Alaska

T L..Péwé.

'th_l-. :

S
4¥F1L

o ..._._

Ed




PREFACE

This book sumwarizing the Quaternary geology of
cenlral and south-central Alaska and containing deserip-
tions of localilies between Fairbanks and Anchorage was
prepared in 1965 for Ficld Conference F of lhe VII
Congress of the International Association {or Qua-
lernary Research. Its considerable popularily among
scientists and nonscientists fed to a rapid exhaustion of
the limited number of first-cdition copies.

Iy response 1o a continuing demand for the guide-
book, the Aluska Division of Geologicat and Geophysical
Surveys hus reprinted the guidebook with the permission
ol the Nebraska Academy of Sciences, Special apprecia-
tion is extended to C. Berlrand Schuliz of the Nebraska
Academy of Sciences {or granting Lhis permission.
‘froy I.. Pewe has vpdated Figures 1-2, 1-10, and 1-15
{or laler publications to reflect ¢hanges in nomenciature
and mformation collecied from the Fairbanks arca sfter
1965. Otherwise Lhe guidcbook is unchanged from ils
first edition,
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Caver Photo: Large foliated ice wedge exposed in re-
transported loess of Wisconsin age. Dome Creek, 12
km north of Fairbanks, Alaska (photo 1038 by T.L.

Pewe, August 1954).

Day

1-3

7-10

11

CENTRAL AND SOUTH CENTRAL ALASKA

SUMMARY OF ITINERARY
Date

August 19-21 Start: (each day) Fairbanks, Alaska
End: (each day) Fairbanks, Alaska
Principal features: Fairhanks area—unglaciated
interior Alaska. pingos, extensive eolian and
alluvial deposits, perennially frozen ground,

ice wedges, T0BSS .o i e

Start: Fairbanks, Alaska

End: Delta Juaction, Alaska

Principal features: Middle Tanana River Valley
—fluvial and glaciofluvial sediments, Delta
glaciation (Illinoian), Donnelly glaciation

August 22

(Wisconsin), river terraces, }oess deposits ...

August 23 Start: Delta Junciion, Alaska

Engd: Area of Isabelle Pass

Principal features: Delta River Area, Alaska
Ranpe—valley glaciers, Darling Creek glacia-
tion (early Quaternary), Delta glaciation
(Illinoiart), Donnelly glaciation (Wisconsin),
fresh knob and kettle topography, Jarvis

Creek Ash Bed, loess deposits .....ccooooiiveeinnn,

Start: Area of Isabelle Pass

End: Junction of Denali and Richardson high-
ways

Principal features: Gulkana Glacier — Recent

August 24

TNOTAINICS .. oo oeeee et e ee e e e e evvessmeerama e st eas e aacenee

August 25-28  Start: Junction of Denali and Richardson high-
ways
Note: Day 7 includes the Denali Highway and
part of the Copper River Basin areas; Day 8,
the Copper River Basin; Day 9, Copper River
Basin and Matanuska River Valley; Day 10,
Matanuska River Valley and Anchorage
Principal features: rock glaciers; eskers; glacial
deposits; valley glaciers; lacustrine deposits;
ground breakage caused by earthquake of
March 27, 1964; Mount Susitna, Caribou Hills,

Eklutna, Knik, and Napiowne glaciations ... ...

August 29 Start: Anchorage, Alaska

End: Boulder, Colorado
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OUTLINE OF TECHNICAL FIELD CONFERENCE F

Technicul Field Conference F, cen-
tral and south-central Alaska, from
August 18 p.m. to August 28 p.m. is
composed of two parts. Part 1 con-
sists of a three day stay in the Fair-
bhanks area of central Alaska. During
the three days local field trips will
be made to the first 19 Stops of the
Field Conference. Also during the
three days a symposium will be held
titled, “Arctic environment and proc¢-
esses.”

Part 2 of the Ficld Conlerence con-
sists of a seven day lcip to Anchorage
from Fairbanks over the Richardson
and Glenn Highways. The seven sec~
tions of Part 2 are as follows: 1. Mid-
dle Tanana River valley; 2. Delta
River area, Alaska Range; 3. Gul-
kana Glacier; 4. Denali Highway and
part of Copper River Basin; 5. Cop-
per River Basin; 6. Copper River
Basin and Matanuska River valley;
7. Matanuska River valley and An-
chorage area.

INTRODUCTION!

by

Troy L. Péwé

University of Alaska and
U.S. Geological Survey,
College, Alaska

General Statement

Marine, fluvial, lacustrine, glacial,
eolian, and periglacial deposits of
Quaternary age are present in the
central and southern parts of Alaska
and are being formed today. Marine
sediments are accumulating along
the coast, and glaciers are wide-
spread. Geological processes active
in cold regions—periglacial processes
such as solifluction, altiplanation,
and formation of permafrost——are
known threughout much of the area.
Dust is being blown from acitve
valley trains and ocutwash fans and
being deposited as loess over adja-
cent terrain.

Five major areas are considered:
the Fairbanks area, the central
Tanana River area, the Delia River
area of the Alaska Range, the

TPublication authorized by the Di-
rector, United States Geological Sur-
vey.

Copper River Basin, and the Upper
Cook Inlet area and Matanuska
River valley. The Fairbanks area
is typical of unglaciated interior
Alaska and is characterized by ex-
tensive eolian deposits and consid~
erable perennially frozen ground.
The central Tanana River valley is
a broad river valley with heavily
silt~Jaden glacial streams. The Delia
River area of the Alaska Range is
characterized by many glaciers and
by deposits recording more exten-
sive glarciation in the past. The
Copper River Basin has a maost in-
teresting record of alternating glacial
and lacustrine deposits. The Upper
Cook Tnlet area and Matanuska
River valley record multiple glacia-
tion, as well as provide classic evi-
dence of landslides generated by the
Good Friday FEarthquake of 1964.

—d—

Organizalion and
Acknowledgexnents

The overall organizer and editor
of this guidebook has been Troy
L. Péwé. Péwé has been responsible
for the sections of the guidebook
dealing with the Fairbanks area,
central Tanana River valley, and
the Alaska Range. Leslie Viereck,
Research Botanist, Northern Farest
Experiment Station, U.S. Forest
Service, University of Alaska, con-
tributed all discussions of vegeta-
tion in the sections dealing with the
Fairbanks area, the central Tanana
River valley, and the Alaska Range.
Michael Blackwell, graduate student
in geology at the University of
Alaska, contributed unpublished in-
formation in the Harding Lake and
Birch Lake areas and commented
on the read log from the Salcha
River to Banner Creek. Lawrence
Mayo, U.S. Geological Survey, com-
piled the glaciology section of the
Gulkana Glacier Stop.

The archeological statements in
sections dealing with the Fairbanks
area and the Alaska Range were
contributed by Fred Hadleigh-West,
Department of Anthropology and
Geography, University of Alaska.

The section on the Copper River
Basin was prepared by Oscar J.
Ferrians, Jr., and DPonald R. Nichols.
Ferrians was responsible for the
road log from Mile 183.3 on the
Richardson Highway to Mile 124.8
on the Richardson Highway in-
cluding the Gakona section Stop.
Nichols was responsible for infor-
mation on permafrost at Mile 130,
Richardson Highway, and for the
road log along the Richardson High-
way from Mile 124.8 to 1125 and
the Gienn Highway from Mile 189
to 170. John R. Williams, U.S. Geo-
logical Survey, provided basic in-
formation for parts of figures 8-5
and 9-4 and for the road log from
Mile 170 to 121 on the Glenn High-
way from his unpublished maps and
field notes.

The Upper Cook Inlet area and
Matanuska River valley was com-
piled by T. N. V. Karlstrom.

Other leaders for Conference F
are: Lawrence R. Mayo, U.S. Geo-
logicat Survey; Richard D. Reger,
Geology Department, University of
Alaska; and Leslie A. Viereck, U.S.
Forest Service.

References used in compiling the
area resumés and the road logs are
listed in a general bibliography and
in bibliographies at the end of each
individual section. References are
not inseried with the iext except
where controversial points are dis-
cussed.

Al radiocarbon dates are used as
yvears before preseni. All are cited
by laboratory and number. If the
date is previously published, the ref-
erence is listed in the biblicgraphy.
Dr. Jap Lundgvist of the Geological
Survey of Sweden kindly made ar-
rangements for radiocarbon dating
of remains of carcasses of Pleisto-
cene age from the Fairbanks arez so
that the information would be avail-
able for this guidebook.

General Bibliography

Black, B. F.. 1951, Eolian deposits of
Alaska: Arctic, v. 4, p. 89-111.

Capps, S. R. 193], Glaciation in
Alaska: U.S. Geol. Survey Prof.
Paper 170, p. 1-8.

Coulier, H. W.. Hopkins, D. M., Karl-
strom, T. N. V., Péwé, T. L., Wahr-
haftig, Clyde, and Williams, J. H.
1965, Extent of glaciations in
Alaska: U.S. Geol. Survey Misc
Geol. Inv. Map I-415.

Drury, W. H.. 1956, Bog flats and
physiographic processes in the Up-
per Kuksokwim region, Alaska:
Conir. to the Gray Herbarium No.
178, 130 p.

Dutro. J. T. and Payne, T. G.. 1957,
Geologic map of Alaska: U.S. Geol.
Survey.

Hopkins, D. M., Karlstrom. T. N. V.
and others, 1955, Permafrost and
ground water in Alaska: Y.S. Geol.
Survey Prof. Paper 264-F, p. 113-
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, 1959, Some characteris-
tics of the climate in forest and
tundra regions in Alaska: Arctic,
v. 12, p. 415-420.

e _-. . MacNeil F. S.. Merklin,
R. L., and Petrov, O. M. 1965,
Quaternary correlations across
Bering Straii: Science, v. 147, p.
1107-1114.

, 1965, Quaternary marine
transgressions in Alaska: Trudy,
U.8.5R. Inst. Geol. Arctic, v. 143,
(in Russian with Englisk sum-
meary; complete English transla-
tion will be available from Office
of Technical Services, U.S. Dept.
of Commerce and Am. Geol. In-
stitute).

Karlstrom, T. N, V., and others, 1964,
Surficial geology of Alaska: U.S.
Geol. Survey Misc. Map No. 1-357.

Lachenbruch, A. H. 1962, Mechanics
of thermal contraction cracks and
icewedge polygons in permafrost:
Geol. Soc. America Spec. Paper
70, 70 p.

Lutz, H. J. 1956, Ecological effects
of forest fires in the interior of
Alaska: USDA Tech. Bull. 1133,
119 p.

Payue, T. G.. 1855, Mesozoic and
Cenozoic tectonic elements of

Alaska: U.S. Geol. Survey Misc.
Geol. Inv, Map 1-84.

Péwe, T. L., and others, 1953, Mul-
tiple glaciation in Alaska, a prog-

ress report: U.S. Geol. Survey
Cire. 289, 13 p.
Hopkins. D. M. and

Giddings. J. L.. 1965, Quaternary
geology and archeology of Alaska:
INQUA Regional Volume.

Ice wedges in Alaska—
classification, distribution and cli-
matic significance: Proc. Iat.
Permafrost Conf., Purdue Univ.,
1963 [in press).

Shacklette, H. T.. 1963, Infiuences of
the soil on boreal and Arctic plant
commupniiies: Unpub. Ph.D. Thesis,
Dept. Botany, Univ. of Mich., 349 p.

Sigafoos, R. S.. 1858, Vegetation of
northwestern North America, as
an aid in interpretation of geologic
date: U.S. Geol. Survey Bull, 1061-
E, p. 165-185.

Wahrxhaftig, Clyde. Physiographic
divisions of Alaska: U.S. Geol.
Survey Prof. Paper 428 [in press].

Watson, C. E. 1959, Climate of
Alaska: U.S. Weather Bureau, Cli-
matography of the United States
No. 60-49, 24 p.

Williams, Howel, 1958, Landscapes of
Alaska: Univ. of Calif. Press, 148 p.

FAIRBANKS AREA

by

Troy L. Péwe
RESUME OF THE QUATERNARY GEQLOGY OF THE
FAIRBANKS AREA

The Fairbanks area is in central
Alaska approximately 100 miles (160
km) south of the Arctic Circle (fig.
1-1).1 The area has a continentaf cli-

1This guidebook has 53 figures,
numbered coansecutively from 1
through 53, but with a prefix for
each number to indicate the day of
the trip when the figure is first used.
Thus fig. 4-16 would indicate that
figure 16 appears in the itinerary
for DAY 4. Figures for Days 1, 2,
and 3 are all listed as DAY 1.

mate characterized by an extreme
range between summer and winter
temperatures. The mean annual tem-
perature is 26.1°F (—3.3°C), and the
mean annual precipitation s 11.7
inches (29.7 cm).

The Fairbanks area is on the north
side of the broad Tanana River val-
tey near the base of the hills that
constitute part of the Yukon-Tarnana
upland. The southern part of the
area lies within the Tanana River
flood plain at an altitude of 400 feet
(120 m) and the rest les within the
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upland. The upland is" a maiurely
dissected area of accordant rounded
ridges 2000 to 3000 fect (600 to 900
m) in altiiude.

=y
Central Alaska has nol been gla- 1-2). A second cycle of much gravel ¥ £ o
ciated except in smalt local moun- aluviation followed. The younger S e Il
tain masses, but glaciers from the gravel is not stained as dark a brown g 2 8—\ 2
Alaska Range approached within 50 as the older gravel deposit. Both % b3 |

miles (80 km) of Fairbanks during
glacial advances, and heavily loaded
rivers deposited several hundred feet
of silt, sand, and gravel in the Ta-
nana Valley. Aggradation of the
trunk wvalley raised base level and
caused 1ributaries from the Yukon-
Tanarna upland to aggrade their
lower valleys. More than 400 feet
(120 m) of sediment was deposited
in creek valleys of the upland in the
vicinity of Fairbanks. Silt was biown
from the Tanana River flood plain
and was deposited as loess. Wind-
blown silt ranging in thickness from
a few inches on summits to more
than 150 feet (45 m) on middle
slopes blankets the ridges of the up-
lands.

A complex series of events took
place in Quaternary time. The de-
posits show a record of alternating
deposition and erosion of silt and
gravel, the formation and destruc-
tion of permafrest, and climatic
fluctuations ranging from a climate
warmer than that which exists now
to one colder than the present.

In jate Pliocene and/oxr early

offset from the location of the earlier
channels, and therefore, some of the
first placer accumulations stiil exist
as fragmentary bench deposits (fig.

gravel deposils are unconformably
overlain by loess, or if in vatley bot-
toms, by retransported loess rich in
organic remaitns.

It ts thought thal the gravel de-
posits are Quaternary in age because
they contain tusks and large bones
of mammoth. Identifiable wood re-
mains are rare, but white spruce is
recorded. The poorly soried, angular
gravel grades into and in some in-
stances gverlies solifluction deposits,
deposits thought to have originated
under conditions of a rigorous cli-
mate,

1f the age of the gravel is Quater-
nary, it is indeed early Quaternary,
because the Geposits are deeply
buried under two or more loess de-
posits of considerable antiquily. Be-
cause of the antiquity, faunal con-
tent, and suggestion of origin under
rigorous climatic conditions {solifluc-
tion), the two gravel deposits of the
creeks in the Fairbanks area are
thought to be very early Pleistocensg
in age, perhaps Nebraskan(?} or
Kansan(?) (fig. 1-2).

Throughout the unglaciated part

'ce wedge casts

Forest bed

Older brown grave’ Qlc

<

VERTICAL EXAGGERATION X4

(Modified from figure 4 of U.S. Geological Survey

¥*=Gold -rich zona
Schematic composite cross-section of a creek valley in central

logical Survey Professional Paper 835 entitied, YQuaternary Geolegy of AlaskaY,

Unglacisted Central Alaska' by Troy L. Péwé, 1975, and figure 20 in U.S. Geo-

Alaska in the vicinity of Fairbanks illustrating stratigraphic relations of
Profegssional Paper 862 entitled, !"Quaternary Stratigraphic Nomenclature in

Pleistocene time gold placers were of most of central Alaska there ex- o o
formed in creek valleys of the up- ists a widespread 1 to 10 foot thick ” e a -~
land; later, great alluviation of (0.3 to 3 m) deposit of poorly sorted 2 = 5; rLQ
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in these valleys in response to rising  (solifluction deposit) formed by local g SR 0w = o —
base level of the Tanana River mass movement of the mantie some =3 gg‘ﬁ 3 o o -
valley. The gravel has been siained time in the past when the climate §T::Em;;;&n EBE T o -
brown by percolating ground water. was more rigorous than now. S ;gﬁ Eo :2£ @ gg ] 9 _%
This early period of gravel de- in the Fairbanks area a solifluc- 3 cg$f£§3322 gmg E @ i g B
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that are early Quaternary in age.
Like the gravels, the solifluction de-
posits underlie all loess and retrans-
ported loess deposits. In at least one
locality there are solifluction de-
posits of two ages. In at least two
localities fossil ice wedges are pres-
ent in the soliftuction deposits. It is
thought that the inactive solifluction
deposils are early Quaternary inage.

In later Quaternary time (Ii-
poian) the hills were blanketed with
toess derived from the flood plain
of the Tanana River and glacial out-
wash plains south of the Fairbanks
area. Much of this windblown silt
was relransporied to creek valley
bottoms, incorporated much organic
debris, including vertebrate remains,
and became perennially frozen, In-
dications of the antiquity of this
Joess are: (1) its position uncon-
formably beneath a younger silt de-
posit, the base of which is older than
39,000 years (GXO360) (fig. 1-2);
(2) joints that were heavily stained
py iron oxide and cemented before
the deposit became perennially fro-
zen: and (3) evidence from fossil ice
wedges that the loess, having be-
come frozen, was thawed, then again
perennially frozen.

Following this loess depositional
period there was an erosional period
when most of the retransported silt
in creek valley battoms and some of
the loess on the hillside slopes and
hilljtops were removed. The loess
was deeply gullied and block slump-
ing occurred. Long parallel gullies
more than 30 feet {10 m) deep and
600 feet (180 m) long formed on al-
most all loess-covered slopes in the
Fairbanks area. Permafrost thawed
and perhaps disappeared during this
warm interval.

{n Wisconsin time additional ioess
was deposited on the uplands. Dur-
ing this period of accumulation much
loess was retransporied to valley
bottoms to form an organic-rich fetid
perennially frozen deposit — locally
termed “muck” (fig. 1-2). This val-

ley bottom facies of loess of Wiscon-
sin age is 10 to 150 feet (3 to 46 m)
thick and contains abundant verte-
brate and plant fossils, including
partial carcasses of vertebrates that
were entombed in the silt and per-
ennially frozen. The most common
vertebrate remains in the muck of
Wisconsin age, in order of their
abundance, are those of bisen, mam-
moth, and horse. The reiransported
silt (valley bottom facies) of Wis-
consin age contains many ice wedges
1 to 10 feet (0.3 to 3 m) wide and
up to 30 feet (10 m) high.

The gullies and ridges of pre-Wis-
consin age cut in loess of middle and
vpper slopes in the Fairbanks area
were rounded and subdued by the
blanket of loess deposited over these
undulations in Wisconsin time.

About 5000 to 8000 years ago there
occurred a short warming interval
that caused the permafrost fable to
be lowered a few feet and the top
of the ice wedges to melt down about
1 to 10 feet (0.3 {0 3 m). Loess and
the valley bottom facies (refrans-
ported silt) of the loess that was de-
posited since and during the thawing
lies unconformably over the thawed-
down flat-topped ice wedges and re-
transported silt of Wisconsin age
(fig. 1-2). This Recent silt is T to 25
feet {0.3 to 8 m) thick, and 21l but
the upper 4 or 5 feet (1.5 m) is per-
ennially frozen, The silt contains no
bones of extinct animals.

On the hilltops the loess deposited
in Illinoian, Wisconsin, and post-
Wisconsin time constitutes one rela-
tively uniform loess layer, and to
date it has not been possible to dif-
ferentiate this loess into layers of
separate ages. All the upland loess
is grouped together under the name
Fairbanks Loess (fig. 1-2).

Permafrost exists nearly every-
where in the Fairbanks area except
beneath hilltops and moderate to
steep south-facing slopes (fig. 1-3).
Sediments of the flood plain are per-
ennially frozen to depths of as much
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as 265 feet (81 m), but not every.
where is permafrost encountered in
a single layer. The thickness of the
frozen layer varies widely and in
many areas permafrost is lacking.
Thawed areas occur beneath exist-
ing or recently abandoned Tiver
channe)s, sloughs, or lakes. Else-
where layers of frozen sand and silt
are intercalated with unfrozen.lay-
ers of gravel. Depth of permafrost
in the undisturbed areas may be
from 2 to 3 feet (D6 to 0.9 m) or
more than 4 feet (1.2 m) on the slip-
off sides of rivers.

Fires, clearings, and construction
since 1903 have increased the depth
to permafrost 25 to 40 feet (8 to 12
m) in many places. Ice in the per-
ennially frozen sediments of the
flood plain consists of granules in
cement between the grains. Large
ice masses are absent.

Permafrost in the relransported
valley bottom silt of the creek val-
leys and lower slopes reaches a
thickness of at least 175 feet (76 m)
near the flood plain but decreases
toward the hills, pinching out at the
base of steep south-facing slopes,
but extending nearly to the summit
of north-facing slopes. Permafrost
in these sediments contains large
masses of clear ice occurring as hori-
zontal sheets, vertical sheets, wedges,
and saucer-shaped and irregular
masses. The ice masses are of foli-
ated ice (ice wedges) and range
from less than 1 foot to more than
15 feet (0.3 to 5 m) in thickness and
from 1 to 50 feet (0.3 to 13 m) in
length. Much of the ice is arranged
in a pelygonal or honeycomb net-
work enclosing silt polygons 10 to 40
feet (3 to 12 m) in diameter.

Temperature of the permafrost in
ihe Fairbanks area at a depth below
the effect of seasonal femperature
fluctvations (30 to 50 feet) (8 to
15 m) is about 31°F (-0.5°C). Per-
mafrost is forming in the area ioday
under [avorable circumstances. If
the vegetation cover is removed the

permafrost thaws (degrades). Thaw-
ing of the permafrost in the flood
ptain with low ice ¢ontent results in
little or no subsidence of the ground.
In creek valley bottoms, thawing of
ice-rich retransported loess (muck)
results in great differential subsi-
dence of the ground.

Permafrost in the area is thought
to be Wisconsin in age. It is thought
that earlier permafrost in the area
disappeared in Sangamon time, and
present permafrost is the result of
the rigorous climale of the latest
glacial stage.

The vegetzation in the Fairbanks
area is a complex mosaic which re-
sults from a long history of forest
fires, from ditferences in slope ex-
posure and parent material, and from
a complicated pattern of permairost.
On well-@rained upland soils where
permafrost is lacking or at depths
of more than 4 feet (1.2 m), large
areas are covered by relatively
young stands of paper birch (Betulo
pepyrifera} and aspen (Populus
tremuloides) which have developed
directly after forest fires or cutting.
An understory of young white
spruce (Picea glauce) in many of
the aspen and birch stands shows
that they will eventually be replaced
by stands of while spruce. The
white spruce and the white spruce/
paper birch types are widespread on
wetl-drained upland soils that have
not been burned in the past 200
years. Associated with the white
spruce is a sparse shrub layer of
highbush c¢ranberry (Viburrum
edule), rose (Rosa aciculeris), alder
(Alnus spp.), and willows (Salix
spp-), and a thick moss layer of
Hylocomium splendens, Pleurozium
schreberi, and Rhytidiadelphus fri-
quetrus.

