunam that accomding o Davidson « [ S84
swept mmo Englich Bay harbor on Kena Pegunsula on the
maormung of 6 October 1882,

1935 Eruption

Lave aume (tnit 350}

The remnzm of a 1938 dome forms a prominenl
pamt an the north-northwest of the summit dome com-
piex and a broad lobe thal descends the west-soniiwest
summit cone. Rock fitan the norh-nordrwest polnt 1s
gray porphiyritic andesite. The 1935 dowme 15 1demified by
several contemprransous sogrees: { 1) stupbaard photo-
graphs tzken by Kenai Peninsula ressdent Steve Zawis-
towski in Joly 1935 showmg the steaming west-south-
west Jobe: (2} USGS obliqoe asrizl photographs taken 1n
1944 and 1959 by Broce L. Reed and m 1960 by Austin
Past. all before large changes occamred o the summit
area doying the 1963-64 and 1976 eroplioms: angd (3)
Datiermean (1568. 1973), who 1n 1967 distinguishied in
the field the new 196364 dome from remmants of older
domes. The 1944, 1959, and 1960 photographs show a
paired dome: ane mostly mside the 1883 crater. the other
ouiside the west-sombwest mm.

Flank deposits (enit I55)

High on the somhwest flank dowasiope of the 1932
dome hesds a fan of mabble with angalar andesite dome-
rock boniders as large as 6 m. This material is simiiar to
coars: pyrociastic-flow deposits on the sonth flank of the
194364 eruption. Becaase the southwest coarse fan lies
beneath the 1935 dome. it is thought to have besn
emnpizaced then.

A July 1935 photograph from a bazt off the soath-
west coast shows apparently fresh deposits m wess-
saothwest swale dowaslops from the steaming. active
dome. Some of the pyrociastic-flow Jsposits miapped
with 1964 eraption mav mclude ssmilar debris of 1932
VIGIGEE.

1963-64 Eruption

The timing apnd hehavior of an eruption betwesn
Qctober 1963 and Augost 1964 1s described by Detter-
man (1968). who mapped on the 1stand in 1967 when
those effects were fresh The dome and south-flank
depasits renam well exposed.
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Lava dome (unit 644)

The 1964 _saption built a darne awp the summit that
buried part of an old summit-dome complex that had
been decapitated to form the the 1883 debris avalanchbe.
The 1963-64 dome flowed onty 100-150 m down the
south slope.

Pyroclestic-flow and lahar depaosits (unit £4p)

The south-southeast flany. bears several swaths of
rubble, the largest 2 km long, aud as wide as 1 km. The
deposits consists of nonsorted angalar rebble, generally
boulder gravel, with clasts as large as 7 m but genarally
smaller than 3.5 m, comprising largely Lithic {dome-rock)
debris but also 515 percent pumnice. The debris displays
an intricate series of downslope trending paired levees,
evidence of emplacement by pyroclastic flow or (and)
debris flow. All these patches lic within the area of fresh
1964 deposits mapped by Detterman (1968, fig. 1). Bast
of the eastmost kipuka exposing Pleistocene deposits,
remnants of the coarse lithic 1964 flows are smroundad
by and (or) veneered by finer and far more pumiceous
1976 flows, the map boundary between then ik places
arbitrary.

The deposit is readily distinguishable from adjacent
1976 deposits by the coerseness of 1964 deposit and its
greater vegetation, The 1964 rubble is heavily but
discontinucusly coated by moss, has established blae-
berry with stems as thick as (.7 cm. and a few starts of
alder.

Ballistics

Large angular blocks of gray, shightly vesicular,
parphyritic andesite Lie scanered about upland surfaces
of the middle and lower south and southeast volcano
flanks an area of 1964 ballistic fall denoted by Dener-
man (1968, fig. 1). At a distance of 2.2 kan south of the
1964 dome summil. thess blocks are 30 cm in diameter.

Compated using varisble but low drag coefficients
developed by Waitt and others (19935) for the 1992
eruptions of Mt Spum volcano, miaimum ejection
velocities for the southside Angusting hallisuc blocks are
between 150 and 170 m/s. Such velodities are well within
the range generated by shallow but powerful explosions
from other volcanoes duxing Distaric empdons.

1976 Eruption

Aungustine erupted explosively fram 22 10 25 Jane-
ary 1976, and bailt a large smmmit &ane in mddie 1o late
February and in middle April 1976. Pyioclasuc flows
descended several flanks dming the explosive phase, and
Jesornded the noth flank fromn the dome during growth
episodes. Virually all of the 1976 dome was incarpo-
rated by the 1986 downs ot baried by 1986 spanter.

Pyroclastic-flow, surge, and lahar deposits (unit 76p)

During f£+d mapping in 1988-1993, vegetanon
readily distinguished pyrociastc-flow deposits of the
1976 eruption low on the volcano flanks from those of
1986. The 1986 flows were scarcely vegetated, only 3
few sprigs of grass and only the smallest starts of blue-
bexry. The similar 1976 flows are covered as much as 15
percent by grass and contain ground-hugging blueberry
plants with stems as thick as 0.5 ¢m. Aerial photographs
at 1:24,000 scale taken in Aogust 1976 show the distri-
bution of pyroclastic flows just after the 1976 eruption.
Comparing these aitphotos 1o those taken in 1986 and
1990 further sid in distinguishing 1976 from 1986 fows.

Projecting beyond the north and northeast IArgins
of 1986 pyroclastic flows, 1976 pyroclasuc flows
the northeast were mobile enough to approach and even
flow into the sea; ond overlappiug lithic flows later shed
from the growing domne that are steeper and did not reach
as far.

The pumiceous flows have intricately lobate mar-
ginal scarps 1.5 1o 3 m high. On the northeast are two
sets of overlapping pumiceouns flows. These deposits
contain many breadcrusted bombs, a few well banded.
Lithic-rich flows on the northeast contain blocks gs large
as 6 m, have steeper surface gradients, did not reach the
sea, and contain almost no pumice.

