A Geologic Guide to Wrangell-Saint Elias
National Park and Preserve, Alaska
A Tectonic Collage of Northbound Terranes

By Gary R. Winkler?

With contributions by Edward M. MacKevett, Jr.,2 George Plafker, Donald H. Richter,*

Danny S. Rosenkrans,® and Henry R. Schmoll!

Introduction

Wrangell-Saint Elias National Park and Preserve (fig.

6), the largest unit in the U.S. National Park System,
encompasses nearly 13.2 million acres of geological won-
derments. Furthermore, its geologic makeup is shared with
contiguous Tetlin National Wildlife Refuge in Alaska, Kluane
National Park and Game Sanctuary in the Yukon Territory, the
Alsek-Tatshenshini Provincial Park in British Columbia, the
Cordova district of Chugach National Forest and the Yakutat
district of Tongass National Forest, and Glacier Bay National
Park and Preserve at the north end of Alaska’s panhan-
dle—shared landscapes of awesome dimensions and classic
geologic features. In 1978, the United Nations recognized
the global importance of Wrangell-Saint Elias and Kluane by
designating them as “World Heritage” sites; Glacier Bay and
Alsek-Tatshenshini were similarly designated in 1992, unify-
ing some 24 million acres of international parklands. The
array of geologic features makes these parklands an impressive
outdoor laboratory. Within Wrangell-Saint Elias are displayed
features that indicate (1) how the southern Alaskan continental
margin has more than doubled in size in approximately the
past 200 million years by incremental addition of far-traveled
geologic fragments; (2) how underthrusting by the Pacific
oceanic plate® has prompted rapid uplift, voluminous vol-
canism, and powerful earthquakes; and (3) how uplift of the
coastal mountains adjacent to the storm-brewery of the Gulf
of Alaska has engendered large and scenic systems of alpine,
piedmont, and tidewater glaciers.

In 1892, glaciologist Israel C. Russell, writing of one
of the earliest scientific probes of the Wrangell-Saint Elias
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region—his explorations of Malaspina Glacier and Mt. St.
Elias—characterized the vast mountains and glaciers whose
realms he invaded with a sense of astonishment. His descrip-
tions are filled with superlatives. In the ensuing 100+ years,
earth scientists have learned much more about the geologic
evolution of the parklands, but the possibility of astonishment
still is with us as we unravel the results of continuing fectonic
processes along the south-central Alaska continental margin.
Russell’s superlatives are justified: Wrangell-Saint Elias

is, indeed, an awesome collage of geologic terranes. Most
wonderful has been the continuing discovery that the disparate
terranes are, like us, invaders of a sort with unique trajectories
and timelines marking their northward journeys to arrive in
today’s parklands.

This geologic guide includes six parts: the first part
briefly notes the 150-year history of exploration in the
Wrangell-Saint Elias region that preceded the 20th century
and summarizes the ensuing 100-year history of earth-science
investigations that have brought us to our present understand-
ing of the geologic makeup of the parklands.

The second part describes that geologic makeup, inter-
preting features of the Wrangell-Saint Elias region in the
context of plate tectonics and accretionary terranes. (It was
earth-science studies in this part of south-central Alaska, after
all, that sparked development of, or provided early tests for,
some fundamental tectonic and terrane concepts.) This second
part sets the Wrangell-Saint Elias region within a present
framework of a tectonically active continental margin strad-
dling part of the boundary between major crustal plates—the
North American continental and Pacific oceanic plates. It
is the contemporary convergence between these plates that
engenders some of the park’s most notable features—its vol-
canoes, lofty coastal mountains, and network of major crustal
breaks along which occur frequent damaging earthquakes.

This present is also key to the parkland’s past, for
geologic terranes have been converging on—and accreting
to—Alaska’s continental margin for much of the past 200
million years. The sequential accretion of these terranes has
accumulated a vast collage in the Wrangell-Saint Elias region,
and the third part of the guide characterizes each geologic ter-
rane in the collage—proceeding from north to south, the same



















































































































































geologic explorations by a USGS party. The White River joins the
Yukon River about 70 mi upstream from Dawson. According to
Oscar Rohn (USGS), the route from Valdez to Dawson via Skolai
Pass and the White River was followed by a few stampeders in
the Klondike gold rush of 1898-99. (S.R. Capps)

Figure 8 (previous pages). The Copper River and Northwestern
Railway bridge (left) across the Copper River just upstream from

its confluence with the Chitina River (coming in from right back-
ground). Taken in 1911, the view is from the river bluffs near Chitina
to the northeast across the Copper River Basin toward the Wrangell
Mountains. The bridge was completed on temporary wooden trestles
in September 1910 and was reinforced during the winter of 191011,
but a planned 10-span steel bridge never was completed. While the
“temporary” bridge was in service between 1910 and 1938, portions
of the structure were destroyed every spring during break-up and
frequently during summer floods, as well. Bridge-building crews
became adept at making rapid replacements in order to keep copper
ore moving from the Kennecott mines to Cordova. Note the three
steamships moored near the west end of the bridge. These stern-
wheelers, the Chitina, Nizina, and the Tonsina, were used between
1907 and 1910 for hauling freight in the upper canyons of the Copper
River until the railroad line was completed beyond the Kuskulana
River bridge about 10 mi to the east. The railroad greatly improved
access to the southern flank of the Wrangell Mountains, providing

a lifeline for residents of Kennicott, McCarthy, Chitina, and smaller
intermediate camps that sprang up following its completion. (FH.
Moffit)

Figure 9 (following pages). Major lithotectonic terranes and
geologic units of southern Alaska and nearby areas. (Modified from
Plafker, Moore, and Winkler, 1994.)

Figure 10. Diagrammatic cross sections through the Earth’s crust
and upper mantle, showing plate-tectonic features developed in
ocean basins and at continental margins. A, General features and
nomenclature. B, The Wrangell-Saint Elias region and the north-

ern Pacific Ocean, about 26 m.y. ago, showing collision of oceanic
and continental plates, the Pacific and North American plates, with
strong subduction causing formation of an active volcanic arc. C, The
Wrangell-Saint Elias region and the northern Pacific Ocean at the
present time, showing that collision of continental plates, the Yakutat
terrane and the North American plate, has jammed the subduction
zone and quieted the volcanism. (Modified from Richter, Rosenkrans,
and Steigerwald, 1995.)

Figure 11. Geologic time scale, showing timing of major geologic
events in the Wrangell-Saint Elias region. (Time subdivisions and
dates are from the Decade of North American Geology 1983 geologic
time scale.)

Figure 12. Map showing lithotectonic terranes and major faults of
Wrangell-Saint Elias National Park and Preserve.

Figure 13 (facing page). Remains of the tramline that carried copper
ore from the Bonanza mine to the mill at Kennicott make a diago-

nal streak from upper right to lower left in this view. Mt. Blackburn
rises above Kennicott Glacier in the background. The dark-brown-
weathering ridges in the foreground consist of basaltic rocks of the
Triassic Nikolai Greenstone. The paleomagnetic properties of these
outcrops of Nikolai Greenstone and others near Kennicott indicate a
near-equatorial latitude at the time the basalts formed. Thus, these
outcrops have been displaced thousands of miles northward to their
current position near lat 61°30° N. The depositional contact with
overlying light-gray marginal marine rocks of the Triassic Chitistone
Limestone can be seen on the ridge on the right-hand skyline, as well
as on Donoho Peak in the middle ground. Preserved in the lower
part of the Chitistone Limestone are evaporative tidal-flat deposits,
such as form in the Persian Gulf region today. Thus, the Chitistone
also probably formed near the equator and has been displaced great
distances.

