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Abstract: The surficial geology and glacial stratigraphy
of Fort Richardson are extremely complex. Recent map-
ping by the USGS shows the general distribution of surf-
icial deposits, but details on the underlying stratigraphy
remain poorly known, leaving a critical gap in the under-
standing of ground water conditions below Fort Richard-
son. A conceptual model of the subsurface stratigraphy
was developed on the basis of results of recent surficial
mapping, current knowledge of the glacial history, stud-
ies of modern glaciers, and limited subsurface data. A
confining layer below the southern half of the canton-
ment is likely the northern extension of an “older” ground
moraine that crops out further to the south. Below the

cantonment, this moraine is buried below about 15 m
of outwash and fan deposits, but it appears to be
absent to the north, where the confined and uncon-
fined aquifers are hydraulically connected. The north-
ern limit of the “continuous” ground moraine is roughly
below the cantonment and parts of Operable Unit D.
Buried silt horizons in the fan probably create the
locally perched aquifers; however, erosional remnants
of the ground moraine and interfingering of debris flow
deposits along the Elmendorf Moraine are plausible
alternatives. These deposits are composed of finer-
grained materials that slow ground water infiltration
and cause water to accumulate.
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Glacial Geology and Stratigraphy of Fort Richardson, Alaska
A Review of Available Data on the Hydrogeology

LEWIS E. HUNTER, DANIEL E. LAWSON, SUSAN R. BIGL, PEGGY B. ROBINSON, AND JOEL D. SCHLAGEL

INTRODUCTION

The distribution of surficial deposits across
Fort Richardson is well known, based on more
than 40 years of investigations (e.g., Miller and
Dobrovolny 1959; Cederstrom et al. 1964; Karl-
strom 1964; Schmoll and Dobrovolny 1972a;
Reger and Updike 1983, 1989; Yehle and Schmoll
1987a,b, 1989; Yehle et al. 1990, 1992; Reger et al.
1995; Schmoll et al. 1996). Most of the Fort Rich-
ardson cantonment is situated on a large glacioal-
luvial fan, which originates at the mouth of the
Eagle River Valley near the city of Eagle River
(Fig. 1, Plate 1). The fan slopes gently to the west—
southwest, underlying parts of EImendorf Air
Force Base and downtown Anchorage, and is
truncated to the west by sea bluffs along the Knik
Arm. The fan is composed of outwash deposited
by ice-marginal streams and outburst floods that
occurred when ice-dammed lakes in the Eagle
River Valley drained (Schmoll et al. 1996). The
glacioalluvial fan is bordered on the north by the
Elmendorf Moraine, a low relief ridge that trends
east to west across the region. The moraine
formed about 13,000 14C years ago (Schmoll et al.
1972, 1996; Reger et al. 1995). Hummocky end-
and ground-moraine deposits mixed with out-
wash, estuarine, lacustrine, and bog deposits are
found north and northwest of the EImendorf
Moraine.

Along the southern margin of the fan and fur-
ther to the south, several low hills of ground
moraine protrude through younger glacial depos-
its of various origins from the most recent glacia-
tion of this area (Plate 1). The streamlined hills
located between the post housing area and Glenn
Highway are such features (e.g., Birch Hill).
These hills are composed of ground moraine (gla-

cial diamicton) that extends underneath the fan
deposits and probably below the Bootlegger
Cove Formation, a fine-grained silt deposited in
an estuarine environment (e.g., Miller and Dobrov-
olny 1959, Reger et al. 1995, Schmoll et al. 1996).
The Bootlegger deposits and the ground moraine
form an irregular surface upon which younger
glacioalluvial sediments were deposited. Both the
fine-grained diamicton of the ground moraine and
the Bootlegger Cove Formation have much lower
hydraulic conductivities than the overlying gravel
and may confine ground water into multiple
aquifers. Older gravel horizons that lie beneath
these deposits form confined aquifers that appear
to be hydraulically linked throughout the
Anchorage area (Cederstrom et al. 1964).

