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Petrography, Chemistry, and Geologic History
of Yantarni Volcano, Aleutian Volcanic Arc, Alaska

By ).R. Riehle, M.E. Yount, and T.P. Miller

Abstract

Yantarni Volcano is a small (<10 km3) calc-
alkaline center of Quaternary age in the eastern
Aleutian volcanic arc 640 km southwest of Anchorage
on the Alaska Peninsula. The volcano is composed of
andesite and dacite having an SiO, range of 55 percent
to 63 percent. An ancestral cone consisting of
pyroclastic rocks, breccias, and lava flows ranging in
composition from two-pyroxene andesite to hornblende
dacite began to form at the Yantarni site about 0.46
Ma. Probably between 2,000 and 3,500 years ago, the
cone was breached during a catastrophic eruption. The
concomitant mass movement of the northeast flank of
the cone by a combination of slide and flow resulted in
extensive formation of avalanche deposits in the
valleys and on ridge slopes northeast of the cone.
Emplacement of a dacite dome in the central vent
area occurred next, accompanied by block-and-ash
flows that filled the valleys and mantled the landslide
deposits for distances as great as 6 km east and
northeast of the volcano.

Chemical analyses of lithologically represent-
ative samples and coexisting phenocrysts suggest that
Yantarni magmas are not compatible with closed-
system fractionation, Magma mixing, however, is
compatible with the chemistry, the petrography, and
the occurrence of disequilibrium mineral assemblages.

Yantarni Volcano appears to be a small, intra-
segment calc-alkaline center which developed within
the past 0.5 m.y. and which has been the site of at
least one violent eruption in Holocene time. Violent
eruptions of similar character could well occur in the
future. Magmas of diverse composition either were
erupted in close succession or were mixed shortly
before eruption. Yantarni Volcano appears to be in an
early stage of development, and a single large magma
chamber probably does not exist at shallow depth
directly beneath it.

INTRODUCTION AND ACKNOWLEDGMENTS

Yantarni Voleano is a small andesitic stratocone
in the eastern Aleutian volcanic are about 640 km
southwest of Anchorage on the central Alaska
Peninsula (fig. 1). Eruptive activity at the central
vent area began during late Pleistocene time about
0.46 Ma (million years ago) and climaxed with a
catastrophic eruption in late Holocene time. The
climactic eruption consisted of a debris avalanche
followed by emplacement of pyroclastic flows and a
dome. Because of the potential for similar future
eruptions, a detailed study of Yantarni Volcano was

undertaken as part of the Volecano Hazards Program of
the U.S. Geological Survey. We present in this report
a geologic map, petrographic descriptions, and major-
element compositions of representative samples from
Yantarni Volcﬂo. From these data, stratigraphic
relations, and ~*C and K-Ar ages, we infer a geologic
history of the voleano.

The region of Yantarni Voleano was mapped in
reconnaissance fashion by Burke (1965); later
systematic mapping of the region was carried out by
Detterman and others (1981, 1983). Initial radiometrie
dating of volcanic rocks was done by Wilson and others
(1981) and Wilson (1982) for purposes of both regional
studies and mineral-resource appraisal. Some of these
data, cited in this report, help define the age range of
magmatism at Yantarni Voleano.

Yantarni Volecano was discovered in 1979 by
Robert L. Detterman and James E. Case, and it has
had no reported historic eruptions. Neighboring
Chiginagak Volcano had reported activity in 1852 and
1959 and Aniakehak in 1931; Veniaminof has been more
active, with seven reported eruptions between 1776
and 1950 (Coats, 1950) and eruptions in 1956 and 1983
(Miller, unpublished data).

We gratefully acknowledge Frederic Wilson, who
provided three new K-Ar ages and the analytical
constants reported in table 3. Judy Hassen and Kathy
Egger cheerfully sieved and described most of the
samples of pyroclastic deposits for this study; Hassen
also provided capable assistance in the field in 1982,
Don Richter and Willie Scott provided -careful
technical reviews which materially improved the
manuscript. We also benefited from informal reviews
and discussions provided by Fred Barker and Wilson.

GEOLOGIC SETTING

The continental margin lies about 175 km
seaward of Yantarni Volecano (fig. 1), and the volcano
lies wholly on continental -crust. Basement
sedimentary rocks in the vicinity of the voleano
consist, from oldest to youngest, of continental and
marine deposits of Late Jurassic age (Naknek
Formation) and Early Cretaceous age (Staniukovich
Formation), shallow marine deposits of Late
Cretaceous age (Chignik Formation), and continental
and marine deposits of early Tertiary age (Tolstoi
Formation) (Burk, 1965; Detterman and others, 1983).
The southernmost exposures of the Alaska-Aleutian
Range batholith are approximately 100 km north of
Yantarni Volcano at Becharof Lake (fig. 2) (Reed and
Lanphere, 1972). However, batholithic rocks are
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inferred from magnetic anomalies to extend in the
subsurface at least 50 km south of Becharof Lake
(Reed and Lanphere, 1973), and an exposure of granitic
clasts in Jurassic conglomerate 12 km southwest of
Yantarni Voleano implies the presence of granite in
the subsurface within 10 to 20 km of the volcano (R.L.
Detterman, oral commun., 1985). Surface exposures of
a cale-alkaline magmatic arc of Eocene through early
Miocene age, termed the Meshik arc by Wilson (1985),
are preserved as close as 5 km to the southeast and 8
km to the northwest of Yantarni Voleano.