Upland areas closely underlain by
permafrost are usually occupied by
black spruce (Picea mariana) in
either open or dense stands. Black
spruce often seed indirectly aftier
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fire in this type of area but may be
preceded by stands of alder or paper
birch. Associated with the bilack
spruce are the shrubs, Labrador tea
(Ledum groeniandicum)}, bog btue-
berry (Vaccinium wliginosum) and
dwarf birch (Betula glandulosa),
Groung cover consists of mountain
cranberry (Vaccinium vitis-idaea),
Sphagnum spp., and other mosses,
and lichens (especizlly Cladonia
and Peltigera species). In such areas
frozen ground is usually within 1 to
3 feet (0.3 to 1 m) of the surface,
even during the late summer months.

On the flood plain, permafrost is
lacking under the youngest alluvial
deposits, especially on the slip-off
slopes. Stands of willow (Salix spp.),
balsam poplar, or whife spruce occur
on these sites. These areas have been
relatively protected f{rom fire Dby
rivers and sloughs and beczuse of
this some of the most extensive
stands of commercial white spruce
in interior Alaska occur along these
rivers. On most of the older alluvial
deposits permafrost is close lo the
surface and the vegetation consisls
of slow-growing black spruce and
larch (Larix laricing) or sedge and
sphagnum bogs.

Permafrost forms in the aliuvial
deposits partly as a result of the in-
sulating effect of the vegetation.
White spruce stands develop thick
layers of mosses which result in a
thick organic layer. This layer acts
more efficiently as an insulator dur-
ing the hot summer periods when
the moss is dry {han it does during
the wet or cold periods when the
moss is frozen and saturated. As a
resuli the soil becomes colder and
eventually perennially frozen. This
creates a shallow root zone with weft,
cold congitions, a situation that is
morxe suitable for black spruce than
for white spruce, and the white
spruce is replaced by black spruce
as the older trees die. Continued
swamping may occur with sphag-
num mosses replacing the forest

mosses, and eventually the black
spruce may be replaced by either
sphagnum or sedge bogs. The im-
portance of the insulating effeci of
the vegetation is clearly shown by
the rapid lowering of the permafrost
table after clearing or other dis-
turbance of the vegetation.

This relationship of forest type to
the presence of permafrost is a close
one in the Fairbanks area, and the
vegetation can be used as a general
indication of the permafrost condi-
tions. Black spruce, larch, and bogs
nearly always indicate the presence
of frozen ground within a few feet
(about 0.5 m) of the surface. White
spruce and aspen usually indicale a
permafrost-free area or one in which
the active layer is several feet thick.
Paper birch occurs on sites free of
permafrost, but it also occurs over
permafrost when the active layer
has been temporarily deepened as a
result of burning or clearing.

Locality Descriptions
Stop 1-1:? University of Alaska (fig.
1-4). Sec. 6, T.1S,R. 1 W.

Solifluction deposits

In many excavations on the main
campus of the University of Alaska
a 9-foot (1.5 m) thick solifluction
fayer of bedrock (schist) debris Is
exposed. In some exposures it Js
evident that two solifluction layers
are present {(fig. 1-5). The basal
layer contains well-formed ice
wedge casts of clean eolian (7?) sand.
The upper part of the casts are
drawn out or destroyed by the upper
soliffuction layer. Both solifluction

IThis guidebook has 66 stops,
numbered consecutively from 1
through 66, but with a prefix for
each number to jndicate the day of
the trip when the stop should occur.
Thus Stop 4-20 would indicate that
Stop 20 is included in the itinerary
of DAY 4. Stops for Days 1, 2, and
3 are all listed as DAY 1.
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layers are composed of clayey, sitty
schist debris, but the upper layer is
finer grained. The solifluction layers
are overlain unconformably by loess
I (0.3 m) to more than 25 feet (8 m)
thick.

Present interpretation of the soli-
fluction layers is that the lower layer
indicates a cold period with a climate
much more rigorous than now, or
even than in late Pleistocene time.
After the solifiuction layer formed,
jce wedges developed—either in the
same cold period or in a separale
later coid period. After a warm pe-
riod guring which the ice wedges
thawed and were replaced by sand,
another cold period produced the
second solifiuction layer. The age
of the solifluction layers is assigned
to early Pleistocene because: (1) they
are evidence for a rigorous climate,
(2) they are overlain by one or iwo
loess deposits of middle to Jate
Pleistocene age, (3) in valley bot-
toms, the solifluction deposits grade
into coarse creek gravels which
contain Pleistocene fossils and are
overlain by silt deposits of Illinoian
and Wisconsin age.

Ice wedge casts

The ice wedge casts or fossil ice
wedges are a few inches to 2 feet
(10 to 60 cm) wide at the top and 1
to 5 feet (0.3 to 1.5 m) long. In plan
view, they formn polygons 5 fo 15
feet (1.5 to 5 m) in diameier. The
sand $illing is well sorted and the
grains are frosted. Seveniy-five per-
cent of the grains are between 0.1 to
03 mm jn diameter. If the sand
were fluvial in origin, it is thought
that the solifluclion layer would
have been eroded away by the
stream. Dunes bordering the Tanana
River valley were present in the
Fairbanks area in carly Pleistocene
time as they were along the Tanana
River valley near Big Delta in lale
Pleistocene time.

Loess

The Fairbanks Loess is 1 to 80 feel
0.3 to 25 m) thick on the University
of Alaska campus on College Hill
The color is tan with dark carbona-
ceous ang iron-stained bands. The
silt is well sorted (fig. 1-6), 80 to 98
percent of the particles falling in the
silt-size range. Mechanical composi-
tion varies little with aerial extent
or with depth (fig. 1-7). The siit
grains are angular and fresh, al-
though slightly iron stained. A typi-
cal sample from College Hill contains
abungant quartz, considerable mus-
covile and feldspar, and less calcite,
chiorite, cloritoid, clinozoisite, epi-
dote, garnet, hornblende, opaque
minerals, fourmaline, and zircon. A
heavy-mineral analysis of loess from
College Hill is listed in Table 1.

The loess is massive, has no strati-
fication except where slightly re-
transported. In such loess, faint
stratification consists of itron-oxide
stained horizons, organic fiims, vague
color bandings of short lateral ex-
tent, and volecanic ash layers. The
loess stands in sheer cliffs and is
readily subject to gullying.

Vericbraie remains are abundant
in the retransporied loess of valley
bottoms, but few bones of Pleisto-
cene vertebrates have been found in
the loess of the hillside locations
because of lack of exposures and
because most of the bones have been
transferred to valley bottoms. Bison
sp. and Mammoth bones have becn
found in the Fairbanks Loess on Coi-
lege Hill.

The silt on College Hill cornprises
loess of both Wisconsin and Illincian
age but no brealk, such as is present
an lower valley slopes (fig. 1-2), can
be found here between the iwo
loesses.

Voleanic ash

At least four thin white viiric vol-
canic ash layers are interbedded with
the loess and retransported loess of
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wie Fairbanks area. They range in
thickness from one-lenth of an inch
te 6 inches (3 mm to 16 cm) and
have sharp conlacts with the silt
above and below. Chemically and
petrelogically they are simitar, but
stratigraphically the ash layers are
distinctive. The Ester Ash Bed is a
grilty 6-inch-thick (16 cm) gray lo
white pure glass {index 1.53) layer
exposed near the base of Illinoian(?)
loess near Ester, Gold Hill, and on
the Universily of Alaska campus.
Younger ash layers, not yet formally
named, are exposed in many mining
and natural exposures of loess and
retransported loess.

Soil

Loess on hiltiops and upper and
middle slopes gives rise {0 a brown
soil termed the Subarctic Brown
Forest soil. This soil is limited lo
the interior part of the siate, and is
characterized by a surface organic
mat overlying an A; horizon. The
A» horizon is pale brown and over-
lies a yellowish-brown color B hori-
zon which grades into a yellowish-
gray C horizon. The A horizon is
about 0 to 4 inches (10 cm) thick
and the B horizon is up lo 20 {o 22
inches (50 or 55 cm) thick, The
color of the B horizon is described
as one that has turned brown from
the influence of weathering without
evidence of illuviation of either iron
or humus compounds. The absence
of iron and humus from the B hori-
zons and the presence of an A,
horizon indicale that there is no
podzol development. The upper
horizons are not dark and mixed
with organic debris because orga-
nisms necessary for mixing are ab-
sent and because of the slow rate
of decay of organic malter.

Textural studies indicate no im-
portant changes in clay content from
one soil horizon to another, or
even throughout the parent }oess.
Weathering and clay translocation

Table 1. Heavy-mineral analysis of
upland silt from College
Hill, College, Alaska.t
(From Péwé, 1955, Table 2,

] p. 710)

Mineral Nurmerical

Frequency in

Percentages
Opaque minerals® ............... 37.0
Zoisite . 103
Homblende ...ocooocvvviieieeeeee,. 1001
Garnet®® e 9.6
Epidote . ..—iiieean 72
Unknown fragments 6.0
Clinozoisite ............. 38
Augite ..., 3.1
Sphene ... 3.1
Tourmaling . .coccooceeviiicreee.. . 2.8
Hypersthene ..............cccc.... 2.6
Zircon .. ... .19
Apatite ... 14
Rutile T
Enstatite 2
Tremolite ............. 2

*Approximately 70 per cent mag-
netite and ilmenite.

**All isolropic grains listed as
garnet.

1+Separation made with acetylene
tetrabromide; permanent mount
made in Canada balsam; 415
grains counted.

are not primary factors in the origin
of the soil. The same general suite
of minerals is found throughout the
soit proflile, and the clay minerals
are not due to weathering in place.
The presence of minerals subject
to easy alteration emphasizes the
youthfulness of the soil in a
weathering seguence. The brown and
red colors in the B horizons are due
to coatings of free iron oxide.

Thin textural bands occur in the
B horizon in the Subarctic Brown
Forest soils of the Fairbanks area.
The bands are parallel to the surface
apd are high in fresh clay-sized par-
ticles. The textural bands are nol
generic and not a part of soil de-
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velopment. They probably are de-
positional, the result of slight changes
in source and deposition of loess.
Frost action also has been suggesied
as a process involved in the con-
cenirating of the clay. The Sub-
arctic Brown Forest soils are youth-
ful and relalively stable in their en-
vironment.

Avrcheology

On the edge of the hill now oc-
cupied by the University is the
Campus Site, one of the best-known
early sites in North America. The
site was discovered in the early
1930’s and was excavated periodically
over a period of about 5 years. The
chief reason for its fame lies in the
fact that this was the first sife in
the Americas in which there was
found a typological identity in arti-
fact types with some known from
the Old World. Specifically, it was
determined that the prepared micro-
cores and blades characteristic of
this assemblage were similar to those
excavated in the Gobi Desert. Exact
dating of the occupancy here is not
clear. In the past 10 years a number
of other related sites have been
found.

The Campus Site deposits, like
most of those of Interior Alaska, are
shallow. There probably is some
mixture of later materials with those
of the core and blade tradition. One
of the sites at Donnelty Dome (Stop
5-32) which was excavated in the
summer of 1964, appears to be a very
clear representation of this tradition,
and il is hoped that radiocarbon
dates will be obtained from if.
Stop 1-2: Gold Hill. Seec. 3, T. 1 S,
R. 2 W.

An exposure 1.5 miles (2.5 km)
lapg and 0.2 mile {0.3 km) wide on
Goid Hill was created by placer gold
mining operations in 1949-53. Here
is exposed a tather complete strati-
graphic section of Quaternary de-

posits (fig. 1-8). Thawing and slump-
ing has now destroyed the details,
but the 202-foot (62 m) thick section
of Fairbanks Loess is still present,
as are the brown gravels of early
Pleistocene age in tailing piles.

Stop 1-3: Ester placer mining area.
Sec.8, T.1S,R.2W.

Quaternary stratigraphy

Large-scale placer gold mining
with dredges began here in the late
1920’s and was terminated July 31,
1964. Miltions of dollars worth of
gold was recovered from this area.
The gravel and gold was eroded
frorm Ester Dome and deposited
within 1 to 6 miles (1.5 tg 10 km) of
its source. The gold is fine grained,
while the gravel is coarse, sub-
angular and of local rock types:
quartz, micaceous schist, chlorite
schist, phyllite slate, gneiss. Almost
all gravel exposed consists of tailiag
piles formed when the gravel was
discharged from the dredge. The
gravel here has been moved only
slightly by mining operations, buf
has been overturned and the toarse
and fine fractions separated during
gold extraction.

To the north from this vantage
point gravel exposed in mining op-
erations in Ready Bullion Bench and
Ready RBullion Creek,! Eva Bench
and Eva Creek, and Ester Creek can
be seen. Gravel near the “Island™
and Cripple Creek can be seen to
the south (fig. 1-9). Even casual
examination reveals that the gravels
of Ready Bullion and Eva Benches,
as well as the gravel near the “Is-
land” between Ester and Cripple
Creeks, is distineily browner (more

‘Bullion Creek in figure 1-4 and
on U.S. Geol. Survey Fairbanks D-3
topographic quadrangle map {1949)
should be Ready Bullion Creek. The
new edition of the topographic map
in press has this correction.
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stained with iron-oxide) than
htﬁeg‘grzﬂ?yish-tan gravel of Ready Bul-
lion, Eva, Ester, and Cripple Creeks.
The darker brown gravel deposits
are on benches or otherwise not di-
rectly related to modern drainage.

over what is now known as Gold
Hill (fig. 1-9). The gravel exposed in
Cold Hill placer cut (Stop 1-2) is of
this age. o
After a period of gravel alluvialion
and slight shifting of creek channels
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Fairbanks area, with cumulative-

i of cumulative-frequency curves of upland silt from
i frequency curves of volcapic ash from

irbanks area (F.ster“ls]and”mcﬁm),loessfmmliocklsland.mmow
gmwe;r wind-deposited dust from Germany (Zeuner, 1949, p. g‘l)
and Kansas (Swineford and Frye, 1845, p. 252). Alaskan and IlLinoian
samples collected by T. L. Péwé and analyzed by t.be(;orpsotEngmee;;,
United States Army, Rock Island, Tllinois. (From Péwé, 1955, fig. 11)

They are auriferous gravels of the
earel:-lvat gravel stage in the Fairbaoks
m(ﬁg_l—Z)andm!hougbttObe
Nebraskan(?) in age.

During the early grave! stage, Eva
and Ready Bullion Creeks dramed
sonth across present Ester Creek into
Cripple Creek and then eastward

the streams cut down, forming new
bedrock chaonels and leaving the
old auriferous gravel as remmants
on benches (Gg. 1-2). Gold was con-
centrated on bedrock in these new
channels; Jater there occurred allu-
viation of gravel to a thickness of
from 10 to more than 100 feet (3 to
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30 m). This later gravel ig early
Pleistocenre in age, perhaps Kan-
san(?). Where old and new gold
channels cross, the placer gold con-
centration is generally higher than
elsewhere.

the coarseness of the original deposit
and with the relation of the area
to the water table. On the coarser
deposits left by the dredges birch,
aspen, balsam poplar and willows
become established directly, whereas
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Figure 1-7. Cwnulalive-frequency curves of upland sili from drilt hole near
the top of College Hill, Fairbanks, Alaska. (From Péwé, 1955, fig. 8)

Subsequent to the second gravel
period, loess was deposited. This
loess, plus retransported loess in
valley bottoms, masked the aurif-
erous gravel channels until they
were revealed by shaft mining and
prospect drilling; and later by dredg-
ing.

Vegetation

Various stages in revegetation of
the gravel of dredge tailing piles can
be seen in the Ester Creek area. The
successional sequence wvaries with

on the finer deposits there forms
first a nearly continuous ecover of
light seeded forbs and grasses in-
cluding narrow leafed fireweed
(Epilobium angustifolium), Etigeron
spp., Yarrow (Achtllea borealis),
several Cruciferae, fox tail (Hor-
deum jubatum), hairgrass (Des-
champsia spp.), Polygonum aloska-
rum, and many others. Willows,
balsam poplars, and birches soon
replace this earlier weedy stage. In
a few areas on the tailings white
spruce have become established.
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Figure 1-8. Disgrammatic cross sect:on of the Quaternary stratigraphy at Gold Hill, 8 miles (14 km) west
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In the depressions, especially
where small ponds have been
formed, the tailings have been colon-
ized by willows, horsetails (Egquise-
tum spp.}, and several species of
sedge (Corex spp.).
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Figure 1-9. Map of present and
earlier Quaternary stream chan-
nels in the Ester area, 10 mites (18
km) west of Fairbanks, Alaska.

Stop 1-4: Cripple Creek. 5Sec. 8,
T.15,R.2W.

Undisturbed gravel

In the walls of the dredge pond
10 o 20 feet (3 to 6 m) of sandy,
silty, grayish-brown angular gravel
of Kansan{?) age is exposed. The
gravel is imbricate and interbedded
with sand lenses and layers.

Gold dredge

Dredge No. 10 of the United Sfates
Smelting, Refining, and Mining
Company was the last of the many
pold dredges operating in the Fair-
banks area Lo be shui down. This
dredge is the largest in the Fairbanks
area and was shut down on July 31,
1964, bringing gold dredging opera-
tions in the Fairbanks area to an
end.

Placer gold was discovered in 1802
about 16 miles {26 km) north of Fair-
banks and, within a few years, the
region became one of the greatest
gold-producing regions of Alaska.

Early placer mining was by under-
ground methods and by the early
1920°’s most of the richer deposiis
were exhausted. Abouf $70,000,000
was produced by underground min-
img. In the middie Twenties a revival
of mirning in the Fairbapnks gold
region was stimulated by the initia-
tion of large-scale operations with
huge gold dredges and hydraulic
stripping of the frozen overburden
Since 1928 more than $150,000,600
worth of gold (ai the present price}
was mined in the region by the
United Stales Smelting, Refining,
and Mining Company.

The mining of gold-bearing gravel
in central, northern, and western
Alaska is different from ihe conven-
tional dredging of placer gold in the
temperate and tropical latitudes. In
the far North not only is most of
the gravel perennially frozen, but
it is overlain by 10 {o 130 feet (3 to
46 m) of perennially frozen ice-rich
retransporied siit. This barren siit
must be removed and the gravel
must be thawed before it can be
dredged.

After the location and amount of
gold is determined by drilling, the
frozen retransported silt (muck)
overburden is removed by “strip-
ping.” Strippirg consists of washing
away the daily accumulation of
thawed sili with water under pres-
surg through giant hydraulic nozzles.
The fine-grained retransported Joess
is carried away easily by the small
streams of water under pressures
ranging from 50 to 150 pounds per
square inch (0.3 to 1 kg/cm2}. Water
for the removal of much of the fro-
zen silt was brought 30 miles (145
km} through ditches from the Cha-
tanika River. Water for the opera-
tions at Cripple Creek was pumped
from the nearby Chena River.

After the frozen retransported silt
is removed, the perennially frezen
gold-bearing gravel is thawed by
mtreducing water inte the ground
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at average surnmer temperatures and
low pressures through pipes extend-
ing {o bedrock. The water percolates
back to the surface thawing the
ground as it moves. Stripping and
thawing is limited fo the summer
raonths.

After the gravel is thawed the
ground is dredged by standard float-
ing bucket-line dredges of the Cali-
fornia type. The bucketa on Dredge
No. 10 are 10 cubic feet (0.28 m3) in
size and approximately 10,000 cubic
yards (7500 m?) of auriferous gravel
caa be iransported daily into the
dredge. The dredge is able fo dig
72 feet (22 m) beneath the level of
the water. Dredge No. 10 was built
in 1939, and like all the dredges in
the Fairbanks area, was operated
electrically. Once the gold-bearing
gravel is in the dredge, the gold 1s
separated from the gravel by mech-
anical shaking and by use of amal-
gam. The barren gravel is taken up
the stacker and dropped to form
dredge tailing piles characteristic of
the area.

Stop 1-5: Ready Bullion Creek. Sec.
6, T.1S, R 2W.

Stratigraphy

Silt of Xlinoian, Wisconsin, and
post-Wisconsin age (fig. 1-10) and
gravel of two ages is represented in
the exposures at Ready Bullion
Creek and Ready Bullion Bench. A
thin deposit of coarse brown auri-
ferous gravel lies on a bedrock bench
west of the present channel of Ready
Bullion Creek. This gravel is early
Pleistocene, Nebraskan(?), in age,
and the younger gravel of Ready
Bullion Creek is thought to be per-
haps Kansan(?} in age (fig. 1-10).

In the Ready Bullion Bench ex-
posure a greenish silt (loess) of II-
linpian age overlies the gravel and
s In turn unconformably overlain
by organic-rich retransported silt
(muck) of Wisconsin age. The base
of the retransported silt is older

than 38,000 years. In fresh exposures
the perennially frozen ITlinoian loess
is green, quite in confrast to the
overlying black to gray fetid silt of
Wisconsin age. The green color is
due to the presence of ferrous iron,
the result of downward percolating
ground water when the sediment was
thawed probably in the warm inter-
val prior to the deposition of loess
and muck of Wisconsin age.
Overlying the Wisconsin silt is a
thin €2 to 5 feet thick) (0.6 to 1.5 m)
organic-rich silt layer of Recent age.
It 5 bedded, much less massive than
the Wisconsin silf, and lies uncon-
formably over the muck and flat-top
ice wedges of Wisconsin age. The
base of the silt has been dated here
as 8,000 years; the date was deter-
mined on retransported sticks.

Retransported silt (muck)

Typical fetid “muck” 5 exposed
here during summer “stripping” op-
erations. The dark silt has the same
cumulative gize-grain analysis curve,
mineral composition, and chemical
composition as the loess. It is loess
that was retransported to valley bot-
toms” and incorporated mmute frag-
ments of burmned vegetation as well
as larger plant remains. It is poorly
stratified and dips downslope paral-
lel to the surface. Much, if not most
of the silt, has been transported from
uphill by slope wash (probably
spring snow melt water); however,
presence of folded beds in the silt
indicate that some sort of soil creep
or solifluction played a role in
{ransporting the silt and vegetation
debris.

Vegetation

Many well-preserved macro- and
micro-plant specimens are present in
the Srozen silt{. No species have been
found in the Illinocian and Wisconsin
silts that are not growing in the
area foday. Pollen analyses show a
higher percentage of tundra pollen
in the frozen silts than in the modexrn
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bogs in the area. This is suggestive
of a lower tree line. Excellently
preserved peat layers, forest beds,
and beaver dams have been observed
in this exposure.