Bevond the Hmits of 1976 pyroclastc flows nest
Bur Point is a very fine sand 1o silt ash apparentlty of a
1976 pyroclastic surge (Kamata snd otbers, 1991). It is
sepavated from 1883 pyroclastic-flow deposit (unit 83p)
by as much as 18 cam of peat, which locally contains the
Kamnai 1912 ash.

Airphotos of 1976 show that on the north flank
berween B Poinl and west of Grouse Point, the swales
mapped as 1986 deposit biad & very similar disgibution of
1976 pyroclastic flows and lahars. though the 1986 flows
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extended siightly farther and mosuy ar entirely buned
the 1976 deposits.

In severnl swales the pamiceous pyroclastic flows
empleced daring the early part of te 1976 eruption seem
10 bave mixed with the winter snowpack enough 10
ransform downslope into mixed flows or lghars (in-
cluded within unit 76p). Thus in the gully that enters the
coznst at Bast Point, above altitede 120 m the pamicsons
1976 deposits look ke those of nosmal pyroclastic flows
with pumice-rich broadly lobate termini 1-2 m high,
feathering cant on vegelnted adjacent highs But where the
gully is narrow and sinuoas ib its last 900 m, the flow(s)
had momentam to flow nearly staight, running 3 m op
on saarp bends. The dsposit contains uncharred wood
and spparently no charcoal, evidance that it was cool.
The apparently hot flows are nearly identical hthologi-
zally to the apparenty cool cnes, and the wansition
grad wional. Distinctions batween the two cannol be
mede systemasically, so they &re as ane onit “deposits of
pyrociastic flow and lahar”.

1986 Eruption

Augustine volcano erapied berween 27 March and
31 August 1986 and semt scores of pyroclasiic flows
down its north and northeast flanks while erapting & new
dame in the suminit srea The pyroclastic flows ranged
from highly pumiceous to entirely lithic.

Lava dome and spatter (units 864 and 84x)

The 1986 dome (umit 86d). gray to reddish plagi-
oclase-porphyritic microvesicolar andesite. forms the
mos! conspicsons part of summit are viewed from the
narth. As the dome grew it incorporated the large dome
that had heen emplaced at the same site daring the 1976
eruption. The present dome is thus a composite of the
two. The map wnil mcludss a tongue at the north base of
the dome emplsced late in exapiion that could be classed
as lava flow. As it grew, the dome shed numercus Kthic
pyrociastic flows down the narth and northeast flanks.

A xescent-shaped bench south of the dome undar-
1ain by spatter aad blocky fmgments, apparently agglon-
ngte {umit 864), cen be mistaken for remnant 1976 dome
dehris, but photosraphs by one of us (JK) taken befare
and after 1986 show that # built up doring that rgption.
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Pyroclastic-flow and labar deposits {unit 86p}

The largest pyroclastic flows of 1986 lost 1 kmn in
altimde (fropu suminit) while extending 4 ki to the sca
alcng the nontheast and corth margins of the 1883 debris-
avalanche depasit. Of the flows that reached the sea on
the northeast, £t least 3 were emplaced in late March
(Kienle and others, 1986; Swanson and Kienle. 1988).
These deposits are 1-3 m thick. lobate. rich in porice.
and contain breadorast bainbs. Thev are overiapped by a
later (iawe April and late August) sequence of stecper.
entrely juvenile-lithic pyroclastc flows.

Purmniceous flows (unit 86pp)

Some pamiceous pyroclasic flows on the north flank
reached the sea while others stopped well short of the
coast and have steep margins 1-3 m high and unchan-
neled surfaces. Pumice is concenmaled at the sorface
while m1 depth pumice clasts aye sparse. Even highly
pumiceons flows contain lithics as large 25 1.5 m in
distal reaches. The flow marix is brownish granolar
medium sand, poorty sorted. The flows coptain rare
hydrothermally altered andesite blocks pechaps derived
secondarily from 1883 debris-avalanche bummocks
nesrby. Where wave cut along the back of a beach on the
northeast share, the 1986 pyroclastic-flow deposit
displayed vertical fines-free gas-escape pipes.

Lithic pyroclastic fiows (unit 86pl)

While the dome was growing doring larer part of
1986 eruption, small parts of the dome repeatedly
colapsed to fonn small-volmme pyroclastic flows whose
gravel congponent is entirely lithic dome rock (potphy-
ritic andesite), inctuding Mocks as large &s 3 m, some of
them banded. Lateral levees of some individua] flows are
1 © 3 m high snd traceable hundreds of meters upsiope.

Hybrid flows and lahays

Along a lower north-fisnk swale (north of summit
on azimuth 004) a pumicecas sarly pyrociastc-flow
depaosit merges downslope o an area where an underly-
ing 1976 pumiceons flow deposit has been modified.
That sarface is beveled and channeled 1-3 m dezp and
winnowed large lithic bovlders stranded or stacked
against each olner—a water-scoured surface disconting-
ounsty overlain by mamix-free large bonlders and bounlde-
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1y gravel, The lnck of mamx berween and atop boulders
contrasts with lahenc deposits at Mount St Helens
(1980~86). Redeabt volcano (1990), and Mt Spum
(1992), most of which included abundant matrix (sand
and fine gravel). Thus somme early pmniceous py-oclastic
flows must have swiftly melted snow 10 fonm relanvely
clear. water floods. These floods scoured earlier deposits
and left gravel bars and lags of bonlders. One of these
sconr-and-har aress is in mm overispped from upslope
by & punicecus steep-margined pyrocisstc-flow deposit
The siightty later pumiceous flows, swesping mainly
over new pyroclastic-flow deposit, could not entrain and
melt much snow. These daposits are Jumped with unit
&6pp.

On the east side of this area an extensive early 1986
pumiceons flow that nearly reached the sea has proper-
tes hybrid berween pumiceous pyroclastic flow and
pumiceons lshar (also mapped with wnit 86pp). This
pumiceous flow has low-relief (centimeters-high)
margins, a low sorface slope and rehef, discontinnouns
sobparallel namow and challow soriace channels, delicaze
willow branches chamed only at surface restng poinis,
and aress of shallow explosion pits ar collapse wpoga-
phy associated with opepwork fumarolic pipes. In one
sham gaolly the pumice is concenirated in wateriaid bars.
Such feammes show that the flow was relatively thin and
cool vet highty mobile, collapsed and vented by melting
of mnderlying snow, and was locally rilled and redepos-
ited by free surface water.