Yantarni Voleano is colinear with the adjacent
Quaternary volcanoes Chiginagak and Kialagvik to the
northeast (fig. 2). The Yantarni-Chiginagak-Kialagvik
trend lies seaward of an alignment defined by the
other Quaternary voleanoes from Veniaminof through
Douglas.  Alternatively, a single alignment from
Veniaminof through Kialagvik can be constructed with
Aniakehak lying north of this trend. Such alignments
are one means for defining segments of the Aleutian
voleanic arc (Fisher and others, 1981; Kay and others,
1982; Kienle and Swanson, 1983), and, depending on
how the alighments are defined, Yantarni Volecano may
lie near a segment end. Our data that potentially bear
on this issue are discussed further in the section
"Major-Element and Mineral Compositions of the
Volcanic Rocks."

GEOLOGY
Pre-Volcanic Sedimentary Rocks

Pre-voleanie rocks in the area of plate 1 are
Upper Jurassic and Lower Cretaceous sandstone,
siltstone, and shale (Naknek and Staniukovich
Formations, undivided) and Paleocene and Eocene
sandstone, conglomerate, and siltstone (Tolstoi
Formation) (Detterman and others, 1981, 1983). The
Mesozoie rocks are separated from the Cenozoic rocks
by a steeply dipping reverse fault that is upthrown on
the northwest (pl. 1). The times of movement on the
fault within the area of plate 1 are limited to between
Paleocene and Quaternary by the ages of displaced
strata; there are no data from elsewhere within the
region to more closely delimit the timing of movement
(R.L. Detterman, oral commun., 1985).

Tertiary Hypabyssal Rocks

The oldest igneous rocks in the immediate
vieinity of Yantarni Volcano are dikes, sills, and
irregular shallow stocks of late Tertiary age. Their
outcrop pattern on plate 1 (slightly modified from
Detterman and others, 1981, 1983) shows the
occurrence of these hypabyssal rocks for up to 8 km to
the south, east, and northwest of Yantarni cone. Two
large outcroppings of these rocks 4.5 km southeast of
Yantarni Voleano (pl. 1) probably are stocks. Samples
of the stocks have about 63 percent SiO,, indicating a
low-silicaldacitic composition (samples 50, 54, and 57,
table 1).© The samples are highly porphyritic and

1SiOz contents referred to in the text are normalized
to 100 percent on a volatile-free basis.

contain xenoliths of hornblende and quartz (table 2).
Other exposures northwest of Yantarni Voleano include
a felsite sill and areas of hydrothermal activity
consisting of altered dikes and wallrocks.

The Tertiary hypabyssal rocks intrude rocks as
young as Paleocene and Eocene in age (Detterman and
others, 1983). Two samples of hydrothermally altered
rocks of the hypabyssal unit (sites 3 and 4, pl. 1)
yielded ages of 3.96:0.64 Ma on chiorite (sample
9Yb102;  F.H. Wilson, oral commun., 1985) and
3.42+0.28 Ma on plagioclase, 3.48%0.45 Ma on biotite,

1489

)

156°
T Anchorage

164°

-

580

540

0 100 200 KILOMETERS
—1

Figure 1. Index map showing location of Yantarni
Voleano in eastern part of Aleutian voleanic arec.
Dashed line is 200-m isobath, approximate edge of
continental ecrust (Scholl and others, 1975).
Quaternary voleanoes are shown as triangles.
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Figure 2. Relation of Yantarni Voleano to adjacent
Quaternary volecanoes of Aleutian voleanic arc. In
particular, note that alignment of Yantarni,
Chiginagak, and Kialagvik Volcanoes lies seaward of
alignhment defined by volcanoes to northeast and
southwest.
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and 2.85+0.17 Ma on chlorite (sample 9Yb101; F.H.
Wilson, oral commun., 1985). A sample of the dacitic
stock (site 54, plL. 1) yielded an age of 19.3+0.33 Ma on
hornblende (sample 9Ws011; Wilson, 1985). The oldest
sample is classed with the so-called Meshik volecanic
arc (Wilson, 1985), a magmatic arc active from about
40 Ma to 20 Ma. The data are insufficient to permit
broad conclusions about temporal patterns of
volcanism; however, magmatism at Yantarni Volcano
clearly occurred before the current phase of Aleutian
voleanism began in late Miocene time (see Marlow and
others, 1973).

The preserved volume of rocks assigned to the
hypabyssal unit cannot be estimated, owing to the
difficulty of distinguishing in detail the irregular
contacts of the hypabyssal rocks with adjacent,
commonly altered sedimentary rocks.