Animal remoins

Vertebrate and invertebrate re-
mains are comimon in the refrans-
ported silt of Wisconsin age. Fresh-
water spails occur in local pond de-
posits and screening of sediments
reveals a host of insect remains,
small vertebrate bones, and teeth
(mice, etc). Bones of the larger
vertebrates occur but are net as
nwmerous as in the other exposures
in the Fairbanks area. Hecent col-
lecting frore the sediments of Wis-
consin age here have yielded a skull
of Bison superbison crassicornts,
bones of Citellus undulafus, horse,
and mammoth. The presence of Ci-
tellus (ground scparrel) suggests a
lower tree line in Wisconsin time
because this animal is a near or
abave tree line creature. No Citel-
lus live in the Fairbanks area today.

Currently the frozen silt in the
Ready Bullion Creek exposure is
the stte for the collection of uncon-
taminated frozen Pleistocene silt for
analyses of bacteria. Attempt is
being made by scientists at the Arc-
tic Aeromedical Laboratory of the
TU. 5. Ajr Force to reactivate bhac-
teria, frozen for at least 10,000 years.

Ground ice

At leas!t four types of ground ice
have been noticed at this exposure.
The ice filling the pores in the silt,
pore ice, is common in organic silt
and inorganic silt. The second type
of ice is segregated ice or Taber ice.
Ice segregations a few millimeters to
a centimeter thick azre common in
the organic-rich silt but less common
in the inorganic silt of Ilkinoian age.
Such segregated ice is commenly as-
sociated with small concentrations of
vegetalion. The amount of ice In

the ground ranges from 25 to more
than 100 percent by dry weight.
Another fype of ice that has been
known io occur here is a clear ice
mass considered to be buried aufeis.
One of the most striking types of
ice present in the ground is the
Jarge foliated ice masses termed ice
wedges. Such masses may be 1 to

Figure §-11. Foliated ground ice ex-
posed in a polygonal network in
retrangported crganic-rich silt of
Wisconsin age near Fairbanks,
Alaska.

10 feet (0.3 to 3 m) wide and 5 or X0
feet (1.5 or 3 m) high. Some have
the typical wedge shape but most
are very kregular masses that may
be inclined or horizental. In pian
view it can De seen that they are
part of a polygonal network of mas-
sive ground ice (fig. 1-11).

The flat top of the ice wedges is
particularly conspicuous and hmpor-
tant in the interpretation of the
geologic history =and climatic
changes. An ice wedge which is ac-
tively growing has a thermal con-
traction crack, or vestige of a crack,
extending from the ice wedge to the
surface. Also, an ice vein generally
extends part of the distance from the
wedge to the surface. The ice wedges
in Fairbanks no longer crack in win-
ter and are considered inactive. Be-
tween 8,000 and 4,000 years ago the
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climate warmed and the ice wedges
in the Fairbanks area melted down;
flat tops are how present on the ice
wedges, The ground over the ice
wedges slumped and was down-
warped. Cooling of the climate in
the last few thousands of years has
caused the slumped and down-
warped sediments to become re-
frozen.

The exposures of frozen silt and
ice wedges are ephemeral and con-
stantly changing. Features described
above 2t Ready Bullion Creek (fig.
1-10}, and at other mining or naturat
exposures of frozen silt in the Fair-
banks area, may, or may not be ob-
servable today.

Stop 1-8: Universily of Alaska Ag-
ricuiiural Experiment Siation. Sec.
1, T.18,R. 2 W

Thermokarst mounds

The thawing of permafrost with
massie ground ice creates thermo-
karst topography, an uneven surface
which contains mounds, sinkhaoles,
tunnels, caverns, and short ravines.
The thawing may result from arti-
ficial or nalural removal of the veg-
etation or from warming of the
climate. Thermokarst mounds in the
Fairbanks area are found only in
the areas of alluvial fans and col-
luvial slopes underiain by the re-
iransported organic-rich silt contain-
ing large foliated ground ice masses
(fig. 1-4).

Thermokarsl mounds in the Fair-
banks area are polygonal or circular
hummocks 10 to 50 feet (3 to 15 m)
in diameter, 1 {c & feet (0.3 10 2.5 m)
in height, and are composed of loess.
They are commonest in cultivated
fields but a few are found in aban-
doned fields now reforested. In some
fields the mounds are separaled by
trenches 1 to 5 feat (0.3 io 1.5 m)
wide. Trenches are formed by the
melting of a network of ice rnasses
in the ground, leaving mounds in
the intervening areas. The ground

surface sinks as ice near the surface
melts.

The field at Stop 1-6 is on the
north-facing slope of the Agricul-
tural Experiment Station and has
the best developed mounds and the
most detailed record in the Fair-
banks area.

The surface of the field was
smooth before clearing in 1908. By
1922 preonounced individual and
connected depressions had formed
and by 1926 spme trenches between
rmounds were ags much as 5 feet {1.5
m) deep. Cultivation slopped a year
or two later because the irregular
topography formed by the pits and
mounds was dangerous io the oper-
atton of farm machinery. The field
then was seeded to pasture. By 1938
the mounds were 3 to B feet (1 to
2.5 m) high and about 20 to 50 feet
{6 to 15 m) in diameler. Rockie
studied the field in November 1938,
and in order to determine whether
the ice was actively melting, a lrac-
tor bulldozer was used {o remove the
upper part of every hummock and
fill each pit until the land surface
assumed approximately a uniform
slope. The surface remained smooth
for nearly a year, but in July 1939
irregularities began to form. In
succeeding years polygonal mounds
formed as the ground surface sub-
sided over melting ice.

Mounds in the test area smoothed
in 1938 were as large and as high
as those in the part of the field that
had not been smoothed when the
writer first studied the field in 1947,
Maximuwrn mound height was 8§ feet
(25 m). Comparisons of zerial
photographs with those taken 10
years earlier reveal that in 1948
mounds were aboul the same size
and shape ang in the same position
as In 2938, Probing with a soil
auger on July 14, 1948, revealed no
ice or frozen ground at a depth of 9
feet (3 m) below the surface of a
trench.
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(Pictures of the stages in the de-
velopment of this thermokarst
mound field can be seen in figures
75, 76, 78, and 79 of Péwé, 1954).

Two stages of plant saccession Te-
lating to the original abandonment
of the field in 1926 and {o the level-
ing in 1938 can be seen. In the
younger section, paper birch, balsam
poplar, willow (Salix bebbiera), and
alder (Alnus crispa) occur in an
open stand with &an understory of
weedy species such as fireweed
(Eptlobium angustifotium), horsetail
(Bquisetum arvense), Erigeron spp,
and several grasses.

In the older section the birches are
more dense, there are a few large
balsam poplars, and there is ahmost
no understory vegetation except for
scattered horsetail (Equisetum ar-
vense), a few mosses, and occasional
clomps of the lichen (Peltigera eph-
thosa). In both stages of the succes-
sion fhere are occasional white
spruce, some of which were estab-
lished at the same time as the birch
and poplars, and some that have be-
come established@ more recently.

Stop 1-7: Happy. Sec. 27, T. 1 N., R.
2W.

Permajfrost

Happy siding on the Alaska Rail-
road is in the middle of a typical
sediment-filled creek valley in the
Fairbanks areaz. Borings show 187
feet of retransported organic it
over 40 feet (12 m) of coarse creek
gravel over bedrock. A cross section
(fig. 1-12) illustrates a typical
saucer-shaped permafrost leas up to
90 feet (27 m) thick ir the valley
bottom. Permafrost pinches out up—
slope to the east and west Large
masses of foliated ice occur in the
511t {muck) and cause severe dif~
ficulties with railroad and highway
construction and farming. The Alas-
ka Raillroad line is severely distorted
in this area. Thawing of permafrost

in the summer causes subsidence and
seasonal frost action in the winter
cauzes bheaving. Tt is possible to see
andulations in the railroad track de-
spite efforts to block up the track to
maintaim a level road.

Stop 1-8: Pingos. Sec. 23, T.1 N, R
2 W. .

Five small open-system pingos
oceur in Goldstream Valley near the
junction with O'Connor Creek (fig.
1-4). They occur on the lower end of
a low-angle alluvial fan from
O'Copmor Creek. Alpha pingo, the
largest and sonthermmost of the
group, 15 an elliptical mound about
350 feet (100 m) long, 200 feet (60
m) wide, and 34 feet (10.4 m) high.
The pingo has a breached “crater”
20 feet (6 m) deep iIn the center.
Concentric cracks 1 to 3 inches (3 to
8 em) wide and 10 feet (3 m) long
occur on the flanks, and radial
cracks 2 to 150 feet (0.6 to 45 m)
long radiate outward from the crest
of the pingo (fig- 1-13). The pingo is
composged of silt. Permafrost occurs
at a depth of 3 to 10 feet (1 to 3 m).

The vegetation on the pingos is a
mixiure of balsaxn poplar, aspen,
white spruce, and paper birch. The
area swrounding the pingos wasg
originally black spruce, muskeg, and
bog that had been cleared for farm-
ing. Some of the original vegetation
can be seen to the west between the
road and the line of tall spruce that
marks the recent alluvial deposits of
Goldstream. Many of the lower parts
of the abandoned field are reverfing
to bog with the establishment of
dwarf birch (Betula glandulosa),
leather leaf (Chamadophne calycu-
lata), Labrador tea (Ledum groen-
landicum), and sphagnum mosses
{Sphagnum spp.).

Befa pingo lies about 400 feet
(120 m) to the mortheast of Alpha
pingo and is about one-half the size.
It has no depression in the center.
On the sonth side, which is steep and
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actively slumping, growing trees are
deformed and several have split
trunks, It is not known if the pingo
surface is rising or if the south side
is slumping because of thawing at
the base. The rate of movemeni is
not known, but in September 1364,
studies were started to learn more
about type and rate of surface de-
formation.

Three smaller pingos lie north and
west of Beta pingo. All are on an
alluvial fan of retransported or-
ganic-rich silt of Wisconsin and Re-
cent age. In a nearby drill hole the
silt is 90 feet (27 m) thick angd over-
lies 50 feet (15 m) of creek gravel
The permafrost is 140 feet (43 m)
thick. Although studies have only
begun, il is apparen! that ground
water under the fan feeds the pingos
and that they are relatively young,
probably no older than 6,000 to 8,000
years. A somewhat typical Subarctic
Brown Forest soil 7 to 13 iaches (18
to 33 cm) thick is present on the
pingos. The s0il was not formed on
undisturbed loess but on retrans-
ported loess thal probably had a bog
so0il developed prior to the arching
of the pingos.

Stop 1-9: Golf course. Sec. 30, T, 1
N,R. 1 W

Thermokarst pits and mounds

Thermokarst pits are steep walled
pits 5 to 20 feet (1.5 to 6 m) deep
and 3 to 30 feet (1 to 9 m) across.
Commoniy, they are targer at depth
than at the surface. They occur
mainly in cultivated fields on the
aBuvial fans and colluvial slopes
near the contact where the perma-
frost free slopes. The pits are started
by melting of ground ice and com-
monly are enlarged and meodified by
surface water that is diverted inte
smail cracks and subterranean pass-
ageways and then flows 6 to 20 feet

of the loess, and, consequenily, such
caverns lie undetected for many
years before the roof collapses or
surface water wears a small opening
through the roof. Many thermokarst
pits occur in cultivated fields in the
Fairbanks area, some in frozen
ground and some in thawed ground.

This Stop involves two cleared
fields: one les north, and the other
south, of the Farmers Loop Road and
are now ocecupied by a golf course.
The area to the north lies on or near
the border of the perennially frozen
retransported organic-rich silt and
the unfrozen silt on the hillside (fig.
1-4). The field north of the road was
cleared in 1910 and has more ther-
mokarst pits than any other field in
the Fairbanks area. Two pits are re-
ported to have been 3 feet (1 m) in
diameter when they originated in
1936. Records of eartier thermokarst
pits are not known. The diameters
of these pits when examined in 1948
were more than 20 feet (6 m). Two
other pits 5 feet (1.5 m) in dilameter
were exposed in 1946. Three new pits
10 to 15 feet (3 to 4.5 m) in diameter
were opened in 1949. Since this time
severa} piis have opened and others
have been fiiled. The field south of
the road was cieared in 1939 and no
pits are known {o have formed.

In addition to thermokarst pits,
thermokarst mounds have formed as
a polygonal metwork of ground ice
masses melted. Broad mounds 50 to
100 feet (15 to 30 m) in diameter and
2 to 4 feet (0.6 to 1.2 m) high have
formed and are slowly growing
higher as the ice continues to meit.
These are best displayed in the field
south of the road. The golf course
was established in 1946 and is per-
haps not only the farthest north golf
course, but the only one in which
thermokarst mounds and pils as
natural hazards cause serious dif-

Figure 1-13. Sketch map of Alpha Pingo, Goldstream Valley, Fairbanks, (2 to § m) beneath the surface. The ficulties.

Alaska, 1964. Compiled by geology students, Upiversity of\Alaska, by I passageways do noi collapse readily The radio transmitier building and
pace and compass method. Datum at base of pingo approximately 600 because of the structural properiies tower were built south of the road
feet (180 ) above sea level 2
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in 1939. The building is of reinforced
concrete and, although the under-
lying ground has settled consider-
ably due to melting of ground ice,
the building has not been seriously
deformed. The excellent construction
of the building has prevented it from
being wracked; however, it does
settle as a unit. Although it can now
be seen to have settled, it was dif-
ficult to demonstrate this in the
early years. One early evidence of
movement was that the well in the
building continued to “rise.” The
casing of the well is frozen into 200
feet (60 m) of permafrost, and yef,
the pump, which is set on top of the
casing, continues to “rise” from the
floor. After it has misen about 1 or 2
feet (0.3 m or 0.6 m) off the floor it
is necessary to cut off the casing and
reset the pump on the floor. Con-
trary to popular opinion it is not the
rising of the casing out of the ground
that causes the pump fo leave the
floor, but it is the sinking of the
ground and building around the
stable casing that causes the dis-
placement.

The transmifter tower has re-
mained stable. The massive concrete
piers are evidently frozen firmly in-
to the permairost and resist seasonal
frost action.

Stop 1-10: Thermokarst {opography.
Sec. 28, T.1 N, R. 1 W.

On the south side of the Farmers
Loop Road, in an area of perennially
frozen retransported organic-rich
silt (fig. 1-4), i3 a very well-de-
veloped thérmokarst terrain. This
area has not been studied in detail,
but from reconnaissance observa-
tions it appears that the thawing of
ground ice ig ereating cave-in lakes,
thermokarst mounds, and thermo-
karst pits. The cave-in lakes are
lakes that have been initiated by
thawing of ground ice and have en-
larged by the retreat of the banks.
Whether or not some of the mounds

may be pingos is not known. The
thermokarst topography is aetively
forming inasrouch as many of the
trees indicate recent deformation of
the ground. The cover of frees in-
cludes both black spruce and white
spruce as well as aspen and balsam
poplar. The forest cover is less than
50 years old in this area.

Stop 1-11: Thermokarst pits. Sec.
20, T.1N,R. 1W.

On this east-facing wooded slope
at the contact of the perennially fro-
zen silt and unfrozen loess, several
large thermokarst pits formed in
1961-84. These pits lie in the bottom
of a shallow draingge line and are
10 to 20 feet (3 to 8 m) wide and 5§
to 15 feet (1.5 to 45 m) deep. Small
depressions were present prior to
1981, and 1 pit formed in 1861, 2
in 1862, 1 in 1963, and 1 in 1864.
Surface water is channeled into
these steep-walled depressions and
disappears in openings at the base
of the pits Water emerges from the
groumd downslope zome 100 fo 200
feet (30 fo 60 m) from the pits.

No clearing of the forest has taken
place in this area; therefore, perhaps
the natural thawing near the per-
mafrost boundary has inifiated melt-
ing of massive ground-ice bodies.
This melting, plus erosion by di-
verted surface water, forms cavities,
and later the roof collapses.

This type of “gully formation”
may have been instrumental in
Jocating, initiating, and forming fhe
numerous parallel gullies in the loess
s0 common jn the Fairbanks area—
gullies that were formed prior to
Wisconsin time, perhaps during San-
gamon time (see Stop 1-13).

Stop 1-12: Pingo. Sec. 21, T. 1 N,
R1W.

An equidimensionzl open-system
pingo approximately 100 feet (30 m)
across and 20 feet (6 m) high on the
down-slope side lies in a drainage
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line pext to Farmers Loop Road. The
pingo 18 in silt and has a slight
depression on the crest. Some ¢4 or 6
years ago a large trench 15 feet (45
m) deep was dug in the center of the
pingo for the foundation of a home.
It is not kmown why construction
was not begun, or if the exploration
reached the permafrost table. The
cut is entirely in refransporied silt
An auger hole B feet (25 m) deep
in the bottom of the cut reveals or-
ganic-rich silt, but no permafrost
was encountered.

Stop 1-13: Alaska Field Station. Sec.
36, T.1N,R 1W.

The Alaska Field Station of U. 8.
Army Cold Regions Research and
Engineering Laboratory (USA
CRREL) on Farmers Loop Road
was established by the Corps of En-
gineers in 1846 {o obiain information
related to problems in design and
construction. in permafrost regions.
The Alaska Field Station is bunilt on
retransported perennially frozen ice-
rich silt overlying creek gravel. Per-
mafrost 8 178 feet (54 m) thick and
does not extend to bedrock Ground
water flowing from the permafrost-
free slope on Birch Hill lies between
permafrost and bedrock and is under
artesian pressure. A well drilled at
the station in 1948 produced a flow-
ing artesian well which is pow
capped.

Some of the studies under way in-
clude testing of different types of
piling and pile iostallation methods
for sbructiral support, testing of
anti-frost heaving devices, and in-
sulation under pavements.

Stop 1-14: Gullies in loess. Sec. 19,
T.I1IN,R 1E

In this vicinity the Steese Highway
cuts through a seriegs of parallel
ridges of Joess. The ridges are broad
rounded features 30 to 50 feet (9 to
15 m) high and 300 to 600 feet (90

to 180 m) long. They are best seen

from the aix and are well shown o |

figure 1, Plate 3, of Péwé, 1955.

Inasmuch as thiz spectacular gul-
lying is not a local feature, but is
presepnt in areas of thick loess in
much of the Tanana Valley and else-
where, the gully cutting is believed
to be of signiticance in the Quater-
nary history. Sections reveal that
gsince gullying and prodoction of
steep-walled trenches, the ridges and
valley bottoms in loess have become
rounded, and a 4- fo 6-foot (L2 to
18 m) thick layer of additional
loess was draped over the undulat-
ing topography. Current interpreta-
tion is that this gullying occurred
with thawing of permafrost in San-
gamon time.

Stop 1-15: Enpgineer Creek. Sec. 6,
TIN,R1E

Stratigraphy

Tailing piles (fg. 1-4) of the
younger gravel lie in the valley of
Engineer Creek. Near the junction
with the gravel of the same age in
Goldstream Valley, Engineer Creek
cuis across a bench deposit of clder
gravel on the sonth side of Gold-
strearn Valley. This gravel lies 10
to 30 feet (3 to 9 m) higher than the
younger gravel and is composed al-
most entirely of white quartzite
cobbles and boulders. The source of
the quartzite is not known. Overly-
ing the bench gravel is 100 feet (30
m) of IHinojan loess which m turn
i2 overlain by retransported organic-
tich silt (muck) of Wisconsin age.

Slump over ice wedges

When exposures were created by
placer mining, all the numerous
jce wedges iIn the retransported
organic-rich silt of Wiscongin age
were overlain by downwarped and
downfaulted sediments (fig. 1-14).
Dowpwarping of the sediments was
due to the down melting of the ke
wedge tops in post-Wisconsin time.
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The ice wedge tops in the Fairbanks
area are now flat. Currently it is
thought, based on radiocarbon dat-
ing, that this downwarping occurred
between 8,000 and 4,000 years ago.
Qcceasionally erosion by small inter-
mittent streams exposes ice wedges
and slump structuces today.

tary purposes, a quick, mechanical
technique of tunnel excavation in
perennially frozen ground. The
project also seeks to test refrigera-
tion and other systems for slope
prolection and retardation of de-
formation, and to investigate various
spoil-removatl methods.
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Figure 1-14. Slump structures over
Alaska.

Stop 1-16: Permafrost tunnel. Seec.
3, T.2N. R 1 E

Among studies undertaken in
Alaska by the U. 8. Army Cold Re-
gions Research and Engineering
Laboratory is one to find, for mili-

foliated ice wedges near Fairbanks,

In a relatively short period of time
(16 days), a tunnel 155 feel (47 m)
long was dug horizontally into the
frozen silt, using an Alkirk Cycle
Miner. A drag bit was developed to
withstand the high abrasion of the
silt and the impact of the gravel.
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Excavated material is hauled out of
the adit by a Joy 10 SC AC shuttle
car, loaded by a standard Joy 8 BU
loader.

The gravel tziling piles near the
entrance of the tunnel illustrate
many stages of revegetation, Wil-
jows, alders, balsam poplars, and
birch seed in directly on the coarse
taitlings without any previous pioneer
stage. In some localities crustose and
fruticose lichens are growing in be-
tween the rocks. In the wetl depres-
sions aquatic and semi-aquatic
planis have become colonized.

Stop 1-17: Dome Creek. Sec. 5, T.
2N.,R.1E,

Placer gold mining in lhe early
1950's produced many excellent ex-
posures of retransported organic-
rich ¢ilt of Wisconsin age. From
these deposits came the pair of enor-
mous Mammoth tusks 13 feet 7
inches (3.2 m) (outside curve) long
that weigh approximately 350
pounds (160 kg) apiece and are
exhibited in the University of Alaska
rauszum:. The tusks were found with
a fairly complele skull, other bones,
and much well preserved Mammoth
hair. Some of the hair is in the De-
partment of Geology exhibit cases
at the University of Alaska, and has
been dated at 32,700 + 980 years
(St 1632).

It was from the silt in this ex-
posure that a partial carcass of Bison
superbison crassicornis was recovered
in 1851. The carcass consisted of a
head, compiete with hide, horns, and
one ear, four legs with haoves, and
much forso hide about 3 mm thick.
The carcass showed evidence of some
transoortation, yet movement must
have been only a short distance,
otherwise ithe carcass would have
been completely desiroyed. A date of
more than 28,000 (L-127) years was
obtained on a piece of the carcass in
1951. In 1865 a date of 31,400 (+2040
or —1815) years (st. 1721) was ob-

tained by the radiocarbon laboratory
of the Geologicai Survey of Sweden.
A photograph of the carcass is on
display in the Depariment of Geology
at the University of Alaska. Pieces
of the fur and hide of a female
superbison recovered from Fair-
banks creek has been dated as 11,850
= 135 years (St 1633) and is on 8is-
play at the Department of Geology,
University of Alaska.

Small streams crossing the siumped
silt cliffs at Dome Creek have ex-
posed large massive jce masses that
may be observed today.

Stop 1-18: Chatapnika River Valley.
Sec. 23, T.3N,R. 1 W.

Although the Chatanika River is
a small stream, it was large enough
to carry away silt deposited into it
by tributaries in Wisconsin time.
Rounded flood plain grave] lies close
to the surface and extends to a depth
of approximately 180 feet (55 m).
Ptacer gold was mined by subsurface
methods here and many “‘spoil” piles
of gravel from the underground
workings are present on the surface.

Stop 1-19: Chatanika River bluff.
Sec. 15, T.3 N, R.1W.

