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CORRELATION OF MAP UNITS
[Approximate potassium-argon ages shown are from table 1]
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DESCRIPTION OF MAP UNITS fragments mostly of aphyric andesite exhibit glassy rinds, radiating fractures, and
URET AND EPOS breadcrust textures typical of pillows and bombs. Larger blocks (b), which invariably
S CiAL ) GLAC]{“' 2 L display very intricate columnar joints, consist of coarsely porphyritic andesite that
Alluvial deposits i ) contains phenocrysts of plagioclase (10-15 percent, as long as 2 cm), hypersthene
Qal Alluvium along streams (Holocene)—Mainly in active flood plains and in lowermost (2-4 percent, as large as 2 mm), and olivine (trace) that exhibits hypersthene reaction

terraces of major and some minor streams. Includes outwash related to younger
phase of the Alaskan glaciation. Chiefly stratified gravel and sand; cobbles, boulders,
and silt locally common

Alluvium in fans (Holocene)—Mainly large active fans and cones on steep to gentle slopes
adjacent to Sanford and Dadina Rivers and their major tributaries. Chiefly gravel and
sand; cobbles and boulders common

Older alluvium along streams (Holocene and Pleistocene)—Mainly outwash related to
older phase of the Alaskan glaciation and possibly younger phase of the Wisconsin
glaciation, in principal terraces along Sanford and Dadina Rivers. Also includes older
alluvial deposits, which are possibly related to the main Wisconsin or even older
glaciations, in high broad saddle between Sanford and Dadina Rivers. Chiefly gravel
and sand; cobbles, boulders, and silt locally common

Older alluvium in fans (Holocene and Pleistocene)—Mainly large inactive fans and
cones, on steep to gentle slopes mostly along Sanford and Dadina Rivers. Chiefly
gravel and sand; cobbles and boulders common

Colluvial deposits

-+ Qc-*°| Colluvium (Holocene and Pleistocene)—Chiefly talus but also includes deposits of small
' landslides, rock glaciers, and other mass-wasting processes; in places, includes large
proportion of alluvium in small fans and cones. Locally includes remnants of morainal
deposits. Shown mainly where deposits cover volcanic bedrock but locally includes
colluvium on glacier ice where avalanches form pronounced debris cones. Chiefly
poorly sorted silt, sand, gravel, and boulders
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Glacial deposits

Rock glacier deposits (Holocene and Pleistocene)—Deposits in both active rock
glaciers, which either have well-defined lobate forms or consist of small coalescing
rock glaciers that form linear ridges parallel to bases of steep slopes, and inactive
rock glaciers, which have smooth forms. Chiefly angular blocks and diamicton

Drift of Alaskan glaciation (Holocene)—End and lateral moraines of younger (Tunnel
stade) phase of the Alaskan glaciation, which were deposited after recession of
existing glaciers, and end moraines of older (Tustemena) phase of the Alaskan
glaciation. Diamicton and rubble; local gravel and sand

Drift of Wisconsin glaciation—Chiefly diamicton and rubble; local gravel and sand.
Consists of:

Younger moraines (Pleistocene)—Lateral moraines that may be equivalent to Drop
- Creek moraines mapped in Nabesna B-6 quadrangle (Richter and others, 1993)
Older moraines (Pleistocene)—Chiefly lateral moraines that may be equivalent to East

Valley moraines, which are mapped in Nabesna B-6 quadrangle (Richter and others,
1993), or Tanada Creek moraines, which are mapped in Nabesna B-5 (Lowe and
others, 1982) and C-5 (Richter and Schmoll, 1973) quadrangles

Drift of older glaciations (Pleistocene)—Chiefly ground and possibly lateral moraines
formed by ice in Copper River basin and by high-level local ice along west flank of
Mount Sanford and Mount Wrangell. May include deposits of older Wisconsin drift
not mapped separately as unit Qwgo. Deposits generally extensively modified by
solifluction, creep, and stream action. Chiefly diamicton and rubble; local silt, sand,
and gravel
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WRANGELL VOLCANIC FIELD
Mount Wrangell

Summit craters and caldera wall (Holocene and Pleistocene)—Exposures not
examined during present study; petrographic and chemical data presented here are
from Hurst (1968; samples collected by R.B. Forbes, C.B. Benson, and G.B.
Wharton between 1961 and 1967). Rocks are all two-pyroxene andesite in flows,
agalomerate, tuff, and breccia; all rocks generally exhibit some degree of fumarolic
alteration. Phenocryst assemblages include plagioclase (8-29 percent), hypersthene
(0.6-5 percent), augite (0.8-5 percent), and olivine (0-1.5 percent). Major-element
chemistry (loc. 1) shown in table 2. Rocks are mineralogically and chemically similar
to the two-pyroxene andesite (Qwa) that makes up much of Wrangell shield below
snow line

¢ Younger andesite flows and dikes (Pleistocene)—Flows are dark-gray, sparsely

' porphyritic to microporphyritic andesite that contains phenocrysts and micropheno-

crysts of plagioclase (5-8 percent, 0.1-0.5 mm), augite (1-3 percent, 0.1-0.3 mm),
and hypersthene (trace, 0.2 mm). Dikes are mineralogically similar to flows but also
contain trace to 2 percent fresh olivine. Major-element chemistry (loc. 2) shown in
table 2 (data plotted in fig. 5). Source of flows may be fissure that extends west from
unnamed 11,610-ft (3,539-m) peak (sec. 21, T. 3 N., R. 7 E.) on west flank of Mount
Wrangell. Unit may be as much as 300 m thick

Two-pyroxene andesite flows (Pleistocene)—Extensive, medium- to dark-gray, thin to
thick (5-30 m) flows that generally exhibit oxidized and slightly scoriaceous tops and
bottoms. In places, unit contains lenses of light-colored silicic air-fall tuff. Rock is
conspicuously porphuyritic, containing phenocrysts of plagioclase (10-24 percent,
1-10mm), hypersthene (1-8 percent, 0.5-3 mm), augite (trace to 3 percent, 1-4 mm),
and olivine (trace), in intersertal to pilotaxitic groundmass of plagioclase, mafic
minerals, and brown glass. Hypersthene is invariably the dominant phenocrystic
pyroxene. Major-element chemistry for seven representative samples (locs. 3-9,
inclusive) shown in table 2 (data plotted in fig. 5); plagioclase from two samples (locs.
6, 9, table 1) yielded potassium-argon (K-Ar) ages of 0.60+0.02 and 0.51+0.02 Ma,
respectively. Most likely source is summit region of Wrangell volcano, but unit may
also include flows from Wrangell flank eruptions or from older Chetaslina eruptive
center 5 km south of quadrangle, especially in area of Chichokna and Chetaslina
Glaciers. In broad upland saddle between Sanford and Dadina Glaciers, thin and
discontinuous glacial boulder fields mantle much of area shown as bedrock on map
sheet. Maximum thickness probably more than 400 m