Pyroclastic flows also melied snow on other flanks
of the volcano in 1986. Small-volome pumiceous pyro-
clastic flows, same grading mio lahars, descended gulhes
on the northwest and east flanks Distinguishing the
deposit of a pumicecus pyrociastic from that of a lahar of
nearly identical compasition it is not always sraghdor-
ward. Thus these deposits are mapped with unit 86pp.
Berwesn Rocky Point and west of Gronse Point several
1986 pmnicecns pyrociastic flows and lshars reached the
sea or nearly did, overlapping and veneering nestdy
idensical 1976 pumiceons deposits.

Eolian Depesits (unit e)

Al the back of most ssndy besches exposed directly
i¢ the sea and above high-ude level are one or mose
coastwise ndges of loose, well-sorted sand, material
wind-winnowed from the adjacent beach. This deposit
ranges from a discontinaoss skim only & few decimetsrs
thick 10 ridges 1 om and more long and as high as 8m.

Where the seaward side of a 1all dune is opened by stgin
waves, inicrnal stranigraphy shows al least several siraia
in places made clear by numsrous interbeds 1-5 cn thick
of ash and (cr) peat. Thus at Rocky Point (secoad
youngest debris-avalanche deposit) a 113-cm-thick
section in a sand dune overlies beach cobbles that overiie
planed-off debris-avalanche diamict The dune, mosty of
well-sorted mediam sand {eolian), is nterrupted by at
lzast § ash layers and 3 peaty layers, the most conspicn-
ous ash being the white-silt Katmai 1912 laver near 10p
of section. The lower parts of such sections are clearly
prehistaric, bat they are 1o spotily exposed 10 be
distinguished cartographically.

Beach Deposits (units bs and br)

The coast of Augostine Island is a nearly continnous
beach manging fram bouldery headlands w seclnded
sandv coves to & long sand spit that forms the southwest
part of the island. The map classifies beaches gs gither
rocky or sandy. At and sbove the level beach deposits at
the back of many beaches are jams of logs and divarse
manmade flotsam, in places as much as 4.5 m above
ordinary high nde.

The rocky beach deposits (nmit br) typically consst
mostly of cobbles 0 boulders. Some boulders are as
large as 7 m bat genenally are 0.25 1o 2.0 m in intermedi-
ale digmeter and are largely snbmerped at high tde. Most
gmavel clasts are of porphyritic andesite and pumice. bat
southside beaches also have sandstone and shale frag-
ments. Becanse the sea cliffs are defended agamst normal
waves by the boulder lag and in many places by stranded
large logs, exosion of sea cliffs and new contribunions 10
the beaches must oocur largely during exceptional winter
SIDMRS.

Exotic pebhles (granite, granodiarite, quarz domie.
gabtwo, parphiyritic dikerocks, hornfels, quartzite, argil-
lite, gneiss, greenstone, vein quartz) are a component of
the pravel phase on south beaches downsiope from
Pleistocene drift that is plastered against the Jurassic
bedrock. Same of the exotic stones derive from conglom-
erate beds within Jurassic sandstone. Exotic pebbies Lie
more sparsely on beaches on the east, north, and west
sides of the island, though only on the south is there an
apparent upslope source for themn. The axotic pebbles
probebly derived from glacial drift that ar the end of the
Pleistocene blanketed all stopes of the valeano. Most of
this material has been brought down 10 the shoge
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Holocene debris avalanches. and then over Gme wib-
nowed oul by waves.

The sandy depasits (anit bs) arc loose medium sand
10 pebbly sand and locally 1o pebhle and cobbie gravel.
In many places the sandy beach deposits suround
numerons large boulders, which clearly are a lag deposit
resulting from storm waves over time eroding far land-
vy mito Gedris-avalanche, pyrociastic-flow, or lahanc
deposits. Wheze 1986 pyroclasiic flows are being rapidly
eroded back, the local supply of sand thes large and
wimnowet-out meierial abundam and coarse (very coarse
sand 1o gramule gravel), sandy beach faces are s steep as
12-14 degrees.

COMPARISON TOC PREVIOUS
GEOQLOGIC MAP

The present geologic map and Suppartng strag-
graphic and geornorphic analysis of Angustipe Island
show vast differences from the previous geologic map
(Denezman, 1973). The 1973 map shows most sorficial
deposits—excepting  the obviously late historic—as
“Pleisincene” o “Pleistocene and Holocene” in age. But
the present map and report show all but & few inkicrs ave
Iate Holocene. younger than abouni 2200 radiocarbon
years. The 1973 map labels extensive arcas on east,
sonth, and northwest coasts as in-sim “lava flows®.
whereas the present map and report show these deposits
1o be bouldery debuis-avatanche deposits. Conversely the
one conspicuons, undepiable lava flow on Augustine
island is called on the 1973 map “volcanic mud”.

The largest changes in implied processes are the
pumber and extent of hommocky diamicts. similar in
form and spparentty onigin to the great May 1980 debris
gvatenche off Moz St Helens volcano. All ogether at
least twelve and perhaps thirteen debris-avalanche
deposits sre discernable in the lare-Holocens straugraphy
and geomonphalogy of Angustine velcano. The youngest
four lie on north caast: two of them (Grouse Point and
RoakyPntm)mmﬂumaﬂ:twon&hﬂs(BmPoimand
especially West Island) are much larger.

All the iarge dehris-avalanche deposits identified on
Angustine 1sland lie at the present coast and ciearly
extend saame distance seaward. perhaps kilomsiers. The
older ones have been eroded back hundreds of mJeTs
mto tall sea chfTs.