Stratigraphy

A 50-foot (15 m) high cuibark of
the Chatanika River 4 wmiles (6.5
km) downstream from the Elliott
Highway bridge exposes retrans-
ported organic silt and ice wedges of
Wisconsin age overlain unconform-
ably by a thick deposit of retrans-
ported silt and buried forest beds of
post-Wisconsin age (fig. 1-15), The
perennially frozen silt of Wisconsin
age is massive to poorly bedded. The
faint bedding is emphasized by a
concentration of ice 1/16 to ¥ inch
(1 to 10 mm) thick at the bedding
planes. A white volcanic ash layer
1/16 to ¥ inch (1 to 10 mm) thick
lies about 10 feet (3 m) below the
top of the Wisconsin sediments. The
ash layer iz a good marker to
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demonstrate how the beds have been
upturned {0 an almost vertical posi-
tion next to the massive ice wedges.
The ash also outlines the minute
faults that are present in the frozen
silt. The slope of the upper surface
of the Wisconsin silt is stightly
steeper than the modern slope. A
radiocarbon date of 14,860 + 840
yvears (GX-0250) was obtained on a
ground squirrel nest recovered about
15 feet (4.5 m) below the top of the
Wisconsin sediments (fig. 1-15).

Unconformably overlying the sedi-
ments of Wisconsin age are post-
Wisconsin, bedded, perennially fro-
zen sediments rich in peat layers.
These sediments elsewhere in the
Fairbanks area are normally about
3 to 6 feet (1 to 2 m) thick but here
they thicken to 25 feet (8 m) down-
slope. This is the thickest recorded
deposit of post-Wisconsin silt in the
Fairbanks area. A radiocarbon date
of 8530 + 115 years (GX-0251) was
obtained on peat 15 feet (45 m) be-
low the surface (fig. 1-15).

Ground ice

Large foliated ice wedges up to 10
feet (3 m) wide and 18 feet (5.5 m)
long strongly deform the sediments
of Wisconsin age, including the vol-
cavic ash layer. The wedges have
flat tops and slump structures over
the ice wedges are poorly to fairly
well developed.

In the sediments of post-Wisconsin
age are ice masses up to 1 foot (0.3
m) in diameter and 4 to 5 feet (1.2
to 1.5 m) long. The ice is clear and
some is horizontally bedded. Such ice
has formed in fault or slump cracks
as the bank retreats by landslide
slumping.

Flora

The sediments of post-Wisconsin
age coptain many peat and forest
beds. Superficial examination re-
veals that the flora is similar to that
forming on the surface today-—a
vegetation characterized by willow,

alder, black spruce, dwarf birch,
grass, and sphagnum moss, all in-
dicative of 2 high permafrost table.
Tundra tussocks present on the sur-
face are also found in the frozen
sediments.

Faunae

Nests and coprolites of the ground
squirrel (Citelus undulatus) occur
in the Wisconsin sediments but not
in the post-Wisconsin sediments. In
other exposures, dried carcasses of
the squirrels have been found. Ap-
proximately 250 nests (with bones)
have been recovered from the Fair-
banks area and are now under pre-
liminary study.
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RESUME OF THE QUATERNARY GEOLOGY OF THE MIDDLE TANANA % KN N 3 & ; R -&”
RIVER VALLEY - AN ¥ g
The middle Tananz River valley the Yukon-Tanana upland. It is a = :

or lowland (fig. 4-18) is a large structural basin, the floor of which
tectonic trough bounded on the south  is below sea level in much of the ;
by the towering Alaska Renge and trough. Quaternary deposiits 300 to '
on the north by the rounded hills of 700 feet (91 to 230 m) thick are in
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large part an aecumulation of fluvial
and glacicfluvial sediments derived
from the rising Alaska Range. This
deposition pushed the Tanana River
to the porth against the Yukon-
Tanana upland. The sedirnents bury
a fairly rugged topography, the hill-
tops of which now protrude through
the Quaternary sediments and form
small ¥nobs above the plain. Well-
draiped fans 30 riles (50 k) long
flank the Alaska Range.

This report is comcerned with
Quaternary geology along the north
side of the Tanana River valley from
Fairbanks to Big Delta, a distapce of
approximately 90 miles (150 km)
(fig. 4-16). The Tanana River is 230
miles (370 km) long and has an
average discharge of 35,000 cubic
feet (100 m3) per second on August
at Big Delta. Up stream from Birch
Lake it receives glacial sediment
from several glacial streams and
is a large braided stream. It has
a gradient of 6 to 7 feet per mile
{1 to 1.2 m per kmn) between Rirch
Lake and the Delta River. The river
becomes less braided and more me-
andering as it flows to the Fairbanks
area. Downstream from Fairbanks
it is distinctly a bread meandering
stream with few islands, compared
to the area upstream from Fair-
banks.

The north wall of the Tapana
Vazlley is formed by low hills of the
Yukon~Tanana upland. The hills are
heawily blanketed with eolian de-
posits of sand and sift that have been
blown, and are still being blown,
from the fload plain of the Tapana
River. The Quaternary geology of
this segment of the valley is known
only in a reconnaissance fashion. De-
talled studies are underway which
should tie together the two better
known areas—the unglaciated Fajr-
banks area and the glaciated Delia
River area.

The middie to late Quaternary his—
tory of the valley is a record of
aiternating deposition and erosion of
eolian and fluvial deposits and of
climatic fluctuations. Both geologic
processes and climatic changes are
related to glacial advances and re-
treats from the Alaska Range on the
south side of the valley.

The oldest Quaternary event
known at present is a cold period
recorded by a solifluction deposit.
The deposit, which contains fossil ice
wedges, is thought to be pre-Dlinocizn
in age and les on bedrock under
ecliap sediments at numerous ex-
posures from Fairbanks (fig. 1-5) to
the Delta River.

The next event was the advance
of glaciers in Ilincian time (Delia
Glaciation) accompanied by aggra-
dation of the Tanana Valley. As the
Tanana River aggraded, the south-
flowing streams of the Yukon-Tan-
ana upland were dammed in many
places, forming lakes that are held
in on oue side by fluvial deposits
and flanked by the bedrock hills on
the other sides, Lakes held against
the bedrock hills on the noarth side
of the Tanana River valley that are
thought to have formed at this time
are: Iarding, Birch, Quartz, and
others.

The unvegetated outwash plains
and valley trains were exposed to
wind action, and sand and silt picked
up by the wind were dropped on the
north wvalley wall. Sand is most
common in the Delta River section
of the valley, thinning and disap-
pearing to the northwest, where loess
predominates. Ventifacts were
formed at this time on the bluffs
facing the Tanana River near its
junction witk the Delia River.

As the glaciers withdrew, down-
cuiting probably predominated, and
some of the £l of the Tanana Valley
was removed, leaving terraces on
the valley sides. With lowering of
local base level much of the eclian
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segmment op the walley walls was
guliied and carried away.

In Wisconsin time (Donnelly Gla-
ciaticn) the river agaim aggraded
and windblown silt was deposited
on the wvalley walls. Eolian s_and
deposition. at this time was lumited
to lowlands adjacent to the Delta
River. Tree line was 1500 to 1800
feet (450 to 550 m) lower, and trees
were limited mainly to creek and
valley botloms. The lowering of tree
¥ire has been svbstantiated by the
great reduction of tree pollen and a
rise m pollen of tundra species, and
by the presence of above-and near-
tree-line animals that lived in thus
area at that time.

In post-Wisconsin time the amount
of loess deposition declined, e_xc_:ept
perhaps in the lower Delia River
area.

Road Log and Locakity Descripiions
35321 Start in Fairbanks D-2
QuadrangleZ.

Cushman and Airport Way, Fair-
banks. Mileposts are on the left side
going toward Anchorage. The High-
way is on the flood plain of the
Tanazna River. From Fairbanks to
Mile 330 the fleod plain is a flai
plain with meandering streams and a
complex network of shallow swales.
The surface layer of silt is 1 to 20
feet (0.3 to 6 m) thick and the total
thickness of alluvium is 300 to 700
feet (91 to 230 ). The shallow
swales are filled with about 30 feet
(9 ) of clayey silt The depth of
permafrast is 2 to 4 feet (0.6 to 1.2
m) on the older parts of the flood
plain and more than 4 feet (1.2 m)
on the inside of meander curves near
the river. Depth to permafrost may

INumbers are miles from Valdez
on the Richardson Highway.

2. 8. Geological Survey Topo-
graphic Quadrangle map, scale
1:63,360.

be 25 ta 40 fect (B to 12 m) in some
cleared areas. Permadfrost 1s discon-—
tinnous and there are many unfrozen
lenses, layers, and vertical zomes
The ground ice content of perrnafrost
is low and no large ice masses are
known.

The drainage is excellent and per-
meability is high, except locally In
gilt or where ground is perennially
frozen, Depth to the water table is
abont 10 to 15 feet (3 to 45 m)
where permafrost is absent. The sur-
face of this area is good for agricul-
ture if the soil is fertilized. The City
of Fairbanks and the military reser-
vations are on the flood plain.

Because of active aggradation of
the Tanana River and the wide
braided nature of the siream, large
areas along the river and oa _the
islands ir the rivers are In various
stages of recolonization by vegeta-
tion. FExtensive areas of willows
(Salix alozensiy, S. bebbizne, and
Saliz spp.) and alders (Ainus :.-riqu)
exist between Fairbanks and Rig
Delta. Large stands of balsam poplar
range in age from 30 to 100 years.
Later stages in plant succession, es-
pecially white spruece stands of all
stages, occur aleng the river flood
plain adjacent to the highway. Older
terraces of black spruce, larch, _and
bogs are conspicuous at many pomnts
along the river but are absent 1n
localilies where the river is adjacent
to the hills of the Yukon-Tanana up-
land.

3632 to 347.2. Most of the ty'pes of
vegetation along the first 26 miles

(40 km) of the highway are a result
of recent disturbance and fire. Near-
1y all of the stands are successicnal,
and because of the poor drainage,
stands of willows, black spruce,
larch, and paper bmch are the most
conumOrL.

355. Enter Fairbanks -1 Quad-
rangle.

356.1. Right; telephone poles
heaved by seasonal freezing of the
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ground. Poles are braced at the base,
but not successfuliy.

352. Right; water well here pene-
trated 265 feet (Bl m) of perma-
frost, greatest thickness recorded on
Tanana River flood plain.

350.0. Village of North Pole. Santa
Claus Lodge.

349.7. Enter Fairbanks C-i Quad-
rangle,

347.2, Highway on dike for next
2.8 miles {4.5 km). The dike, 3 miles
{3 km) long and 12 feet (3 m) high,
is composed of Tanana River gravel
and was built in 1939-40 to divert
flood waters of the Tanana River
from entering the Chena Slough
which flowed through the City of
Fairbanks. This diversion has caused
aggradation. By 1960, the river had
aggraded to within 3 to 4 feet {about
a meter) of the top of the dike on
the east (river) side. The road along
the top of the dike is one of the best
in the Tanana River valley and no
large transverse frost cracks occur.

On the river side of the dike are
extensive stands of willow and alder
that have resulted from the aggrada-
tion. These stands are 15 to 20 years
old and are flooded annually.

344.9. End of dike. Moose Creek
Bluff is a bedrock hill of schist and
Eneiss of Precambrian(?) age poking
through the alluvial £ill of the
Tanana Valley. Cliff-head dunes of
Recent age occur on lop. Rock paint-
ings in red pigment were discovered
on the south side in 1940. The larg-
est figure was 25 inches (53 cm)
high. All are now destroyed except
one stab which is at the University
of Alaska museurn. The age of the
paintings is unknown.

337.5. South entrance of Fielson
Aiyr Force Base. South of this point
a statistical study was made of the
prominent transverse frost cracks
in the highway over a distance of
5,280 feet {1610 m); the study showed
that the cracks are spaced an aver-
age of 1G5 feet (32 m) apart. These

are thermal confraction cracks in
seasonally frozen ground {seasonal
frost ¢racks), Cracking of the
seasonally frozen ground in the
interior of Alaska oceurs only in cer-
tain restricted environments at pres-
ent. It oceurs In central Alaska, as
far as known, only in areas that are
vegetation free and/or that are kept
snow free during the winter, such
as roads and pathways near Fajr-
banks. In seasonally frozen ground
the cracks which traverse the roads
and paths narcow rapidly and gdis-
appear as they pass into adjacent
areas covered with vegetation and
unpacked snow., Inasmuch as the
highway is unprotected by vegeta-
tion and snow cover, it is subject
to stresses that cause cracking,
stresses formed by low temperature
and rapid cooling of the ground.

Under natural conditions, no ther-
mal contraction cracking of the
ground is known today in the sea-
sonally frozen ground e¢r the perma-
rost of interior Alaska. Ice wedges
that exist today In perennially fro-
zen ground in ¢enfral Alaska formed
in the past wnder a more rigorous
climate. The average diameter of the
polygons formed by thermat con-
traction cracking of permafrost in
central Alaska is approximately 100
feet {30 m).

336.1. The skyline to the east in
the Big Delta C-6 Quadrangle shows
an ancient altiplanation terrace(?).

336. The road passes through an
extensive stand of black spruce and
larch that developed after a fire in
this area. The trees are about 35
years old.

334.05. Here and at many other
places along the Richardson Kigh-
way to Big Delta the old 4-inch-
diameter (10 cm) pipeline which was
used during World War II to supply
fuel from Skagway to interior Alaska
can be seen.

330, Bedrock hill of ithe Birch
Creek Schist. On the steep, dry, un-
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stable south-facing slopes at this lo-
cation and elsewhere along the high-
way two species of sagebrush, Arte-
misia fripida and A, krushiona are
growing. Aspen and white spruce are
common on the stabilized slopes.
Several stands of river-bottom white
spruce are visible along this section
of the highway.

329.2 Enter Big Delta C-6 Quad-
rangle.

328.5. Right; confluence of the
clear water of the Little Salecha
River and the silt-rich water of the
Tanana River.

328.3. Rise onto lower terrace of
the Tanana River. This terrace is
underlain by rounded, moderztely
well sorted sandy gravel capped
with as much as 8 feet (25 m) of
frozen silt at ihe scarp. The silt
thickens to the east, and may have
buried the upper terrace of the
Tanana River. The top of the ter-
race (including the silf overburden)
averages 15 feet (4.5 m) above the
modern flood plain of the Tanana
River.

328. Road parallels the scarp of low
terrace.

327.6. Little Salcha River. This
stream is incised into the lower ter-
race of the Tanana River.

327.5 to 326.2. The road is built on
ice-rich perennially-frozen siit as
much as 12 feet thick.

326.2 Enter Big Delta B-§6 Quad-
rangle.

325.8. Leave tower terrace, descend
to present flood plain of Tanana
River.

225.7. Rise onto lower terrace.
Gravel of lower terrace exposed in
borrow pit. Sandy ccbble gravel
overtain by 3 to 6 feet {1 10 2 m} of
silt

325.2. Salcha School, Lower ter-
race is about 10 feet (3 m) above
modern flood plain.

325. Left; bluff of Birch Creek
Schist. Tanana River on right. Ter-
races absent. Several successional

stands of willow, alder, and balsam
poplar are visible along the river.

924.6 to 323.2. Road is on modern
fleod plain of Tanana-3alcha River
confluence. Terraces are absent or
concealed.

323.3. Salcha River bridge. Large
10-inch (30 ¢m) diameter pipeline
on the left side of bridge I3 new
(1954-55) fuel pipeline from Haines
to Fairbanks. It can carry 7 types of
fuel at one time.

324.3 to 322.5, Modern flood plain
of Salcha River. Road is occasionally
inundated during bigh water.

322.5. Scarp of lower {errace of
Salcha River.

522.4. Scarp of upper terrace of
Salcha River. Relief is subdued local-
1y by thick silt.

122.4 to 320.2. Road 15 on ihe
higher of the two lerraces recognized
on the northeast side of the Tanana
Valley in the Big Delta (B-6) Quad-
rangle. The Salcha River has ap-
parenily been graded lo the Tanana
River, and similat sequences of ter-
races are recognized along both
rivers. Studies of lithology and sedi-
mentary strueeture indicate thal the
material underlying the highway
was deposited by the Salcha River.
One to 1.5 miles (1.6 to 2 kan) to the
west, the gravet is of Tanana River
origin.

The upper terrace is mantted with
from a few inches to 6 feet (several
em to 2 m) of siit, probably loess.
Severa) fossil ice wedges are found
in the gravel of the upper tercace;
none are recognized in the lower
terrace.

The ages of the two terraces are
thought to be Nlincian (upper) and
Wisconsin (lower) in age.

320.1. Borrow pit on left exposes
gravel of upper terrace, mantied by
several feet of sand and silt (par-
tially stripped). Finer sediment is
firmly cemented by iron oxide and
displays infense convolutions, Im-
bricate structures in surface zone are
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similar to those found in modern

ice-pushed ridges of Harding Lake,

suggesting that an arm of Harding

Lake may have once occupied this

area. Borrow pit on right exposes

a fossil 1ce wedge extending several

feel (more than a meter) into the

gravel of the upper terrace.

319. Stop 4-207: Harding Lake land-
ing and picnic ground.
Appradation by the Tanana River

and its major tributaries have ap-
parently dammed several of the val-
leys of the Yukon-Tanana upland
during late Pleistocene time. This
damming has resulted in the forma-
tion of several lakes: Harding, Birch,
Quartz, and perhaps a dozen others
Harding Lake 1s unique among these
lakes in that its maximum depth
exceeds, by a factor of 3 or 4, that
of any of the other lakes. Also, the
bottom of Harding Lake shows con-
siderable relief, whereas the bottom
profiles of the other lakes are gen-
erally smooth. A typical east-west
profile of Harding Lake is shown in
figure 4172 For comparison, a typi-
cal profile of Birch Lake (Stop 4+21)
is inchaded.

Ice-pushed ridges (ice ramparts)
are well developed along the shores
of Harding Lake. Along the north
shore, as many as seven distinct

"This guidebook has 66 stops, num-
bered consecutively from I through
66, hut with a prefix for each num-
ber to indicate the day of the trip
when the stop should occur. Thus
Stop 4-20 would indicate that Stop
20 1z mcluded in the itiverary of
DAY 4

*Ihis guidebook has 53 figures,
numbered consecutively from 1
through 53, but with a prefix for
each nomber to indicate the day of
the irip when the figure is fixst used.
Thus fig 4-16 wonld indicate that
figure 16 appears in the itinerary for
DAY 4

ridges, averapging about 3 feet {1 m)
in height, have been countad. These
ridges indicate higher stands of the
lake — the sharpness of the ridges
suggests that they are only a few
hundred yeaxs old.

A detailed bathymetric survey of
the lake reveals that submerged
beach features also are present.
Analysis of the depth of these fea-
tures (ice-pushed ridges and wave-
built terraces) iodicates that the
west margin of Harding Lake has
been depressed as much as 6 feet
(2 m) relative to the east shore. Age
and significance of this warped
strandline are not known. The Salcha
River valley has been the epicenter
of at least oome major earthquake
during the last 30 years

Extensive stands of paper birch,
often with an understory of white or
black spruce surround the lalke.
These stands are about 100 years
old apd have originated during a
period when fires scemed to have
been especially extensive in the
Tanana Valley. Many of the upland
stands between here and Big Delta
are about this age.

318, Excellent view of Mt Hayes
(13,832 feet [4.219 m] altitude) and
peaks of central Alaska Range.

3179. Road descends to lower ter-
race of Tanana River. Terrace 1s un-
derlain by moderately well sorted
sandy gravel overlain by 2 to 4 feet
{about 1 m) of sili. Terrace is 10 feet
(3 m) above river level

3I7. Right; road parallels edge of
10 to 15 foot-high (3 to 5 m) scarp
of lower texrace. Scarp of upper ter-
race can be seen 1000 feet (300 m}
to the left

316.7. Road descends to modern
fivod plain of Tananz River. Gravel
exposed here is typical Tanana River
sediment—{rom goeiss, quartz dior-
ite, schist, and voleanic rocks. Schist
is weathered and friable.

3165. Scarp of the upper lermace
800 feet (250 m) on the left Upper
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Figure 4.17. Bottom prefiles of Birch and Harding Lakes, Ataska,




terrace is 15 to 18 feet (4.5 to 5.5 m)
above the lower, and is covered with
about 3 feet (1 m) of silt at the
scarp. This silt mantle thickens
rapidly toward the east.

314.4. Ventifacts of quartz occur
on wast slope of hili, 1 mile (1.6 km)
east of road and 400 feet (120 m)
above the present level of the
Tanana. Farthest north occurrence
of ventifacts of Delta(?) age. Venti-
facts are buried by 2.5 feet (7.6 m)
of loess.

313.7. Descend from lower terrace
to modern Tanana flood plain. Ter-
race scarp is rock-defended at this
point.

313. South-facing bedrock slopes
are covered with sagebrush (A4rte-
misia frigida).

312.9. Left; basalt dikes and faults
in Birch Creek Schist.

312.7. Left; landslide, probably in-
active, itn loess and colluvium on
slope.

310.8B to 3D8.8. The road overlies
ice-rich permafrost of colluvial loess
derived from the loess-covered hill
on the right. The roadway is con-
sequently poor. The vegetation along
this section of road is also a good
indication of the presence of perma-
frost, there being mosily stands of
black spruce, larch, and paper birch.

308.4. Right; bedrock is coarse-
grained granite and quartz monzoe-
nite which is weathered to a depth
of more than 20 feet (6 m). A borrow
pit in this weathered zone reveals a
well developed solifluction layer 5
feet (1.5 m) thick of grus. This layer
is overlain with 1 to 5 feet (0.3 to
1.5 m) of loess.

308.3. Descend to lower terrace of
Tapana River.

3084 to 308. Black spruce Picea
mariena forest on left is growing on
frozen, organtc-rich silt overlying
the gravel of the lower Tanana ter-
race. Depth to permafrost is 1 foot
(0.3 m) or less.

307.4. Ascerd to upper terrace of
Tanana River. Borrow pit on right
is in Tanana River gravel. 4 venti-
fact has been found near the sur-
face on the upper terrace under the
4-foot (1.2 m) thick silt cover near
the southwest end of the lake.

307.2. This very rough stretch of
road passes through a dense stand of
black spruce that is about 98¢ years
old and underlain by permafrost at
a depth of 2 to 6 inches (4.5 to 25
cm) under fhe vegetation mat.
306.8. Stop 4-21: Birch Lake (fig.

4-17).

This lake has apparenily been
dammed by aggradation of the
Tanana River in late Pleistocene time
(see Stop 4-20).

The boitom sediment of the lake
is a well-sorted organic silt nearly
identical in lithology and grain size
to the loess on the surrounding hitls.
Cobbles of Tanana River gravel have
been recovered 475 feet (145 m) off
the west shore.

On the right side of the road is
exposed the sharp unconformity be-
tween the bedrock and the overly-
ing loess. Mineralogical studies indi-
cate that the silt is compositionally
distinct from the gquariz monzonite
bedrock, thus excluding the possi-
bility that the silt may be of residual
origin, as postulated by Taber (1343).

305.9. A large number of finished
stone tools and flakes of slate and
chert were found 8 to 18 inches (25
to 46 cm) below the surface in loess
when borrow pits were opencd in
the grus in 1847.