Mount Sanford

Unconsolidated volcanic debris (Holocene and Pleistocene)—Chiefly angular to
rounded fragments as much as 1 m in diameter of andesitic lava and dacitic pumice.
Lava fragments consist of medium-gray to grayish-black, microporphyritic to aphyric
andesite. Pumice blocks, which are mostly restricted to lower part of unit, are
yellowish gray to light gray and contain phenocrysts of plagioclase (25-35 percent, 1
mm), altered hornblende (1-2 percent, as long as 2 mm), and traces of hypersthene
and opaque minerals, in groundmass of light-colored pumiceous glass. Matrix, if
present, may be comminuted particles of same material as lava and pumice
fragments. Deposits mantle Sanford lava flows (Qsl) on high ridge that extends
southwest from Mount Sanford; they apparently represent reworked debris-flow
deposits, probably along with some contribution of juvenile material, from one or
more sources higher on flank of Mount Sanford. Maximum thickness is probably less
than 20 m

Hyaloclastite (Holocene and Pleistocene)—Unconsolidated, crudely bedded, coarse-
sand- to silt-sized volcanic fragments that consist mostly of black to dark-gray, locally
palagonitized, angular volcanic glass. Hyaloclastite contains fragments and blocks of
andesite that range from a few centimeters to as much as 100 m in diameter. Smaller

rims, in intersertal groundmass of plagioclase, mafic minerals, glass, and opaque
minerals. Major-element chemistry (loc. 10) shown in table 2. Deposits apparently
result from almost complete fragmentation of at least two physically distinct flows
upon contact with water or ice. Field evidence, however, is equivocal in deducing
relative age of deposit. As shown on map sheet, hyaloclastite partly fills present
Sanford Glacier valley and, therefore, may be as young as Holocene; alternatively,
hyaloclastite is possibly much older and underlies or is interbedded with Sanford lava
flows (Qsl). Maximum thickness about 220 m

Dikes (Pleistocene)—Chiefly dikes of andesitic composition that have probably widely
diverse ages; associated with main Sanford center, three subsidiary centers, and
smaller satellitic vents. Not all dikes shown on map sheet were examined in field;
those that were visited and sampled are mostly gray, porphyritic two-pyroxene
andesite and olivine andesite, mineralogically similar to host Sanford lava flows (Qsl).
Major-element chemistry of two-pyroxene andesite dike (loc. 44, sample 84-ARh-79f;
seealso, fig. 2) that intrudes intracaldera(?) lava is shown in table 3. Whole-rock K-Ar
age of 0.78+0.08 Ma was determined on similar dike (sample 74-ALe-63, table 1; see
also, fig. 2; loc. 44 on map sheet)

Lava flows (Pleistocene)—Chiefly andesite flows from central shield of Sanford, shields(?)
related to three subsidiary centers, and postulated Sanford caldera. Unit also
includes domes, pyroclastic deposits, and a variety of shallow intrusive rocks that are
exposed on south and southeast faces of Mount Sanford. Local accumulations of
cinders, scoria, and bombs (stippled areas) indicate locations of small parasitic vents.
Lenses of light-colored silicic air-fall tuff are also present.

Shield lavas are chiefly medium- to dark-gray, porphyritic to microporphyritic,
two-pyroxene andesite, hypersthene basaltic andesite, and olivine basaltic andesite;
aphuyric lavas are present but are not common. Two-pyroxene andesite contains
phenocrysts and microphenocrysts of plagioclase (3-35 percent, <1-5 mm),
clinopyroxene (trace to 3 percent, average 1 mm), hypersthene (trace to 4 percent,
average 1 mm), and olivine (trace), in pilotaxitic to intersertal groundmass. Silica
content (herein refers to volatile-free SiOy analysis, normalized to 100 percent)
ranges from 56.7 to 62.6 percent in three representative samples (locs. 20, 23, 24,
table 2; see also, fig. 5); whole-rock K-Ar age from west Sanford eruptive center is
0.8940.03 Ma (loc. 23, table 1). Hypersthene basaltic andesite is mineralogically
similar to two-pyroxene andesite but contains only trace of clinopyroxene and as
much as 3 percent olivine phenocrysts; silica contents of two representative samples
(locs. 12, 17, table 2) are 54.2 and 55.9 percent. Olivine basaltic andesite normally
contains less plagioclase phenocrysts (3-10 percent) than two-pyroxene andesite
and as much as 5 percent olivine phenocrysts; silica content ranges from 52.6 to 56.8
percent in seven representative samples (locs. 11, 13-16, 18, 19, table 2; see also, fig.
5). Unit also contains olivine-pyroxene andesite (loc. 21, table 2) and hypersthene-
olivine andesite (loc. 22, table 2); whole-rock K-Ar age on latter sample from south
Sanford eruptive center is 0.76+0.01 Ma (loc. 22, table 1). No systematic spatial
variation of andesite mineralogy or chemistry, either within centers or between
centers, was observed.

Postulated intracaldera lavas are exposed at base of south face of Mount
Sanford. Detailed traverse (section C on map sheet; see also, fig. 2) through
accessible part of exposure reveals rather uniform series of flat-lying, aphyric to
porphyritic olivine basaltic andesite flows in which silica content ranges only from
53.1t055.3 percent (samples 84-ARh-79a to 79e and 79g to 79I, table 3; see also, figs.
2,5). Porphyritic flows predominate; they typically contain phenocrysts of plagioclase
(10-25 percent, as large as 5 mm), olivine (1-6 percent, 1-2 mm; generally corroded),
and hypersthene (trace), in pilotaxitic groundmass. Three whole-rock K-Ar ages on
lava flows from lower part of section (fig. 2) are 0.73+0.08, 0.85+0.02, and 0.86+0.22
Ma (samples 74-ALe-65, 74-AlLe-64, 74-Ale-62, table 1; see also, fig. 2; locality 44
on map sheet); dike (Qsdi) that cuts two oldest flows has K-Ar age of 0.78+0.08 Ma
(sample 74-Al.e-63, table 1; see also, fig. 2; locality 44 on map sheet). These ages are
approximately the same as those of some flows that are topographically higher in
complex Sanford shields.