SYNOPTIC IMPLICATIONS TO
VOLCANIC BAZARDS

A justified analysis of hazards from Angusune
volcanoisbeyondmescopeofmisrepm'rh:micf
synopsts that follows is from an exiensive and folly
seferenced bot anreviewed, unpublished 1996 hazards
analysis by this repart’s three coauthars.

Becanse Angustine Island is uninbabited, no ode bt
the occasional visitor is at risk from many of the hazards
Augustine valcano would otherwise preseat. During the
1ate Halocene, pyroctastic flows and sorges. lahars, and
debris avalanches have swept repeatedly down all flanks
to the sea; several falls of coarse tephra and coarse
ballistic ejecta also bave descended onto mast of the
island. Yet with no population or significant buildings to
affect, there is no one and no thing =t risk from these
hypothetically amaging prOCESSES.

But not 8}l of Apgustine’s Volcamc processes are
confimed o the island Hot pyrociastic sorges can swesp
over sea water and kill on distant shores, the best-known
historic example having been during the lerge 1883
eroption of Krakama Indopesia Augustine being a
relatively small stratovolcano, pumiceons pyrociasiic
snrgesﬁ*omitcou]demﬁmmandaffemhams
probahlynofarmarthanahom:%hnoﬁmis]md's
coast. Far less hkely, a large lithic pyroclasuc smrge
anmdmgameddrisamlanche—likcmmmswcm
from Mount St Helens on 18 May 1980—could sweep as
far as 8 kon from Asngustine’s shares.

Typically once every MARY FUpLONS—once every
150-200 vears or so—Angustme's summit-dome fals as
a debris avaianche that flows into the sea The most
recent of these in 1883 caused a tsimami 6 m high (by
histcric record), perhaps higher, at English Bay on west
share of Kenai Peninsula 90 km east of Augustine Istand.
AhhoughinlhclasuwomillenninAugnsﬁnﬂhasshed
several debris avalanches to the sca like that of 1883,
ahmost no genlogic evidance of tsunami is known from
the shares of sonthern Cook Inlet, despite searches for
thern in 1991 and 1993. Yei there is no known geologic
evidence of the undenizble 1883 tsrmamni. Large boolders
thrown up and back from the sea ai Bede Point 6 km
somth of Bnghsh Bay may recard a ISInami SOMe cenm-
riss o}d. While tsunami is a concem. the extent of hazzrd
1o coastal communities in southern Cook Inlet is debat-
able.
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An Angustine erapiion typically incindes a plone of
ash thar drifis 10 mamland areas. as occured denng it
two most recent erupuons (1976 and 1986). The larpest
hazard would be 1o airaft Abom 80 percent of the ume
prevailing winds comry snch ash o the northeast and
southeast guadrants.
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US. DEPARTMENT OF THE INTERIOR
U.S. GEOLOGICAL SURVEY

Provisional Geoclogic Map of Augustine Volcano, Alaska
by

Richard B. Waitt and James E. Begét
with contributions from Juergen Kienle

DESCRIPTION OF MAP UNITS

NOTE ON MAP-UNIT SYMBOLS

Most map units gre divided mainly by age. which in prehistoric deposits is determined Iargely by presence
of overtving marker beds in the form of coarse pamiceous ephra layers (fall deposits). Age of Eswwic deposts is
inferred from the absence of any of these beds and fran various historic records. especially aerial phomgraphs. The
coaxse pumiceous tephra layers are designaed m ascending swatigraphic onder: G 1, H. C. M. and B. All axe lae
Halocene i xge by madiocarbon dating (thle 2). Prehistoric volcanic daposits zre designated in mme by the wephra
iavers barween which they are inferred to Lie, thus unit HCas kes shove tephra laver H and below t=phra layer C.
Historic deposits are designated by the last rwo digits of the eruptions vear, thns ot 834 belongs w the 1883
ErIpUon. unit 76p w the 1976 eruption.

Internal contacts berween some like-labeled units are wmits tat will be distngmished on final (colcred)
versagn of map bot are lnmped together m this provisional Version

RECENT DEFPOSITS
Beach deposits—Divided intw:
bs Szndv—Daposits of beach consiting mosgly of moderately sorted loose medinm t© very coarse sand
Iving in tdal zone of aboat 7 m
br Recky—Deposits of beach copsistag raostty of bonlders, genemally smaller than 2 m but in several

piaces as large as 7 m in intermediae diameter and many also in cobble range. Most boulders and
cobbles derive from debris-avaianche or pyroclastic deposits exposad in a sea chif at back of
beach

t Tideh-fint sed seli-meereh deposits—Flar expanses of sand, gravelly sand. and sandy gravel wimnowed
from ediscent deposits znd frequantly covered at medinm 10 high nde m areas that seaward
deposiis defend against surf
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Marsh and pond sfuvizm—al expansss of mud and sand i and along marshes and ponds on soutrwest
pan of 1siand betond coasml deposis

Ecian sand—] oose. well-sorted madmm © coarse sand forming coastwise ridge at back of beach above
Mgh-ride level In places includes merhedded ash lzyers or peaiy zvers. In places moiudes
wdentical underlying pretdsewic deposits. In a few places. especially on somthrwest coast. 15
contmmoes downward o older eolian sand of wnit bed (subdivided)

Cfskore bonlbders—Fields of angular bonlders of porphyritic apdesite. some of them >4 m m dameteT.
exending varioasty 02 © 1.5 km offshore. Many visible at low tides, and on aznal phoiographs
expressed as conspicnons dark areas bemeath the sea. Degfved fiom coarse fragmenral deposars of
vanous ages. Sesward “coatacts” dehineate only where these deposits become mo deep below sea
level w show on aerial photographs or at lowest udes

DEPOSITS OF HISTORIC ERUPTIONS

Products of 1936 erupiise—Draded 1o

Main lavs doome—Very dark gray (SYR 3/1) w reddish porphtyritic andesite coapaming abom 20
percent plagioclase phenocrysis as larpe as 5 man and is micovescicalar. Inchodes assinitared
rembants of dome that had grown a1 same size in 1976, Geomorphically distinct porth part of
sommit-dome complex