Figure 14 (below and pages 24-25). Geologic characteristics of
lithotectonic terranes in the Wrangell-Saint Elias region. (Modified
from Nokleberg and others, 1994, and Plafker, Moore, and Winkler,
1994.)

Figure 15 (facing page). Carden Lake in the Carden Hills north of the
Denali fault; view is to the south. The rounded hills in the foreground
are underlain by Devonian phyllite and greenstone. The higher peaks
of the Nutzotin Mountains in the background are underlain chiefly by
sedimentary rocks of the Jurassic-Cretaceous Nutzotin Mountains
sequence. Trumpeter swans are using the lake as a stopover on their
migratory flight south. (D.H. Richter)

Figure 16. Conglomerate in the Jurassic and Cretaceous Nutzotin
Mountains sequence. Light-colored clasts are quartz indicating

that the sequence was receiving sediment from a stable crystalline
terrane to the north (containing abundant quartz veins), which likely
was the Yukon-Tanana terrane; distinctive limestone clasts in the con-
glomerate can have been derived only from the Wrangellia terrane to
the south, which was advancing northward upon the Gravina-Nutzotin
basin, eventually closing it completely. (D.H. Richter)

Figure 17 (facing page). View of the mouth of Chitistone River
canyon looking north from the east bank of the Nizina River. The
“Triassic Trinity” of the maroon-weathering Nikolai Greenstone
(lowest unit), the light-gray-weathering Chitistone Limestone, and the
dark-gray-weathering Nizina Limestone form the right half of the view,
dipping northward into the Chitistone River canyon. Cliffs on the north
side of the Chitistone River are eroded entirely from the Chitistone and
Nizina Limestones, which here are more than 3,600 ft thick. Caves
and solution-collapse features are present locally in the limestones,
particularly in their lower parts. Atthe Kennecott mines, similar brec-
ciated features are associated with major copper orebodies. (G.R.
Winkler)

Figure 18 (page 34). View of the north side of Skolai Creek, the type
locality of volcanic and sedimentary rock units of the Pennsylvanian



and Permian Skolai Group. The ridge in the left foreground and the
lighter colored rocks on the background ridge are composed of
fossiliferous marine carbonate rocks of the Golden Horn Limestone
Lentil of the Hasen Creek Formation (Pgh). Strata in the upper half

of the Golden Horn contain numerous Early Permian brachiopods,
gastropods, crinoids, and bryozoans. The Golden Horn forms bio-
clastic, reeflike accumulations within the upper, sedimentary part of
the Skolai Group, which is called the Hasen Creek Formation (Phc).
The sedimentary sequences apparently formed aprons surround-

ing a volcanic arc, represented in the center of this view by poorly
bedded volcaniclastic rocks and andesitic flows, called the Station
Creek Formation (P[Psc), that crop out in the gorge of Skolai Creek.
In most places where it occurs in the region, the sedimentary part of
the Skolai Group is overlain unconformably by basalts of the Trias-
sic Nikolai Greenstone (Rng), which forms the west-dipping somber
rocks north of Skolai Creek. At this location, however, a thin remnant
of Middle Triassic pelecypod-bearing strata (Rd) intervenes between
the Golden Horn Limestone and the Nikolai Greenstone. On the
skyline, the Paleozoic and Mesozoic rocks are overlain unconform-
ably by nearly flat lying andesitic tephra and flows of the Miocene and
younger Wrangell Lava (QTw). Wrangell Lava also underlies Chimney
Mountain on the left edge of this view and the ice-clad summits in
the background, including the President’s Chair (10,372 ft). (E.M.
MacKevett, Jr.)

Figure 19 (page 35). Hydrothermal alteration in Pennsylvanian

and Permian Tetelna Volcanics along Cross Creek in the northern
Wrangell Mountains. Gaudy colors are due to the oxidation of the
mineral pyrite (FeS,) and other sulfide minerals. The Tetelna Volca-
nics along the north side of the Wrangell Mountains are approxi-
mately equivalent to the Station Creek Formation on the south side of
the range. (D.H. Richter)

Figure 20 (facing page). View to the east from near the Lakina River,
showing tightly folded thin-bedded rocks of the Lower Jurassic and
Upper Triassic McCarthy Formation. The deformation manifests a
Late Jurassic—Early Cretaceous mountain-building event that affected
the entire region of the southern Wrangell and Saint Elias Mountains.
The geometry of the folds indicates compression from the south (right
to left in this view), apparently related to subduction along the south-
ern margin of the Wrangellia composite terrane. The light-colored
dikes (Ti) intruding the McCarthy Formation cut across the deforma-
tional fabric. They probably fed andesitic flows of the Wrangell Lava,
which unconformably overlie the McCarthy just beyond the left edge
of this view. (G.R. Winkler)

Figure 21 (facing page). Chitistone Mountain and the north side

of the Chitistone River at the mouth of Grotto Creek. Gray cliffs and
ledges are formed from Triassic marine carbonate rocks of the Chitis-
tone and Nizina Limestones, which overlie Triassic nonmarine basalt
of the Nikolai Greenstone. Near the right skyline, the Chitistone and
Nizina are overlain by brown-weathering thin-bedded rocks of the
McCarthy Formation. Note in the center of the view how the Nikolai
Greenstone and Chitistone Limestone have been arched over into a
recumbent anticlinal fold, which is broken in turn by a thrust fault,
emplacing Nikolai above Chitistone. The fold outline is dashed where
itis reconstructed to project above the present surface; on the fault,

sawteeth are on the overriding block. The geometry of this broken
fold indicates southwest to northeast (left to right) compression.
(E.M. MacKevett, Jr.)

Figure 22 (facing page). The “Mile-high Cliffs” rising above the west
side of the Nizina River. The cliffs are composed of a synclinalfold
more than 3 mi across in Triassic rocks. (Outline is dashed where
reconstructed to project above the current land surface.) From the
base of the cliffs (at 1,800 ft elevation) to the top of the ridge (at 7,440
ft), the sequence consists of the Triassic Nikolai Greenstone (Rng),
Chitistone Limestone (Rc), Nizina Limestone (&n), and the McCarthy
Formation (JTRm). Atthe right edge of the view, the northern limb of
the syncline is folded back on itself (recumbently) and broken by a
steep fault. (Sawteeth are on the overriding block.) The geometry of
this paired fold and fault indicates compression from south to north,
a result of mountain building that began in the region in Late Jurassic
time. Onthe left, the ridge is capped by Cretaceous marine sedimen-
tary rocks (K) resting nearly horizontally above an angular uncon-
formity upon the folded Triassic sequence. Clearly, the Cretaceous
rocks are younger than the mountain building. Rocks exposed in the
foreground ridges are Triassic marine carbonate sequences identical
to those in the “Mile-high Cliffs.” (E.M. MacKevett, Jr.)