Maximum exposed thickness of lavas in main shield is about 2,900 m and, in
outlying shields(?), about 1,500 to 1,800 m

Hypabyssal rhyolite pluton (Pleistocene)—Small, massive, reddish-gray, porphyritic
hornblende rhyolite associated with west Sanford eruptive center. Rock contains
phenocrysts of plagioclase (5-8 percent, average 1 mm) and hornblende (trace to 1
percent, average <1 mm; locally altered), in trachytic groundmass of plagioclase and
hornblende microlites in cryptocrystalline matrix. Pluton may be ring-fracture
intrusion along postulated caldera wall. Major-element chemistry (loc. 25) shown in
table 2 (data plotted in fig. 5)

Dacite flows (Pleistocene)—Massive, light- to medium-light-gray, conspicuously porphy-
ritic dacite flows on west and southeast flanks of Mount Sanford. Flow on west flank
contains phenocrysts of plagioclase (4-6 percent, 1-2 mm), hornblende (2-3 percent,
1 mm; mostly altered to opaque minerals), and opaque minerals (trace), in trachytic
to cryptocrystalline groundmass. Flow fills pronounced topographic low that is
possibly along postulated caldera wall; maximum thickness about 500 m. Flow on
southeast flank is coarsely porphyritic, containing phenocrysts of plagioclase (15-20
percent, as large as 1 cm), clinopyroxene (1-3 percent, 1-2 mm), opaque minerals (1
percent), and biotite (trace), in microfelty groundmass that consists chiefly of
feldspar. Maximum thickness about 150 m. Major-element chemistry of representative
samples of two flows (locs. 26, 27) shown in table 2 (data plotted in fig. 5)

Older volcanic rocks (Pleistocene)—Chiefly a sequence of interlayered thick lavaflows,
flow breccia, and debris and mudflow deposits that are mostly of andesite or basaltic-
andesite composition; locally palagonitized. The few samples that were collected
from unit are microporphyritic to porphyritic olivine basaltic andesite; major-element
chemistry (loc. 28) shown in table 2. Flows and breccias are locally separated from
overlying Sanford lava flows (Qsl) by slight angular unconformity. Source or sources
unknown; maximum thickness about 450 m, but base not exposed
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Mount Drum

Late dacite domes (Pleistocene)—Two domes exposed only along extreme west edge of
quadrangle. More prominent northern dome is conspicuously porphyritic horn-
blende-biotite dacite. Two samples from dome were collected in adjacent Gulkana
A-2 quadrangle, less than a kilometer away from quadrangle boundary. Silica
content of one sample is 64.8 percent (Richter and others, 1979); biotite from other
sample vielded K-Ar age of 0.36+0.04 Ma (sample 74-ALe-6, table 1; see also,
Richter and others, 1979; 1990). Southern dome (secs. 16 and 21, T.4 N.,R.5E.) is
hornblende dacite and is, on the basis of field relations and mineralogy, less silicic and
probably slightly older than northern dome

Collapsed dome (Pleistocene)—Commonly pale-red, but locally medium-gray where
unoxidized, porphyritic hornblende andesite that contains phenocrysts of plagioclase
(5-15 percent, as large as 6 mm), hornblende (2-5 percent, as large as 2 mm),
clinopyroxene (1-3 percent, 1-2 mm), and hypersthene (0-3 percent, 0.5-4 mm), in
pilotaxitic to glassy groundmass. Dome is mostly a pile of andesite rubble that

consists of angular to subrounded blocks as much as tens of meters in diameter, but
that average less than 1 m, in pinkish-gray, andesitic, sand- to dust-sized matrix. Part
of dome apparently was not disrupted (ruled area). Dome may have been destroyed
by violent phreatic explosive activity shortly after emplacement and is probable
source of Sanford debris flow (Richter and others, 1988), which is exposed as far as 50
km to northwest where it is interbedded with glacial deposits in Copper River basin.
Major-element chemistry of dome (loc. 29) shown in table 2; also shown is major-
element chemistry of clast (sample 87-ARh-37) from Sanford debris flow, collected
in Gulkana B-3 quadrangle. Plagioclase from dome yielded K-Ar age of 0.67+0.01
Ma (loc. 29, table 1)

Basaltic andesite flows (Pleistocene)—Predominantly light-brownish-gray, thick (5-20
m), coarsely porphyritic hypersthene-olivine basaltic andesite flows that contain
phenocrysts of plagioclase (5-25 percent, as large as 1 cm), hypersthene (1-6
percent, 1-3 mm), and olivine (1-10 percent, 0.5-3 mm; rounded and locally rimmed
by hypersthene), inintergranular to intersertal groundmass. Major-element chemistry
(loc. 30) shown in table 2. Flows are probably from Drum, but unit may include older
lavas from other sources. Maximum thickness about 300 m

Nathlie Mountain

d+ | Hornblende dacite intrusion (Pleistocene)—Yellowish-gray, massive, porphyritic dacite
(fig. 4) that locally displays well-developed columnar joints. Phenocrysts consist of
strongly zoned (An;s_s5) plagioclase (7-15 percent, as large as 4 mm), highly altered
hornblende (1-4 percent, as long as 3 mm), hypersthene (trace to 1 percent, 0.5 mm),
and rare quartz in cavities, in microfelty groundmass of plagioclase and mafic,
opaque, and alteration minerals. Major-element chemistry (loc. 31) shown in table 2
(data plotted in fig. 5)

Olivine andesite dikes (Pleistocene)—Medium-gray to grayish-black, generally porphy-
ritic dikes that contain phenocrysts of plagioclase (5-10 percent, as large as 4 mm),
olivine (2-5 percent, 0.3-0.5 mm), and hypersthene (trace), in glassy to intersertal
groundmass of plagioclase and clinopyroxene. Dikes are found in possible source

- area for some of compositionally similar flows and breccias of unit Qna

| Hornblende dacite flow (Pleistocene)—Medium- to dark-gray, columnar-jointed, massive

. dacite flow (fig. 4) that is moderately to highly porphyritic. Flow contains phenocrysts

of rounded plagioclase (5-15 percent, as large as 5 mm), altered hornblende (1-3

percent, as long as 2 mm), and hypersthene (trace to 1 percent, <1 mm), in trachytic

to pilotaxitic groundmass of plagioclase microlites and cryptocrystalline material.