Dome agghntinate—Rampart coamposed of weakly welded clasts of parplryrine andesite. not present m
phomgraphs before 1986 eruption. A possible remmant (ammapped) of wederdying 1976 dome
consists of microvescicalar geay (N 6/0) highly porphryritic andesite comaining about 30 percern
plagiocliase phenocrvss as large as 4 mm

DPepasits of Hthic pyreclastic fow—Litiric pyroclastic-flow deposits of large fam on nporth fank
heading ar dome. Consist mostly of fagments of porpiryritic andesite dome rock but can have
0~30% pmmice. Some Iarge Bthdc blodks exceed 4 m in Gzmeter. Overlaps prmriceons
pvroclashe-flow deposit downslope

Deposits of pamicecss pyroclestic flow, mixed flow, amd bbhar—Gravelly sand in wiich pumice
clasts as large as 1 m bat typically 10-25 an, ramgmg from white o gray w brownish geay and
comziming 5-10% incopsprcnoss plagiocase phenoarysts, scame puirce clasts conspicmosiy
handed; some have “breadorost” sarface exmre. Contains as much as 1/3rd angudar htiic clasrs
genegally smaller than ) cm bat in places incinding rere bonlders as large as 2—4 m Pumiceous
flows bave local secface melief as moch 2= 1 m and sreep margins 0.1 © 3 m hgh in dgitaute lobes.
some 35 small 3s 3-10 m across; some flows have Iateral levees 0.5-3 m high Overdapped
upslope by Lithic pyrociastic-flow deposits. Most of deposits is geavelly sand; pamnice boulders are
concengared at suriace. In veers 1988-1993 having only a few sprigs of grass, hinsherry. and
oSS,

Gravel Izhar deposits grade downslope from prmiceons pyodastc-fiow deposit, mnge from
manix suppored (delxis-fiow deposit) o openwork (Tlood deposit)
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Predects of 1976 ernption

(as much as 40%) in banded brown-gray-winte pomce clasts. Lithic clasts of andesie (and locally
sandsrone) as large as 1.4 m. In 19881992 had many clumps of grass. blueherrv. and moss. 1 w =

Deposits of pyrockestic flow aed teher—Similar w such fiows of 1986 (see above: but are especially nch

of

orders of magrimde more vegetation than on similar 1986 deposits but stll very sparse tonly 3% or
less of sarface covered). In places such as lower west-southwest swale highly braided deposn thinty

overfies similar deposit of 1964 (and 15357 far more nonicarely tham can be shown on map

Products of 196364 exeption—Divuled mto:

Lava dome—Gray (N 5/0) o reddish porphyritic andesire conmining about 15 percent plagioclase

phenocrvss as large as 3 mm. 1t is shghtly microvescicular Forms geomorphically distinct south
rim (incleding suymamit) of summmt-¢ome couplisx

Deposits of pyrociastic flow and bor—Szndlar © pumiceons pyrociastc-flow deposit of 1986 and

1976 bt muoch richer in hthic component znd carrying larger Iithic bowlders. In places anguiar
tithic boniders 0.5 0 2 m in diameter form moch of surfxe, rare bonlders are as large as 4 m
Interzal latersl levess are common, some 3s high a5 4 m. Deposits form broad paths leading
nearly #om base of dome m within 0.2 © 1.3 km of the cosst. In contrast © yomger (1586 md
1975) deposits, these (n 1991-95) are caked with moss and a few alder are =stablished. Deposits
in West-southwest swale may bhe partty of 1535 erprion

m&m—GHVWSIO)mmﬁshmmmEpmwpmmas

large as 4 mm and a few dark rounded, finelv crysralline zenofiths. Farms geomorpirically distncr
nordrwest part of summit dome complex and a western lobe

Blocky rubble—Coarse boaldery mbble m form of fan shed from summmit dome. Perhaps pardy of

1964 dome collapses

Predacts of 1883 ervpiion—Divided inm:

Depasits of pyrociastic fiow and sarge—Massive poorly soned Ithic granuolar mediom sand 0.3 © 2

m thick conmiming pebbles © 3 an. Locally cm by opward-mpermg fines-poor (gas-escape) popes
of small-pabble gravel Capped by 10-20 an of massive moderaiely sored very-fine sand  sit
ash Smooth-surfaced. it overhies debris-gvalanche deposit back from Bwr Poine. partly Sitimg
lows besween hmmmocks. Overlapped m many placas by 1976 and 1986 pymclastic-flow deposits

Dsbris-avalroche deposit—Bouldery diamict including nearty intact but kighty frzcrared biocks as

iarge as 8 m in inermediae dameter (ope s 25 m long!; and onfracmred oues as arge as 4 m
Matrix is sandy gravel of identical bat fiver-gramed argniar marerial Jointing FaRems are
Jiversely irregulax, plaey. and colmmmar; mare blocks are of simered spuner. Rare mmmsocks
cotain Ienses of rowmied pumrice. apparemty smeared-ont clasis of pe-eroption pyrodastic-fiow
deposit. Rare hammmocks comtain yelkw o brown biocks of soft, highly clay-altered andesite.
Whole deposit is hmmmodcy, mdividusl boromocks bemg as high as 30 m znd with basal diamerer
as mrach as 200 m. but typically 3-15 m high with basai diamesers 20-80 m: some hmmmocks are
arranged in corving arms. West side of deposit s marked by conspronous nemly soaighi leves
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descending from 650 m 40 m albmde. Hammocky deposit is Incally overiam by as mmch as 10 an
of =olizn sand and pest comtaming the disunctive white-silt fall agh as trck as 3 an of Kamm
1512 eruption. Near the outer margns of overiapping 1976 and 1986 pvrociasuc-fiow deposis.
ash-~clond silt overfies the hommmocky dep «at

Groaped pyrocinstic sml labaric depogite—Dhivided mton

Depusits of listevic ereprins—Muddy fall deposits (and pyroclastic-fow deposis”) of smwoc
exuptions. nested among 1935 and 1564 domes in SUnmmiL aea