304.8. Left; borrow pit in weath-
ered quartz monzonrite, overlain by
4 feet of loess.

300.7. Enter Big Delta B-5 Quad-
rangle.

300. Siop 4-22: Mouth of Canyoon

Creek.

The two Tanana River gravel ter-
races apparently converge near here:
the lower ferrace (mantled by 17

feet (4.3 m} of silt) is only 3 feet
(1 m) above the present level of the
river, whereas the upper terrace is
represented by scattered paiches of
lime-coated cobble gravel 17 feet
(4.3 m) above the river. A log at
the base of the silt overlying the
lower gravel has been dated as 3,005
+ 15 years old (GX-0277).

The hill on the immediate Jeft
consists of bedrock, overlain by at
least 3 feet (I m) of fine-graineg,
uniform, eolian sand which is in turn
covered by as much as 10 feet (3 m)
of loess. The contacts of these beds
slope gently toward the Tanana
River.

299.3. Gravel of upper terrace over-
lying Birch Creek Schist. Gravel is
3.5 feet (1.1 m) thick and is covered
by 5 inches (13 em) of fine sand and
45 feet (1.4 m) of loess. This gravel
is sporadically exposed on the left
for a distance of a few hundred
yards beyond Canyon Creek. Fine-
grained sand usually overlies the
gravel, but farther to the east (0.3
mile [0.5 km} beyond Canyon Creek)
the sand }es directly on bedrock.
This gravel is believed to be par{ of
the upper Tanana terrace.

296.S. Stop 4-23: Tanana River Over-
look.

River is 1% miles (2 km) wide.
The gradient of the braided stream
here is 6 feet per mile (1 m per kom).
Most of the successional stands vis~
ible along the river from this point
are of alder and willow. An exten-
sive white spruce stand can be seen
in the distance on the south side of
the river.

285.9. Left; borrow pit shows soli-
fluction layer of bedrock debris,
capped by retransporied silt and
sand.

295.6. Right; pingos occur in forest
100 feet (30 m) from road.

295.4. Banner Creek. One to 10
feet (0.3 1o 3 m) of silt over creek
gravel. Banner Creek gravel may
very well correspond to the lower

terrace gravel of the Tanana River.
A log from 4 feet (1.2 m) below the
top of the Banner Creek gravel, 220
feet (67 m) downstream from the
highway bridge, has been dated as
3920 = 75 years old (GX-0257).

295. Richardson Roadbouse. First
established in 1907 after the gold
strike on Tenderfoot Creek. The
Roadhouse has been moved toward
the hills three times as the Tanana
River has encroached.

294.899. Stop 4-24: Richardson Read-
house Gravel Pit.

Exposed in a borrow pit near the
Richardson Roadhouse is an iron-
stained, well siratified, poorly sorted
angular fo sub-rounded creek gravel
with pebbles and cobbles  to 6
inches (2.5 to 15 c¢m) in diameter.
No detailed study has yet been made
of this exposure, however, the face
exhibits the following:

Unit L. (basal unit). From the
floor of the pit to a heigbt of about
12 feet (3.5 m)—well bedded, iron
oxide stained, pebble to cobble
gravel with “fossil” ice wedges 1 to
4 feet (0.3 to 1.2 m) deep and .5 to
2 feet (15 cm to 0.6 m) wide.

Unit II. One to 10 feet (0.3 10 3 m)
of gravel similar to Unit I with
lenses and layers of sand and alluvi-
al silt. Péwé found a weatherxed
marnmoth tusk 2 feet (0.6 m) from
the top of the cut gravel surface.

Unit 11I. Loess 1 to 20 feet (0.3 to
6 m) thick draped over slope which
was cut across the stratified gravel

The gravel differs in size, sorting,
roundness, and lithology from the
Tanana River gravel at the base of
the bluff nearby. The creek gravel
in the pit contains many angular
fragments of a porphrytic rhyolite.
This rock is known to crop out a
short distance away in Banner Creek
Valley. A study of pebble orienta-
tions reveals that the direction of
iransport of the gravel was to the
southwest, the direction of flow of
the nearby Banner Creek today.
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Preliminary interpretation of this
exposure is that the gravel repre-
senis a hign level creek gravel de-
Pposit of early to middle Pleistocene
age and is capped by loess of late
Pleistocene to Hecent age. The re-
lationship of the section to the ter-
races of the Tanana River is not yet
known,

292.9. Top of hill, elevation of 1350
feet (422 m) or 450 feet (137 m)
above river level. Tnree feet (1 m)
Of loess overties a 2-inch (5 cm)
thick gray sand layer which in turn
overnes tne Sircn Creek  Scnisi
Many wind-faceted quartz fragments
OCcur in sanw 1ayer. ‘The QUArtZ trag-
ments are residual from weathered
bedrock. On top of Tenderfoot Hill
% mile (0.5 km) to the north at an
etevation of 1535 feet (468 m), 650
{eet (188 m) above the river, an ex-
cavation exposes 3.5 feet (1.1 m) of
loess over an inch-7hick gray sand
layer containing q.artz ventiracts.
This in twrn rests upon bedrock of
the Birch Creek Schist,

292. Vatley of Tenderfoot Creek,
Gold strike occurred here in 1805,
Plgcer gold was recovered by drift
mining. Tailing piles of creek gravel
can be seen in tne trees on the left
in the bottom of the valley. The road
overlies ice-rich cobluvial silt; thaw-
ing of permafrost produces a very
iIrregular nignway surface.

2380.9. Rignt; coarse gray sand ex-
posed in truncated ridge. This is
eolian sand partly retransported
from the hillside by wash. This is
the first good exposure of this sand
along the road between Fairbanks
and B8ig Deita and represents the
sand facies of eolian deposits of
Delta age,

288.1. Tenderfool Creek. Right;
remains of old gold mine including
elevated sluice boxes and steam
power plant.

289.5. Left; 4 feet (1.2 m) of loess
overlying eolian sand.

287.5. Left; 4 feet (1.2 m) of loess
overlying clean gray crossbedded

e AR S

eoliap sand with sharp contact. (Ex-
cellent stop for sand s2mpling.)
Ifhysical characteristics of the sand
;MBZS under discussion at Milepost

287.2. Stop 4-25: Shaw Creek Bluff.

Geologic history —To the south
from Shaw Creek Bluff can be seen
the panorama of the Alaska Range
and the broad Tanana River valley
{fig. 4-18). On the right is Mt. Haves
(13,832 feet; 4218 m) and associated
peaks. To the left of Mt. Hayes is a
pass through the Alaska Range, the
Delta River Pass occupied by the
north-flowing Delta River and the
Richardson Highway. The Granite
Mountains form the foothill moun-
tain group on the left of the pass. A
small, dark, pyramidal peak, Don-
nelly Dome, stands out i front of
the Range near the Delta River. In
the middle ground on the right are
low forested hills formed on the
Birch Creek Schist. In the center
middle ground is hummocky terrain
of the 200-foot (60 m) high termina}
moraine of the Delta Glaciation. To
the far left (north of the Tanana
River) is Shaw Creek Flats (fig. 4-
18). The braided silt-laden Tanana
River lies at the base of the bluff
10_0 feet below. From this spo: the
middle {o late Quaternary history of
the area can be reviewed, with
emphasis on the eolian deposits (figs.
4-19, 4-20).

In Delta (Ilinoian) time a pied-
mont glacier from the Alaska Range
pushed north along the Delta River
and terminated 8 miles (13 km)
south of Shaw Creek Bluff, at the
position of the terminal moraine to-
day. Broad gravel plains extended
northward from the glacier to Shaw
Creek Bluff and into the Shaw Creek
Flats. The braided Tanana River
and outwash streams wandered over
these plains. Winds from the south
blew sand from the outwash plain—
sand which cut ventifacts on the
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the plain (Jack Warren Road and
Quartz Lake) and cut and polished
ventifacts on the south-facmp bed-
rock slopes and hilltops from Shaw
Creek Bhuff to at least 20 miles (32
Im) to the wesi (fig. 4-19). Venti-
facts were formed at elevations
ranging from river level to the tops
of bills at least 650 feet (200 m)
above river.

Probably throughout the time of
the Delta Glaciation sand and silt
continued to be blown from the
plains northward and westward onto
the hillz. Sand dunes were formed on
the south-facing slopes of the hills
north and west of Shaw Creek Flats
as the sand was stopped by the hills.
Some dunes migrated over the low
hills and exist on the north side of
the hills. Approxmmately 40 square
miles (100 km?) of sand dunes were
formed at this time.

The sand facies of the eolian de-
posits covers aboul 800 square miles
(2000 km?) north of Tanana River
and thins away from the Shaw
Creek Bluff area. At about 15 to 20
miles (25 to 30 km) away from fhe
former ice front, windblown silt
dominated. Jn the Fairbanks area
60 miles (865 lm) away, for ex-
ample, no sand facies of the eolian
deposits of Delta time are known,
but thick deposits of silt of Delta
age are present (fig. 1-2).

After the Delta Glaciation, the
glaciers retreated, (ree line rose,
eolian deposition decreased, and it is
thought that base level was low-
ered as the Tanana River cut into its
valley fill. Much of the sand cover
on the lower hills was gullied, as
was the loess in the Fairbanks area
(Stop 1-14).

In late Quaternary (Wisconsin)
fime the Doonelly Glaciation oc-
curred in the area and valley gla-
ciers again pushed north from the
range to the Tanana River Valley,
In the Delta River area the glacier
terminated near Donnelly Dome.

Strong winds again blew sand and
giit from the valley fraims and out-
wash plains to cut ventifacts. Venti-
facts formed during this glaciation
occur much farther south than those
associated with the more extensive
Delta Glaciation (fig. 4-20). The
ventifacts occur on moraines of Del-
ta age and are within 1 to § miles
(16 to 8 km) of the front of the
Donnelly ice. Sand dune formation
twas restricted, being limited to areas
near the Delta River (fig. 4-20).
Windblown silf, however, was abun-
danf, and areas north of the Don-
nelly glacier were blanketed with
loess. Near Shaw Creek Bluff and
Shaw Creek Flats the loess was
draped over the sand dunes and the
gullied sand blanket of the hill
slopes. In post-Wisconsin time addi-
tional loess was deposited and cov-
ered dunes and moraines of Wiscon-
sin age.

Shaw Creek Bluff section — Ex-
posed in the road cut at Shaw Creek
Bluff are upnconsolidated sediments
overlying the Birch Creek Schist
which illustrate, in part, the geologic
history of the area (fig. 4-21).

Silt and sand are spread on the
hillside, and thicken downslope.
Overlying the Birch Creek Schist i3
alto 2 foot (0.3 to 6.1 m) thick cal-
careous solifluction layer with no
ventifacts and rare pods of gray
sand. Overlying the solifluction de-
bris is a gray, coarse- to medium-
grained sand layer a few inches
(several centimeters) thick on fhe
upslope end of the exposure and
thickening more than 5 feet (1.5 m)
downslope. During retransportation
of the sand downslope many venti-
facts were incorporated. The venti-
facts are cut and polished and are
from % of an inch (0.6 can) to more
than 12 mches (305 cm) in diameter.
The ventifacts have a | mm thick
lime coat on their lower sides.

Overlying the sand with a fairly
sharp break s loess less than a foot
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(0.3 m) thick upslope but thicken-
ing to 5 feet (1.5 m) downslope. A
Subarctic Brown Forest soil profile
about 20 inches (51 cm) thick is
present on the loess. No ventifacts
occur in the loess.

The present interpretation is that
the solifluction layer indicates a cold
perind and glacial advance of pre-
Delta time. The ventifacts and the
sand are of Delta age. In the warm
period that followed the sand de-
position and formation of ventifacts,
the ground was not perennially fro-
zen and ground water deposited lime
on the ventifacts. Subsequently, in
Dornelly time, the sand and venti-
facts were buried by a loess blanket
adeposited on the hils.

296.7. Sitop 4-26; Shaw Creek Road.

Description of the section—On the
bluffs on the wesi side of Shaw
Creek Flats at an altitude of 950
feet (289.2 m), only 50 feet (15.2 m)
above the present level of the Tan-
ana River, a borrow pit cut across
two low ridges at mile 0.6 on Shaw
Creck Road has exposed an informa-
tive section 170 feet (51.8 m) long in
which are sediments of middle to
late Quaternary age (fig. 4-22). Ly-
ing unconformably over bedrock is
a calcareous layer of solifluction de-
bris 5 foot (0.15 m) to more than
4 feet (1.2 m) thick composed of
weathered and fractored bedrock
that has been transported a short
distance down the gentle bedrock
surface toward Shaw Creek Flats.

Wedges and pockets 1 to 4 feet
(0.3 to 1.2 m) long and .5 to 1 foot
(0.2 to 0.3 m) wide of nonbedded
medium-grained sand mixed with
smaller rock fragments occur as ice-
wedge fillings in the solifluction ma-
terial. This sand fill contains no
ventifacts, 1s more poorly sorted, and
contains more silt than the overlying
bedded sand. In the shallow valley
between the two ridges the solifluc-
tion deposit is complex. There ap-

pears to he a gully {illed with soli~
fluction debris and large pockets
and masses of pebbly sand with
weathered rock fragments. There
also occur a few stream pebbles of
dark mafic rock, perhaps a dike
rock, unlike the bedrock of the ex-
posure. The pebbles are wind pol-
ished but are not wind cut,

Unconformably overlying the bed-
rock and the soliftuction layer, as
well as the sand wedges and pockets,
is a well developed and extensive
layer 1 to 4 inches (2.5 to 10 co)
thick composed of ventifacts. The
ventifacts are wvein quartz from
the bedrock, are weli cut and pol-
ished, and form almost a continuous
horizontal sheet. The ventifacts are
¥% to 6 inches (0.2 to 152 cm) In
diamefer. The largest and wmost
striking ventifact is also the only
one of exotic Lithology—it is a 6-inch
(15.2 ¢m) diameter ventifact of black
chert found in the gully area over-
lying pebbles of transported mafic
rock. Ventifacis and rock fragments
in the solifluction and fractured bed-
rock have a lime coating on their
lower sides.

Overlying the ventifact layer is a
well-sorted medium-~grain cross-
bedded gray eolian sand layer which
is a few millimeters thick in the
center of the exposure in the shallow
valley and as much as 3.5 feet (9.3
m) thick under the ridges (fig. 4-22).
Several filled burrows of Citellus
undulatus are present in ihe sand.
The burrows are filled with sand or
sand and loess. Near one burrow
Richard Hill Péwé found a skull of
a ground squirtel, It was identified
as Cuellus undulatus by Dr. G. D.
Guthrie, vertebrate paleontologist of
the University of Alaska, who stated
that the mature skull was smaller
than that of modern ground squir-
rels.

Blanketing the landscape is a 4-
foot (1.2 m) thick layer of loess
which uncomformably covers sand,
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Shauw Creek Flats

Quarie Lake Tarnana Riwver

Donnelly Dome

Granite Mountains

Delra Miver Pase

Terminal Meraine
of Dealta. Gl:c‘ll"ﬁon

fAlaska K anqe

Figure 4-18. Panoramic view from Shaw Creek Bluff of the Alaska Range,
glacial moraines, and the broad, braided Tapmana River. The tertninal
moraine of the Delta Glaciation is represented by a 200-foot high ridge
on the south side of the Tanana River, § miles south of the Shaw Creek
Bluff. The glacier that deposiled the moraine emerged from the Delia
River Pass in the Alaska Range. (Sketch by Mary Jean Péwé)




ventifacis, and bedrock. A weil-
developed Subarctic Brown Forest
soil 24 jnches (61 e} thick is pres-
ent on the loess. The loess, which
maintains a vertical face, is perfor-
ated with holes of cliff swallow. Two
feet (0.61 m) below the surface at
the south end of the section is a
thin %4 inch (0.6 ¢m) thick charcoal
layer. Radiocarbon dating places the
zge of this charcoal at 25656 = 280
years {GX-0234).

Geologic history-—A record of al~
ternating periods of cold and warmer
climates from middle Quaternary to
present times is represented by the
sedimenits in this axposure. The soli-
fluction depaosits were formed under
a rigorous ¢limate of middle Quater-
nary time. Solifiuction deposits
formed at an altitude of 950 feei
(2892 m) at this time; today soli-
fluction deposits are forming at an
altitzde of 3000 io 3500 feet (910 o
1070 m) in the Yukon-Tanana up-
tand. The jce wedges that formed in
the solifluction deposils may either
be interpreted as forming in the lafer
part of the cold period, or 1n a sepa-
rate ccld period after the solifluc-
tion deposits became stabilized, In
either instance, the mean annual air
femperature was at least 3°C {0 4°C
colder than now.

Evidently some sand was blown on
to the hills in the later part of the
cold period. Streams existed in the
small gully in the center of the sec-
tion, and rocks foreign to the area
were trought in from upslope.

The cold period was followed by
a warmerxr period, as indicated by
the melting of the jce wedges ang
by the filling of voids with overly-
ing =angd and with solifluction mate-
rial from the collapsing sides of the
voids, During this time a thin blan-
ket of residual f{ragments of wein
guartz collected on the surface as
the resuilt of long weatbering of the

bedrock and the solifluction de-
posit.

With the return of a more rigorous
climaie, a cold period thought to be
associated with the Delta Glaciation,
sand was blown actoss the bluff, cut-
ting and polishing the rock £rag-
ments, The cutting and polishing is
especially well preserved on the
guartz fragments and other resistant
rocks. Eventually, accumulating sand
covered the bedrock, building dunes
and & sand blanket, thereby termi-
nating maost of the ventifact cutting
by burial. Ground sqguirkels were
abundant at this time, indicating
near-tree-line conditions.

With the amelioration of the cli-
mate, glaciers retreated and sand de-
position ceased or remarkably de-~
creased. The squirrels moved to
other areas as the tree line rose, The
sand bianket was gullied and in part
removed by erosion.

The loess layer is thought to be
associated with the advance of
glaciers in Donnelly {ime, a time
when the ouiwash plains and valley
trains were less vegetated. The loess
was draped over the landscape dur-
ing this fime of more rigorous cli-
mate. In the last few thousand
years, with the withdrawal of gla-
ciers and warming of climate, loess
deposition was reduced and a well-
developed Subarctic Brown Forest
soi} formed on the lgess. The upper
layvers of the loess are relatively
young.

286.6. On. the poorly drained Shaw
Creek Flats, which are underlain by
permafrost at shallow depths, are
extensive stands of larch (Larix
lariciana). In the cenier of the flats
is a nearly ireeless bog which ap-
pears to be a stabilized strangmoor
or string bog. The vegetation of the
bog consists mainly of sedge tus-
socks (Eriophoryum vaginatum),
sedges, (Carex spp.), and the shrubs,
dwarf birch (Betula glandulese), and
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leatherleaf {(Chamadaphne calycu~
lata}, From the air distinct patterns
of ridges and depressions can be
seent. At least the edges of the bog
have been burned, as is evidenced
by a few charred stumps. Most of
the black spruece and larch visible
{romn the highway are from 50 fo
100 years old.

285, Enter Biz Delta A-3 Quag-
Tangle.

Top

0 to 4 feet
(0 to 1.2 m)

4 to 9 feet
(1.2 fo 2.7 m)

9 to 13 feet
(2.7 to 4.0 m)

13 o 19 fest
(4.0 to 5.8 m)

283. Enter Big Delta A-4 Quad-
rangle.

282.5, Sand dunes of late Wisconsin
and Recent age. For the next 5 miles
(8.1 k) (2825 to 277.9) the road
follows a linear, “eliff head” type
sand dunieé area on the edge of 2
Ilow terrace next to the Tanana
River (fig. 4-20). The dunes are 5 to
10 feet {1.5 to 3 m) high and occupy
a2 belt about 100 to 200 yards (99 to
180 m) wide, forming a dry ridge
between the river and the sxtensive
swampy Shaw Creek Flats to the
north. It is an excellent location for
the highway. The dunes are covered
with 1 to 5 feet (0.3 to 1.5 m) of
loess, but the sand is well exposed
in road cuts.

The physical properiies of the tan
sand exposed here and the gray sand
of Nlinoian age expesed at milepost
287.5 near Shaw Creck Bluff (Siop
4-25) have been examined by mem-
bers of the Pleistocene Geology class
at the University of Alaska and are
listed in Tabie 11

The sand dunes along the edge of
the Tanana River were deposited
more than 8,000 years ago, probably
in late Wisconsin time. They repre-
sent the northernmost sand dune
area associated with the glacial ad-
vance of Donnelly time in (he lower
Delta River area (fig. 4-20).

277.8. Left; pumping station for
10-inch (25.4 o) fuel line. Right:
section exposed in Tanana River ter-
race scarp is as follows;

loess with forest-fire layers. Radiocarbon date on
charcoal near base of loess is 8040 = 190 years
(GX-0255).

tan, fine-grained, crossbedded eo¢lizn zand (dune).

buff fluvial sandy =ilt.

Tanana River rounded pebble gravel.

277.7. End of sand dunes.

277.5. Two miles (3.2 lkm) north
(left) lies Quartz Lake (fig. 4-18).
Quartz Lake is similar to Harding,
Birch, and other lakes on the north
side of the central Tanana Valiey in-
asmuch as it is thought 16 have
formed as the result of aggradation
of the Tanana River damming smail
valleys of the Yukon-Tanapa upland
during late Pleistocene time. Quariz
Lake is a shablow (40 £t [12 m]) lake
held in on the west side by Tanana-
Delta River alluvium (fig. 4-22). Ex-
amination of the grave] alluvium in
the ice-shoved ramparts of the lake
reveals numerous cobbles up to 6
inches (15 em} in diameter, of quartz,
diorite, granite, and other rocks of
the Alaska Range. The cobbles are
severely wind faceted, grooved, and
polished. The presence of wind-cut
cobbles of Alaska Range lithologies
at this location suggests that in Delta
time the oufwash plain from the
glacier exiended to the lale area,
dammed local drainage from the
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Table II. Physical properties of eolian sand exposed at Shaw Creek Flats
and near Shaw Creek Bluff, central Alaska.

Shaw Creek Flats
(Mile 282.5 on
Richardson Highway)

Near Shaw Creek Bluff
(Mile 287.5 on
Richardson Highway)

Mineralogy 73% quartz 63% quartz

Roundness approx. 79% angular to approx. 75% angular to
subangular grains subangular grains

Sphericity 32% grains have high 756% grains have high
sphericity sphericity

Luster 88% of grains have dull 75% of grains have dull
luster luster

Sorting well sorted well sorted

Mean diameter 1.47 mm 2.27 mm

Coior tan gray

hills, and formed the lake. The Bibliography

cobbles were wind cut in Delta time
when the broad outwash plain was
scantily vegetaled and sand could be
transported easily. These wind-cut
cobbles are thought fo be the same
age as ventifacts examined at earlier
steps in the vicinity of Shaw Creek
Bluff. No detailed work has been
done on the origin and age of Quartz
Lake, and much work, especially
pollen analyses, is necessary to pro-
vide final support for this hypothesis
of origin and age.

275.7. Left, former location of Bert
and Mary’s lodge. For several years
a large log cabin, deformed by thaw-
ing of permafrost, existed at this
spot. Photographs of the cabin have
appeared in various publications.
The roadhouse was forn down in
)96‘4. The deformed foundation re-
mains.