Mineralogically and chemically similar to hornblende dacite intrusion (Qnd), which

suggests that intrusion may have breached surface toward end of Nathlie Mountain

volcanic activity. Major-element chemistry (loc. 32) shown in table 2 (data plotted in

fig. 5). Thickness variable; locally greater than 300 m

- Olivine basaltic andesite flows and fragmental rocks (Pleistocene)—Upper part (fig.
4) consists of sequence of agglomerate, lapilli tuff, hyaloclastite, pillow breccia, and
both pillowed and nonpillowed flows. Both tuff and matrix of fragmental rocks are
generally palagonitized. Lower part (fig. 4) consists chiefly of sequence of medium-
thickness to thick (10-90 m), dark-gray to greenish-black flows that locally exhibit
highly developed columnar joints. Single flow of hornblende dacite is present low in
section (fig. 4). Lavas from both upper and lower parts of unit are chiefly aphyric to
strikingly porphyritic olivine basaltic andesite. Porphyritic varieties contain pheno-
crysts of plagioclase (5-15 percent, as large as 7 mm) and olivine (1-7 percent, as
large as 1 mm), in glassy to intergranular groundmass. Source of dacite flow is
apparently local; olivine basaltic andesite lavas may all have originated at Mount
Sanford. Major-element chemistry (locs. 33, 34) shown in table 2 (data plotted in fig.
5). Total thickness about 330 m

Sedimentary rocks (Pleistocene)—Unit consists of the following, in descending order
along measured section (fig. 4): (1) 15m of crudely layered cobble conglomerate that
contains rounded clasts as much as 0.5 m in diameter of Wrangell Lava lithology and
has sandy matrix but is largely clast supported; (2) 12 m of bedded sandstone and
siltstone, which locally contain pebbles and cobbles that show bedding sags
(indicative of deposition from floating ice), locally exhibit soft-sediment deformation,
and locally display lenses of lapilli tuff; and (3) two beds 50 and 125 m thick of
matrix-supported diamictite that contains locally abundant sandstone lenses and
consists of rounded clasts as large as boulders that are heterolithic and include, in
addition to those derived from Wrangell Lava, older crystalline igneous and
metamorphic rocks. Two diamictite beds are separated by hornblende-pyroxene
andesite flow (loc. 35, table 2) that is about 30 m thick and has extremely brecciated
base. Diamictites probably represent chiefly mudflows but may also include deposits
of glacial origin. Unit may be, in part, age equivalent to conglomerate (Qcg) exposed
in southwest corner of quadrangle. Total thickness about 200 m
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Chetaslina eruptive center

- Dacite flow (Pleistocene)—Pale-red to medium-gray, massive porphyritic dacite that
contains phenocrysts of plagioclase (5-10 percent, 1-2 mm), aligned oxyhornblende
(5-10 percent, as long as 6 mm), and opaque minerals (trace to 1 percent, 1 mm), in
microtrachytic groundmass of plagioclase microlites and cryptocrystalline material.
Major-element chemistry of sample from dacite flow (loc. 36) shown in table 2;
hornblende from same sample yielded K-Ar age of 0.84+0.14 Ma (table 1). Thickness
about 300 m, but top not exposed

- Andesite flows (Pleistocene)—Chiefly undifferentiated andesite flows from Chetaslina
eruptive center but probably also includes younger Wrangell volcano lavas (Qwa,
Qwy), especially at higher elevations where exposures are mostly inaccessible

Unassigned rocks

- Younger basalt and andesite cones (Holocene and Pleistocene)—Dark- to reddish-

gray scoria, cinder, and thin flows. Rocks are microporphuyritic, containing micro-

phenocrysts of plagioclase (25-30 percent, 0.3-0.5 mm) and olivine (1-2 percent, 0.2

mm), in glassy to intersertal groundmass. Mapped on cinder cone of Mount Zanetti,

located on northwest flank of Mount Wrangell, and a more dissected, unnamed
6,330-ft (1,929-m) cone (sec. 32, T. 5 N., R. 6 E.) north of Nathlie Mountain

Dacite intrusive rocks (Pleistocene)—Small, shallow pluton(s) and dikes that intrude old
andesite flows and volcaniclastic rocks (QTf). Early phase (stippled area) is light-gray
to light-yellowish-gray, moderately porphyritic hornblende-biotite dacite that contains
phenocrysts of plagioclase (2-5 percent, as large as 1 mm), fresh hornblende (1-3
percent, as long as 3 mm), and biotite (trace to 1 percent, 1 mm), in microcrystalline
groundmass of feldspar and minor quartz; silica content is 67.8 percent (loc. 38, table
2). Later and more predominant phase is light-olive-gray porphyritic hornblende
dacite that contains phenocrysts of plagioclase (5-10 percent, as large as 3 mm) and
hornblende (3-5 percent, 1-2 mm), in cryptocrystalline groundmass; silica content is
63.0 percent (loc. 37, table 2). Brecciated hornblende dacite (Qdi?), which is exposed
on 5,980-ft (1,823-m) knob (sec. 2, T. 3 N., R. 5 E.) about 1.5 km northeast of
principal exposure of intrusive rocks, may be extrusive equivalent of unit

Andesite flows and dikes (Pleistocene)—Flows, 5 to 15 m thick, are medium-gray,
sparsely porphyritic andesite that contains about equal amounts (1-3 percent) of
small (1 mm) phenocrysts of plagioclase, hypersthene, clinopyroxene, and possibly
hornblende, in pilotaxitic groundmass. Some small areas of two-pyroxene andesite
flows (Qwa) from the summit area of Wrangell may be locally present in this unit. All
dark dikes south of Dadina River-Glacier system are included in unit; those that were
examined are dark-gray, sparsely porphyritic hypersthene andesite and two-
pyroxene andesite. Flows apparently erupted from fissures such as one filled by
east-west-trending andesite dike (secs. 26 and 27, T. 3 N., R. 5 E.); earliest flows are
interbedded with uppermost conglomerate beds of unit Qcg. Major-element
chemistgy of flow (loc. 39) shown in table 2. Maximum thickness about 220 m

.2 0c0 .’ | Conglomerate (Pleistocene)—Predominantly poorly sorted and weakly indurated cobble
to boulder conglomerate that contains local lenses of crossbedded coarse sandstone.
Clasts are subrounded to rounded fragments derived from Wrangell Lava, ranging in
size from less than 1 cm to more than 1 m (average 10-30 cm). Deposits fill
paleovalley in older andesite lavas (QTf); maximum thickness about 300 m