Figure 23. The Border Ranges fault system (BRFS) underlies the
trough of Art Lewis Glacier, on the right; Nunatak Fiord is on the left;
view is to the northwest from near the extreme southeast corner of
Wrangell-Saint Elias National Park and Preserve. Here, the Border
Ranges fault separates upper Paleozoic rocks of the Skolai arc (the
Wrangellia terrane) on the right from metamorphosed sedimentary
and volcanic rocks of the Mesozoic Chugach terrane on the left. The
Fairweather fault (FF) is located at the base of the mountain front near
the left edge. The Fairweather fault currently acts as the boundary
between the North American and Pacific crustal plates. The high
peaks in the background are, from left to right, Mt. St. Elias (18,008
ft), Mt. Cook (13,760 ft), Mt. Logan (in Canada, 19,850 ft), Mt. Vancou-
ver (15,700 ft), and Mt. Queen Mary (in Canada, 12,800 ft). Note the
strongly curving moraines near the right edge of Art Lewis Glacier,
deformed by surgesin tributary glaciers entering the valley glacier
from the east. Note also several patches of brown-colored debris
on the surface of Art Lewis Glacier near its edges. These may have
formed as earthquake-induced debris flows (landslides) along the
oversteepened margins of the glacier, but have now moved down-
glacier from their sources. If their age of formation were known,
approximate rates of glacier movement could be determined. (M.D.
Wilson)

Figure 24 (facing page). Goat Creek Glacier in the eastern Chugach
Mountains. Maroon-weathering rocks on the foreground spur are the
Mesozoic McHugh Complex, the melange facies of the Chugach ter-
rane; the maroon color is imparted by iron-bearing radiolarian chert,
arock type that forms in many places above the basalt of oceanic
plates. The McHugh was formed by tectonic mixing of lithologies
within an active subduction zone along the southern margin of the
Wrangellia terrane. The glacier-clad mountain on the skyline is Mt.
Logan; itis eroded from a Late Jurassic batholith, part of a magmatic
arc formed about 150 m.y. ago. Concurrently, parts of the McHugh



were being assembled and deformed in the subduction zone associ-
ated with the arc. (G.R. Winkler)

Figure 25. Melange of the McHugh Complex. A crude layering,
which is defined by the alignment of clasts, dips into the outcrop from
upper right to lower left. This fabric is parallel to intense shearing at
all scales. Atthis location on Goat Creek Glacier south of the Chitina
River Valley, the clasts consist principally of metamorphosed plutonic
rocks similar to those that occur in the nearby southern margin of the
Wrangellia terrane. The matrix of the melange is principally granu-
lated mafic volcanic material, probably derived from oceanic crust.
At other locations, the clasts may be much larger, in some cases
exceeding a mile in maximum dimension, and the matrix may consist
of dark argillite. (G.R. Winkler)

Figure 26 (pages 48-49). View westward along the crest of the
Chugach Mountains in the vicinity of the Little Bremner River. Much
of the central Chugach Mountains consists of Upper Cretaceous
flysch of the Valdez Group, which, in this view, is mostly thick bedded
sandstone dipping northward (from left to right). The mountains
have been tipped on edge by episodic underplating from the south of
additional fault-bounded slabs of flysch. These so-called accretion-
ary wedges have jacked up the Chugach terrane until it has reached
a structural thickness of more than 9 mi, and there is an additional
structural thickness of at least 6 mi of accretionary wedges of the
Paleogene Prince William terrane outboard (south) of the Chugach
terrane. (G.R. Winkler)

Figure 27 (facing page). View to west on Bagley Ice Field north of
Natural Arch, taken in early July 1959 by USGS geologist Don J. Miller
during the second known crossing of the ice field on foot. Nearby
Mount Miller on Barkley Ridge is named for one of a pair of prospec-
tors (the other being James Barkley) who first crossed the ice field

in 1906 or 1905. The Bagley fault (of the Contact fault system) follows
the ice-filled trough, separating Paleogene flysch and ocean-floor
basalt of the Orca Group on the left from metamorphosed Cretaceous
basaltic flows, breccia, tuff, and minor flysch of the Valdez Group

on the right. At this location, the Bagley Ice Field is more than 8 mi
across and feeds the enormous south-flowing piedmont lobe of the
Bering Glacier, out of view to the left, as well as the north-flowing
Tana Glacier, out of view to the right. In this view, geologists Art
Kimball and Earl Brabb are preparing to continue the day’s traverse;
note the long aluminum pole to which they attach themselves when
crossing crevassed areas of the ice. (D.J. Miller)

Figure 28 (page 56). The St. Elias fault is well exposed east of the
Libbey Glacier, emplacing dark-colored metamorphosed Cretaceous
flysch and basalt of the Chugach terrane (Kc) above lighter colored
virtually unmetamorphosed Cretaceous flysch that is part of the Yaku-
tat Group (Ky). Thus, this shallowly north dipping underthrust fault
emplaces rocks of the Yakutat terrane beneath rocks of the Chugach
terrane that are of approximately the same age, but are higher
metamorphic grade. This fault currently forms part of the boundary
between the North American tectonic plate and the Pacific plate. The
steeply dipping rocks in the lower half of this view are coupled to the
Pacific oceanic plate and are being thrust beneath the dark rocks in

the upper half, which were accreted to North America more than 60
m.y. ago. The St. Elias earthquake of 1979 ruptured a continuation of
this fault surface approximately 20 mi to the west of here at a shal-
low depth, which indicates that the fault (and plate boundary) still is
actively adjusting. (George Plafker)

Figure 29 (page 57). View to the northwest along the Fairweather
faultfrom a position southeast of The Nunatak. The dextral strike-slip
fault underlies the pronounced topographic depression that s followed
by Nunatak Fiord in the foreground, as well as Valerie Glacier in the dis-
tance. The fiord makes a dextral jog where itis crossed by the broad
shear zone of the fault, a clear indication that its location is influenced
by dextral offset across the zone. The Fairweather faultis the current
plate boundary between the Pacific plate (on the left) and the North
American plate (on the right), separating northward-moving weakly
metamorphosed rocks of the Yakutat terrane from coeval schistose
rocks of the Chugach terrane. Prominent mountains in the background
include, from leftto right, Mt. Logan (19,850 ft), Mt. Vancouver (15,700
ft), and Mt. Seattle (10,070 ft). (George Plafker)

Figure 30 (facing page). Mt. St. Elias (18,008 ft) from the Samovar
Hills. The southeastern part of the Samovar Hills is underlain by
strongly deformed marine flysch of the Mesozoic Yakutat Group—the
lighter colored rocks in the right foreground. The Yakutat is faulted
against, and also overlain unconformably by, nonmarine rocks of the
Paleogene Kulthieth Formation, which makes up the somber-colored
ridges in the left middle ground. The Samovar Hills are capped by
marine siltstone, sandstone, and diamictite of the Miocene and Plio-
cene part of the Yakataga Formation—deposited below sea level, but
now uplifted at least 6,000 ft. The massif of Mt. St. Elias, consisting of
schistose rocks of the Mesozoic Chugach terrane, has overridden all
these rocks along the thrusts of the Chaix Hills, Coal Glacier, and St.
Elias faults. Haydon Peak (11,945 ft) and Mt. Newton (13,811 ft) rise to
the left and right of Mt. St. Elias, respectively. (George Plafker)