This report summarizes the results of the ini-
tial phase of our hydrogeological study of Fort
Richardson. Our goal was to synthesize existing
surficial geology and stratigraphy information
relevant to Fort Richardson, including a review of
the glacial history of the Anchorage area. These
data were then to be integrated into a conceptual
stratigraphic model to provide a basis for future
environmental studies and to help explain
ground water behavior below the cantonment.
The reason for this work is that the stratigraphic
models typically used for environmental investi-
gations on Fort Richardson are generally over-
simplified, potentially leading to a false impres-
sion of subsurface conditions. This in turn could
cause unwarranted conclusions to be drawn about
the stratigraphy and its influence on ground water
movement, affecting proper management deci-
sions, and leading to ineffectual environmental
cleanup efforts and compliance. This report doc-
uments the complexity of the stratigraphy on the

to contents
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Figure 1. General location of Fort Richardson, showing drainages described in the text (white line is border of fort).

basis of data available at the start of the study.
Field data collected following this study will be
presented in a subsequent report.

Physiography

Fort Richardson lies in the Cook Inlet-Susitna
Lowland and Kenai-Chugach Mountains physio-
graphic provinces of Wahrhaftig (1965) (Fig. 2).
The Anchorage Lowland is a roughly triangular
area below 152 m elevation located between the
Knik and Turnagain Arms. It is characterized by
rolling hills with 15 to 76 m of relief. To the west,
the terrain flattens across a broad alluvial plain
that is locally incised by broad, shallow channels.
The Anchorage Lowland is characteristic of glaci-
ated terrain and contains various landforms,

including hummocky moraine, drumlin fields,
and outwash plains. Hills, mostly composed of
glacial drift, lie at the base of the Chugach Moun-
tains. These hills are separated by gently sloping
alluvial fans formed by streams originating in the
mountains. Rolling uplands border the Chugach
Mountains and extend to elevations of 914 m.
The rugged Chugach Mountains rise abruptly
to more than 2000 m along their front, with a
flanking region of peaks and ridges generally
1000 to 1500 m high. Only the western flank of the
mountains is contained in Fort Richardson,
where elevations reach about 1615 m. The Chu-
gach Mountains are cut by a series of northwest-
trending U-shaped valleys, including those cur-
rently occupied by Ship Creek and Eagle River

to contents
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(Fig. 1). Generally sharp-crested ridges separate
the U-shaped valleys, except to the northwest,
where they become relatively smooth crested or
gently sloping to nearly flat at their crests.

Hydrography

Fort Richardson lies primarily in the Eagle
River and Ship Creek drainages; only the far
southeast corner extends into the North Fork
Campbell Creek drainage (Fig. 1).

The Eagle River drainage area covers 600 km?
and is 12% glacier-covered (Munter and Allely
1992). The Eagle River flows in a well developed
meandering channel, through a large U-shaped
valley for about 32 km from its source in the
Chugach Mountains. The last 10 km of this reach
flows across glaciated lowlands on the north side
of the ElImendorf Moraine (Fig. 1). The modern
floodplain is incised into a paleo-outwash chan-
nel. The river straightens just east of Eagle River
Flats. Here, channel migration has eroded uplands
composed of stratified glacial sediments. The
Eagle River discharges into the Knik Arm at the
mouth of the Eagle River Flats, a macrotidal salt

depasits associated with
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G+ 157
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marsh (Lawson et al. 1996a,b). Mean annual dis-
charge of the Eagle River at a gauging station in
the City of Eagle River is about 15 m3/s; dis-
charge peaked in September 1995 at 292 m3/s
during the greater than 500-year flood (Kemper
et al. 1995, Brabets 1996).