Older dacite intrusive rocks (Pleistocene)—Light-olive-gray to greenish-gray, porphy-
ritic dacitic intrusions and dikes that contain phenocrysts of plagioclase (5-20
percent, as large as 4 mm), hornblende (1-5 percent, as long as 2 mm; generally
altered to carbonate, chlorite, and actinolite), fresh biotite (trace to 10 percent, as
large as 5 mm), and traces of quartz and opaque minerals, in cryptocrystalline
groundmass that is locally flooded by calcite. Major-element chemistry of two
samples of fresh rock (locs. 40, 41) shown in table 2; K-Ar age on biotite from one
sample is 1.3520.05 Ma (loc. 41; table 1)

Older rhyolite dome (Pleistocene)—Pinkish-gray, sparsely porphyritic rhyolite that
contains 1 to 2 percent phenocrysts of plagioclase, opaque minerals, and possibly
some altered mafic minerals, in microfelty groundmass of feldspar. Only exposed in
one locality near northwest corner of quadrangle. Major-element chemistry (loc. 42)
shown in table 2; whole-rock K-Ar age is 1.2340.07 Ma (loc. 43, table 1)

Older andesite flows and volcaniclastic rocks (Pleistocene and Pliocene?)—
Predominantly brownish-gray to grayish-red, massive flows, flow breccia, mudflow
deposits, and pyroclastic rocks of andesitic composition; also minor interbedded
silicic tuffs. Andesite is typically porphyritic, containing phenocrysts of plagioclase
that are locally saussuritized and mafic minerals that have been mostly altered to
chlorite and actinolite. In contact zone with older dacite intrusive rocks (Qod), rocks
contain disseminated pyrite and locally exhibit pervasive limonite staining. Flows
have regional easterly dip of 5° to 10°, which suggests postdepositional tectonic
tilting. Chetaslina eruptive center south of quadrangle in contiguous Valdez D-1
quadrangle may be source for some of unit. Maximum thickness about 825 m

BASEMENT ROCKS
- Dadina Schist (Paleozoic)—Strongly foliated, low- to medium-grade chlorite schist,
quartz chlorite schist, amphibolite, and gneissose metaplutonic rocks that are
considered to represent deep parts of late Paleozoic Skolai magmatic arc (Plafker
and others, 1989). Exposed only in extreme southwest corner of quadrangle.
Maximum thickness about 150 m, but base not exposed
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Figure 1. Mount Sanford as viewed from airport at Gulkana, located about 66 km to west.
Open arrow, west Sanford eruptive center; closed arrow, north Sanford eruptive center.
Clouds partially obscure spectacular south face of Mount Sanford.

ELEVATION, IN
DESCRIPTION LITHOLOGY FEET ABOVE
SEA LEVEL
~ 7800
|
84-ARK-79a(63.2) fo | | |
84-ARh-79b (53.3) -|i ‘ | |l
Tt ot I=-T800
Thick basaltic andesite flows l
- 7400
B4-ARh-79¢c (53.2)
84-ARh-79d (54.9) L1, 7200
Thin to medium-thickness basaltic andesite flows; O4-Aix7e S5
conspicuous scoriaceous tops and bottoms 84-ARh-79f (dike) (67.0) |
==t - 7000
84-ARh-79g (55.3) mm‘l ]
Nk
* < Dike (Qsdif’,*.
Breccias, lahars, and minor lenticular e '-:‘~ 6800
basaltic andesite flows; lapilli tuff at o4
top of unit , :
" |- 6600
Dated samples
74-ALe-65 (0.73 Ma—float)
74-ALe-63 (0.78 Ma—dike)
74-AlLe-64 (0.85 Ma—flow)
74-Ale-62 (0.86 Ma—flow) 6400
Thin to thick basaltic andesite flows, 1
locally scoriaceous and poorly exposed Inaccessible 6200
84-ARh-79k (53.1) JI
Sanford Glacier/® 1 | 1| b
84-ARh-791 (63.2) 6000

Figure 2. Sanford intracaldera(?) section (section C on map sheet), showing location of
samples that were analyzed and dated. All samples are from unit Qsl except dikes, which
are from unit Qsdi (see map sheet for unit descriptions). Samples that were chemically
analyzed (dots) were collected along line of section C; sample number refers to table 3;
silica content (in weight percent; analyses normalized to 100 percent, volatile free) shown
in parentheses. Samples that were radiometrically dated by potassium-argon method
(bracketed) were collected on bench near moraine (loc. 44 on map sheet); sample number
refers to table 1; age and lithologic description shown in parentheses.

Contact—Known and inferred; queried where uncertain

) Fault—Dashed where inferred (shown in cross section only); dotted where concealed.
Showing dip where known. U, upthrown block; D, downthrown block
+L-L-LL [ce-covered caldera margin—Hachures on side of caldera collapse. Shown as fault in
cross section
——=—=— Postulated caldera margin
..... .— Local angular unconformity
33
S Strike and dip of bedding and flow layering
80
eALs Strike and dip of schistosity—Shown in unit Bd
—=5  Approximate trend and plunge of lava flowage
P Pumice—Local surface accumulations of dacitic pumice; probably from late cataclysmic

eruption of Mount Drum
Tephra deposit—Shown in units Qwa, Qsl, and QTf

~ Limonite staining—Shown in units Qod and QTf

Rock debris on active glacier—Includes medial, end, and ablation moraines, landslide
deposits, debris flows, and talus. Dashed lines indicate most conspicuous rock

stripes
E Measured and projected orientation of bedding or flow layering—Shown in cross
section only
(R )) Stide block—Sawteeth on block
e Section line—See figures 2 and 4
Sample localities—Numbers refer to tables 1, 2, and 3
N Petrographic sample
©5 Petrographic sample that was chemically analyzed
ad4 Petrographic sample that was radiometrically dated
axS Petrographic sample that was both chemically analyzed and radiometrically

dated

DISCUSSION

The Gulkana A-1 quadrangle is in the northwest part of the extensive (>10,000 km?2) Wrangell
volcanic field, which is of late Oligocene (26 Ma) to Holocene age (Richter and others, 1990), in the
Wrangell Mountains of south-central Alaska. The quadrangle includes the northwest flank of Mount
Wrangell and most of Mount Sanford, two very large shield volcanoes; Nathlie Mountain, a small volcanic
center; and the extreme east flank of Mount Drum, a large disrupted cone or shield. Lavas from these
volcanoes overlie a series of late Pliocene to early Pleistocene lavas whose sources are mostly unknown.