Figure 31 (pages 60-61). View to the northwest of Striped Ridge
between Libbey and Agassiz Glaciers. The ridge in the foreground
is about 2 mi wide. Prominent peaks in the background are Haydon
Peak and Mt. St. Elias. The ridge is underlain by interbedded ter-
restrial to marginal-marine sandstone and mudstone of the Paleo-
gene Kulthieth Formation. The strata are lenticular, interfingering,
and locally coal bearing. They were deposited on alluvial plains,
deltas, barrier beaches, and nearshore marine environments under
subtropical climatic conditions. They are typical of the lower part of
the Tertiary sequences deposited on the Yakutat terrane. The folds
and faults in the middle part of the ridge are related to underthrust-
ing along the Coal Glacier and St. Elias faults, which separate the
sequences of Striped Ridge from the structurally higher rocks on
Haydon Peak and Mt. St. Elias. The dark, complexly folded rocks
underlying Haydon Peak are flysch and melange of the Upper(?)
Jurassic and Cretaceous Yakutat Group; the massif of Mt. St. Elias is
underlain by metamorphosed flysch and basalt of the Chugach ter-
rane. (George Plafker)



Figure 32 (facing page). Outcrops of the Yakataga Formation in

the Chaix Hills, showing interbedded marine siltstone, sandstone,
tillite, and deformed strata. Note numerous dropstones in the sec-
tion, which are etched in relief above the weathered outcrops. The
“swirly” lens in the lower half of the view (“s”) may be a wad of
sediment that slumped off the side of a channel, or it may have been
pushed by grounded ice. (Lens is approximately 120 ft long by 20 ft
thick.) The lenticularity of strata in this part of the section indicates
that the sediment was deposited on very irregular surfaces. (George
Plafker)

Figure 33 (facing page). White River Glacier flowing from the
slopes of Mt. Eberly (7,030 ft) on the boundary of Wrangell-Saint Elias
National Park; view is to the north. The ridges are composed of thick
sequences of the Yakataga Formation, consisting largely of laminated
marine siltstone and sandstone containing much ice-rafted detritus,
including dropstones. These indications of tidewater glaciers along
the Gulf of Alaska are presentin rocks as old as Miocene, probably
the earliest record of glaciation in North America. Note the tilting

of strata at the east end of Yakataga Ridge, as well as the tilting

of sequences along the right edge of the view. These structures
were formed during convergence of the Yakutat terrane against

the continental margin. The conspicuous bands on the glacier are
known as ogives, formed at the base of the icefallin the background
by increased flowage each summer season. The ogives are convex
downslope owing to faster flow in the center of the glacier. (M.D.
Wilson)

Figure 34. Folded and channeled part of the Yakataga Formation in
the Karr Hills on the east side of the Yahtse Glacier. All outcrops in
this view are of latest Miocene or Pliocene age, no more than 6 mil-
lion years old. They expose at least four intraformational unconformi-
ties (from oldest to youngest, unconformity 1, 2, 3, and 4) that truncate
strata, as well as an anticlinal fold (A). These features indicate active
deformation and uplift during deposition of the Yakataga Forma-
tion—a dynamic tectonic regime that persists today as the Alaskan
continental margin continues to absorb the northwestward motion of
the accreting Yakutat terrane. (George Plafker)

Figure 35 (facing page). Intraformational unconformity, highlighted
by dashed line in the lower part of the view, in the glacial-marine
Yakataga Formation, Pinnacle Pass Hills, north of Malaspina Glacier.
Mt. Cook (13,760 ft) is in the right background. The banded alternation
of dark pebbly mudstones and lighter siltstones and sandstones is
characteristic of the Yakataga Formation. Note that many sandstone
strata, particularly in the middle of the view, are internally deformed
and discontinuous. In part, these strata may be so-called “push
moraines,” soft sediment deformed on the ocean floor by the over-
riding of grounded ice, and, in part, slumps from rapidly accumulat-
ing water-laden sediment in a tectonically active environment. The
intraformational unconformity may be an unusually large channel,
scoured from a soft, water-saturated seabed, but elsewhere, strongly
angular unconformities in the Yakataga unequivocably indicate the
presence of growing structures within the depositional basin—no
doubt induced by contemporaneous impingement of the Yakutat ter-
rane against and beneath the continental margin. The rusty-weather-
ing knob on the left skyline is eroded from the Poul Creek Formation.

Its normal stratigraphic position is beneath the Yakataga Formation;
here, the Yakataga has been thrust beneath it along the Chaix Hills
fault. (Sawteeth on line marking the fault surface are on the upper
plate.) (M.D. Wilson)

Figure 36. Map of earthquake epicenters in eastern southern Alaska
showing locations and dates of historic large earthquakes, major
faults with Quaternary movement, and average depths of earthquakes
in the Wrangell Benioff zone of seismicity. Fault dashed where
inferred, queried where uncertain. Dashed and queried line shows
approximate trace of inferred connection between Totschunda and
Fairweather faults. (See p. 102.)

Figure 37 (facing page). The St. Elias earthquake of July 1979
(magnitude 7.5) triggered a debris avalanche nearly 2 mi long that
reached completely across Cascade Glacier, as well as numerous
snowslides from the nunatakin the foreground. This photograph was
taken in August 1979, soon after the event. The debris was derived
from strongly deformed siltstone and shale of the Yakutat Group in the
lower plate of the St. Elias fault (on the right) and mixed with snow
and ice. The fluidized debris avalanche had sufficient momentum to
climb at least 330 ft through Dome Pass, extending into a tributary
glacier of Agassiz Glacier (on the left). Similar debris avalanches
were triggered at many locations in the Chugach Mountains in 1964
by the great Alaskan earthquake (magnitude 9.2). Over the ensuing
30+ years, many debris fans have moved downglacier sufficiently to
be detached from their source areas; their offset provides a means
to measure aggregate surface glacier movement during the interval.
The ridge in the background is formed by rocks in the upper plate of
the St. Elias fault and consists of schistose flysch and basalt of the
Chugach terrane. Dashed line shows the approximate position of
the fault; sawteeth are on the upper plate. The highest peak is Mt.
Augusta (14,070 ft). (George Plafker)

Figure 38 (page 74). A view to the north from the Chugach Moun-
tains across the southeastern part of the Copper River Basin to Mt.
Drum (12,010 ft), Mt. Sanford (16,237 ft), and Mt. Wrangell (14,136 ft).
These three high peaks near the west end of the Wrangell Mountains
display the varying morphology of young volcanic mountains. Mt.
Drum (left) is a composite stratovolcano, consisting of tabular dacite
to andesite lava flows and breccias, girdled by younger rhyolite

and dacite domes. Its steeper profile is, in part, related to climactic
explosive events that destroyed much of the summit and southern
flank of the volcano. Mt. Sanford (center) displays an intermediate
profile and consists of coalesced lava flows from at least three major
centers. Mt. Wrangell (right) is a broad shield volcano built chiefly
by the accumulation of hundreds of voluminous andesite flows. As
suggested by its virtually unmodified morphology, it is the youngest
volcano in the western Wrangell Mountains. Mt. Wrangell still is
active, as evidenced by the presence of fumaroles and craters near
its summit that occasionally emit small bursts of ash. (G.R. Winkler)

Figure 39 (page 75). A close-up of the longest tongue of Hole in the
Wall Glacier, which spills into the valley of Skolai Creek from an ice
field high to the south. The highest cliffs are composed primarily of
nearly flat lying andesitic flows of the Miocene and younger Wrangell



Lava. The location of their ventis not known. They unconformably
overlie volcanic and sedimentary units of the Pennsylvanian and
Permian Skolai Group, which form the multi-hued outcrops in the
middle ground. Hole in the Wall Glacier has receded 0.5 to 1 mi and
thinned 300 to 600 ft recently, no longer extending to the margins of its
crescentic terminal moraine. It remains active, however, and its ice
falls are severely crevassed. (E.M. MacKevett, Jr.)