Older Lava Flows

Moderately to deeply dissected lava flows and
associated flow breccias occur as much as 8 km to the

southwest, west, and northwest of Yantarni cone (pl.
1). Despite glacial erosion, flow morphology is still
apparent in the ridge-top remnants of the early lavas.
Topographic knobs within flows of the unit about 6 km
southwest of the cone may be vent plugs (pl. 1).

The lava flows are porphyritic, locally trachytic,
two-pyroxene andesites (table 1) with fine-grained or
microcrystalline groundmass (table 2). The degree of
alteration varies from sample to sample; the most
altered rocks have propylitic alteration assemblages
including some or all of chlorite, quartz, iron oxide,
and uncommon white and brown mica, whereas other
samples have glass in the groundmass (table 2).
However, we know of no samples or outcrops of older
lava flows that are bleached to the bright white, red,
or yellow shades typical of fumarolic alteration.

The older lava flows are not in contact with the
Tertiary hypabyssal rocks within the area of plate 1.
One K-Ar determination of an older lava flow yielded
an age of 0.47+.05 Ma (sample 24, table 3) and a
previous whole-rock determination yielded one of
0.6210.23 Ma (site 30, pl. 1; sample 8Dt034, Wilson and
others, 1981). We consider an implied age range of

Table 1. Major-element whole-rock analyses of Yantarni samples

[Analysts:
Geological Survey.

A.J. Bartel, S. Neil, K. Stewart, L. Esp
Methods: X-ray fluorescence for

os, J. Taggart, S. Roof, and E. Brandt, U.S.
all except Fe0O, which is titrationl]

Hypabyssal rocks Older lava flow

S Cone-building deposits

50 57 54 26 24 29 1a b 2 25 33 16 17 19 48 32

3102 60.2 61.6 63.51 59.4 55,9 55.5 58.6 57.5 56.4 55.9 62.6 58.6 57.4 56.9 59.2 62.5
TiO, .64 .64 .71 .76 .80 .88 97 .85 .83 .87 .66 .78 .84 .85 .91 .68
A1203 16.0 16.3 15.6 17.2 16.4 16.8 16.5 16.4 16.1 16.4 6.7 17.1 17.6 17.3 17.2 16.8
Fe203 1.98 2.68 3.14 3.27 4.42 3.40 3.04 3.24 5.29 4.12 2.18 3.38 3.68 3.00 5.70 3.25
FeO 2.99 2.32 1.82 3.40 3.05 4.4 447 L.45 2,22 4,21 3.27 3.58 3.87 4,39 1.55 2.40
MnO .09 .06 .07 A .13 .14 .15 .15 .14 .14 .12 .13 .13 .14 14 12
MgO 3.35 3.10 2.68 2.90 3.82 4,46 4,08 4,43 3.85 4,18 2.42 3.27 3.77 4.10 3.19 2.53
Ca0 4,70 5.17 4.4 7.28 8.04 T7.72 7.78 8.18 T7.68 8.43 6.00 7.4 7.80 8.20 6.77 5.82
Na20 3.54 3.77 3.68 2.81 2.76 2.46 2.71 2.83 2.56 2.73 3.04 2.76 2.69 2.78 2.90 3.24
K20 1.66 1.52 2.16 1.37 1.47 1.26 1.49 1.64 1.51 1.66 1.55 1.37 1.26 1.37 1.36 1.53
P2O5 .19 .22 12 A4 .19 .18 .18 .22 A7 .24 .16 A3 .16 .16 .18 .16
LoI? 4.38 2.48 2.73 1.44 2.88 3.22 .53 .49 3.33 .66 1.13 1.24 .99 .89 1.00 _ .95
Total 99.7 99.9 100.7 100.1 99.9 100.2 100.5 100.4 100.1 99.5 99.8 99.8 100.2 100.1 100.1 100.0