Pyroclastic-fiow and kahar deparsits of histeric spd Erehistoric(?) eruptirns—Pumiceoas © hitic
coarse mbhle on steep (18-25) upper- t» middle-level slopes descending from base of suramit-
dome commplex. Varable surface and mdeSnite stratigraphy bux apparently swept repeadedly.
Insufficient evidance (capping wphra, vegetative cover. marphology) © differennate by age.
Incindes a few patches of flowage and fall deposits of meErmmate age on lower Sanks

PREFRISTORIC HOLOCENE PRODUCTS

Beach and eolian deposits—Ares of abomt 1.5 km” an southwest coast of well-soenesd, Ioose mediom ©
coarse sand arranged m long, near. subparafiel, coastwise ddges. In deepest and most cossal
excavations sand overfies cobble gravel of subroundest o rounded stones of porphyrinc andesie.
Cemxal and easiem (Earthest inland) sand tidges encioge B(7) and M(7) wephras vacionsly at depths
of 0.4 w 5 I westem (nesr-CoEst) ridges. are thinwey ami conmin nefther B wor M repima. On map
wenmtvely divided o older. mermediae. and younger plrases (o bedo, bedi, and bedy
respectively). Near present cossts passes qpward Mo i ¢

Depuosits younger than B taphra (<350 yr B.P.)

North Siope lzva flow—Massive porphyritic andesite mngmg from Rght gray (10YR 7/1) m oxidized bght
reddish brown (SYR 6/3); abom 10% plagicclase ~henoerysts as long as 4 mm. East side overdain
Irv coarse debris-avalanche levee (omit 834) as thock s 15 m

Recky Point debris-avalunche deposit—Bouldery nonsorted dismct mcinding blocks as large as Sm.
Marrtx is sandy gravel of identics] anpaiar, finer-gramed meteral. Upper 1 m of 2 few nmumocks
shows schiteren of highly aliered endesite. Whole depost s hmmmocky ke nezrby Bor Pom
deposit (it 832). On esst and sontheast pars hnmmncks overlam by as much as 30 an of
pvroclastc debris from 1833(7). 1976. and 1986. On north side agaimst beach, seme hmmmocks
are gvedam by eolisn sand capped by the Kammai 19172 ash and at least one older ash

Lithir pyrechstic-fow d=posit (or iskar deposit?)—Bouidery diamict inciuding blocks a5 large as 2 m.
Mairix is sandy gravel of identical bt finer-grained angoisr maeriel. Has levesd. lobme form but
hesvily vegewted. Overinps it Baw: dowrslope

rertinted el debris-gvalanche deposits—Boaldery dismict of porphyritic audesite mohiding
mgmmhﬁlﬂgeaémmaslxgeaﬁmmmﬁm-mm
&Emmmict of sypmier class. Forms several amall lohes on novth siope thiat did ot reach below
altirgde 60 m. Most likely affilisied with evenis thar formed West Isiand or Rocky Paim deposits
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West Il deshris-avnlanche depasit—Divided moto:

Bawn Tebmard fecies—Bounldery dimmict similar © uail Zawo e with less locl relief, dms much
smaller. less distincr, and contmmyns hormocks. Apparemly an mregular. tnck venesr over
older deposits timat bad been an back mr consial sea cliff. Upsiope locally undexiam b M(™
tepira

Bawo Oruthoord farkes—Bonidery dimmict melnding biocks as loge as 4 m. Mamix 1s sandy gravel af
identicsl finey-gramed angolzy marermt. Winole deposit 15 hmmocky. bomeocks bemg as
high a5 30 m and with ireguler asal dismeter as moch as 200 m, bo typucaily 3-15 m mngh
with basal dismetess 2080 m. In places direrty overiam by gravelly sand pyrociasic-
surge(™) deposit. Sorthwestem hommpcks have flattened tops averdzin by paichy poardy
soried sand and capped by lag of 0.5- © 4-m boulders

MBag Gromse Poimt debris-avalanche deposit—Bouldery dismict of snpular hlocks ranging o at least as large
as 2.5 m. Mamix is sandy gravel of idemnical tur finer-gained angalar matenal. a nonsaried
dimmict of andesie ciasts. Deprosit is nmommcky with redief as high as 5 m. Ovezlain by gravelly
sand containmg anguisr andesite cobbies and at 1=ast 6 fine ash layers mcluding two below
Kamua 1917, Could be east #m of Lagoon debris-avalanche deposi (unit MBal)

Depusits between M sl B tephras (768480 yr B.P.)
Lithic pyrocizstic-flaw ar laixer” depoesit—Divided inur

MBpli Inboard facies—Bouldery dismict of angular andesite distnibuted as fively Iobate and levesd. Consists
of anguisr gray m meddish amdesite clasts as lorge 2s 3.3 m inn mostly <i m. Capped by
minkish meipient soil. and that discontiunously capped by rare pumiceous B tephra angd by
Karmgi 1912 silt ash. Below altimde 180 m hegvily vegetmed: abom aliitnde 130 m only
sparsely so bt mrae thom 1976 and 1964 deposits

MEple Ouibourd facies—Cobbly sand dismict as thick as 4.1 m atop sea cliff (now-isniged from the sea) along
mmer mergm of West lagoon. Overdies soil developed an M? 1ephm and cpped by prmaceons
B(7) tephra. Upslope becomes imtncsely lobgie and levesd and with mony metess of local relief

MEBal Lagoon debriv-avalnmche depocit—Bouldery dismuct incloding hiocks as lerge as 4 m. Matnx is seody
having refief as ligh as 30 m =zt with rerequisr basal diemeter a5 much as 200 m. bat ypically
3-15 m high with bassl dismeters 20~80 m. Overlgin by B w=phm

MBas Somtbesst Bexch debrs-avalrmnhe deponit—Bonliery dismact expused in apper part of biaff along
Somthesst beach. Deposit smdded with anpoler tlocks a5 large as 2.5 m and as large as 6 m as 1ag
on bemch aod as Incge a5 7 m seawad. Memmix is sendy gravel of siumiier fmer-graimed maensl
Overdmin by B wephra; wnderisin bv M and C wphms. which overiie wst HFCpe that forms most of
ballic
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MBYp Lshor or pyvroclasiic-Gow deposit—Sendy gravel dismmct commining anguiar lithic amdesie ciass mrely

MH!