Mount Sanford (fig. 1), highest (16,237 ft [4,949 m]) of the western Wrangell volcanoes, is a large
complex andesitic shield volcano whose volume probably exceeds 900 km?. Most of the volcano above
about 2,400 m is covered by glacial ice; the exceptions are its spectacular, near-vertical, 2,500-m-high
south face and a few other smaller cirques. These windows into the volcano are generally inaccessible
and can only be viewed from afar or by helicopter traverses that are mostly confined by aircraft limitations
to elevations below 3,600 m.

The broad, domelike main edifice of Sanford (fig. 1) is a relatively young (<0.7 Ma) feature apparently
built on, and possibly in part contemporaneous with, flows from at least three subsidiary eruptive centers,
herein referred to as the north, west, and south Sanford eruptive centers, that range in age from
approximately 0.89 to 0.53 Ma (table 1). Flank lavas as young as about 0.32 Ma erupted from fissures not
spatially associated with any of the known eruptive centers and are observed only on the north and
northeast flanks of Sanford north of the quadrangle. The three subsidiary centers may be located alonga
postulated caldera margin that is now buried by lavas from both the subsidiary centers and the central
vent. A detailed traverse through 500 m of vertical section, undertaken as close as possible to the south
face of Sanford (fig. 2; see also, section C on map sheet), reveals a section of flat-lying basaltic andesites
(caldera fill?) that are chemically and mineralogically unlike and are possibly somewhat younger (about
0.86-0.73 Ma; table 1) than topographically higher flows (about 0.89 Ma; table 1) exposed further
outboard on the southern flank of Sanford.

Figure 3. Mount Wrangell as viewed from Willow Lake, located 64 km to southwest. Mount
Zanetti, a large, ice-covered cinder cone, is north (to left) of broad summit of Wrangell.

Photo by National Park Service.
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Figure4. Nathlie Mountain tilted section, composite of two sections (section D and E on map
sheet) at different elevations. Layers strike approximately N. 38° W. and dip 20° to 30° NE.
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[See Description of Map Units for explanation of unit symbols]
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Figure5. K0-SiOg variation diagram of lavas from Sanford, Wrangell, and Nathlie eruptive
centers, showing rock nomenclature used in this report. Compositional-field boundaries
(dashed lines) from Le Bas and others (1986); potassium (K) discriminant boundaries (solid
lines) from Peccerillo and Taylor (1976). Chemical analyses given in tables 2 and 3.

Some of the older late Pliocene to early Pleistocene volcanic rocks exposed in the quadrangle may
be products of the Chetaslina eruptive center (Nye, 1983), whose principal vent is located 5 km to the
south in the contiguous Valdez D-1 quadrangle. Whole-rock K-Ar ages on andesite flows from the
Chetaslina vent area indicate that the volcano was active at least between about 0.98 and 1.68 Ma (Nye,
1983). The source for many of these older flows, breccias, and mudflows, however, is not known with
certainty as most are covered by younger lavas from Wrangell, Sanford, and Drum. Dacitic subvolcanic
bodies that intrude the older lavas are locally pyritized and hydrothermally altered.

Most Sanford, Wrangell, and Nathlie lavas show medium-K calc-alkaline affinities typical of volcanic
systems along convergent plate margins (fig. 5; chemical analyses given in tables 2 and 3). Predominant
rock types are plagioclase-phyric two-pyroxene andesites and basaltic andesites.