Cone-building deposits--Continued Holocene pyroclastic-flow deposits Dome

35 20 46 36 41 34 31 4y 11b 11c 11d 1le 12 7 39 38

8i0, 60.6 58.0 57.5 57.3 62.1 61.3 60.2 59.4 55.0 60.1 63.1 60.6 60.8 60.0 61.1 60.4
TiO, .80 .83 .81 77 .15 .11 .78 .85 .93 .75 .64 .13 .75 .70 .72 .72
A1203 7.1 17.2 17.3 17.4 16.7 17.0 16.9 17.1 17.4 16.8 16.4 16.7 16.6 16.3 16.7 16.8
Fe203 4,07 2.80 3.58 3.19 2.49 2,45 4,90 2.83 3.65 3.78 2.84 3.58 3.04 L4.84 2.67 2.74
FeO 2.13 4.31 3.81 4.10 3.4 2.61 1.10 3.95 4,54 2,62 2.36 2.74 3.34 .89 3.42 3.52
MnO 12 14 .13 .18 13 11 .04 a3 .14 12 .31 13 A3 .05 g2 .13
Mg0 2.69 3.87 3.48 3.76 2.52 2.87 2.21 3.00 4,50 3.21 2.41 3.08 3.15 2.71 2.93 3.28
Ca0 6.01 T7.76 8.10 7.83 6.01 6.30 5.02 6.71 9.12 7.25 6.00 6.92 6.85 4.80 6.81 7.21
Na20 2.91 2.99 2.89 2.76 2.92 3.08 2.92 2.70 2.46 2.73 2.98 2.81 2.96 2.72 2.82 2.78
K20 1.24 1.46 1.43 1.25 1.53 1.48 1.43 1.22 1.29 1.64 1.80 1.58 1.64 1.4 1.64 1.58
P205 AT AT A7 .13 .16 7 .16 A7 .15 7 .15 14 .15 .18 .15 .16
LOI2 1.91 .88 1.11 1.20 .87 1.12 3.84 1.15 1.11 .83 .75 1.00 .55 5.34 .90 .39
Total 99.8 100.4 100.3 99.9 99.6 99.2 99.5 99.2 100.3 100.0 99.7 100.0 100.0 99.9 100.0 99.7

1
Analysis from F.H. Wilson (oral commun., 1985).
Loss on ignition to 925 °C for 40 minutes.

FeO to Fe203 and should include only volatiles.

Value reported here has been corrected for oxidation of
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Table 2. Petrographic descriptions of Yantarni samples

[Abbreviations are as follows: apat, apatite; calc, calcite; chlor, chlorite; cpx, clinopyroxene; gndms, groundmass;
hbl, hornblende; hem, hematite; lith, lithic; oliv, olivine; opaq, opaque; opx, orthopyroxene; plag, plagioclase; px,

pyroxene; qtz, quartz; tr., trace]

Modal phenocrysts

Sample Textures Alteration Plag Cpx Opx Hbl Qtz Oliv_Opaq Gndm Lith
Tertiary hypabyssal rocks (unit Ti)
50 Porphyry; gndms <0.1 mm, massive, Plag altered to chlor/ 18.0 (altered 3.0 5.5 0 0.7 67.7 0
plag>>chlor=mica; qtz as anhedral mica, hbl to chlor/ px 4.8
mosaics (xenoliths); apat micropheno- hem; veinlets of hem/ percent)
crysts calc/mica
5“1 Porphyry; gndms <0.1 mm, massive, Rare cale and chlor as 15.7 0 0 9.4 1.2 0 .2 69.5 4.2
plag>>hbl>opag=apat; gtz as anhedral replacement of mafics
mosaics (xenoliths); plag fractured in lithies
and recrystallized?
57 Porphyry; gndms <0.1 mm, massive, Hbl altered to chlor/ 15.8 0 0 12.1 1.1 0 .8 70.12 0
plag>hbl>opaq; qtz phenocrysts opaq/px
embayed and rounded; rare euhedral
apat microphenocrysts
Older lava flows {(unit Qof)
1 Porphyry; gndms very fine grained Rare hem 22.7 9.5 7.4 0 .6 0 3.1 56.7 0
felted mat of plag needles, px and
opaq grains
1B Porphyry; gndms <0.1 mm, plag>px= Rare hem 21.7 11.4 3.4 0 0 0 2.7 60.8 0
opaq
2 Porphyry; gndms <.05 mm, plag/ Chlor/hem alteration 28.8 7.6 4.5 0 0 0 2.9 55.6 Rl
opaq/px of gndms and opx
24 Porphyry; gndms <0.1 mm, plag>> Zeol/calc/chlor+mica 19.2 4,5 3.0 0 0 0 1.2 70.3 1.8
chlor+mica>cpx=opaq; cpx rims on opx as vugs in gndms and
phenocrysts; originally vitric? as replacement of px
phenocrysts and lith
26 Devitrified vitrophyre; gndms <0.3 Trace chlor/calc/zeol  33.6 5.4 4.2 0 o] 0 3.0 53.8 .2
mm, massive, microcrystalline; rare as alteration of
fine-grained lith gndms and plag
28 Porphyry; gndms microcrystalline Mafics and gndms 24.6 (altered 0 0 0 1.2 63.2 1.0
plag and secondary patches of chlor+ altered to hem/calc/ px 10.0
mica chlor/mica/zeol percent)
29 Vitrophyre; gndms <0.2 mm, plag>>cpx None 20.3 5.0 3.8 0.2 0 0 1.3 66.8 3.0
=opag>glass; rare reacted hbl; cpx
rims on some opx phenocrysts
Cone-building deposits (unit Qye)
16 Porphyry; gndms <0.1 mm, plag micro-  None 30.7 8.0 4.0 0 0 0 2.3 55.0 0
lites and rare glass; seriate pheno-
crysts
17 Porphyry; gndms microcrystalline, None 24,2 3.7 2.8 0 0 0 1.3 67.7 .3
rare glass; phenocrysts 0.1-2 mm;
microphenocrysts of plag>opx=cpx>opaq
18 Porphyry; gndms microcrystalline None 16.2 1.5 2.5 0 tr. 8 T 73.5 4.8
to 0.3 mm, vaguely foliated plag>>cpx=
opx=opaq; qtz rimmed by cpx; micro-
vesicular
19 Porphyry; gndms microcrystalline None 19.6 3.3 3.9 0 0 1.4 1.8 70.1 0
to 0.2 mm, foliated plag>>cpx=opaq>opx
20 Porphyry; gndms <0.01 mm, px>plag> None 22.3 4.6 4.1 0 0 1.3 1.7 63.9 1.7
opaq; plag/cpx/opaq microphenocrysts
21 ‘Porphyry; gndms <0.1 mm, plag>px> Hem alteration of opx 31.4 3.9 8.0 0 0 0 2.0 5.4.8 0
opaq; cpx overgrowths on opx grains and as fracture filling
22 Porphyry; gndms anhedral mosaic Intensely altered; - - - - - - - - -
of secondary quartz phenocryst pseudomorphs
of cale/zeol/chlor
33 Vitrophyre; plag microlites in glass; None 28.3 2.8 4.4 4 0 0 1.6 62.2 .3
phenocrysts 0.2-5 mm; hbl fresh, some
intergrown with px
34 Devitrified vitrophyre? gndms Rare zeolites in 21.8 3.1 1.6 tr. 0 o 1.6 71.13 1.0
massive, microcrystalline plagdepx> gndms
opx=opaq;seriate phenocrysts >0.2 mm;
rare oxidized hbl 4
35 Porphyry; gndms <0.t mm, foliated Mafics altered to cale, 28.0 .2 0 0 0 0 1.5 61.0 9.7