Ship Creek emerges from the Chugach Moun-
tains at the eastern edge of Fort Richardson and
flows just south of the cantonment area (Fig. 1).
Its channel is incised along the flank of the
Chugach Mountains but becomes less so in the
center of Fort Richardson where it crosses an old
alluvial fan. Updike et al. (1984) described Ship
Creek as being the most economically important
stream in Alaska because it is used by three pow-
erplants, and the Anchorage and Fort Richardson
water treatment plants, as well as being the pri-
mary source of recharge to the Ship Creek aquifer
(up to 14 million gal. [53,000 L] per day [Ander-
son 1977]). The mean annual discharge of Ship
Creek is 16.5 m3/s, with a peak discharge of 181
m3/s, which occurred on 27 August 1989 (Brabets
1996).

Clunie Creek drains a small lake east of the

to contents



Malamute Drop Zone, flowing through a series of
wetlands in an abandoned outwash channel, and
discharges into the salt marshes of the Eagle
River Flats. The old channel is incised into fluted
ground moraine and represents a meltwater
pathway that was active as EImendorf ice retreat-
ed from the area (Plate 1).

Numerous tributaries including the south and
north forks of Campbell Creek drain the western
flanks of the Chugach Mountains south of Ship
Creek. These eventually flow into Chester Creek
west of the Fort Richardson border. The larger
South Fork Campbell Creek originates in the
Chugach Mountains, while the North Fork is fed
by a series of unnamed and poorly defined
streamlets that discharge from gullies along the
mountains.

SURFICIAL GEOLOGY

The geology of Fort Richardson and adjacent
lands has been mapped by Miller and Dobrov-

olny (1959), Cederstrom et al. (1964), Schmoll and
Dobrovolny (1972a) and more recently by Yehle
and Schmoll (1987a,b, 1989), Yehle et al. (1990,
1992), and Schmoll et al. (1996). Other studies of
the regional surficial geology have been made by
Karlstrom (1964), Reger and Updike (1983, 1989),
and Reger et al. (1995). The area is generally cov-
ered by deposits of glacial, glacial marine (glacio-
estuarine), and glacioalluvial origin, with bed-
rock outcrops found on the south and east along
the Chugach Mountains (Fig. 1; Plate 1). These
Quaternary-age sediments form a westward
thickening wedge, beginning at the base of the
Chugach Mountains, and locally reach about 213
m.* Below the Fort Richardson cantonment,
these sediments are at least 70 to 98 m thick,
based on well logs described by Cederstrom et al.
(1964).

Because glacial sediments were deposited dur-
ing multiple ice advances, they possess a complex

* Personal communication with H.R. Schmoll, USGS, 1996.

Figure 3. Stratigraphic cross section from Fire Island (after Schmoll and Barnwell 1984) demonstrating the

complex relationship among glacial sedimentary units.

to contents
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Figure 4. Major landforms in the Anchorage Lowland.

stratigraphy (e.g., Fig. 3). This complexity is espe-
cially true under the Fort Richardson cantonment
area, where sedimentary deposits along the south
margin of the ElImendorf Moraine likely inter-
finger with alluvial fan sands and gravels. These
gravels are incised into or truncate ground-
moraine deposits, while all of these deposits
overlie older glacial and glacial marine deposits.

Surficial geologic map

We developed the conceptual stratigraphic
model and interpreted the glacial history of the
area largely on the basis of recent surficial geologic
mapping by Yehle and Schmoll (1987a,b, 1989),
Yehle et al. (1990, 1992), and Schmoll et al. (1996).
These studies provide specific information on
surface morphology and detail how the various
sediments are distributed across Fort Richardson.
A geological map of Fort Richardson (Plate 1) was
produced by incorporating the geological data

from five 1:24,000 topographic quadrangles. The
original Mylar maps were provided to CRREL by
H.R. Schmoll and L.A. Yehle, U.S. Geological Sur-
vey. A contracted company scanned these maps
and converted raster data to vector data. Poly-
gons were developed and labeled at CRREL to
create an Arcinfo coverage of the surficial geol-
ogy for the USARAK’s GIS database of Fort Rich-
ardson. The map coverage has been reviewed by
Schmoll and Yehle for accuracy and their detailed
explanations of the map symbols are included as
Appendix A. Our synthesis of the surficial geol-
ogy is presented in the following sections.