Cvp

HCic

as large as Z m on southesst coast. Associgted with unit MBas o west. Overlsm by B mepima.
mderdmn bv M and C eptres. Apparently similar deposit mepped as unit Aopio m Southiwest
swale

mm&mdmmmmmmMﬁWmﬁmmcm
Comeins angulsr sndecite clasts as large as 50 cm bur no pommce. Ovedies M teptma Similar
depoxit underties lsharic facies of it 76p atmonth of cresk Similer deposit lies m west-
sontirwest swale between high-relief elements of wnit MBp

Pyroctastic-flow deposit—hassive pebbly send g lesst 1.2 m thick commining litkc clasts as large as 20
an. Overain by >1 m secuon af fluvial debris. ash layers. and crganic layers capped by B ephm

Depaosits between C and M tephyas (1088-760 yr B.P.)

Pyrociactic-flow amd -aurge depostts—Along northwest mengn of West lsgoon. vaguely bedded very fine
sandt m silt ash at least 30 om thick (base not expused); averiain by M(?) ephma. Also west of
West Kamishsk Creak a1 cosst, smail-volmne nonoxidized massive gravelly sand (pyroclastic-
flew depoxit) ovartymg axidized unit ACpw and ssndwiched between wpira layers Cand M

Labar depastts—Cobhie gravel w poody sored gravelly sand: angulsr © submnguigr fithic clasts as large
as 75 am; inclodes prmice constitnent. Underiain by tephm leyer C: overtam locally by an il-
defined wephma aver O and by wephma M

Depausits between H and C taphras (14881108 yr B.P.)

Waorth Bench diamict—Bonidery digmict inchnding hlocks as lerge as 4 m. Maimix is sandy gravel of
identical but finer-grained anpuler material. Deposit is only moderarely mmocky with iocal
relief as high as 2 m_ Cot inio gently curving sea cliff as high as 35 m (since haif buried), whose
development was amesied by emplacemen of Grouse Paint deposit. This deposit with 15 high sea
chff is geomorphicatly similar W sevemal cose deposits an east and south coasts and must he
aifer then mdicxed by local stratigraphy. Gullies upsiope cynisin the B wephma at the sarface. May
predate C ephra (see Ext)

Sowthenst Hthic pyroclastic-fow (and lahnr?) deposit—Divided imo:

mMmmmmmmmﬁmmMmWEdafewaslﬂghas9
m_ Surface textare coarsely iobate and levesd with local relief as high as 2.5 m. Saue smaller
blocks prismaticaily jointed. Directly overtam by C tephm

Cazsin! factee—Cobhle gravel to samity cobhle gmivel comaining subanguisr rather then very angalar
ciasts. vamuely stratified and lacking i large boulders. saggestive of lahar deposit Simface isced
with many close-spaced levess. Directly overizin by C iephm and directly underiam by H epima

Southonst pyrudsstic fon—Massive pumiceous graveily wedium send (pyoociestc-flow depost) with
imerbedded gravelly zones as thick as 31 m. Overtain by C ang M tephras
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AUGUSTINE VOLCANC. ALASKA

Southwsst lahoyr depasit~Cobbie m bontder gravel comtmimng angolsr w subangnier clasts of vanoustv
gray o reddish parphyrtic andesite. In upsiope partion bonlders commonly as large as 2 m. myely
as lgrge as 9.5 m: in cosstel exposures boulders smaller than 0.5 m. Surface of upsiope porugn
embellished by monerons mmnicately lokate magms downslope from close-spaced levess.
Upstope portion very spouily overtain by C and M wephias. coastal portion overian by
pyrociastc-fiow depost wnit HCmwv that 15 capped by C and M tepimas

South Point debris-avalanecte deposit—Bonldery dimmict of angulsr pomphyritic-gndesite {regments.
Similar w umits Bor. MBag, ant MBal. mcleding surface bontders commoniy as lmge as 2m.
many i 45 m omge. ravety as large as 9 m. Hommocky surface with as much as 10 m of local
relief mn moch snbined by overiyimg wphm aed peat deposits. Ovextain only by section
comuining C and M tepimas. Cut beck 1m0 sea cliff as high as 30 m that projects 600 m seaward
as a broad, sherp salient. Bured older sea cliff

Lang Beuch debris-avalanche deposit—Bounldery dismict of angnisr fragments daominamity of porphvritic
andesite bot ales comuining smaller sendstone clssts. Hummodks as tall us 9 m, mdesie boulders
mely as large as 6-9 m. Poary exposed. In exposwes bzck of Long Beach grades east or is
overiain by ishsric fecies, unit HCw

Sonthwest pyrocinstic fan—Massive pumiceous gravelly medium sangd (pyrocastic-fiow depasit) as thick
as 5 m. Atoum 80 percent of gmvel clasts are pemice as lerge as 10 cm. the rest anguler lithic
aniesite as large as 5 an. Upper 2 m axidized reddich. Overlain by C and M tephras; underiain by
massive sandv gravel more than 5 m thick. unit HCIy. Surfaces inland are smooth and free of
bonlders

Lahar and dehris-avaignche deposit—Deposits as thick as 20 m atop landsiide biock 2.2 km west of
South Point. Massive disgmicts with angulsr andesite bonldess as lage as 4 m (debris-avalenche
deposit?) overiie and underlie simiisr deposits but with smailer and fewer bonlders and with
vague bedding (appavently lahar deposit). May be arms of units HCT and of unit HCas ar HCal.
Moy underiie H tephmm as well as C tepls

Deposits between I and H tephiras (1765-1488 yr B.P.)