plag>chlor/mica>opaq; phenocrysts
seriate to 3 mm; diabasic lithics

chlor/mica, opagq
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Table 2. Petrographic descriptions of Yantarni samples--Continued

Modal Phenocrysts

Sample Textures Alteration Plag Cpx Opx Hbl Qtz Oliv_Opaq Gndms Lith
Cone-building deposits--Continued
36 Porphyry; gndms <0.1 mm, plag>opaq> Opx altered to chlor/ 32.9 3.6 5.9 0 0 0 2.6 52.5 2.3
px hem
40 Porphyry; gndms microcrystalline, Gndms and plag 22.2 1.0 2.7 1.7 .3 0 .8 70.3 1.0
massive; both plag and gndms frac- veined and replaced by
tured placed isotropic material
1 Porphyry; gndms <0.1 mm, massive Zeolites in gndms 21.2 2.0 5.3 .3 0 0 1.8 62.0 7.3
and microcrystalline; micropheno-
crysts of plag>>cpx>opx=hbl; pheno-
crysts to 2 mm; hbl heavily oxidized
42 Devitrified vitrophyre? Gndms None 23.0 1.2 2.2 .7 0 0 2.0 68.2 2.8
microcrystalline plag; bimodal pheno-
crysts to 2 mm; diabasic and pyro-
xenitic lithics
4y Porphyry; hyalopilitic; gndms <0.1 None 36.6 3.0 4.4 tr. 0 0 2.6 51.6 1.8
mm, plag>glass>px>opaq
46 Porphyry; gndms <0.1 mm, mottled Sparse hematite 27.3 5.5 5.2 0 0 0 .8 59.2 2.1
appearance due to variation in propor-
tion of light and dark minerals
47 Porphyry; gndms <0.05 mm, plag>opaq Sparse hem alteration 24.9 7.9 5.3 o] 0 0 2.2 59.8 0
=px of plag and gndms
48 Porphyry; gndms microcrystalline, Oxidized rims on opx, 29.5 .5 b2 tr. 0 0 2.0 60.3 3.5
locally foliated; pheno- hbl nearly totally
crysts >0.2 mm; rare, heavily oxidized; gndms
oxidized hbl; diabasic lithics recrystallized opagqgs 5
52 Porphyry; gndms microcrystalline, Phenocrysts heavily 25.0 .5 1.0 tr. 2 0 5 70.3 2.7
massive; phenocrysts >0.5mm altered to clay and
hem; gndms
recrystallized
Holocene pyroclastic-flow deposits (unit Qp) and dome (unit Qdy)
11b  Vesicular vitrophyre; gndms 0.2-0.4  None 10.3 .3 .5 .70 0 .3 871.8 0
mm, plag>cpx=hbl>opaq(opx?); hbl
rimmed by cpx and plag; rare glass
11¢  Vitrophyre; gndms <0.2 mm, foliated None 19.0 .3 1.2 1.0 3 0 1.8 73.5 2.8
plag>cpx>opaq; cpx as microphenocrysts
or rims on qtz; hbl reacting to px/
plag/opaq
11d  Vitrophyre; gndms <0.2 mm, foliated None 22.7 .8 2.0 2.8 .7 .2 1.3 69.2 .3
plag>cpx>opaq; microvesicular; hbl
reacted and oxidized
13 Porphyry; gndms <0.2 mm, massive Gndms recrystallized 19.4 o34 40 1.2 0 tr. 68.8 2.8
plag>px>opaq; cpx only as micropheno- and replaced by
crysts; hbl reacted and oxidized opaq; zeolitized lith
14 Devitrified vitrophyre? Gndms None 23.3 .2 1.5 5.0 1.2 0 .8 67.6 .3
microcrystalline, foliated plag>>cpx=
hbl=opx=opaq; cpx only as micropheno-
crysts; bimodal phenocryst sizes
38 Porphyry; gndms <0.t mm, foliated None 19.8 .8 2.2 1.0 8 0 .8 72.0 2.5
plag>opx=hbl=opaq; phenocrysts bi-
modal, 0.1 to 3 mm; hbl reacting to
plag/cpx/opaq
39 Porphyry; gndms <0.2mm, vague folia- None 28.2 .2 2.5 2.3 1.3 .2 2.2 62.8 .3
tion, plag>cpx>hbl=opx=opaq; thin
oxide rims on hbl, cpx rims on gtz
;Description modified from F.H. Wilson (oral commun., 1985) for inclusion here.
3Includes 10.5 percent alteration pseudomorphs, formerly hornblende(?) microphenocrysts.
4Modes here are exclusive of a single large lithic clast consisting of porphyritic diabase.
5Includes 6.8 percent alteration pseudomorphs, formerly mafic phenocrysts.