Surficial deposits

The most common and spatially extensive
surficial deposits on Fort Richardson are: 1) end
moraine, 2) lateral moraine, 3) ground moraine,
4) glacioalluvial, alluvial, and alluvial fan, 5)
estuarine, and 6) lacustrine (lake) (Fig. 4 and 5;
Tables 1 and 2). Less abundant deposits are those
of wind, colluvium, and rock glaciers. Wind depos-
its in the form of loess (wind blown silt) occur as a
thin blanket of variable thickness throughout the
area, but they have not been assigned a separate
map unit. Colluvium, a poorly sorted, uncom-
pacted, and unstable deposit of silt, sand, and
gravel, is found along mountain slopes (solifluc-
tion and landslide deposits) and as a veneer on
coastal and stream bluffs. Rock glaciers occur
only in high mountain valleys. They consist of
rock fragments with an ice matrix that allows
them to flow.

End-moraine deposits

These are ice-marginal sediments deposited
along the termini of glaciers. End moraines
develop where the glacier remains relatively sta-
ble for an extended time. Deposition is polygen-
etic, resulting from combined fluvial (proglacial
stream), glacial (lodgement, meltout, glacial-
tectonic), and gravitational slope processes that
produce gently arcing ridge complexes at the ice
margin (Fig. 5). End moraines are composed of
juxtaposed sequences of coarse gravel, fine well-
sorted sand, dense silt and clay, and diamictons
(App. A).

The Elmendorf Moraine is an end moraine
that forms a major morphological feature across
Fort Richardson just north of the cantonment
area. It continues along the north edge of Elmen-
dorf Air Force Base and in the Susitna Lowland
across the Knik Arm (Fig. 1 and 4). Recent studies
have shown that the EImendorf Moraine corre-
lates with ice advances in Turnagain Arm and

to contents
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Glacial Marine Silt

Figure 5. How map unit types relate to a valley gla-
cier. (After Boulton and Eyles 1979.)

across south-central Alaska. It indicates a major
regional advance between 14,000 and 13,000 14C
years BP (before present) (Reger et al. 1995). There
are also several smaller end moraines in the larger
valleys of the Chugach Mountains (Schmoll et al.
1996).

Lateral-moraine deposits

These deposits develop as narrow, well-defined
ridges and less well-defined ridge segments along
the sides of glaciers. Lateral moraines are com-
posed of sand, gravel, and diamicton, similar to
end moraines (Fig. 5; Plate 1). Lateral moraines are
found in the Chugach valleys and along the
Chugach Mountain front. The latter ridges are
aligned in an en-echelon pattern, descending
gradually to the southwest. Older moraine ridges
are generally better developed in the southwest,
where they form the principal ridges along the
base of the Chugach Mountains (Schmoll et al.
1996). Lateral moraines usually have gentle to
moderate slopes along ridge tops, but steep sides,
especially in the downslope direction. Where a

Recessional
Moraine

Drumlin

Lake/Pond

Debris Flow (Diamicton)
End Moraine

Glaciofluvial Outwash
(Outwash Train)

Flute

Diamicton (Till)

ridge is relatively high on a mountainside, it may
directly overlie bedrock. In other areas, they
appear laterally gradational with colluvium on
the mountain slopes while overlying other glacial
deposits.

Ground-moraine deposits

Ground moraines form through a number of
processes believed to operate beneath glaciers,
most of which are not fully understood (e.g.,
Drewry 1986, Menzies and Shilts 1996). They are
spatially extensive and commonly thinner than
deposits of end and lateral moraines (e.g., Fig. 4
and 5; Plate 1). Ground moraines may be associated
with positive-relief landforms, such as flutes and
drumlins. They are generally composed of diam-
icton that may exhibit various degrees of sorting
and stratification and may contain thin, inter-
bedded sand, silt, and gravel horizons. These de-
posits are common north of the Elmendorf
Moraine, where there are many drumlins and the
surface is locally incised by modern and ancient
alluvial channels and are of similar age to the

to contents



Table 1. Characteristics of surficial deposits.