Figure 40. Outcrop view of pebbly sandstone (marine tillite) of the
Yakataga Formation; the scale is in tenths of meters. Such “float-
ing” clasts are not typical of a normal water-laid conglomerate, but
instead suggest deposition as unsorted and poorly stratified material
directly beneath a glacier or floating ice. The clasts appear to have
been literally dumped into the deposit and show little subsequent
reworking. They range widely in size; many are angular, and some
are faceted—characteristics of glacial till. (George Plafker)

Figure 41. Fossiliferous marine tillite of the Yakataga Formation.
Note that the pebbly siltstone is replete with clam fossils, yet also has
numerous pebble and cobble clasts. If the clasts had been deposited
by running water, the environment would have been too disturbed for
clam growth; the clasts must have been carried to the site on rafts of
ice, which melted—dropping the stones into the marine bottom sedi-
ment where the clams were living. (George Plafker)

Figure 42 (facing page). The bluffs near the confluence of the
Gakona and Copper Rivers expose nearly 300 ft of the Quaternary
lacustrine, alluvial, and glacial deposits that fill the Copper River
Basin. Most of the section seen in this view consists of finely
laminated to indistinctly bedded sand, silt, and clay, with or without
coarser material, that was deposited in glacial Lake Atna. A few beds
contain organic material that has been dated by radiocarbon-age
techniques. Outcrops in the lower left foreground (glove for scale)
consist of alternating thin beds of coarser and finer grained mate-
rial. The fractured, lighter colored beds above them are varved silt
and clay. Beyond the scattered trees, the middle part of the section
includes interbedded diamicton, silt, and sand. Some of the poorly
sorted diamicton beds were probably deposited by slumping of
deposits on the bottom of the lake, but other diamicton beds could
represent the advance of glaciers into the lake. The upper 30 ft of the
bluff consists of windblown sand and silt, some of which still is accu-
mulating today. The entire section below the windblown material was
deposited during the last major glaciation in Alaska between about
58,000 and 9,400 years ago, as dated here, and indicates rapid erosion
of the mountains that surround the Copper River Basin. (H.R. Schmoll)

Figure 43. Positions of ice fronts and shorelines at various times in
Icy, Yakutat, and Disenchantment Bays. A, Position of ice fronts and
shorelines at culmination of older “prehistoric” advance. B, Posi-
tion of ice fronts and shorelines at culmination of younger “historic”
advance. Inset, stages inice retreat at Icy Bay, 1888 through 1980.

Figure 44 (facing page). View to the southeast of part of the ter-
minus of Hubbard Glacier. The moraine-covered terminus of Turner
Glacier is in the foreground, Disenchantment Bay is on the right,

and Gilbert Point is on the mainland in the right background. Arrows
show direction of glacier flow. Russell Fiord is the body of water in
the center background. Even a short advance of Hubbard Glacier is
sufficient to dam Russell Fiord, creating a saltwater lake. Out of view
behind Gilbert Point is a former outlet to the Yakutat foreland. Once

a “Lake” Russell is formed, if it rises more than about 130 ft, it will
reinstitute drainage down 0ld Situk Creek across the Yakutat foreland
to the open Gulf of Alaska. (George Plafker)

Figure 45 (facing page). Map showing locations of lode and placer
mining districts, the Katalla oil field, and the Bering River coal field
in the Wrangell-Saint Elias region. (Modified from National Park
Service)

Figure 46. Looking eastward up Dan Creek, from near its mouth,
toward Nikolai and Lime Buttes. The hummocky terrain in the
foreground results from hydraulic placer mining of the gold-bear-

ing alluvial terraces and benches exposed in the middle ground. A
section of pipe used to direct water for the hydraulicking remains in
the left foreground. The ridges in the background are eroded from the
Triassic Chitistone and Nizina Limestones, which overlie the slope-
forming Nikolai Greenstone. Numerous small copper prospects are
located near the greenstone-limestone contact in this area, but none
contained sufficient ore-grade material to be mined. (G.R. Winkler)

Figure 47 (facing page). Gold placer mining camp at the junction of
Bonanza Creek with Little Eldorado Creek east of Chisana, established
during the winter of 1913. As many as 100 men and women worked
out of this tent camp during 1914, only one of many placer-mining
camps in the Chisana area. (S.R. Capps)

Figure 48 (facing page). View of milling facilities at Kennicott as
they appeared in 1964. Copper-silver ore from the Bonanza, Jumbo,
Mother Lode, Erie, and Glacier mines reached the building on the sky-
line by tramlines from high on Bonanza Ridge. In the mill, the ore was
concentrated by crushing, flotation, and leaching, then was loaded
on ore cars at approximately the left edge of the photograph area for
the 196-mile journey via the Copper River and Northwestern Railway
to Cordova for transport via steamship to final smelting in Tacoma,
Wash. More than % million t (metric tons) of copper and 100 t of silver
passed through these buildings in 27 years! Beyond the buildings

is the hummocky moraine-covered surface of the Kennicott Glacier,
above which rises (about 25 mi distant) the summit of Mt. Blackburn.
(G.R. Winkler)

Figure 49 (facing page). The Nabesna mine at the end of the
Nabesna road. View is to the northeast from one of the mine adits
high above the mill (left) and the camp (center). Waste rock (tailings)
from the mill covers the nearly barren area downbhill to its left. The
Nabesna mine produced about $1.8 million in gold between 1930 and
1940 from small, high-grade pockets of polymetallic ore in Triassic
carbonate rocks near contacts with a mid-Cretaceous intrusion. (D.H.
Richter)



Figure 50 (above and facing page). Satellite image of a northwest
part of Wrangell-Saint Elias National Park and Preserve taken Febru-
ary 11, 1979. The approximate locations of some settlements, rivers,
creeks, glaciers, and peaks discussed in the text are shown. The
Nabesna Road runs southeastward from Slana near its junction with
the Glenn Highway to the Nabesna mine, following the valleys of the
Copper River and Jack Creek. Several of the major volcanic centers
in the western Wrangell Mountains can be seen in thisimage. The
pronounced linearity of topographic depressions formed along the
Denali and Totschunda faults are conspicuous in the upper half of the
view. (U.S. Geological Survey Landsat 2 image)

Figure 51 (page 100). The Mentasta Mountains after a summer snow
shower. View is up Lost Creek valley. Peaks in foreground are com-
posed chiefly of Triassic Nikolai Greenstone and light-colored Triassic
limestone. Higher peaks in distance are composed of sandstone and
shale of the Jurassic and Cretaceous Nutzotin Mountains sequence.
Triassic limestone here is only about 650 ft thick, much thinner than

its correlative rocks (Chitistone Limestone, Nizina Limestone, and
McCarthy Formation) along the south side of the Wrangell Mountains.
(D.H. Richter)