Quaternary alpine and Copper River basin glaciers have extensively modified most of the volcanic
landforms in the quadrangle. Present-day glacial ice mantles most of the bedrock above 2,500 m, hiding
contact relations between volcanic centers and other features such as caldera margins.
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22  87-AWs-3  Sanford/Qsl Hypersthene-olivine WR 0.76-+0.01 MgO s = o 5 Az i oo s e et - oo cogsnsids‘chwﬂy ofa shkallov:u subvolcanic plutqn that |_ntruded and tilted a sequence of lava flows, breccula, Geological Survey Geologic Quadrangle Map GQ-1062, scale 1:63,360.
12,000 12,000 andesite O30 a1 S oo L e i oy 264 bl it £ i and sedimentary rocks (fig. 4). Some flows in the tilted sequence may have erupted from the Nathlie Richter, D.H., Schmoll, HR., and Bove, D.J., 1988, Source of the Sanford volcanic debris flow,
23  87-AWs-2  Sanford/Qsl Two-pyroxene andesite WR 0.89+0.03 N: 4 e - = 3'63 3.6? 3‘79 3-71 3’66 3-75 3-33 S48 3‘38 volcanic center; most are Probably fromlN.fount Sanford. The wlest side of Nathlie Mountain consists of south-central Alaska, in Galloway, J.P., and Hamilton, T.D., eds., Geologic Studies in Alaska by
29  87-AWs-4  Drum/Qdc Hornblende andesite Pl 0.67+0.01 K 5 0.91 1‘50 0.89 15 111 2‘ 1 1' 20 113 103 1 20 1:25 1: 13 more than 600 m of massive, columnar-jointed, flat-lying andesne_ flows (vaa) frpm Wrang‘ell‘ uo!cano the U.S. Geological Survey during 1987: U.S. Geological Survey Circular 1016, p.114-16.
10,000 10,000 36 87-AWs-5  Chetaslina/Qcd Hornblende dacite Hb 0.84+0.14 Hz o 0: - 0:17 0:54 0:28 0: o6 0:44 0: “ 0: 49 0.41 0.72 0.64 0.77 that apparfzmly ponded against a buttre§s formed by both the Nathlie Mounltaln uplift and glacial ice in the Richter, D.H., Smith, J.G., Lanphere, M.A., Dalrymple, G.B., Reed, B.L., and Shew, Nora, 1990, Age
41 B87-AWs-6 Qod Hornblende-biotite Bi 1.35+0.05 H.0- 0.20 0.20 0.15 093 0.43 0.04 0.46 0.15 0.14 0.15 0.64 0.94 Sanford River valley. Age of the center is probably about 0.5 to 0.7 Ma, as it predates the two-pyroxene and progression of volcanism, Wrangell volcanic field, Alaska: Bulletin of Volcanology, v. 53,
8000 8000 dacite TiO 1.92 1.88 117 124 1.2 146 197 139 1.35 1.24 197 1.95 andesite (Qwa) from Wrangell volcano and apparently postdates some of the younger lava flows (Qsl) p.29-44.
43 74-Ale-66 Qor Rhyolite WR 1.2340.07 pz(;)z;i 0.29 0.48 0.28 0.30 0.30 0.51 0.32 0.33 0.33 031 0.31 0.30 from Sanford volcano. ] Richter, D.H., Smith, J.G., Schmoll, H.R., and Smith, R.L., 1993, Geologic map of the Nabesna B-6
44  74-Ale-62  Sanford/Qsl Basaltic andesite WR 0.86+0.22 MnO 0.13 0.14 0.13 013 0.12 0.10 0.13 0.13 0.13 0.13 0.13 0.12 _ Moun.t Drum, westernmost of the Wrangell volcanoes, is about 30 km southwest of Mount S‘anford quadrangle, Alaska: U.S. Geological Survey Geologic Quadrangle Map GQ-1688, scale
8000 6000 44  74-Ale-63 Sanford/Qsdi Andesite WR 0.78+0.08 Co, <0.01 <0.01 <001 0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.02 in the contiguous Gulkana A-2 quadrangle. It was constructed })etween about 0.2 and 0.7 Ma during two 1:63,360.
4 74-Ale-64  Sanford/Qsl Basaltic andesite WR  085+0.02 Total 10002 99.99 99.81 100.24 99.90 99.52 100.17 99.92 99.97 100.26 100.14 99.11 cycles of cone or shield building and ring-dome emplacement (Richter and others, 1979). The small part of Richter, D.H., Smith, R.L., Yehle, L.A., and Miller, T.P., 1979, Geologic map of the Gulkana A-2
4000 o 44 74-Ale-65  Sanford/Qsl Basaltic andesite WR 0.73+0.08 $i0,* 532 £33 532 549 519 57.0 553 55.0 54.0 53.6 53.1 532 Drum exposed in the quat:!ra_ngle includes thrgg dacite dt?mes and some early cone or shield lavas. Tl'!e quadrangle, Alaska: U.S. Geological Survey Geologic Quadrangle Map GQ-1520, scale
* 74-Ale-6  Drum/Qdd Dacite Bi 0.36+0.04 - : : - : - : . : : - southernmost dome, consisting mostly of dacitic rubble, is the probable source of the Sanford volcanic 1:63,360.
* In adjacent Gulkana A-2 quadrangle *(Volatile free, normalized to 100%) debris flow that is exposed locally along the Copper River as far as 50 km from the collapsed dome
2000 2000 ) q (Richter and others, 1988).
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Subsurface rock types and relations are conjectural ' Table 2. ‘ Chemical analyses of volcanic rocks from Gulkana A-1 quadrangle _ _
[Analysis of sample WG1-2b by H. Matsumoto; all others by U.S. Geological Survey X-ray spectroscopy methods, analysts, J.E. Tagagart, A.J. Bartel, and D. Siems, and rapid-rock methods (FeO, H,0*, H,O-, CO,),
analysts, L. Espos and S. Pribble. ND, not determined. Selected data plotted in figure 5]
Volcano Mount Wrangell Mount Sanford Mount Drum Nathlie Mountain Chetaslina Unassigned rocks
vent
Map unit Qwe Qwy Qwa Qsh Qsl Qsr Qsd Qso Qdc Qdf Qnd Qndf Qna Qns Qecd Qdi Qa Qod Qor
Locality No. 1 2 3 4 5 6 7 8 9 10 . 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 o 30 31 32 33 34 35 36 37 38 39 40 41 42
Sample No. WGI1-2b 87-ASW-48 B87-ARh-23 87-ARh-12 87-ARh-15¢ 87-AWs-7 87-WAD-3  87-ADB-11 87-AWs-8 87-ARh-18  87-ARh-21 87-ADB-4  87-ARh-19a 87-ARh-15 84-ARh-88 87-ARh-10 87-WAD-10 84-ARh-87 87-WAD-7 B7-ASW-23 B87-ARh-16a 87-AWs-3 87-AWs-2 87-AWs-1 84-ARh-98 84-ARh-97 87-ARh-30 87-ARh-29 87-AWs-4 87-ARh-37 87-ARh-7 87-WAD-4 87-WAD-9 87-WAD-11 87-ADB-2 87-WAD-8 87-AWs-5 87-ARh-23b 87-ARh-23a 87-ARh-26 87-WAD-13  87-AWs-6 84-ARh-91