Includes 7.5 percent alteration pseudomorphs, formerly mafic(?) phenocrysts.
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middle to late Pleistocene to be consistent with the
moderate degree of glacial erosion of these rocks.

We estimate the preserved volume of older lava
flows to be 0.60 km®. The original volume of the rocks
making up the unit is difficult to assess because glacial
erosion has clearly removed some material. The
present distribution of flows on ridges, however,
suggests topographic inversion. In such a case the
flows would initially have been confined to topographic
lows rather than spread out as broad plateaus, and the
original volume would probably have been no more
than two or three times the preserved volume.

Lava Flows, Breccias, and Older Pyroclastic Deposits
of Yantarni Cone

Deposits of this unit compose Yantarni cone, a
physiographic feature moderately dissected by glacial
erosion. The basal cone deposits on the north flank are
pyroclastic rocks that lie unconformably on rocks of
the Jurassic Naknek Formation; they are composed of
monolithologic, slightly vesicular cobble- to boulder-
sized clasts with a small amount of fine-grained
matrix. An SiO, content of 59 percent from a single
clast (sample 16, table 1) indicates an andesitic
composition. The deposit, probably the result of dome
collapse, is included in the cone-building unit rather
than the older lava flows because its pyroclastic
nature indicates central-vent volcanism.

The basal deposit on the east side of the cone is
an andesitic lava flow approximately 50 m thick
(sample 46, table 1) which may belong to the unit of
older lava flows. It is overlain, however, by a thick
succession of volcaniclastic deposits that we assign to
the cone-building unit, and owing to the insignificant
outcrop area of the lava flow we have included it
within the cone-building unit.

Coarse breccias, some brightly colored by
fumarolic alteration, and interbedded lava flows make

up the basal cone deposits on the southwest side of the
cone. The breccias can be traced laterally to an origin
high on Yantarni cone, and the contact with the unit of
older lava flows (pl. 1) is arbitrarily placed at the base
of the oldest breccia. On the west side of the cone,
breccia rests directly on pre-voleanic sedimentary
rocks.

Samples of the cone-building unit range widely in
composition, from two-pyroxene andesite to
hornblende-bearing dacite (tables 1 and 2), and include
fresh, glassy lavas as well as yellow to orange,
fumarolically altered varieties in the breccias. One of
the lowest SiO, contents of the sample set (57
percent; sample %9, tables 1 and 2), as well as some of
the highest (62-63 percent; samples 31, 32, 33, 34, and
41, tables 1 and 2), occur in lava flows
stratigraphically high on the southeast rim of the
crater and on the south flank of the volecano. There is
no apparent relation between composition and
stratigraphic position in the cone-building unit.

A sample of the basal cone deposits on the north
side of the cone yielded a K-Ar age of 0.46+0.12 Ma
(sample 77, table 3), thus the onset of the cone-
building phase of volcanism overlaps or closely
succeeds the closing stages of early lava-flow
activity. Another sample of a lava flow
stratigraphically high in the cone-building deposits
yielded an age of 0.4110.09 Ma (sample 19, table 3).
The cone retains the outline of its original form (see
frontispiece) but is incised in all quadrants by glacially
eroded valleys, and we infer that cone construction
was largely completed before late Pleistocene
glaciation.  The inference is consistent with the
youngest radiometric age of the sample that is
stratigraphically high in the cone-building unit (0.41
Ma; sample 19).

We estimate the present volume of the cone--
that is, of this unit--to be about 2.7 km*. The volume
of debrjs-avalanche deposits (discussed later) is about
0.8 km®; most of that material was originally part of

Table 3. Radiometric-age determinations of Yantarni samples

[Analysts:
potassium, S. Neil.