Northeast Poiut debris-avelenche ceposit—Bounldery dismict. coastwise about 3.2 km twoad, of angular
porphyritic-andesite fragmems. Similer to unite MBag, MBail, and HCas. including 2—4-m swface
bouldess. mrely as lage as 7 m. In places peds 30 m long and 10 m high consist of neaxty
monoiithnlogic andesite as close-packed very angular clasts. Hummocky sieface with as mnch as
9 m of local relief but both retief and slopes much subdued by thick overlving tephoa sud peat
depnsits. Overiain nly by H and younger tephnas. underizin by | ephra. Cut back mto sea cliff as
high as 18 m that projects seaward 400} m as a narrowed salient. Buried older sea cliff

Labho{? depasit—Smandy gravel dismict containing angulsr pomphyvritic andesite owside (north) of levee

delinisting north side of main part of Nartheast Point dismict (unit /Ha). Similar sandy gravel
underties H? tephim atop “Eagie binff™ landsiide biock on south side of islamd

41



Glays

i

WAITT AMD BEGET
Depogiis batveea G and [ tephras (2108-1850 ve B.P.)

Yelow Cliffs and Sontheast Poimt debris-avalanche depostts, composite—Bouldery dismict of angular
parphyritic-sndesite fmgments. Comprises two sttatigraphically supesposed similar depossts. e
Yettow Cliffs diamict overtam by Southsast Point dimnict. Where not butizd by unit /Ha. the
hunmnocky swface of Soweheast Poin: deposit has S o 8 m of local relief albeit much subdued by
thick capping tephra and peat deposic (thickest in inter-hpmmaock lows). Southeast Pomnt deposit
ovexinin by | and vounger tephms. Uniike all ather Augustine debris-avalanche deposits. the
Yellow Cliffs unit consists largely of adasite clasts that are vellowish ang bighly altered to clay:
s iocal sarface relief seen in sea-cliff sectionis at least S m

Deposits cider than G tephra (22067-20607 yr B.P.)

East Point debris-avalenche deposit—Bonldery dizmict of anguolar porphyritic-andesite fragments. a few
prisatically jointed (juvenile), Underties Yellow Cliffs dismict (fower dizmict of unit Givsa) and
undexiiss sparsely exposed G tephra. Similar to unit /Ho. including angulsr boulders as large as
+8m

Domes and lava Sows of uncertain iate{?) Holoosne age

Pre-1883 summit.dome complex—Succession of porphyritic-sndesite domas forming east crater rim and
stesp upper east and south ower flanks. Apparemtiy little chamged since 1883 eruption. By saface
calor and apparem overiapping relations divisible into three parts (okdest. i: youngest 3)

Flank festares—Divided into:

Dome “H™—Topographic bump on the northwest voleano fiank at attitude 910 m consisting of gray (N
510} porphyvritic andesite containing abont 15 percent plagioclase phenoor vsts as long as 4 mm

Dome “T"—Topographic bump on the northwest volcano flank at altimde 1025 m consisting of pinkish
gray (7.5R 6/2) porphyritic andesite coniaining abomt 15 pareent plagioclase phenocrysts as long
as 4 mm

Dome “Bamishak™—Topagmphic bump on the south volcano flank at altitnde 513 m consisting of

light gmy (N 7/1 to 5YR 6/1) porphyritic andesite containing abom 15 peroemt plagioclase
phenocrysts as long as 3 mm and abont 3 percent hornblend: phraocrysts as long as 3 mm

Lava flow—Inliers on south flank of in-sizu porphyritic andesite with steep seaward stope: old dome
and (on) lava flow nearty baried by vounger materials
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AUGUSTINE VOLCAMO, ALASKA
DEPOSITS OF LATE PLEISTOCENE TO LATE HOLOCENE AGE

Fall depasits and pyroclastic-flow depasits, undivided—Interbedded pumiceoas pyrociasuc-flow
deposit, lithic pyroclastic-flow deposit end many bads of loose, sorted pumiceons fali deposits
exposed on sides of several sonth-flank kipukas Uppermost beds probably comrelative with M, C.
and older tephra beds of coastal ssquences. In places, lowest parts of these sequences overiain by
Pleistocene glacial daposits

DEPOSITS OF LATE(?) PLEISTOCENE AGE

Glaclal deposits—Sandy gravel or gravel veneer of diverse angular clasts as large as 1.5 m of exotc
lthology including black ergillite, diarite, granodioriie, granite, gniss, porphyritic dikerocks, gabhro,
greenstone, and banded limesione and chert. Probably discontinuous till: found only ob south sige aof
island

Outwash gravel—Waterlaid pumiceons and lithic pebble 10 granale gravel locally rich in exouc, rounded
pebbles. Found only on south side of istand. Section contains bed of angular pionice, apparentty
teprha-fall deposit

Yolcanic materinkls—Dividad into:

Rhyolitic pmmicects beds—Thickly bedded gravelly sand diamict containing anguiar 1 roanded
pumice casts (pyroclestic-flow beds), alternating with beds of sorted angaler pebble gravel of
angular pumice clasts (fall beds). Fall beds contain as much as 40% lithic clasts

Basaitic hyaleclastite—Poorly beddad sandy pebble gravel contsining angular clasts as large as 10
cm, rerely 1o 20 om, of scoraaceous olivine basalt Localty overlain by bedded rhyolitic pumice.
Base exposed in one site shows 3 m of fragmental flow €3paosits containing lithic andesite and
pumice clasts (inciuded in this map enit)

Block landshide—Sandstons and shale of Naknak Formation highly jointed and fanlted, riddled with open
fissures, apparently a displaced block derived upslope from mit Jasu

PRE-AUGUSTINE ROCKS
Recks of Naknek Formation (Jurassic}—Divided into:

Upper sandstone—Chff-forming medinm to fine thick-bedded yellowish pale-brown sandstone with
partings of very fine sandstone 1o silistone. Locally ripple marked and containing foreset bads as
thick as 1.5 m dipping west or sonthwest Rich in marine shells, atong with rare flatteded logs znd
stems. Upsection becomes rich in granuke to pebbiz conglomerale containing rounded siones of
mixed crystalline rock types.

Shole—Dark-gray shale, mostly silistone with thin interbeds of sandstone. Includes at base lower
smdswone of Bufiler (1976}, cropping ont mostly below high-tde line
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