Si0, 59.48 60.6 58.9 59.3 59.4 59.5 59.5 60.0 61.4 57.8 52.5 53.2 53.5 54.6 54.7 55.4 55.6 56.4 56.5 56.6 56.8 57.3 57.3 62.6 69.8 63.1 65.8 54.3 61.5 62.3 542 64.2 63.6 53.3 55.1 60.8 64.8 62.1 66.9 57.8 63.7 64.8 72.2
Al,Oq4 16.63 16.5 17.3 17.0 16.7 17.6 16.6 16.7 16.6 17.1 16.3 17.6 17.4 19.0 17.7 16.4 17.8 16.3 16.4 18.8 19.9 18.6 19.5 17.3 16.0 16.8 16.1 17.2 17.2 16.6 174 16.2 16.5 17.2 16.2 14.9 16.4 16.8 16.2 174 17.9 16.2 15.6
Fe;04 0.41 1.74 1.59 1.66 1.41 1.59 1.62 2.06 1.73 1.66 3.63 2.85 3.22 252 2.49 252 2.83 4.63 2.59 2.13 1.78 3.25 1.94 1.75 1.83 2.42 2.62 3.40 1.83 4.99 2.13 347 1.70 3.29 1.97 2.73 2.14 3.08 2.04 3.27 2.13 1.70 0.76
G EOLO G lC M AP OF I HE G ULKAN A A_. 1 Q U AD R ANG LE FeO 6.14 3.64 4.18 4.18 433 4.10 4.03 3.78 3.46 5.08 4.30 5.84 5.22 4.80 5.80 5.74 4.75 3.70 5.50 4.50 4.23 3.26 4.41 2.97 0.25 241 149 5.01 2.74 0.12 4.98 0.83 2.67 5.87 5.66 186 147 1.59 0.84 2.92 1.64 2.67 0.75
) MaO 4.30 3.28 4.60 4.15 3.98 394 3.60 3.81 3.12 3.96 8.00 3.98 5.39 517 4.33 4.35 4.24 3.97 3.79 4.25 3.35 3.80 3.48 2.99 0.72 2.98 1.07 4.88 3.50 348 6.48 2.39 2.56 4.48 7.11 4.46 2.26 292 1.54 4.15 1.79 2.14 0.51
SO UTH CENTR AL AL A SKA Ca0 6.59 5.68 7.08 6.81 6.46 691 6.04 6.33 5.77 7.12 8.52 7.76 8.23 8.22 7.47 7.35 7.65 6.89 7.03 7.36 7.28 7.08 7.14 6.15 2.62 5.79 2.97 8.12 6.18 5.69 8.61 5.09 5.34 7.66 7.93 598 4.95 5.53 3.66 6.86 4.69 4.82 2.18
= Na,O 3.86 3.65 3.76 3.69 3.74 377 3.72 3.78 3.81 37 3.36 3.79 3.44 3.64 3.93 3.58 3.62 3.67 3.76 3.89 4.21 4.04 4.25 3.96 4.82 3.90 5.34 3.76 396 3.73 349 3.78 3.84 3.85 3.41 3.20 391 3.86 4.23 3.87 4.57 3.89 4.97
K,O 1.52 2.26 1.14 1.69 1.74 1.63 2.19 1.87 231 1.45 1.56 1.26 1.20 0.92 1.37 1.56 1.40 1.63 1.68 1.20 1.07 1.38 1.09 1.44 1.82 1.56 2.88 1.13 1.47 2.11 0.94 1.80 1.75 1.21 1.03 3.01 2.25 1.81 2.74 1.01 1.46 1.77 1.96
B H,0* 0.28 0.81 0.47 0.24 0.85 0.09 0.78 0.09 0.32 0.61 0.03 0.77 0.60 0.04 0.17 0.67 0.38 0.32 0.08 0.18 0.47 0.04 0.02 <0.01 0.93 0.05 0.04 0.36 0.61 0.05 0.38 0.44 0.59 0.94 0.08 0.29 0.67 0.48 0.21 0.49 0.79 0.40 <0.05
y H,O- 0.17 0.34 0.18 0.06 0.12 0.11 0.27 <0.05 0.07 0.08 <0.01 0.97 0.12 0.04 0.10 0.16 0.16 0.13 0.14 0.10 0.08 0.09 0.07 0.08 0.24 <0.05 0.10 0.20 0.14 <0.05 0.09 0.83 0.04 0.62 0.15 091 0.15 0.81 0.47 1.13 0.36 1.08 0.09
TiO 0.61 0.80 0.74 0.87 0.94 0.87 0.96 0.93 0.92 1.11 1.23 1.51 1.40 0.91 1.52 1.66 1.28 1.66 1.67 0.86 0.83 0.96 0.89 0.59 0.22 0.61 0.65 1.42 0.55 0.65 1.02 0.55 0.57 1.58 111 0.81 0.47 0.60 0.37 0.76 0.40 043 0.17
- . r 2
D.H. Rlchter, W.A. Duffield 4 D.A. Sawyer, J.C. Ratte, and H.R. Schmoll P,0s 0.17 0.19 0.21 0.19 0.26 0.20 0.22 0.20 0.22 0.29 0.35 0.40 0.40 0.17 0.50 0.42 0.38 047 0.48 0.20 0.22 0.23 023 0.17 0.15 0.18 0.24 0.33 0.17 0.16 0.24 0.16 0.17 0.41 0.28 0.37 0.16 0.15 0.13 0.24 0.15 0.17 0.12
MnO 0.10 0.08 0.10 0.13 0.09 0.09 0.12 0.09 0.08 0.11 0.13 0.14 0.13 0.12 0.13 0.13 0.12 0.12 0.13 0.11 0.10 0.11 0.11 0.08 0.09 0.08 0.12 0.13 0.07 0.07 0.12 0.07 0.08 0.14 0.13 0.06 0.05 0.07 0.04 0.10 0.07 0.06 0.08
1994 CO, ND 0.02 0.02 0.05 <0.01 0.08 0.06 <0.01 0.05 0.05 0.03 0.13 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.05 <0.01 <0.01 0.05 <0.01 0.08 <0.01 <0.01 0.01 <0.01 0.12 <0.01 <0.01 0.06 0.02 <0.01 0.11 0.04 <0.01 <0.01 0.02 0.03 0.11 0.04 <0.01
Total 100.26 99.59 100.27 100.02 100.02 100.48 99.71 99.69 99.86 100.13 99.94 100.20 100.25 100.15 100.21 100.00 100.21 99.89 99.80 100.18 100.32 100.19 100.43 100.13 99.49 99.92 99.43 100.24 99.92 99.99 100.08 99.87 100.15 100.54 100.27 99.42 99.68 99.80 99.39 100.03 99.76 99.67 99.43
SiOgp** 59.6 61.6 59.1 59.5 60.0 59.4 60.4 60.3 61.8 58.2 52.6 54.2 53.8 54.6 54.7 55.9 55.9 56.7 56.8 56.7 56.9 57.3 57.1 62.6 71.0 63.2 66.3 54.5 62.2 62.4 54.4 65.2 63.9 53.8 55.2 62.0 65.6 63.0 67.8 58.7 64.7 66.7 72.7
Rock type Two-pyroxene Augite Two-pyroxene Two-pyroxene Two-pyroxene Two-pyroxene Two-pyroxene Two-pyroxene Two-pyroxene Hypersthene Olivine Hypersthene Olivine Olivine Olivine Olivine Hypersthene Olivine Olivine  Two-pyroxene  Olivine- Hypersthene- Two-pyroxene Two-pyroxene Hornblende Hornblende Augite Olivine Hornblende- Hornblende- Hypersthene- Hornblende  Hornblende Olivine Olivine Hornblende- Homb_lende Hornb!ende Horr_lbl_ende- Two-pyrcfxene Homb!ende Horr.ibi‘ende‘ Rhyolite
andesite andesite andesite andesite andesite andesite andesite andesite andesite andesite basaltic basaltic basaltic basaltic basaltic basaltic basaltic basaltic basaltic andesite pyroxene olivine andesite andesite rhyolite dacite dacite basaltic pyroxene pyroxene olivine dacite dacite basaltic basaltic pyroxene dacite dacite blot_lte andesite dacite biot]te
andesite andesite andesite andesite andesite andesite andesite andesite andesite basaltic andesite andesite andesite andesite basaltic andesite andesite andesite dacite dacite
andesite andesite
*In Gulkana B-3 quadrangle For sale by U.S. Geological Survey, Alaska Distribution Section, New Federal Bidg.,

**(Volatile free, normalized to 100%)

Box 12, 101 Twelfth Avenue, Faibanks, AK 83701, and LS. Geological Survey,
Map Disinbution, Box 26286, Federal Center, Denver, CO 80225