Figure 52 (page 101). Volcanic vent in the 2-3 million-year-old
Skookum Creek volcanic center near the end of the Nabesna Road;
the valley of Jack Creek is in the background. Actual vent is filled
with bedded, dacitic pyroclastic debris. Dark-colored rocks on ridge
to right of vent are younger andesitic lava flows that lap onto the vent.
Note person standing on the ridge crest. (D.H. Richter)

Figure 53 (page 104). Vertical to overturned thin-bedded Triassic
limestone strata in Cooper Pass. Beds have been deformed by move-
ment along the Totschunda fault system. Note person standing in
creek bed. (D.H. Richter)

Figure 54 (page 105). View northwest from Totschunda Creek in the
foreground along the topographic depression that marks the course
of the Totschunda fault system through the Mentasta Mountains.
Young fault movement is marked by the offset glacial deposits in the
low area immediately beyond the bend of Totschunda Creek. (D.H.
Richter)

Figure 55 (facing page). The south side of the upper Chitistone River
canyon, where Permian marine mudstone, sandstone, and marble

of the Hasen Creek Formation (Skolai Group) in the foreground are
strongly folded and faulted and are intruded by Triassic gabbroic
plutons in the upper right and middle left. These plutons probably
crystallized from magma chambers that fed the overlying extrusive
basalt of the Nikolai Greenstone, which makes up the ridge on the
skyline. (E.M. MacKevett, Jr.)

Figure 56 (page 108). View, to northwest, of the upper walls of the
Chitistone River canyon; Contact Gulch on the left. The trail to Skolai
Pass is out of view at the base of the canyon walls. The canyonis cut
in west-dipping basalt flows of the Triassic Nikolai Greenstone, which

are overlain above an angular unconformity by shallowly east dipping
Cretaceous marine sedimentary rocks of the Kennicott and Moonshine
Creek Formations. The Cretaceous rocks formthe subdued slopesin
the middle ground and are overlain with slight angularity by the flat-
lying nonmarine sedimentary rocks of the Tertiary Frederika Formation,
which form the conspicuous mesas. Subvolcanic intrusive rocks form
the two rugged peaks rising behind the mesas, and the snow-covered
summits of Mt. Blackburn (left) and Regal Mountain (center) form the
distant skyline. (G.R. Winkler)

Figure 57 (page 109). View, to north, of Nizina Glacier in the eastern
Wrangell Mountains. Chimney Mountain, eroded from flat-lying flows
of the Wrangell Lava, is the conspicuous peak just to the left of center.
The Regal and Rohn Glaciers, principal tributaries of the Nizina, enter
the main glacier on the left and right sides of Chimney Mountain,
respectively, creating medial moraines of differing colors below their
merger. Inthe 1913 gold rush to Chisana, the shortest route from

the Chitina River Valley ascended 20 mi directly up Nizina and Rohn
Glaciers, then descended 20 mi down Chisana Glacier on the north side
of the mountains to emerge in the vicinity of the diggings. The trail was
named after George C. Hazelet, its founder and principal booster, who
also established a roadhouse atthe head of Whiskey Hill Glacier near
the summit (out of view behind Chimney Mountain) for the aid of the
stampeding argonauts. (G.R. Winkler)

Figure 58 (facing page). Mt. Sanford (16,237 ft), viewed from the
southwest. The mountain’s massif is more than 12 mi across and
consists of coalescing flows from at least three earlier eruptive cen-
ters beginning about 900,000 years ago, upon which were extruded
voluminous flows from a central vent. Some of these overlying flows,
which are undated, may have been extruded as recently as 100,000
years ago. The earlier West Center forms a slight notch in the left-
hand skyline and the spectacular gash of the south face of the vol-
cano, more than 8,000 ft high, displays the flows from the central vent,
which may have filled a summit crater. The ridge in the foreground
consists of undated andesite flows that emanated from fissures on
the flanks of Mt. Wrangell, out of view to the right. (G.R. Winkler)

Figure 59 (facing page). Mt. Drum (12,010 ft), westernmost volcano
in the Wrangell volcanic field, is a stratovolcano built in at least two
eruptive cycles between about 700,000 and 240,000 years ago. Seen
here from the southeast, its composite internal structure, consisting
of lava flows and numerous separate domes, is conspicuous. Snider
Peak, the conspicuous gray craggy summit on the left, apparently was
the last dome to be formed. Its formation may be associated with the
cataclysmic eruptions that destroyed much of the south face of Mt.
Drum, producing pyroclastic flows and debris avalanches. The large
Chetaslina volcanic debris and mud flow that is exposed along the
Copper River from the Chetaslina River to the Chitina River also may
be a result of these eruptions. This series of events was much like
the catastrophic eruptions of Mt. St. Helens in 1980, but apparently
removed a much larger volume of volcanic material. The hillside in
the foreground consists of undated andesitic flows that emanated
from fissures on the flanks of Mt. Wrangell; these flows, which fill
paleovalleys on the flanks of the volcano, probably were erupted prior
to 600,000 years ago, when the main shield of Mt. Wrangell began to
form. (G.R. Winkler)



Figure 60 (facing page). Mt. Wrangell (14,163 ft), the youngest and
still mildly active volcano in the western Wrangell Mountains, is a
broad, ice-covered shield of enormous bulk. The view here, from the
southwest, shows more than 9 mi of the volcanic edifice in the back-
ground, and only includes the highest part of the mountain. Snow-
covered Mt. Zanetti (13,009 ft), on the left skyline, is a large satellite
cinder cone. Three small craters, containing active fumaroles, are
situated on the rim of a summit caldera. North and West Craters can
be seen here as dark mounds near the apparent summit; West Crater
is dark because of fresh ash erupted between snowstorms in August
1969, when this view was taken, and North Crater also emits episodic
small bursts of ash. Mt. Wrangell was built principally between about
600,000 and 400,000 years ago, but voluminous flows emanated from
the southwest flank of the mountain as recently as 80,000-50,000
years ago. One of these flows extends at least 40 mi from the moun-
tain, extending nearly to the mouth of the Kotsina River near Chitina.
In this view, the ridges in the left foreground consist of conglomer-
ate of Pleistocene age (light-gray color) overlain by andesite flows
(shades of purplish dark gray) that probably were erupted prior to
600,000 years ago. Unconformably beneath these flows and con-
glomerate, in the middle and right foreground, is a still older volcanic
complex, consisting of andesite flows and volcaniclastic rocks that
have been intruded by dacite dikes and small plutons. The intrusions
have been dated at about 1.35 million years old. This Pleistocene
and Pliocene? complex may be related to the Chetaslina vent on the
southwest flank of Mt. Wrangell, which was active from about 1.5 to
1.0 m.y. ago. (G.R. Winkler)

Figure 61 (facing page). View to northeast up moraine-covered
terminus of the Kuskulana Glacier toward Mt. Blackburn (16,390

ft), the highest peak in the Wrangell Mountains. The broad, domal
summit of Mt. Blackburn is eroded from a subvolcanic granite pluton
approximately 3.4 million years old that intrudes a thick sequence

of andesitic lava flows. In this view, flows on the west flank of the
mountain, the ledges of which are defined by snow, can be seen to
dip inward beneath the domal summit, suggesting collapse of a filled
caldera into the subsiding roof of the granitic magma reservoir. The
basal ridges of Mt. Blackburn (without snow cover) that lie between
the forks of the Kuskulana Glacier are composed of east-dipping,
maroon-weathering basaltic flows of the Triassic Nikolai Greenstone.
Near the right edge of the view, the Nikolai Greenstone is overlain
by scattered outcrops of Triassic marine carbonate rocks, the lighter
colored Chitistone and Nizina Limestones and the McCarthy Forma-
tion. (G.R. Winkler)