Deposit Materials Topography and origin

Alluvial Well bedded and well sorted Smooth, with slopes nearly flat to very gentle; steep scarps
gravels and sands of variable locally separate deposits at different levels; deposits from
thickness (few to tens of meters). active streams and floodplains.
Clasts are rounded to well rounded.

Alluvial fan Conically shaped with slopes moderate to gentle, steeper near
the fan apex.
Colluvial Mainly loose, coarse rubble and Smooth, with slopes generally steep to very steep and gener-

Glacioalluvial

Kame

Kame-terrace

Kame-channel

Meltwater-
channel

Outwash-train

(Glacio) Estuarine

(Glacio) Lacustrine

Moraine

End moraine

Lateral moraine

Ground moraine

Pond and bog

Rock glacier

rubbly diamicton, locally bouldery.

Chiefly pebble and cobble gravel and
sand, moderately to well bedded, in
places chaotically.

Chiefly pebble and cobble gravel and
sand, moderately to well bedded and
sorted.

Chiefly pebble and cobble gravel and
sand, locally may include some finer
materials.

Chiefly gravel and sand, well bedded
and sorted; surface may include finer-
grained material with thin organic
accumulations.

Chiefly pebble and cobble gravel and
sand, well bedded and sorted.

Chiefly silty clay, silt, and fine sand,
well bedded and sorted; locally includes
thin beds of peat and other organic
material; also locally includes diamic-
ton, coarser sands, and gravels.

Interbedded clay, silt, and sand; well
to somewhat poorly sorted.

Juxtaposed sequences of deposits from
polygenic origins, primarily diamicton
(poorly sorted admixtures of silt, sand,
and gravel) along with coarse gravel,
fine well-sorted sand, dense silt, and
clay, moderately to well compacted.

Sand, gravel, and diamictons.

Diamicton of variable thickness; may
contain thin, interbedded sand, silt,
and gravel horizons, and thin outwash
gravel or lake deposits on the surface.

Chiefly peat; includes organic-rich silt,
minor woody horizons, and thin
interbeds of ash-sized tephra.

Mainly angular to some subrounded
rock fragments being actively trans-
ported; contains ice-rich matrix; fines
from cobble- and boulder-size frag-
ments at surface to more rubbly dia-
micton character at depth.

ally unstable; deposits that accumulate on a slope primarily
poorly bedded and sorted through the action of gravity and
secondarily with the aid of water.

Features or deposits associated with glacial streams.

Sharply hilly to hummocky with some local depressions;
slopes moderate to steep; glacioalluvial deposit formed
by running water within a glacier during early stages of
stagnation and modified during ice meltout.

Long, narrow landforms that have smoothly sloping surfaces
with prominent scarps on their downslope sides; glacioalluvial
deposits formed by water running along the side margin of a
glacier.

Slightly hummocky in broad, channel-like landforms of low
relief; glacioalluvial deposits formed in ice-contact channels.

Smooth with gentle slopes; channel-like deposits formed
in areas recently abandoned by glaciers.

Smooth with gentle slopes except steep at terrace edges;
accumulated mainly in front of end moraines, downstream
of meltwater-channel deposits.

Smooth with slopes nearly flat; locally marked by subdued
hills and irregularities; accumulated in ancestral Cook Inlet
marine environment, coarser facies deposited at glacier tide-
water margin.

Smooth with gentle slopes, but very steep at valleyward
margins; accumulated in freshwater bodies (large lakes to
small ponds) ponded by glacier ice or moraine deposits.

A mound, ridge, or other accumulation of glacial sediment
producing a variety of landforms.

A gently arcing ridge or series of ridge segments deposited
at the end (or terminus) of a glacier.

A ridge or ridge segments deposited at the side margin of a
glacier. Commonly form gently sloping, sharp-crested ridges
along the walls of valleys that glaciers formerly occupied.

Smooth to hummocky, with gentle to moderately gentle
slopes; deposits left behind when glaciers retreat.