Argon and age calculation, F.H. Wilson, N. Shew, and G.D. DuBois;
Data provided by F.H. Wilson]

Sample Mineral dated K,0 qurrad qurrad Age
(wt pet) (mol/gx10—12) (pct) (Ma)
77 Plagioclase 0.277; 0.276 0.21163 3.6 0.542+0.038
.267;  .265 . 14837 1.7 .380+0.019
avg .271 avg 0.461+0.122
19 Plagioclase L3485 .3M L7799 4.8 .357+0.042
.357;  .340 .23018 4.9 .461+0.027
avg .349 avg 0.409+0.089
24 Whole rock 1.499; 1.490 .95619 12.4 L 44440.009
1.0553 3.2 .490+0.041
avg 1.495 avg 0.467+0.053

€

MO0y /K = 1.167x10 ¥ mol/mol

he = 0.572x10710 yr7T; ag = 4.962x10710 yr7T;

et = 8.78x10" 3yr~1;
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the cone-building unit, and before the avalanche the
volume of the cone must have been about 3.5 km°.
The maximum volume of the cone b:?fore glacial
erosion is roughly estimated to be 6.6 km* by assuming
a smooth cone of 5.6 km diameter and 0.8 km height.

Debris-Avalanche
Flows, and Dome

Deposits, Younger Pyroclastic

The four youngest mappable deposits of Yantarni
Voleano are avalanche debris consisting of blocks of
altered cone material (two units), pyroeclastic-flow
deposits, and a dome (pl. 1). These deposits, which
have the unifying aspect of being unmodified by glacial
erosion, are discussed together because we infer that
the deposits are partly contemporaneous in age and
have related origins. The debris-avalanche deposits
are largely covered by the succeeding pyroclastic-flow
deposits, and by inspection of the geologic map we
estimate that their volume is about one-half that of
the pyroclastic-flow deposits. Also by inspection, we
approximate the dome by a eylinder 1 km in diameter
and 300 m high. From such assumptions, we estimate
the totgl volume of avalanche material (both un&ts) as
0.8 km”, of pyroclastic-flow deposits as 1.0 km®, and
of the dome as 0.25 km®.

Debris-avalanche deposits

Deposits from debris avalanches form two
separate mappable bodies, one northeast and one south
of Yantarni Volecano. The northeastern avalanche
deposits (map unit Qda, pl. 1) resulted from a major
catastrophic mass movement of the northeast part of
Yantarni cone. As is typical of such deposits
elsewhere, combinations of slide and flow were
involved in their emplacement, and the distribution of
the deposits is strongly dependent on the local
topography. The deposits are composed of a chaotic
assemblage of material that originally occupied the
northeast part of the cone, now the open part of the
U-shaped amphitheater surrounding Yantarni dome (pl.
1). This material has a distinctive orange-brown color
and a bleached appearance and is presumed to have
originally been strongly altered and oxidized coarse
breccia and volcaniclastic rocks of the cone-building
unit. Boulders of native sulfur as large as a meter in
diameter are found locally near the base of the
deposits, and mueh of the altered material is
pyritiferous. The deposits show a large range in
sorting, from coherent masses as large as several
hundred meters across to disaggregated, matrix-rich
material with clasts no larger than lapilli size.

The avalanche deposits are exposed chiefly on
valley flanks and floors northeast of the voleano (pl.
1). Their total extent, however, is much greater than
that shown on the geologic map because they are
generally covered by the younger pyroclastic-flow
deposits, which conceal much of the original surface
and characteristic hummocky topography of the
avalanche deposits. Avalanche blocks are locally
E:augh‘; up in the overlying pyroclastic-flow deposits
figr.. 3«

Immediately northeast of Yantarni dome, the
avalanche mass apparently slid or moved as a coherent

block. The block forms a low terrace 100 m high (fig.
4), which extends about 3 km in a northwest-southeast
direction and is overlain by a thin veneer of block-and-
ash-flow deposits. At least some original bedding and
structure is preserved in spite of estimated movement
from its point of origin of 1-2 km horizontally to the
northeast and 300-400 m vertically.

Farther downslope to the northeast, however, the
avalanche mass apparently disaggregated and became
much more mobile. The avalanche had sufficient
momentum that on reaching the southwest-facing
ridge of older rocks northeast of the creek, it moved
up the ridge to an elevation of at least 550 m (1,800 ft)
above sea level, or 335 m (1,100 ft) above the present
valley floor (pl. 1). Deposits of altered and oxidized
cone material from the avalanche are plastered across
this slope (fig. 5). The highest point on this ridge,
which must have been directly in the path of the
avalanche, is about 850 m (2,800 ft) above sea level,
and the avalanche, which at that point was probably
behaving like a flow, does not appear to have
surmounted this barrier. The ridge axis slopes down to
the southeast to an elevation of 460 m (1,500 ft) above
sea level within a kilometer, but no avalanche deposits
are found on or northeast of the ridge. The axis of the
avalanche movement, therefore, as defined by the
thickest and highest deposition of material, is N. 45°
E. of the voleano.