Figure 62 (facing page). The Holocene White River Ash in the White
River valley. View is to the northeast looking across the White River
in Yukon Territory, Canda. All the light-colored patches in this view
are volcanic ash, not snowbanks. The blanket of ash here is about

3 ftthick and is chiefly from the older, north lobe of the White River
Ash, erupted about 1,890 years ago from Mt. Churchill, 25 mi to the
southwest. Sunlight-dappled slopes in middle ground are about 6 mi
across. (D.H. Richter)

Figure 63 (facing page). Aerial view of the lower Klawasi mud
volcano in the Copper River Basin about 11 mi east of Glennallen. The
summit pond, which is about 100 ft in diameter, is filled with warm

saline mud that is agitated continually by exsolving carbon dioxide.
(D.H. Richter)

Figure 64 (facing page). View of the upper end of the Copper

River canyon, looking northeast. The Wrangell Mountains form the
skyline, dominated by Mt. Blackburn (16,390 ft), the highest point. The
Chitina River Valley, an easterly extension of the Copper River Basin,
separates the Wrangell Mountains from the Chugach Mountains in
the foreground. Spirit Mountain (7,287 ft) is the sharp peak at the
right edge of the view (foreground). The summit of Spirit Mountain

is eroded from north-dipping higher grade metamorphic rocks of

the Wrangellia terrane, which were emplaced above a thrust fault
(the Border Ranges fault) upon lower-grade argillite and metasand-
stone of the Chugach terrane, exposed lower on the mountain. The
Chitina and Copper Rivers join just off the left edge of the view and
flow southward toward the viewer to cross the axis of the Chugach
Mountains in a canyon that reaches depths in excess of 7,700 ft. (G.R.
Winkler)

Figure 65. Differential subsidence of the roadbed along the Copper
River and Northwestern Railway about 9.5 mi east of Chitina and 3
mi west of Strelna. Fine-grained sediments underlying the roadbed
were disturbed during construction, and ice-rich permafrost began
to thaw, causing subsidence and lateral displacement; this section
of the roadbed required frequent maintenance. The photograph was
taken in 1960, decades after the 1938 abandonment of the railroad.
(LA. Yehle)

Figure 66 (facing page). Looking west down the Bremner River to its
confluence with the Copper River. The Copper River flows from right
to left directly across the axis of the Chugach Mountains, an indica-
tion that the drainage is antecedent, or predates the major uplift of
the mountain range. During Pleistocene (and possibly Pliocene) time,
the Copper River repeatedly was blocked by glacial dams in its lower
canyon (out of view to the left). Only within the past few hundred
years have the Miles, Allen, and Childs Glaciers retreated sufficiently
that the dams have been breached, and the sediment deposited
immediately behind the glacial dams (the light-gray unvegetated
areas in this view) has been exposed. Upriver, the Copper River
canyon (out of view to the right) becomes increasingly narrow and
little sediment remains on the floor of the canyon. The Copper River
and Northwestern Railway (CRNWR) followed the west (far) bank of
the river in this area, crossing the ice-cored moraine of the Heney
Glacier at its terminus (just left of center). The instability of the
roadbed caused by seasonal melting of the ice necessitated frequent
maintenance and resetting of the tracks. The roadbed was aban-
doned in 1938 and the rails removed later. (G.R. Winkler)

Figure 67. Satellite image of a southwest part of Wrangell-Saint
Elias National Park and Preserve taken February 20, 1979. The
approximate locations of some settlements, rivers, creeks, lakes,
glaciers, and peaks discussed in the text are shown. The McCarthy
Road follows the lowlands of the Chitina River Valley in the upper third
of the view. Arrows indicate direction of flow of rivers. (U.S. Geologi-
cal Survey Landsat 2 image)



Figure 68 (page 130). Bluffs along the Tazlina River just upstream
from the Richardson Highway north of Copper Center expose about
200 ft of mainly alluvial and lacustrine deposits of Quaternary age.
The alluvial deposits, consisting of well-sorted gravel interlayered
with minor sand beds, are the darker colored beds above river level
and in the middle of the section. Each section of gravel and sand rep-
resents a time when no lake was present in this part of the basin. The
gravel along the river in the foreground is a present-day equivalent of
those deposits. The lower alluvial beds in the section include the thin
distal edge of the Sanford volcanic debris flow (v), the lighter colored
lens less than 3 ft thick near the base of the bluff in the center. The
debris flow, containing numerous clasts of andesite, originated from a
collapsed dome on the eastern flank of Mt. Drum and invaded a river
valley that was much like the present one, but which existed about
200,000 to 300,000 years ago. Overlying each major alluvial unit are
conspicuous lighter colored beds of fine sand, silt, and clay which
indicate that a lake first encroached upon and then completely inun-
dated the area. The younger of these lakes was glacial Lake Atna.
Coarser grained lake deposits, including diamicton perhaps deposited
when a glacier invaded this part of the lake, occupy most of the upper
part of the section. (H.R. Schmoll)

Figure 69 (page 131). The Chitina River Valley from the northern
slopes of the Chugach Mountains. The McCarthy Road follows the
lowlands directly behind Billy Lake justto the right of center. (Dashed
line indicates approximate alignment of the road.) The lake-filled
depressions, bedrock knobs, and complexly intertonguing lenticular
surficial deposits of the valley floor (exposed locally in the Chitina River
bluffs) indicate the former presence of glaciers that filled the entire
valley. Inthe background, ice- and snow-clad Mt. Blackburn (16,390
ft), the highest peak in the western Wrangell Mountains, is a broad
volcanic dome and caldera constructed of lava flows intruded by sub-
volcanic plutons between about 4.2 and 3.4 m.y. ago. The moraine-cov-
ered terminus of the Kuskulana Glacier can be seen at the foot of Mt.
Blackburn. The peak rises above rugged ridges eroded from Paleozoic
and Mesozoic units of the Wrangellia terrane. The sharp ridges in the
foreground are eroded into metamorphosed Paleozoic rocks of the
southern margin of the Wrangellia terrane as well as Jurassic plutons
of the Chitina magmatic arc. (G.R. Winkler)