275.5. Right; hill of Birch Creek.
Schist covered with Wisconsin loess
that has slumped.

275.3. Tanana River Bridge. Mouth
of the braided Delta River emptying
inte the Tanana.
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DELTA RIVER AREA, ALASKA RANGE

by

Troy L. Péwé

RESUME OF QUATERNARY GEOLOGY OF THE DELTA RIVER AREA,
ALASKA RANGE

The Alaska Range is a great gla-
cially sculptured arcuate mountain
wall extending west and southwest
600 miles (170 km) from the Cana-
dian border to the Aleutian Range.
It is composed of a core of Precam-
brian or lower Paleozoic schist and
gneiss, the higher mountains being
held up by granitic intrusions of
Mesozoic age. The range is flanked
by, and in part made up of, sedi-
mentary and volcanic rocks of Pa-
leozoic and Mesozoic age. On the
lower flanks of the range, and un-
derlying adjoining lowlands, are
poorly consolidated coal-bearing
gravels and clay sediments of Ter-
tiary age. The range is extremely
rugged and contains Mt. MeKinley,
20,300 feet (6,191.5 m) in altitude,
tbe highest mountain on the North
American continent. In the central
Alaska Range, Mt. Hayes, Mt. Debo-
rah, Mt. Hess, and Mt. Kimball are
prominent peaks. The Delta River
rises on the soutb side of the range
in the Tangle Lakes and flows north.
The Richardson Highway (fig. 5-23)
crosses the range through the Delta
River Pass.

The range is characterized by
spectacular valley glaciers 1 to 40
miles (1.6 to 85 km) long. The gla-
ciers are largest and most numerous
on the south side of the range, as
they are nourished chiefly by air
masses moving northward to north-
eastward from the northern Pacific
Ocean. On the south side of the cen-
tral part of the range, snowline to-
day is 5,500 feet (1,670 m) above
sea level; on the north side it is
6,500 feet (1,980 m).

At least four Quaternary glacia-
tions, each successively less exten-
sive than the former, are recorded

in the Delta River area in the cen-
tral Alaska Range. The glaciers
pushed south and north from the
crest of the range, and some of the
ice on the south side found egress
to the north through the Delta River
Pass. On the north side, the glaciers
largely remained as valley glaciers,
spreading out terminal bulbs on the
lowland of the Tanana River valley.
On the south side, the glaciers co-
alesced, forming large piedmont gla-
ciers or ice sheets covering the low-
lands and pushed south into the
Copper River basin.

The earliest glacial advance rec-
ognized is the Darling Creek Gla-
ciation of early Quaternary age. It
is identified from patches of drift
2,000 to 3,000 feet (610 to 920 m)
above the floor of the Delta River
and from isolated erratics up to 15
feet (4.6 ma) in diameter in the Am-
phitheater Mountains on the south
side of the Alaska Range. The suc-
ceeding glacial] advance was the
Delta Glaciation, recognized by
fairly well preserved, breached mo-
raines on the north side of the range.
On the south side the glaciers of
this advance did not cover all the
small peaks of the foothills. This
advance is thought to be micddle to
Jate Quaternary in age and extended
well into the Copper River basin.

The next two glacial advances
took place in late Quaternary (Wis-
consin) time and are closely related
in extent and age. On the north
side they have been grouped into
one broad glaciation termed the
Donnelly Glaciation; on the south
side, they have been named the De-
nali T and Denali II Glaciations.
These deposits on both sides of the
range are characterized by fresh

— 55 .—

e



et e o't~ gy

r ket . -

T g T

i
i

|
f‘.

knob and ksitle topography. On the
south side, especially in the vicinity
of the Tangle Lakes, are hundreds
of sguare miles {several hundred
square k) of fresh ice-contact fea-
fures formes when broad sheets of
the ice stagnated. In very late
@Quaiernary time (post-Wisconsin}
there was a rather small advance of
the glaciers. It is especially well
represented on the south side of the
range.

Glacial advances of the last three
centuries have lef{ moraine Joops
within a few hundred yards (a few
hundred m) fo a few miles (several
km) cf the present glaciers.

Road Log and Localily Descriptions

274.3.1 South edge of flood plain of
Tanana River. Large vellow markers
on righi side of the road are mileage
markers for buried 10-inch {25.4 cn)
diameter pipeline extending from
Haines to Fairbanks.

274.4. Qutwash fan of Donnelly
Glaciation of Wisconsin age. Elon-
gate sand dunes 1 to 1.5 miles (1.6
to 2.4 km) long are on left side of
the rcad .5 to 1 mile (0.8 to 1.6 km}
to the east (fig. 4-20). Can be seen
on the Big Delta A-4 Quadrangle.
268.2. Stop 5-27: Left; Jack Warren

Road.

Terminal moraine of Delta age 1%
miles (2 km) from: Richardson High-
way. In front of moraine is outlwash
piazin cavered with well-developed
ventifacts (fig. 4-19).

267.0. Old channel of Jarvis Creek.
Chanmnel active in late Wisconsin
tirme.

266. Delta Junction. End of the
Alaska Highway, Milepost 1422.

264.8, Jarvis Creek. On windy
days dust is blown from this small
fiood plain, A ridge several feet high

"Wiles from Valdez on the Rich-
ardson Highway.
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{more than a meter) of loess has
bean built on the north side of the
creek. The vegetation succession
stages are somewhat different on the
Delta River and its tribuiaries than
on the finer alluvial deposits of the
Tanana. Barly succession stages are
more long persisting and include
both the dwarf and narrow-leafed
fireweed (Epilobtum latifolium) and
E. argustifolium), several legumes,
the most conspicugus of which are
Hedysarum spp., Astragalus spp., and
Ozxytropis spp., and the shrubs Dryas
drummondit and D. octopetala, buf-
falo berry (Shepherdia canadensis),
and several willow species. This
early pioneer stage is oflen replaced
by a nearly continuous cover of forbs
and grasses, of which Festuca spp.,
Elymus movatus, and Agropyron
spp. are the most common. These
early successionai stages are an im-
portant source of food for the buf-
fale herd that was introduced in the
Big Delta arez in the 1920°s.

Balsam poplars invade and replace
the meadow stage which in turn is
succeeded by white spruce. On most
of the coarse gravel deposits white
spruce may persist indefinitely, or
it may eventually be replaced by
black spruce in a skimilsr manner
to thal described for the Fairbanks
area.

Directly to the south Donnelly
Dome can be seen, 16 miles (26 km)
away.

264.6. Edge of outwash plain from
the main lobe of the ice advance of
Donnelly age.

283.2. Enter Mt. Hayes D-4 Quad-
rangle.

(Refer to U.S. Geological Survey
Map 1-394 by T. L. Péwé and G. W.
Holmes, “Geology of the Mt Hayes
D-4 Quadrangle, Alaska,” 1964.)

262,7, Stop 5-28: Right, Federal Avi-
ation Agency Station Overleok.
South from here can be seen 2

pancrama of the Alaska Range with
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Figure 4-22. Exposure in a basrow pit at mile 0.6 (1.0 km) on Shaw Creek
Road, Central Alaska, of a solifluction layer with fossil ice wedges of
sand overlain by an exiensive ventifact layer. The ventifacis are over-
lain by eolian sand which is in turn blanketed by 4 feet (1.2 m) of loess.
SYMBOLS: QVL—quartz ventifact layer; SL— solifluction layer; B—
fractured bedrock; CV—well developed chert ventifact; E—stream peb-
bles of basic dike rock wind polished but not cut; M—massive un-
bedded sand. Boy is pointing to layer of quartz ventifacts.
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Mt. Hayes looming as the most prom-
inent peak. Where the braided Delta
River comes into view it has cut
through the terminal moraine of the
Donnelly Glaciation (Wisconsin). Di-
rectly west from the overlook, the
subdued moraine of Imcian age
forms the crepulate skyline,

261.8. Left; entrance to FL Greely.

258.8. The gradient of the cutwash
plain from Ft Greely to the Don-
nelly terminal momaine is 55 feet per
mile (10.5 m per km). The outwash
sediments range in size from 4- to
-inch (10 Lo 15 em) diameter cobbles
at the end of the cutwash plain at
Milepost 2644 to boulder size, 1 or
2 feet (0.3 to 0.6 m) in diameter, at
front of the moraine af Milepost
2565,

Omn this section of outwash are
nearly continuous stands of balsam
poplar and aspen, in many places
with an undersiory of white spruce,
that have resulted from a fire about
50 years ago. The area will probably
dewvelop a white spruce stand similar
to that through which the highway
passed just north of Big Delta

At the edge of the Donnelly mo-
raine tha succeszional stands change
to those of paper birch and young
spruce, perhaps due to the increase
in silts in the moraine.

257.5. Righi; entrance to Meadows
Eoad. This road leads to ouferops of
loess more than 40 to 50 feet (12 to
15 m) thick along the edge of Delta
River flood plain. Radiometric dates
of approximately 7,000 years hawve
been obtained on wood at the base
of the loess.

256.5. Front of the Donnelly mo-
raine, (Good view of Granite Moun-
tain to left.

254. Start climbing the subdued
moraine of Delta age.

252.7. Stop 5-29: Moraine oi the

Delta Glaciation.

The roadeut exposed light wvel-
lowish-brown silty gravel composed

of cobbles and boulders of gneiss,
gronite, diorite, dark voleanic rocks,
with some limestone and schist The
percentage of schist fragments in the
till of Delta age is oniy 1 to 10 per-
cent in contrast to the large per-
centage of such fragments, 20 to 25
percent, in the less weathered till
of Donnelly age. The Delta Glacia-
tion is thought to be pre-Wisconsin
in age because the morainal topog-
raphy is considershly subdued and
the moraines fragmentary. Also, the
boulder count is low, and many
large boulders on the moraine are
weathered into pinnacled masses.
The kettles are partly filled and
modified. The number of kettles per
square mile on the Delta moraine
is & (1.1 per =q. km), in contrast to
16 kettles per square mile (6.3 per
5q. km) on the Donnelly mocaine
However, there iz only one bog per
sguare mile (0.4 per sg. km) in the
kettles on the Donnelly moraine as
compared to 2 (0.8 per sq. km) on
the Delta moraine

25L.5. Stop 5-30:; Edge of the Delta
Moraine and Outwash of Donnelly
age.

South from this location can be
seen a broad, flat lowland of out-
wash gravel of Dononelly age that
emanated from a lobe of the Don-
nelly glacier as it stood at the base
of Donpelly Dome 4 miles (6.4 km)
to the south. The highway can be
seen on the front of the terminal
moraine of Donnelly age in the dis-
tance. To the right, extending [rom
Donnelly Dome, is a moraine of
Delta age that is the same moraine
that swings around to the lpcality
of this Stop. The elevation of this
maraine can be matched with the
fairly well developed shoulders of
the Dome. In Delta time the glacier
completely surrounded Donneliy
Dome which protruded as an nuna-
tuk 700 feet (214 m) above the gla-
cial ice. The Dome iizelf is composed
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of the Birch Creek Schist of Pre-
cambrian or early Paleozoic age and
iz a stream and glacially modified
fault block It lies on the upthrown
side of a fanlt which extends from
the Dome eastward into the Granite
Mountain. Granite Mountain is a
fault block of gquartz monzonite
The fault line along the froot of
Granite Mountain is quite prominent
and culs the moraines of Wisconsin
age which were deposited at the
base of the mountain by small gla-
ciers originating in the block. The
flat remnants present on the top of
Granite Mountain have been inter-
preted as an exhumed erosional sur-
face upon which Tertiary gravel and
coal-bearing deposits were laid
dowo.

During Wisconsin lime strong
winds blew across the unvepgetated
outwash plain to the south. The
windz: carrying sand buffeted the
edge of the moraine of Delix age,
culling, grooving, and poalishing
boulders and cobbles, forming venti-
facts. Many of these wentifacts oc-
cur on the moraine from this spot
north to Ft Greely (fig. 4-20).

251.2. Stop 5-31: Polygonal ground
and fossil ice wedges.

Large-scale polygons on the out-
wash plain of Wisconsin age (Don-
pelly Glaciation) are outlined by a
petwork of intersecting trenchlike
depressions 1 to 3 feet (0.3 to 0.9 m)
deep amd 3 to 6 feet (0.9 o 1.8 m)
wide The polygonal outline is ac-
centuated by differences in vegeta-
tion hetween the centers of the poly-
gons and the trenches. The polygons
are BD to 130 feet (24.4 to 3596 m) in
diameter and are 3 to 6 sided; the
sm;a;.est number are 4 zided (fig

Wedge-shaped masses of relatively
fine-grained sediments underlie the
slight surface depressions which
mark the polygon boundaries (fig
5-25). These wedge-shaped masses,
or wedpges, crosscut poorly :tr;mﬁm

glacial outwash gravel The wedges
have a wide upper part, a narrow
middle section, and an extremely
irregularly shaped lower part They
extend from 3 to 9 feel (0.9 to 27
m) below the ground surface and all
bend and curve to varying degrees.
Some of the wedges widen and nar-
row again: many of them terminate
in a sharp hook, and some terminate
in large footlike masses or bulges.

The sediments of the wedge con-
sist of brownish silt in the upper
part and greenich-gray silt in the
middle and lower part Mixed with
this sflt are pebbles and cobbles the
same size a5 found in the outwash
gravel. The outwash sediments ad-
jacent to the wedges are slightly
different from the wundisturbed out-
wazh material, masmuch as fine ma-
terial appears to have been added.
Adjacent to the sediment wedges,
generally on one side, there iz a
zone of iron staining which is widest
at the top and marrows downward.
It iz the light-gray to tan silt in the
wedge lying next {o the brown or
reddish gravel that so strikingly out-
lines the wedpez in the Held.

The hypotheses considercd for the
origin of the large-scale patterped
pround in the Donnelly Dome area
fall into two major groups: (1) des-
iccation-crack hypothesis apd (2)
thermal-contraction crack hypothe-
siz. The first hypothesis is illogical
because of the absence of clay-sized
minerals. The thermal-contraction
crack hypothesiz proposes that the
polygonal pattern is produced by
cooling and tension cracking of the
ground in the winter as the result
of volome reduction owing o con-
traction of icecemented sedimenis,
Two variants to be considered under
this hypothesis include: (1) seasonal
crack polygons and (2) ice-wedge
polyEons.

FPolygons do not crack in the sea-
sonally froren proond in the Don-
nelly Dome area today. It would ap-
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POLYGONAL GRQUND PATTERN

SITE ONE

DONNELLY DOME AREA, ALASKA
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Meters

.24. Plane table map of large-scale polygons, Site 1, Donnelly Dome area, Alaska. (¥rom
d Andresen, 1865, fig. 6)

Church, Péwé, an

Figure 5

pear that for seasonsal contraction
cracks to form under natural con-
ditions, the snow and/or vegetation
cover in the past must have been
different, or the ground must have
been colder. With greater cooling of
the ground in the past, permafrost
would have been more widespread,
and therefore it is thought that con-
ventiopal ice wedges would form in
the conmtraction cracks in the perma-
frost rather than sediment wedges
in the seasonally frozen ground.

The origin of the large patterned
ground in the Donnelly Dome area
can be explained by the ice-wedge
hypothesis theory. Ice wedges formed
in the area during Wisconsin time,
subsequently melted, and the voids
filled with sediment.

The climate in the Donneliy Dome
area at the time the large-scale con-
traction crack polygons formed was
colder and more rigorous than today.
The {ree line was 1,500 to 1,800 feet
(460 to 550 m) lower and snowline

|
i Meters

3
1 Feet

X

Figure 5-25. Diagrammatic sketch of a fossil ice wedge, Donnelly Dome area,
Alaska, Circled numbers indicate the types of sediment: (1) silt mantle,
(2) filt of upper part of wedge, (3) fill of middle and lower part of
wedge, (4) undisturbed outwash gravel, (5) disturbed outwash gravel,
(6) sand, and (7) ircn-stained sediments. No vertical exaggeration,
(From Church, Péwé, and Andresen, 1965, fig. 17)
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was 1,500 feet (460 m) lower. In Wis-
consin time the aixr ternperature was
at least 5.4°F (3°C) lower, or at least
21.6°F (—58°C), in conirast to the
mean aonual air temperature of 27°F
(—2.8°C) today.

Study of the large-scale patterned
ground in the Donnelly Dome area
has demonstrated that extensive
areas of fosml ice-wedge polygops
can occur in coarse-grained sedi-
ments In regions where perma.fmst
is actively growing, such as in cen-
tral Alaska, and where large ice
wedges are still present in the fine-
grained sediments. Such an associa-
Hon supports the suggestion that the
permafrost and ice wedges thaw
more rapidly ip coarse-grained sedi-
ments thap in jce-rich fine-grained
sediment.

247.8. Rise upon edge of moraine
of Donuelly Glaciation.

247.4. Normal{?) twlik, the rmove-
ment having in post-Wis-
consin time Road crosses a fault-
line scaxp approximately 10 feet (3
m) high. Fault extends east-west
across the terminal moraine of Don-
nelly age with the upthrown side on
the south Donnelly Dome is bounded
on the north by this fault.

245. Knob and kettle terrain of
the terminal moraine of the Don-
nelly Glaciation. The aspect of this
terrain is typical of the topograpl:_ly
of termimal moraines of Wisconsin
age throughout Alask®, especially af
moraines of middle to late Wisconsin

e
alg'.I‘he vegetation on the Donmnelly
moraine is typical for that in the
Alaska Range near the altitudinal
limit of trees. Both black and white
spruce are found on tbe moraine but
in a very scattered distribution pat-
tern. Between the trees are shrubs
of dwarf birch (Betule glardulosa),
willows (Salix spp. especially S.
pulchre), blueberry (Veccimium uli-
ginosum), and Labrador tea (Ledum
groenlandicum and L. decumbens).

Between the shrubs and on exposed
knobs are mats of crowberry (Em-
petrum nigrum), alpine bearberry
(Arctastaphylos alpina), and lichens,
especially Cladomnia spp. Many of the
spruce on the Donnelly moraine are
less than 100 years of age which in-
dicates that under present climatic
conditipn an invasion by the trees
is in progress. Small clumps of bal-
sam poplsr are typical on recently
exposed glacial moraines in the
Alaska Range, and these seen on the
Donnelly moraine may have per-
sisted since the original colonization
by plants more than 7,000 years ago.

2452 Siop 5-32: Donnelly Till

The light yellowish-brown silty to
sandy tll is characteristic of the
Donnelly Glaciation in the Delta
River area of the Alaska Range. The
schist fragments are much more
commoen in 8l of this age then in
the more weathered £ of the Delta
Glaciation. Directly to the north
from this stop near Dormelly Dome
is a massive push moraime. On this
moraine, and others nearby, a mom-
ber of impartant archaeological sites
have been fournd in the past two
years.

Irn the summer of 1964, the Uni-
versity af Alaska carried out excava-
tions and site surveys in the area
which have resulted in the accumu-
lation of important new data on
early man in Alaska. Some twenty
sites were discovered, at least two
of which were of an early core and
blade tradition related io the Cam-
pus site and probably predating the
primarily coastal Dentigh Flint
Complex. Oue site cantained notched
points and is clearly separate from
the core and blade sites axd from
the several sites which yielded lan-
ceolate points of the general Plano
category.

In the past there has been a great
deal of game here, probably includ-
ing, in late Wisconsin or early Re-
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cent times, herds of horses and bison.
In the Donxelly region game is not
now abundant. This may be due in
part to its ready accessibility to
hunters. Unfortunately no faunal re-

0 to 3 feet
(0 to 0.9 m)

Creek Schist on left of lake. Right;
300 feet (91 m) off the road, is an ex-
posure in the cliff along the Delia
River. The following section is ex-
posed:

Loess with numerous organic laminations and fossils
of pulmonate snails. The following snails have been

identified from the loess, Succinea avara Say, Discus
chronkhiter (WNewcomb), and Euconuius fulvus. alas-

kensis Pilsbry.
3 to 7 feet
(0.9 to 21 m)
7 feet
(2.1 m)
7 to 12 feet
(2.1 to 3.6 m)
12 to 28 feet
(3.6 to 85 )
28 1o 41 feet
(8.5 to 125 m)

41 to 70 feet
(12.5t021.4m)

Donnelly age.

wash.)
Cover

mains have been found in these

sites. Radiocarbon dates from several

sites are pending.
244. Enter Mt. Hayes C-4 Quad-
rangle.

243.5. Stop 5-33: Picture Stop of Mt.
Hayes and the Alaska Range.
241.3. Right; view of the Alaska

Range, Delta River, the alluvial fans.

Black Rapids glacier in distance. On

left, the immediate skyline is the

lateral moraine of the Donnelly Gla-

ciation. Moraine is 650 feet (198 m)

above the river. Lateral moraine on

other side of the valley is of Don-
nelly age.
240.2. View south shows several
rock knobs (roches mouionnées).
239.9. Right; two Iloess-covered
roches moutonnées of Birch Creek

Schist. Quartz veins still retain gla-

cial polish.

238.15. Stop 5-34: Loess section.
Left; roches moutonnées of Birch

Unfossiliferous loess with some organic layers.

Ash Bed Jarvis Creek, ¥ inch (6 mm) thick.

Loess with little organic material.

Light yellowish~-brown sandy to silty boulder till of

Sandy outwash gravel. (Probably pro-Donnelly out-

Good view of the section can be
seen looking north from Mile 237.

237.5. Flood plain of the Delta
River. Good place to observe wind
blowing "dust from the flood plain.
Strong persistent winds and wide
vegetation-free river flood plains in
the past, as well as present, make the
Delta River an ideal area for watch-
ing wird as a geoclogic process. Winds
from the south and east have blown
great clouds of silt from the Delta
River and Jarvis Creek flood plains
since at least the time of Delta Gla-
ciation and have, therefore, blan-
keted the adjacent terrain with loess
{See isopach loess map, Péwé and
Holmes, 1964). Clouds of silt are
blown 1,000 to as much as 4,000 feet
(300 to 1,200 m) above the land sur-
face today and cover hundreds of
square miles in the area. As might
be expected, areas to the leeward of
the source areas (flood plains) are
most heavily blanketed with silt.
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The area west of the Delta River is
heavily covered with loess. Smailer
areas on the east side of the Delta
River that break the regular flow
of the wind are also heavily covered.

Deposits of windblown sediments
are thicker near the flood plains. The
leaves and limbs of the trees near
the river are covered wiih fine silt
during much of the summer. In
many areas the trunks of the trees
have small cones of fresh silt at their
base, the result of the silt washing
down the tree from the limbs and
leaves. The floor of the forest is
dusty, and a gradual accumulation
of silt requires new root shoots to be
extended laterally at higher and
higher intervals on the white spruce
trees. A constant regeneration of the
forest floor of vegetation is required.
Deposiis of loess are 1 to 40 feet (0.3
to 12 m) thick and consistently have
rouch more forest vegetation in their
upper part than in their lower. This
suggests that the vegetation in the
upper parts has not yet had a chance
to decay and disappear as it has in
the lower.

Aldmest all the loess in the imme-
diate area is pre-Wisconsin in age.
Radiocarbon dates available indicate
that the Jarvis Ash Bed near the
middle of most of the loess sections
is 2,000 to 4,600 years old. Two dates
at the base of the loess section are
approximately 6,000 and 7,000 years.