Smooth with very gentle slopes; accumulated in ponds or
small former lakes or stream channels that filled with organic
material.

Moderately hummocky and rough, slopes moderate to very
steep; mixture of rock fragments and ice-rich matrix is transi-
tional between a true glacier and a slow-moving landslide.
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Table 2. Processes of recharge and discharge in Anchorage Lowland.

Recharge

Discharge

Unconfined aquifer
Stream infiltration (losing reaches)
Rain/snowmelt percolation
Discharge along mountain front

Confined aquifer
Percolation from unconfined aquifer
Seeps from fractured bedrock
Discharge along mountain front
artesian flow to surface or bluffs

Stream channels (gaining reaches)
Seeps/springs

Percolation to unconfined aquifer
under high hydrostatic head

Lateral discharge into unconfined zone
where confining layer is intersected

Elmendorf Moraine. An older ground moraine of
Late Wisconsin age lies at depth south of the
cantonment area.* It appears sporadically at the
surface, where it protrudes through younger
glacioestuarine and alluvial fan deposits, and
likely underlies the sediments across much of
Fort Richardson.

Glacioalluvial, alluvial, and alluvial fan deposits

Glacioalluvial. These are a suite of deposit
types, including kame-channel, meltwater-
channel, and outwash-train deposits, consisting
of water-laid sediments deposited in front of a
glacier (Fig. 5; App. A). Meltwater-channel
deposits are composed of well-bedded and well-
sorted sand and gravel, which may include some
finer-grained material that was deposited in a
shallow backwater. Thin organic horizons are
also common on the surface of fine-grained
deposits. Thickness is highly variable, often 1 m
to a few meters, but in places channel deposits may
be thin and patchy, allowing ground moraine or
bedrock to crop out at the channel floor. Stratified
sand and pebble- to cobble-size gravel form out-
wash-train deposits, which accumulated in front
of the EImendorf Moraine and downstream from
Chugach valley glaciers. Most of these latter
deposits now occur mainly in terraces along
former channels. Kame-channel deposits are
composed of sand and pebble- to cobble-size
gravel, similar to outwash-train deposits. Some
silt and clay may now fill paleo-topographic
depressions. Thickness is generally at least a few
meters and the deposits have a hummocky sur-
face that may be incised with low relief channels.
Kame-channel deposits are common at the transi-
tion between high-relief kame and ground-
moraine deposits.

Glacioalluvial sediments deposited along gla-

* Personal communication with H.R. Schmoll, USGS, 1996.

cier margins have a distinctly hummocky mor-
phology caused by the meltout of glacier ice,
which was buried beneath them (Fig. 5). This
melting commonly disturbs the overlying sedi-
ments and further complicates the stratigraphy.
Several types of kame deposits can be recognized,;
most are generally composed of thin beds of sand,
silt, diamicton, and gravel, with varying degrees
of bedding and sorting. Irregular hills from melt-
out include those near the margin of the EImen-
dorf Moraine, within the EImendorf Moraine
north of Clunie Creek and at the margin of the
Anchorage Lowland downslope of major moun-
tain valleys (Plate 1). These deposits are moder-
ately loose, but compact in the center of some
hills and commonly may merge with end- and
lateral-moraine deposits. They are often charac-
terized by sharp crests and more rounded hum-
mocks, moderate to steeply dipping slopes, and
sometimes are truncated by stream channels.

Kame-terrace deposits were formed by water
running along the glacier margin. Long, narrow
landforms with smoothly sloping surfaces
develop. Prominent scarps may remain where
deposition was in contact with the glacier. Kame-
fan deposits, which also form at the glacier mar-
gin, range from several to a few tens of meters in
thickness. Their topography is generally smooth,
and surfaces are relatively moderate, with gentle
slopes increasing in steepness towards their ice
source.

Alluvial. Both modern and ancient alluvial
deposits are found on Fort Richardson. They
occur along present day streams and floodplains
(Fig. 1; Plate 1), often incised into older glacioal-
luvial and alluvial fan deposits. The deposits are
commonly w