The scattered avalanche deposits of the
northeastern unit form the basal part of deposits of
the most recent significant activity at Yantarni
Volecano. We infer that at least some of the overlying
pyroclastic flows were emplaced simultaneously with
the avalanche, as blocks of cone material are in the
pyroclastic-flow deposits (figs. 3 and 7). Our inference
is based on the assumption that the pyroclastic flows
did not erode large blocks of material, but the
pyroclastic flows instead were intimately mixed with
blocks in the trailing part of the avalanche. Such
evidence, however, does not unequivoecally preclude
the possibility of a hiatus measured in years between
the avalanche and the pyroclastic flows.

The southern avalanche deposit (map unit Ql, pl.
1) consists of a poorly sorted deposit of blocks, some
several meters in diameter, in the glaciated valley on
the south side of the cone. The deposit does not
appear to be a catastrophic landslide because the toe
of the deposit is confined to the valley floor and does
not run up the opposing (south) valley wall where the
valley bends (fig. 6). A lava flow at the west margin
of the deposit near the bend has been beheaded, and
we infer that the lava flow was emplaced on a glacier
that now is largely wasted. Other, permissive
evidence for subsurface ice includes a hummocky
surface and springs at the toe of the deposit. Steep
lateral margins and subarcuate ridges in the deposit
suggest slow, possibly continuing movement of a
landslide or rock glacier (R.W. Fleming, oral commun.,
1982), a mechanism consistent with initial deposition
on glacial ice. The deposit is remarkable, however, for
both its thickness and the size of its largest clasts, and
we conclude that the deposit has a more complex
history than a simple surface moraine or rock glacier.
We infer that the deposit probably originated in
limited mass movement of cone material onto glacier
ice during the catastrophic eruption. By analogy to
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Figure 3. Debris-avalanche block caught up in block-and-ash flow, east side of Yantarni
Voleano. Height of exposure about 50 m.
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« Figure 4. Flat-topped pyroclastic-flow deposits in foreground, terracelike coherent debris-avalanche deposit in center, and base of central dome of
Yantarni Voleano in background. View southwest.
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Figure 5. Valley-fill debris-avalanche deposits underlying pyroclastic
northeast of central dome of Yantarni Voleano. View northwest.
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Shoestring Glacier at Mount St. Helens (Brugman and
Meier, 1981), wasting of ice was probably a response
mainly to beheading rather than to erosion and melting
during emplacement of cone material.

Younger pyroclastic-flow deposits

The undifferentiated, younger pyroclastic-flow
deposits and talus of the dome compose a fan-shaped
apron that extends northeast from the dome and partly
fills the valley of the adjacent creek (pl. 1).
Generalized sections measured in the deposits at three
localities are shown on figure 7. The upstream section
(site 14, pl. 1) consists of a monolithologic deposit of
slightly vesicular, subrounded bloeks of red-brown lava
in an ash matrix which ranges from less than 10
percent by volume at the base to as much as 25
percent at the top. A single sample (14, table 2)

closely resembles samples of the dome (samples 30 and
38, table 2) in both texture and modal phenocryst
content. The middle section (site 11, fig. 7B) consists
of several pyroclastic-flow deposits, ranging from a
poorly sorted, fine-grained base on the avalanche
deposits to a top consisting of moderately sorted beds
of slightly vesicular lapilli and blocks of lava. The
downstream section (site 55, fig. 7C) consists of a
single bed of lava blocks that overlies a bed of poorly
sorted fine-grained tuff, which in turn overlies
avalanche deposits.

The lower pyroclastic-flow deposits of the
middle section (samples 11b and 1le, fig. 7) have 50
percent or more ash matrix, and on the basis of their
granulometry (fig. 8) we classify them as ash-flow
tuffs. The analyzed samples are, of course,
representative only of the fine-grained matrix. The
blocks shown on each stratigraphic section may be lag

0 500

Figure 6.

1000 METERS

Stereopair showing deposit of mass movement on southeast flank of

Yantarni Voleano. Deposit is interpreted to have covered glacial ice, now largely
melted, and to have originated in limited mass movement during cone-destroying
eruption. Deposit is not the result of catastrophic debris avalanche because it does

not run up south wall of valley at curve.
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EXPLANATION

Megascopic petrographic descriptions of large juvenile
clasts from site 11 (pl. 1)--see table 2 for descriptions
from microscopic examination. plag, plagioclase; hbl,
hornblende; px, pyroxene

11b  Porphyry or vitrophyre, pale gray, slightly
vesicular or diktytaxitic; large phenocrysts of
plag >hbl=px

1lle  Porphyry or vitrophyre, pale to medium gray,
slightly vesicular; large phenocrysts of
plag > hbl=px; rare altered porphyry

11d  Porphyry or vitrophyre, red-brown groundmass,
slightly vesicular; phenocrysts of plag > px=hbl;
trace agglutinated(?) scoria

lle  Vitrophyre, red brown and pale gray, slightly
dikty<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>