2358, From here to Ruby Creek
(fig. 5-26) the scarp 60 to 100 feet (18
to 30 m) high on the left was cut
by the Delta River in an old alluvial
fan of Ruby Creek. Since the glacier
of Wisconsin age withdrew from the
Deltz River valley, streams have
built large alluvial fans of gravel
into the valley. These fans are trun-
cated as the river wanders from one
side of the valley to the other. The
fans are capped with a veneer of
loess 1 to 40 feet (0.3 to 12 m) thick.

235. Start up younger fan of Ruby
Creek.

234.8. Stop 5-35: Yardang Site (fig.
5-27).

The alluvial fan is composed of
schist, gneiss, and guartz from the
Birch Creek Schist and a large per-
centage of pebbles and cobbles of
coal and orange-brown nonsiliceous
siltstone of Tertiary age from the
head of Ruby Creek in the Jarvis
Creek -coal field. The fan perhaps
took thousands of years to reach its
preseni size.

Ruby Creek wandered over its
gravel fan removing any loess that
accumulated. About 6,000 years ago,
however, Ruby Creek hegan to en-
trench its fan, perhaps because of
downcutting of the Delta River or
more likely because of the shift of
the Delta River to the east side of
the valley, nipping the fan and
thereby shortening the course of
Ruby Creek. ¥For the last 6,000 years,
loess has been accumutating on most
of the gently sloping fan burying
successive generations of white
spruce forests. The loess is uncon-
solidated and possesses crude verti-
cal jointing, It is tannish gray and
mottled with iron oxide and organic
material, The silt has rather distinct
laminations parallel to the surface
of the aliuvial fan which are caused
by the presence of forest layers or
iron oxide staining. White spruce
stumps up to a maximum diameter
of 1 foot (0.3 m) are common in the
loess. The organic-rich layers indi-
cate that the loess has been depos-
ited on the forest floors, thereby
burying successive forest layers. As
much as 16 feet (4.9 m) of loess has
been deposited on the fan in the
last 6,000 years. A radiocarbon date
of 5,999 % 250 years (I-646) was ob-
tained on a spruce stump 2 inches
(5.1 cm) above the base of the loess
(fig. 5-27).

Between 2,000 and 4,000 years ago
the Jarvis Ash Bed was deposited
on the fan and became buried by
subsequent loess accurnulation. The
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ash bed has a relatively uniform
thickness of 1 to 5 mm and consists
mostly of glass. At the time of ash
deposition the Ruby Creek flood
plain extended about 500 feet (150
m) north of its present location, and
the ash was, therefore, not preserved
there. Approximately 2,300 years ago,
Ruby Creek moved to the south side
of its flood plain, and loess began
to accumulate on the old gravet of
the inactive creek flood plain. For
the last 2,300 years Ruby Creek has
noi swung to the north, and 10 feet
(8 m) of loess has accumulated over

the gravel surface and artifacts,
burying forests as it accumulated.
Strong wind action in the Delta
River valley has attacked the unpro-
tected loess deposit once the vegeta-
tion was broken during road c¢on-
struction. From the unconsolidated
loess, yardangs 3 to 5 feet (0.9 to 1.5
m) high and ¢ to 10 feet (1.2 t0 3 ™)
long have been carved. These fea-
tures are similar to the yardangs cut
out of slightly more consolidated
material elsewhere in the world. Be-
cause of their poor resistance to ero-
sion most of them are short lived.
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Figure 5-26. Landform map of part of the Delta River Valley in the vicinity
of the Yardang Flint Station, ceniral Alaska Range. (From Reger,
Péwé, West, and Skarland, 1965, fig. 1)
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Figure 5-27, Stratigraphy of the Yardang Flint Station along the Richardson Highway in the Delta River

(From Reger, Péwé, West, and Skarland, 1965, fig. 9)

Valley, central Alaska Range,

Twenty-four artifacts, comcen-
trated, D an area 6 inches (15 cm)
in diameter were found in an or-
ganic-rich layer % inch (6 rom) thick
a few inches (several cm) above the
gravel-loess contact in the southern
part of the section exposed at Stop
5-35. The organic material in the
artifact layer was determined by
radiocarbon analysis to be 2,300 + 180
years (I-647) old. The cultural layer
at the Yardang Flint Station repre-
sents the first location in interior
Alaska where artifacts this old are
absolutely dated and put into their
geologic environment. However, the
artifacts were all scrapers, and no
blades or points were present. No
definite conclusions can be derived
from the study of these pieces. It is
significant, however, that the people
who occupied this temporary site
were not of the Athapaskan culture,
a culture which is present in the in-
terior today. The Athapaskans made
most of their ipstrurments from bones
and antlers and did not do the type
of flaking exhibited by the artifacts
at this locality.

Bridge at Ruby Creek. From the
bridge it is possible to see on the
left the ridge between Ruby Creek
and Rear Creek. At an elevation of
4,000 feet (1,219 m), cobbles of drift
of Delta age were found. The lateral
moraine of Donnelly age in this area
is near 3,000 feet (915 m) elevation,
approximately at timberline.

2347. The next mile of the road
is on ice-rich silt overlying the old
Ruby Creek fan. Poor road.

234 to 233.5. Alluvial fan of Bear
Creek.

233.8. Bear Creek bridge. Up-
stream from the bridge one may see
a yellowish gravel deposit that was
banked against the Donnelly lateral
moraine.

231.8. Start of Darling Creek fan.

231. Left, on the ridge between
Darling Creek and an unnamed
creek to the south at bench mark

Darling (4,927 feet [1,502 m] eleva-
tion) is the type evidence of the Dar-
ling Creek Glaciation. Here deeply
stained washed gravel of pre-Ili-
noian age lies on the Birch Creek
Schist. Other deposits of this age can
be fonud at the head of Ruby Creek.

230. Left; oulcrop of loess and the
Jarvis Ash Bed.

229.9. Left; 1950 forest fire scar.

227. Gunnysack Creek and allu-
vial-fan exposure. Brownish fan
gravel is also exposed across the
Delta River under the Recent mo-
raines of Black Rapids Glacier.

226.7. Left; 1650(7) moraine of
Black Rapids Glacier.

2266. Stop 5-46: Falls Creek Black

Rapids Glacier.

Rlack Rapids Glacier gained
worldwide publicity in 1937 when it
advanced spectacularly up to 200
feet (61 m) per day. The glacier did
not reach the Richardson Highway
as it was feared. Inspection by the
geologists in 1949 revealed that ear~
lier Recent advances did, however,
reach across the Delta River valley
(fig. 5-28).

Near the mouth of Falls Creek oc-
curs a large pod of greenish fine-
grained amphibolite cut by a multi-
tude of quartz veins. This Tock is
more resistant then the surrounding
schist and protrudes as a kmob; it
displays excellent glacial polish and
grooving. Grooving records glacial
movement of ice down the Delta
River valley (from south to north),
probably during the Donnelly Gla-~
ciation. From the top of the armphi-
bolite mass a good view is obtained
of the glacier and the moraines of
historic advances. During the earliest
advance the glacier pushed across
the valley, riding up a few hundred
yards on the opposite bedrock valley
wall. Clear Creek, which formerly
drained directly into the Delta River,
was diverted north by the ice and
moraines so it now reaches the river
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% of a mile (more than a km) far-
ther north. Later shifting of the
creek caused the iill to be washed
away over the amphibolite. The
Delta River drained around the front
of the ice, cutting a bedrock gorge
now occupied by Hidden Lake (fig.
5-28). To the north (across the river)
one can see the old ailuvial-fan
gravel of Gunnysack Creek under-
lying the Recent moraines, The gla-
cler in its advance pushed the Delta
River to the east, causing it to trun-
cate the old fan of Guanysack Creek,
forming the exposure along which
the Richardson Highway now lies.

Attemnpt has been made to date this
early advance by various methods—
dendrochronology, lichenometry,
soil development, and radiocarbon
dating, but no exact date is yet
available. Advances of comparable
age are present on Canwell and
Castner Glaciers farther up the Delta
River valley.

Trees up to 144 years o)d, and
older irees with rotten rcenters, are
growing on the oldest moraine of
Black Rapids Gilacier (1951). The
timberline conditions, severe winds,
and shifting of ice-cored moraines
prohibit tree growth for at least 15
or 20 years following formation of
the moraines. Trees up to 228 years
old occur on the outwash plain in
front of the moraine but may have
been present prior to the advance.
The development of the soil indicates
that the advance may be more than
200 years old. A log in a moraine of
comparable age of Canwell Glacier
nearby was dated as, “less than 200
years” (W-268) in 1853; however,
Meyer Rubin (writlen communica-
tion, 1964) states that the log could
indeed De older than 200 years . The
earliest advance is now thought
definitely 10 be more than 200 years.

A dense forest with 330- to 500-
year old trees les adjacent to the
early moraine on the west side of
the Delta River. This forest is not

of first generation irees and is
greatly different in maturity from
the young forests on the adjacent
moraines. The moraine is certainly
younger than 400 to 500 years. Péwé
believes that the early advance of
Black Rapids Glacier, and nearby
Canwell and Castner Glaciers, is
about 300 years prior to the 1951,
1954, 1957 tree dating and is an
advance of about 1650(?). This early
advance is compound on Black
Rapids Glacier.

An areuate terminal moraine lies
about a mile in front of the 1937
moraine. This moraine jis fresh ap-
pearing, has no turf cover, and an
ice core is present in places. Trees
98 years old were measured in 1951
on this moraine, and trees 102 vears
old were measured on moraines of
comparable age on Castner Glacier.
Some time js needed for tree genera-
tion in this rigorous climate near
timberline, and it is thought by
Péwé that this advance therefore
occurred about 1839.

The 1937 advance was rapid, and
a 300-foot (81 m) ice cliff formed the
terminus in 1937. The ice thinned
rapidly, and today little ice can be
seen from the highway. The terminal
moraine is stil} ice cored. The first
spruce trees (4 years old) were found
in 1957, 20 vears after the advance,
growing on the moraine at a place
where the ice core was no longer
present.

In an attempt to date recent gla-
cial advances in the central Alaska
Range, lichenometry was used in
1962 at Black Rapids, Canwell, Cast-
ner, Gulkana, and College Glaciers.
Lichenometry is used by measuring
the diameter of lichen thalli growing
on a surface and is based on the
slow but constant increase of the
plant diameter. The lichen found
most applicable in the central Alaska
Range is the crustaceous Rhizocar-
por geographicum. This lichen is
abundant, easily recognized, and is
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proved reliable for dating elsewhere
in the world. Discussion of the Li-
chenometry will be reserved for
Stop 6-41: Gulkana ang College Gla-
ciers; however, lichenrs were mea-
sured on the Black Rapids and Cast-

ner moraines, moraines that have
been dated by dendrochronology.
The 1950(%) moraine of Black
Rapids Glacier was unsatisfactory
for the lichenometry study inasmuch
as the older moraine is heavity for-
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ested and elsewhere shows the ef-
fects of sand blasting.

The largest Rhizocarpon geograph-
icum on the 1330 texminal moraine
of Black Rapids Glacier range from
0.43 to 1.69 inches (11 to 43 mm) in
diameter and average 0.95 inches (24
mya) (fig. 5-28). Lichens were mea-
sured wherever possible on large
boulders on that part of the moraine
which was not ice cored.

Scattered Rhizocarpon geographi-
cum up to 4 mun in diameter were
measured on the 1937 terminal mo-
raine, on. boulders that were no
longer part of the ice-cored moraine.

225.A. Right; glacier overlook. Left;
Hidden Lake and diversion channel;
Rhizocarpon geographicum on boul-
ders in forest.

Enter Mt. Hayes B-4 Quadrangle

225.1. From 226.5 to 224 4 the road
is on the 1650(?) moraine.

2247. Suzy Q. Creek. The 1830
moraine is a prominent gravel ridge
on the right, adjacent to the road. It
is an unvegetated gravel pile. Rem-
pants of the 1830 moraine also can
be seen across the Delta River val-
ley.

222.9. Right; across (west) the
Delta River valley is a hanging, 3-
mile (4.8 km) long, U-shaped valley.
It iz hanging at both ends and was
occupied by a glacier in Wisconsin
time, View up Delta River valley.
First view of Recent moraines of
Castner and Canwell Glaciers. Birch
Creek Schist of Precambrian and
early Paleozoic age forms the valley
walls in this area, but Rainbow
Mountain in the distance 8 miles (13
km) to the south, just beyond Cast-
ner and Canwell Glaciers, is com-
posed of Paleozoic and Mesozoic
rocks.

222. Dust can soraetirnes be seen
here bheing blown from the flood
plain of the Delta River.

217.2. Left; Castner Glacier (fig.
5-29). Stagnant ice of the 1830 ad-

vance is exposed 3,000 feet (900 m)
to east (left) where water discharges
from a tunuel under the glacier.

217. The two Recent advances of
Castner Glacier, comparable to the
1650(7) and the 1830 advances of
Black Rapids Glacier, are recorded
by moraines near the highway. A bit
of the 1650(?) terminal moraine is
plastered on a bedrock hill at Mile
216.7 adjacent to the highway just
across lower Miller Creek. The ter-
minal moraine of the 1830 advance
Yies to the left of the highway at
Mile 217 and is ice cored. Trees up
to 102 years old were measured in
1951 growing on the ice-cored roo-
raine.

Early stages in revegetation of
both the moraine and outwash can
be seen at this point. The shrubs are
buffalo bexrry (Shepherdia canaden-
sis) and willow (Salix spp.). The
legumes, Hedysarum spp., Astragalus
spp., and. Oxytropis spp. occur in
abundance as does dwarf fireweed
(Epilobium latifolium). The scat-
tered grasses are primanly Festuce
rubra and Hierochloe alpina. A few
mats of Dryas spp. can be observed.
Young white spruce have invaded
both the outwash and oldest part of
the moraine.

216.8. Road c¢rosses the Denali
fault. The fault is one of the longest
fault zones in Alaska and is ex-
pressed topographically as a well-
defined arcuate lineament that can
be iraced without interruption from
the sonthwest part of the Alaska
Range, through the crest of the range
into Canada, and perhaps into Cha-
tham Strait in soutbeastern Alaska.
The magnitude and direction of dis-
placernent are controversial. Offset
post-Pleistocene alluvial fans and
glacial deposits of Donnelly age oc-
cur in the valley across the Deltz
River, indicating relatively recent
movement along this fault. Some of
the largest glaciers in the Alaska
Rabge occupy segments of the fault
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trough: Chistochina, Gakona, Can-
well, Black Rapids, Susitna, and
Muldrow Glaciers.

218.7. Bedrock knob of quartz dio-
rite. Plastered against the xock knob
1s part of the moraine of the 1650(?)
advance of Castner Glacier, a mo-
raine composed of lithologies charac-
teristic of the Birch Creek Schist.

215, Siop 5-37: Left; Canwell Glacier

(fig. 5-30).

Canwell Glacier displays well the
advances of 1650(?) and 1830. Lateral
moraines of the older advance are
well preserved up-glacier. A frag-
ment of the older moraine exists at
Milepost 213 on the south side of
upper Miller Creek (fig. 5-30). Tree
stumps up te 159 years old were
present in 1351; the trees were prob-
ably cut down 10 to 15 years previ-
ousty. A well-developed forest and
turf occurs on this moraine frag-
ment. The largest Rhizocarpon geo-
graphicum on the south lateral mo-
raine of the older advance range
from 5.16 to 6.34 inches (132 to 161
mm) in diameter and average 5.67
inches (144 mm) (fig. 5-30). The
thick moss and spruce cover on the
fragment of the 1650(?) terminal
moraine remaining is unfavorable
for lichen growth and none were ob-
served.

The terminal moraine of the 1830
advance is well preserved and dis-
played near the highway (fig. 5-30).
A low prominent gravel ridge 10 to
15 fcel (3 10 4.6 m) high is forested
with white spruce, willow, angd alder.
In 1951 the oldest tree recorded was
102 years old. Rhizocarpon geograph-
icumt 18 common on the terminal and
lateral moraines of this advance. On
the south lateral moraine the largest
Rhizocarpon geographicum are 1.10
to 1.97 inches (28 to 50 mm), but on
the terminal moraine they are only
.71 to 1.3 inches (18 to 33 mm). The
average size for both parts of the
meoraines is 1.18 inches (30 mm). On
this moraine there are few trees, no

turf, and lichen-bearing boulders
are scant or absent.

214. Left; large area of iron oxide
stain on Rainbow Mountain in dis-
tance is one of the many caused by
weathering of pyrite. Right; at the
fork in the large creek directly to
the west (right) across the Delta
River, is the trace of one of four im-
bricate thrust faults. This particular
thrust, the largest of the four, strikes
east-west and dips 3¢° N. It extends
at least 15 miles (2.4 km) to the west
and is subparallel to the Denali
fault (oral communication, J. H.
Stout, 1955).

212.1. Left; cock quarry. Exposed
are flows and agglomerates of Penn-
sylvanian age.

211.95. Left; fossils of late Paleo-
zoic age exposed in steeply dipping
limestone at spot painted “USBM.”
According to Dr. C. L. Rowett, in-
vertebrate paleontologist at the Uni-
versity of Alaska {oral communica-
tion), the beds here are early Penn-
sylvanian (pre-Desmoinesian) in age.
Some of the fossils that occur here
are:

Aulophyllid coral, genus undet.

Cledochonus ¢f. C. texasensis
Moore and Jeffords

Composita sp.

Linoproductus (sensu stricto) sp.

Echinoconchus sp.

Spirifer ¢f. S. rockymontanus Mar-
cou

Spirifer spp.

Aviculopecten sp.

Pseudoparalegoceras n. sp.

Phillipsid trilobite, genus undet.

210.7. Left; the “Green Thumb':
active solifluction slope. No trees
grow on this slope. The road cannot
be satisfactorily maintained where
it crosses the solifluction slope.
210. Stop 5-38: Rainbow Mountain.

Left; the till (bedded?) fill indi-
cates that the rock gorge was here
prior to the Donnelly Glaciation.
Rainbow Mourntain is essentially a
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strike ridge teandirg northwest. It
rigses abrupily more than 4,200 feet
(1,280 m) above the valley floor of
the Delta River. Much of the western
slope of the ridge approximates a

dip slope. The mountain is composed
of folded and faulted detrital rocks:
“graywackes,” limestones, andesitic
and dacitic pyroclastic rocks and
minor andesite flows of Mississip-
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pian(?) and Pennsylvanian age which
have been intruded by andesite,
grancdiorite, and quariz dioriie
masses.

The green and maroon colors are
predominanily those associnted with
the volcanie rocks, but the yellow-
greens are associated with the silt-
stones and sandstones. The porphy-
ritic andesite sill-like intrugions are
characteristically purplish green and
the rhyolites ave dark green.

209. Left; stabilized scree slope
deposit.

2077. Stop 5-39: Left; Active Rock

Glacier,

1t is about a mile {1.8 km) long
and originates in empty cirque at top
of Reinbow Mountain. Right; Terti-
ary rock exposed in lower part of
valley wall across Phelan Creek.

¥From Rainbow Mountain to Isa-
belle Pass the road travels upward
through the altitudina) tree line. As
the uppet Wit of trees is approached
the trees become scattered in dis-
tribution, but in most cases are up-
right and relatively fast growing.
Open stands of white spruce can be
seen along the terraces of Phelan
Creek to an elevation of 3,000 feet
(900 1), but scattered individuals
occur at elevations of 3,500 feet
(1,100 mn) in this area. No old stumps
are found sbove the present tree
line, and many of the trees at or
near tree line zre less than 100 years
of age. This indicates that tree line
is now as high as it has been in re-
cent times and that it may sctually
be advencing in some localities.

At tree line and above is a zone of
shrubs. This may be narTow on steep
slopes, as in the area around Rain-
bow Mountain, or very extensive, as
in the Isabelle Pass-Summit Lake
arca. This zone consists prinarily of
the same plants that are found in
the open spruce stands at lower ele-
wations. These include the shrubs,
dwarf birch, willows, Labrador tea,

and blueberry. Scattered through the
shrubs is a moss mat of Hylocomium
splendens. Between the tzil shrubs
and on exposed ridges are mats of
Cladonia lichens, crowberry, alpine
pearberry, and mountain cranberry
{ Vaccinium vitis-idaea). Because of
the abundance of Michens, this vege-
tation zone is utilized heavily by
caribou in the winter—small herds
can usually be seen in the winter
months in the Isabelle Pass-Summit
Lake area feeding on the lichens.

266.8, Right; boulder bed across
Phetan Creek This boulder bed ap-
pears to be a 4-foot (12 m) thick
Jayer of outwash gravel deposited on
a surface cut om Tertiary rock. A
large shump block, talus deposit, or
rock glacier up te 100 feet (30 m)
thick from Rainbow Mountain over-
ties the outwash. The outwash gravel
appears to be a coptinuation of the
cutwash gravel on the terrace sur-
face directly ahead, on this side of
Phejan Creek. If this interpretation
is correct, the “slump block™ is post-
Donnelly in age.

Left: the comtact beiween the
Paleozoic and Tertiary rocks, Di-
rectly ahead, across Phelan Creek, at
an altitude of 4,000 feet (1,219 m), till
of Donnelly age occurs on top of the
low hill. (Road from 206.8 to 204.7 is
now on flood plain of Phelan Creek,
not on lerrace as shown on 1958 U.5.
Geological Sursey Mt Hayes B-4
topographic map).

206.2 Leff; alluvial fan is burying
the terrace surface in the distance.
The terrace suxrface is thought to be
of late Donnelly {(Wisconsin) or earky
post-Donnelly age. The surface has
large-scale polygonal ground similar
to that exposed near Donnelly Dome,
Milepost 2512

205, Left; alluvial fan burying the
surface of two terraces. The terrace
rernpants may be matched with ter-
race remnants an other side of Phe-
lan Valley. The gradient of these
terraces is less than that of the pres-
ent Phelan Creelc
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204.7. Enter Mt Hayes A-4 Quad-
reugle.

204, left; Tertiary rocks, coal-
bearing, underiie placial drift and
are subject to landshding.

203. Lower terrace surface.

203.3. Higher terrace surface.

200.1. Edge of terrace composad of
outwash gravel Road ascends ler-
race and the terrace is graded to a
terminal moraine. The texminal mo-
raine lies in Isabelle Pass and per-
haps is a moraing of the Swonmit
Lake advance.

189, Isabelle Paxs. Elevation 3,285
feet (991.9 m) above seg Jevel,

198. Moreine of Summit Lake(?)
advance.

137.7. Stop 6-40: Gulkana Glacier

View.

Richardson Monument Pingo-like
knob in the floor of the Gulkana
River valley is & moraine rempant
Surface drainage from Gulkana Gla-
cier wanders back and forth on the
outwash plain and sometimes it
drains into the Delta-Tanana-Yukon
Rivers to the Bering Sca, sometimes
into the Copper River and to the
Pacific Ocean to the south, and some-
times it goes in both directions. For
the last few years the drainage has
been artificially diveried into the
Dejta River.