Figure 70 (facing page). The west edge of McCarthy and its sur-
roundings, 1964, viewed to the north. McCarthy, in the right fore-
ground, is the “wide-open” town that sprang into being in summer
1905 as company-run facilities were being developed at Kennicott5
mito the north. The moraine-covered lower end of Kennicott Glacier
occupies the middle ground, and the Kennicott mill-site can be seen on
its far edge. Bonanza Ridge makes up the central skyline, and Porphyry
Mountain is on the right. The Triassic Nikolai Greenstone makes up the
shoulders of Bonanza Ridge, overlain near the crest by the Chitistone
Limestone. Porphyry Mountain is eroded from a porphyritic pluton
about9 million years old. The plutonic rock is thoroughly jointed and
weathers into small fragments that move downhill slowly, forming
concentrically furrowed piles of barren rubble, called rock glaciers
(RG). The process s similar to glacial flowage: ice inthe interstices of
the rubble freezes and thaws, lubricating seasonal downslope move-
ment. The episodic movement generally produces furrows paralleling
the outline of the rock glacier's margin. The Jumbo mine (J) is located
just above the greenstone-limestone contact beneath the prominent
cliff to the left of center, and the Bonanza mine (B) is located just below

the highest point on the ridge. Separate tramlines, each more than3
milong, connected the Bonanza and Jumbo mines with the mill nearly
4,000 ft below. To reach the mines from the mill, workers either hiked a
4-mitrail or rode the tramline buckets—a ride that could be dangerous
butwas much preferred to walking. During the peak years of produc-
tioninthe late 1910°s and early 1920°s, more than 300 miners were
employed year-round, most of them living in facilities high on Bonanza
Ridge near the mines. Winter conditions were particularly rigorous,

of course, frequently keeping the miners indoors or underground. On
occasions, destructive snowslides cut off communications with the
mill for days, threatened bunkhouses, and destroyed tramline supports.
The tramlines were rebuilt as soon as possible, so that the mill could
return to operations around the clock. (G.R. Winkler)

Figure 71 (facing page). Mt. Blackburn (16,390 ft) looking west

from Bonanza Ridge in the early autumn. Kennicott Glacier (at the
base of Mt. Blackburn) and Root Glacier (in the middle distance) are
separated by Donoho Peak. Beyond Kennicott Glacier near the left
edge of the view is a valley formed by Hidden Creek. The lower end of
Hidden Creek valley is ice free but is dammed by Kennicott Glacier to
form Hidden Creek Lake. The 2-mi-long lake drains annually beneath
Kennicott Glacier, usually between late July and early September,
sometimes forming damaging outburst floods on the Kennicott River.
Forming the south shoulder of Donoho Peak is the darker weathering
Triassic Nikolai Greenstone, which is overlain by the lighter gray Chit-
istone and Nizina Limestones. An overturned syncline on the north
flank of Donoho Peak forms a conspicuous zigzag in the limestone.
This fold formed during Jurassic and Cretaceous mountain-build-

ing that affected much of coastal Alaska from the present Wrangell
Mountains to southeastern Alaska. The richest copper lodes of the
type found at the Kennecott mines occur in the lower part of the Chit-
istone, which has been intensively prospected throughout its extent
in the Wrangell Mountains. This view is taken from above the angle
station in the foreground where a tramline from the Bonanza mine on
the ridge above changed directions around a massive flywheel for the
rest of its 16,000-ft journey down to the mill on the edge of Kennicott
Glacier. (G.R. Winkler)

Figure 72 (facing page). Tebay Lakes occupy a glacially sculpted
drainage divide in the Chugach Mountains; view is to the southwest.
The foreground ridge consists of fault-bounded slices of metamor-
phosed sedimentary, volcanic, and plutonic rocks of the southern
margin of the Wrangellia terrane. The glacier-clad crest of the
Chugach Mountains in the background is carved from accretionary
assemblages of the Chugach terrane. Tebay Lakes drain north-
ward (from left to right in this view) past the viewer into the Chitina
River, the “long way around,” instead of directly southward into the
adjacent valley of Falls Creek, a short, steep tributary of the Brem-
ner River—a prime example of glacially deranged drainage. (G.R.
Winkler)

Figure 73 (facing page). Evening view to the west from a camp
near Juniper Island at the junction of the Tana and Jefferies Glaciers
with the Bagley Ice Field. The Jefferies Glacier here is about 2.5 mi
wide. It flows around the shoulder of Needle Mountain on the right
to feed the Tana Glacier, source of the Tana River, the major southern
tributary of the Chitina River. (D.J. Miller)



|Figure 74 (facing page). View of Icy Bay, looking south, taken in
1980 from above the terminus of the Yahtse Glacier. Karr Hills are on
the left edge of the view, and Guyot Hills are on the lower right. The
iceberg-choked inner bay indicates active calving of the tidewater
glaciers surrounding the head of the bay. Open waters of the Gulf of
Alaska are in the distance, separated from Icy Bay by the flat Mala-
spina foreland on the left. The compound recurved spit of Pt. Riou
extends from the right end of the foreland—just barely visible behind
the ridge on the skyline (in the upper center of the view), which
descends from Mt. McPherson. Kichyatt Point, at the east end of the
ridge, separates the inner and outer parts of Icy Bay. All bedrock

in this view consists of the Yakataga Formation, fossiliferous gla-
cial-marine siltstone, sandstone, and diamictite, that was deposited
rapidly just seaward of an icebound and tectonically active coastline
during the last 6 million years. (George Plafker)

Figure 75. Satellite image of the Malaspina Glacier area taken Feb-
ruary 17, 1979; north is at the top of the image and the Gulf of Alaska
at the bottom. The multi-armed indentation of Icy Bay is conspicu-
ous near the left edge of the photograph. It has formed by glacial
recession since 1904. The lobes of the Agassiz and Seward Glaciers
combine to form the enormous bulb of the Malaspina Glacier; the two
major tributaries are separated by curving moraines derived from

the Samovar Hills. The east edge of the Malaspina Glacier (on the
right of this view) is covered by strikingly zigzagged moraines derived
from the Hitchcock Hills area. The pattern of the deformed moraines
indicates uneven motion between the Malaspina and Marvine Gla-
ciers along their merger zone. Forelands formed by unconsolidated
sediment are expanding seaward on both sides of the Malaspina Gla-
cier. The western foreland now covers the area of a former coastal
indentation called “lcy Bay” by Vancouver in 1794 (see p. 80 and fig.
43). (U.S. Geological Survey Landsat 2 image)

Figure 76 (facing page). The southeastern part of the terminus of
Hubbard Glacier, North America’s largest tidewater glacier; view is to
the southeast. Osier Island, in the foreground, separates the waters
of Russell Fiord, on the right, from the head of Disenchantment Bay,
on the left. Osier Island rises above a shoal that nearly closes Sand
Dab Passage between the two bodies of water. Gilbert Point on the
mainland rises directly behind the camera station. In early 1986,
Hubbard Glacier advanced to contact Gilbert Point and close Russell
Fiord, temporarily raising the water level in the fiord. In October 1986,
an outburst flood swept away the ice dam, as well as the subglacial
moraine and sediments that had accumulated on the shoal connect-
ing Osier Island with the mainland, thus returning Russell Fiord to its
former water level and deepening—at least temporarily—Sand Dab
Passage. (George Plafker)

Figure 77 (facing page). View to the northeast across Bancas Point
on the north side of Disenchantment Bay near Yakutat, showing a
wave-cut bench that was elevated 46 ft in the 1899 Yakutat earth-
quakes. The current wave-cut bedrock cliff is subject to the wash

of storm waves and thus is unvegetated. Immediately above itis a
bench, the pre-earthquake beach, and a higher wave-cut bedrock
cliff, which have been partially revegetated in the century since the
earthquakes. This former shoreline was uplifted abruptly during the

earthquakes, the maximum uplift recorded in any North American
earthquake. (George Plafker)

Figure 78 (facing page). Index map of the Wrangell-Saint Elias
region showing localities of photographs included in this report.
Arrows indicate direction of view. (Modified from National Park
Service)