The Richardson Highway, connect-
ing Valdez and Fairbanks, is the
oldest major transportation route in
Alaska. It was nitdated as the Fair-
banks-Valdez Trail in 1501 when
Congress appropriated funds for its
construction. In 1904 funds were ap-
propriated {o survey a wagon read
on this route. It was mainly a winter
sled and wagon road in the early
years, and the first complete tyuck
and auto Iirip is reporied to have
been made in 1913, In the 1920's the
road was named the Richardson
Highway after W. P. Richardson,
President, Alaska Road Commission,
from 1905 to 1917,

e e e - _

Stop $-41: Gulkana Glacier.

Gulkana Glacier has been infen-
sively studied since 1960 under a
program of integrated investigations
directed by the Department of Geol-
ogy, University of Alaska Gulkena
Glacier is one of the several temper-
ate valley glaciers on the south side
of the Alaska Ranpe (fig. 5-29). It
lies 4 miles (6.4 km) east of the
Richardson Bighway at Isabelle Pass,
and a gravel road branching north-
east from the Richardson Monument
at Isabelle Pass extends to within [
mile (1.6 kin) of the present terminus
of Gulkang Glacier. College Glacier
Bes on the east side and West Gul-
kana Glacier lies on the west side
of Gulkena Glacier (fig. 6-31). Gul-
kana Glacier originates in three ad-
jacent compound cirques at an aver-
age elevation of 6500 feet (2,000 m)
above sea level. Ice from these three
cirques converges to form a south-
Rowing valley glacier which extends
25 miles (4 km) to an elevation of
approximately 3,700 feet (1,140 m)
at its terminus, A sequence of arcu-
ate end and parallel lateral Recent
moraines encircle the texrpinal areas
of Gulkana, West Gulkana, and Col-
lege Glaciers (fig. 6-31).

Glacial Geology

The recent moraines which flank
the terminus and lower parts of Gul-
kapa and College Claciers lie above
tree line, and therefore cannot be
dated by dendrochronology. How-
ever, dating has been possible by ap-
plying lichenametric inforrantion ob-
tained from Recent moraines of
Black Rapids and Canwell Glaciers
diseussed at Stops 5-36 and 3-37.

Lichenometiry is a methed by
which one can date recently exposed
rock surfaces or recently active ge-
ologic processes in treeless areas by
measuring the rate of lichen growtb.
The dating is based on the slow, but
constant increase of the individual
plant diameters. The length of life
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of the lichen species used imposes a
limit on the ages of the exposed rock
surfaces which can be determined by
lichenometry. Crustaceous lichens
grow extremely siowly, and the
¥ehen species which has besn used
for dating in other parts of the world
ts Rhizocarpon geographicum.

To date the moraine of Gulkana
and College Glaciers it is necessary
to determine thalli growth rates for
the centrzi Alaska Range before
lichenometry can be used for dating
in this region. To establish growth
rates, Jichen diameters were meas-
ured on (he Recent moraines of Can-
well and Black Rapids, moraines
which have heen dated by dendro-
chronology as having formed about
1830 anag 1650(?) (figs. 5-28 and 5-30)
{see Stops 5-36 and 5-37). At least
ten of the largest lichens were meas-
ured at each established siation in
order to determine a lichen growth
standard for the central Alaska
Range. Lichen was measured on the
larger boulders because these were
considered more stable than smalt
boulders. The effect of varying Ji-
thology was minimized by measur-
ing lichens on diorite or quartz dio-
rite whenever possible.

The average diameter of Rhizocar-
pon geographicum on the Canwell
Glacier 1650(?) moraine is 5.67
inches (144 mm) . On the 1830 mo-
raine the average diameter is 1.18
inches (30 mm). The average diame-
ter was .94 inches (24 mm) on the
1830 maoraine of Black Rapids Gla-
cier. Good measuring sites on Lthe
1650(?) moraine of Black Rapids
Glacier have wnel yet been found.
Lichen diameters on the 1830 mo-
raines of both Canwell and Black
Rapids Glaciers are well established
and compare favorably in size.

Gulkana Cilacier has four Recent
moraines of which i{wo are consid-
ered to correlate with the 16530(?)
and 1830 moraines. respeclively, of
Canwell Glacier because of their po-
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sition and topographic expression.
Using these assumed dates and
rmeasuring maximum thalli diame-
tets of Rhizocarpon geographicum on
these iwo prominent wmoraines, a
growih rate curve was constructed
and compared with the growth rate
cuwrve of Canwell Glacier. The curve
for Rhizocorpon geographicum in the
Gulkana-College Glacier area is al-
most identical with the growih rate
curve of this lichen at Canwell Gla-
cier, which supports the basic as-
sumpiion that the prominent mo-
raings of Gulkana and College Gla-
ciers are equivalent to the 1850(7}
and 1830 moraines of Canwell Gla-
cier. Once the growth rate curve for
the Gulkana-Coliege Glacier area
was eslablished it was possible to
date the two Receni moraines in the
Gulkana-~Colltege Glacier area that
apparently have no representation
on Canwell Glacier. There moraines
were determined to date from ap-
proximately 1580(2) and 1875 (fig.
$-32). The average diameter of the
lichen on moraines of the 1538G(?)
advance is 6.7 inches (170 mm) and
that of the 1875 advance is 0.3%
inches (I0 mm).

The oldest Recent advance of Gul-
kana Gilacier for which moraines
exist 15 thought to have occurrted
about 1580(7). Although buried mo-
raines(?) occur adjacent to Guikana
and College Glaciers and may indi-
cate Recent advances prior to 1580,
no good evidence is present, The
1580(7) advance is best decumented
on the outer part of the east Recent
moraine complex of Gulkana Gla-
cler {fig, 6-32). This moraine is flat
topped and has incipient stone rings.
The boulders are heavily covered
with lichen baving an average diam-
eter of 6.7 inches (170 mm). The
1580(7?) advance of Guikana Gla-
cier has no known equivalent on
College Glacier.

Gutkana Glacier readvanced in
1650¢7) and overrode the 1580(7)
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terminal moraine. The most promi-
nent 1650(?) moraine in the area is
preserved in the east lateral moraine
complex of Gulkana Glacier as a
narrow continuous ridge. Part of the
1650(?) lateral moraine js also pre-
served as a small linear paich of till
outside the northwest 1830 lateral
moraine of Gulkana Glacier (fig.
6-32). Boulders are fresher and less
bheavily lichen covered than on the
1580(?) moraine. This moraine, as
the older, is not ice-cored, and the
average diameter of Rhizocarpon
geographicume is 9539 inches (137
mm). The exacli extent of the
1650(?) advance of Gulkana Glacier
s unknown, but it probably was
only slightly less than the advance
of 1830. Advances of many glaciers
in the Alaska Range occurred at this
time, leaving comparable moraines.

In 1830 Gulkana and College Gla-
ders advanced. Gulkana Glacier ad-
vanced 1.5 miles (2.5 km) beyond
the 1962 ice terminus and overran
the 1650(?) terminal moraine, spill-
ing out onto the relatively flat Wis-
consin glacial flooxr. The advance
dammed College Creek and partly
blocked west Gulkana Creek (fig
6-32). Lateral morames of the 1830
advance of Gulkana and College
Glaciers are well preserved, but the
terminal moraines are fragmentary.

Boulders on the surface of the mo-
raines of this age appear light green-
ish black because of the cover of
lichen. Lateral moraines support no
vegetation other than lichen, but the
1830 terminal moraine has willows
up to 10 feet (3 m) high growing
on it. There is a small ice core in
the 1830 moraines as indicated by
fresh slumpage features om lateral
moraines above an altitude of 4,400
feet (1,320 m).

The majoxr drainage of College
Glacier in 1830 was down College
Creek Canyon as indicated by ter-
races and terrace rempants on the
canyon walls 59 to 7.9 feet (18 to

24 mm) above the present flood
plain. This drainage was blocked by
Gulkana Glacier, and when the wa-
ter of the resulting ice-dammed lake
reached an elevation of 3,740 feet
(1,140 m) the lake and subsequent
runof{ drained t{oward the south
along the edge of the 1830 terminus
of Quikana Glacier cutting an over-
flow chanunel. The 1830 advances of
Gulkana and College Glaciers have
equivalent advances on many gla-
ciers in the central Alaska Range,
as well as glaciers in other parts of
Alaska and the world.

About 1875, Gulkana Glacier ad-
vanced to a position 1.4 miles (22
km) beyond the present terminus,
again blocking College Creek and
depositing a distinet fterminal mo-
raine (fig. 6-32). In the west termi-
nal area of Gulkana Glacier the I875
terminal moraine cocurs as a distinct
steep-sided rather arcuate ridge of
till about 82 feet (2.5 m) high which
is plastered on 1830 till. The east
1875 terminal moraitne is more mas-
sive than in the west terminal area,
and its position is brought out by the
location of the overflow channel
which is cut along the 1875 ice front
of Guikana Glacier. Lateral mo-
raines of the 1875 advance are much
less conspicuous than those of the
earlier advances. The boulders on
these moraines are light gray to
black and the lichen cover is thin,

As in 1830, the 1875 advance
blocked College Creek, forming 2
temporary lake. Waters of the ice-
dammed lake rose rather rapidly
and spilled along the 1875 terminus
of Gulkana Glacier cutting a 66-foot
(20 m) deep overflow channel in the
183¢ till,

Since the culmination of the 1875
advapce of Gulkana Glacier the ice
surface has lowered and the termi-
nus has retreated until the present.
The earliest known photographs of
Gulkana Glacier were taken by Mof-
fit of the U.S. Geological Survey in




1910; at the time the ice was still
near the 1875 moraine.

Glaciology

Detailed studies made on Gulkana
Glacier include meteorclogy, mass
budget, surface flow, sub-glacial
topography, and ice structures. The
studies were begun in 1960 and con-
tinue to the present. The glacier is
shaped roughly like a “T”, with the
horizontal bar representing a com-
plex accumulation zone, and the ver-
tical bar representing the south
flowing ablation zone. Accumulation
in three main cirques produces three
ice sireams, 1, 2, and 3 (fig. 6-33),
delineated by medial moraines. Ice
stream 3 is cleaved by a bedrock
bastion into two unequal halves, 3a
and 3b. The area of the glacier is
7.7 miles? (19.9 km?2); the ablation
zone being 40% of this area. Two
large icefalls are present, Moore Ice-
fall is in the eastern cirque, and
Gabriel Icefall is just below the
firnline of the western ice stream
(fig. 6-33).

The weather on Gulkana Glacier,
and presumably along much of the

equivalent. The amount of precipi-
tation increases rapidly with eleva-
tion up the Alaska Range 1o a three
year average of more than 120
inches (300 cm) water equivalent
per year near the head of the glacier,
an eight-fold increase.

The large amounts of precipitation
at the head of the glacier, accompa-
nied by little ablation, caused about
110 inches (2.7 m) water equivalent
of snow to accumulate during 1959
and 1960 at an elevation of 6900 feet
(2100 m); 136 inches (3.5 m) accu-
mulated at the same place in 1961.
The 1961 net accumulation consisted
of both winter and summer snow
(fig. 6-34). The firnline was at about
5700 feet (1700 m) elevation during
1860 and 1961. At the terminus of
the glacier, abouf 160 inches (4.1 m)
water equivalent of glacial ice ab-
lated during both 1960 ang 1961. The
budget gradient thus defined aver-
ages 0.09 inches change of ablation
or accumulation per foot elevation
(7.3 mm/m).

The mass budget, or regimen, of
Gulkana Glacier is, in general nega-
tive. Comparison of photographs
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principal jce streams, and transverse profiles along which motion and ice thickness surveys were made.
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southern flank of the Alaska Range, taken in 1910 and in 1960 shows that p '3'2‘,,,. o a -

has the same pattern summer and the glacier thinned appreciably and S Ew s

winter, with only the temperature the terminus retreated 1.1 mies (1.8 % ‘g‘—" 2z

changing. During all seasons, cold km), with a2 loss of 204x108 cubic © EE

airmasses form in the region when [eet (577x106m?2) water equivalent of ’ f:' g

the general airmass movemeni is ice. The glacial budget was studied % 3
stagnant or moving from the north. most carefully during 1961. That o .
The humidity is low, and if the sun year 3.8x10%t3 (10.7x10m3) water ; S .f‘.:"
is high, daily lemperatures are high. eguivalent of ice ablated and 8.6x gg\% -
Occasional violent windstorms of 105t} (24.5x10%°m¥) accumulated, <5 z ©°
short duration occur during clear which is a strongly positive mass 4R =
weather. When airmass movement budget. During 1960, 4.2x108£t3 (12x ! i v
is from the south, temperatuzres are 10%m3) ablated, and using data from L2 g
generally from 15° to 40°F (~10° only one snowpit, it is estimated that ) st §
10 +5°C) summer or winter, the huz- 5.3x108{t3 (15x10%m3) accumulated, g ’:ﬁ ,:;tfigtgty =
midity is bigh, and precipitation is which is near equilibrium or a _ e A @
likely. Superimposed on the regional slightly posilive mass budget. The , R <

1959 accumulation was the same as
1960 at that snowpit. This one piece : —_
of data suggests that the glacier was ‘

airmass movement are katabatic
drainage winds down the glacier.
The average annual precipitation at
Paxson, just south of the glacier, is near equilibrium in 1959 also. Since
about 16 inches (41 cm) water 1961, the glacier is thought to have
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Figure 6-33. Map of Gulkana Glacier, central Alaska Range, showing accumulation ares, ablation area,
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had a negative mass budget because
the snowline has been rouch higher
than in either 1960 or 1961. The
anomalous positive regimen of 1961
was primarily due to au abnormal
mumber of summer snowstorms. Dur~
ing the ablation seasen, 11 snow-
storms occurred, halting ablation of
glacial ice for comsiderable periods

many areas and a study of solar ra-
diation on Gulkana Glagier at an
elevation of 4,800 feet (1,465 m) was
underisken. A net total radiometer
continwously recorded the radiation
flux throughout the season. During
the 53 24-hour periods with reliable
radiation data, a total of 8,300 g cal
cm? of heat were received by the
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Figure 6-34. The 1961 net budget gradient of Guikana Glacier. The details
of the aecumulation and ablation of the snow, and the ablation of the
glacial jce are shown. The distribution of winter snow in the ablation
zone of the glacier is reflected well by the amounts of ablation of glacial

ice. (From Mayo, 1963, fig. 12)

and als¢ causing net accumulation
of snow near the head of the glacier.

In 1961 a study was undertaken
to determine the relative Importance
of the various rmeans by which en-
ergy is transmitted to the glacial ice
to cause melting. The following en-
ergy exchange processes are in-
volved: radiation, condensation,
evaporation, and conduction from
precipitation and the atmosphere.
Solar radiation is commonly ac-
cepied to be the most important
single energy source for ablation in

surface of the glacier. During the
same interval 51.4 inches (131 cm)
water squivalent of ice and snow
melted, a process requiring 10,400 g
cal cm—2 of heat. Radiation received
was equal to 5% of the energy re-

quired to melt the glacial ice and ap- -

parently 899 of the epergy regquired
to ablate the snow (fig. 6-35).

The surface motion in the ablation
zone of Gulkana Gladier was studied
in 1960 and 1881, Orn either side of
the exposed bedrock bastion, the gla-
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cier flows as two ice streams. Below
the bastion, these ice streams re-
Qin thenr idently as owelocity ice
streams,” each with its own axis of
maximum velocity (Gg 6-36). These
“yelocity jce streams™ merge near
the terminus to form ome strearn.
The velocity measured in the eastern
ice streamn is greater than 125 feet
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the walley. No ridge exdisis at the
present terminus. Thus, each ice
stream flows in its own well defmed
snb-glacial channel, and the reason
for two “velocity ice streams” in the
one glacial tongue is apparent.

The sarface velocity of Gulkana
Clacier varies not anky with location,
as seen above, but also with fime;
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Figure 6-35. Net total radiation and ablation of snow god ice, Guikana
Glacier, Alasks, 1961, (From Mayo and Péwé, 1963, fig 2)

per year (41 m yrl)pear the firm-
line. The velovity decreases downo-
glavier to zero, stagnant lce, xear
the teyminus,

A gravity survey done i 1961 de-
fined the bottom topography under
Gulkana Glacier along profiles 1, 2,
and 3 (fig. 6-36) A sirople “U” shaped
valley exists under the eastern ice
stream at profile 3. Below the bed-
rock bastion, bowever, a medial ridge
was found to extend part way down

and the two “velocily ite streams”™
behave somewhat independently.
The velocity varies annually, the
summer velocity being locally as
much as twice as fast as the wanter
velocity. This difference I more
prancunced at profile 2 than at 1.
The “welocity ice streams” are also
jdentifiable farther down-glacier in
the summer than i the winter. The
increased susxger velocity is thought
to be caused by meltwater lubrica-
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tion at the base of the glacier. For
very short time intervals, one month,
in 1961, the western ice stream had
its maximum velocity in July above
the icefall and in August below the
icefall. At profile 2 (fig. 6-33) in
1861, the eastern ice stream reached
ils maximum velocity in July, the
month with greatest surface melting.

The vertical component of surface
motion was combined with the abla-
tion data to define the change of
thickness of Gulkana Glacier for the
1961 budget year. The eastern “ve-
locity ice stream” thickened and
thinned somewhat irregularly with
a maximum change of 7 feet (2.1 m)
thicker. The western ‘velocity ice
stream® became as much as 16 feet
(5.0 m) thicker immediately below
Gabriel Icefall. The terminal area
of the glacier, which 1is stagnant,
thinned the same amount as the ah-
lation, 15 feet (4.6 m). The thicken-
ing in the upper part of the ablation
20ne far exceeded local thinning, and
this is thought to be due to the
change of the mass budget from
negative before 1960 to positive dur-
ing 1861.

Gulkana Glacier has a well devel-
oped foliation pattern (fig. 6-37)
which is displayed by alternating
layers of bubble rich and bubble free
ice. In the western *“velocily ice
stream,” the foliation develops at the
pase of Gabriel Icefall as a series of
small, arcuate structures. By all
gradations, these merge into the
larger arcs which oceur in the entire
ice stream {ora) communication, Dr.
Donal R. Ragan, University of Alas-
ka). In the eastern ice stream, the
pattern is formed above the firnline.
The foliation pattern is strikingly
parallel te the contours of surface
velocity (fig. 6-36), and outlines well
{he two sub-glacial channels.

185. Stop 6-42: Summit Lake.

To the west and south of Summit
Lake lie the Amphitheater Moun-

tains, small knobs mostly of meta-
basalt protruding 2,000 to 3,000 feet
{600 to 900 m) above ihe lowland
which is covered with glacial driit.
The lowland in large part is under-
lain with Tertiary sand and gravel
and some coal beds. The Denali
Highway traverses the Amphitheater
Mountain area from Paxson to the
Maclaren River. Glaciers originating
on the south side of the Alaska
Range pushed over and through
these mountains.

Paxson Mountain is an elongate
2,000-foot (600 m) high knob of meta-
basalt that can be seen clearly to the
south from Summit Lake. The over-
flow gorges, as welt as the drift
cover on the mountain, record a
complex glacial history, a history
typical of the Amphitheater Moun-
tains. Isolated erratics on top of Pax-
son Mountain are thought o be early
to middle Quaternary in age. A large
prominent weathered overflow gorge
or escape nofch was cut across the
crest of the mountain probably at
this time. This gorge is eastly visible
in the skyline of the mountain. The
next glacial advance (middle to late
Quaternary age), left escape gorges
at lower levels on Paxson Mountain,
gorges that are well filled with frost-
rived rubble. The Wisconsin ad-
vances surrcunded Paxson Mountain.
Fresh escape notches exist at an al-
titude of 3,800 to 4,000 fect (1,160 to
1,220 m) and young drift flanks the
mountain below this altitude (fig.
6-38). Cirques on Paxson Mountain
appear 10 be of two ages, Wisconsin
and pre-Wisconsin.

191. Fish Creek. Here in July or
August may be seen a run of bright
red salmon which have migrated up
from the sea to spawn nearby.

180.5. Right; artificial cut-off of
meander. Tertiary sediments are ex-
posed in the bottom of the cut; clay-
stone with unidentifiable plant frag-
menls.

190.5 to 185.6. Paxson Canyon is
cut in stratified and unstratified
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drift. An esker lies on top of right
canyon wall.

193. From Milepost 193 to Paxson
the highway is partly in Mt. Hayes
A-3 Quadrangle and partly in Mt.
Hayes A-2 Quadrangle.

185.4. Junction of Denali Highway.

Denali Highway

Mt. Hayes A-¢ Quadrangle

0.3t Right; Tertiary rocks crop out
at base of the cliff. Left; Paxson
Mountain.

2.5. Ice-contact deposits of Summit
Lake advance. These deposits hold
in Summit Lake.

4.1. Right; ice-contact deposits.
Paxson Mountain directly ahead
with excellent view of escape gorge
for overflow water.

The distribution of snow in winter
is important in determining the pat-
tern of vegetation in the rough ice-
contact deposits. Pockets of grasses
(mostly Festuce altaica) and sedges
(Carex spp.) are found where the
snow collects on the leeward side
of ridges and in depressions. Asso-
cialed with these snowbed areas are
loose mats of lichens, primarily Pel-
tigara spp., Cladonia spp., and Ste-
Teocaulion spp.

Alpine tundra of Dryas octopetala,
low sedges, and other low matted
planis can be seen above the shrub
zone on the slopes of Paxson Moun-
tain.

6. Left; escape gorge of Wisconsin
age on Paxson Mountain (fig. 6-38).

7.2. Stop 7-43: Alaska Range Papo-
rama to North.

From here can be seen the Delta
River Pass through which some gla-
cier ice from the south side of the
Alaska Range pushed north to the
Tanana Valley. Bedrock at this loca-
tion has been described as green-
stone and is metabasalt. It is prob-

1Miles from Paxson on the Denall
Highway.

ably Triassic in age. Location is
above timberline in alpine tundra
vegetation.

10. Valley filled with ice-contact
deposiis of Donnelly (Denali II) age.
Here the tundra becomes less
shrubby in nature, and extensive
stands of sedges, cottongrass (Erio-
phorum spp.}, and grasses are inter-
spersed with low willows.

On the exposed ridges are low
matted shrubs of crowberry (Empet-
rum mnigrum}, alpine bearberry
(Arctostephylos alpina}, mountain
cranberry (Voccinium vitis-idaea),
Labrador tea (Ledum decumbens),
and lichens.

From this point onward the Denali
Highway passes alternately through
shrub tundra, low sedge and grass
tundra, lichen-covered ridges of low
matted tundra, and occasionally, very
open stands of black and white
spruce.

11. Beginning of Eleven Mile Hill.
This hiil has become well known be-
cause of the great difficulties experi-
enced with permafrost in construct-
ing a satisfactory road on the silty
till of Wisconsin age. Thawing per-
mafrost and intense seasonal frost
action provides an unstable road bed.

13. Top of Eleven Mile Hill. Road
is on silty till of Wisconsin age. The
lower slopes in the immediate fore-
ground are blanketed with silty til}
but the valley bottoms, 5 miles (8
km) ahead, contain stagnant ice de-
posits. Tops of hills on the right
{north) stood above ice of Donnelly
age (both early and late Denall age}.
Directly ahead, 15 miles (24 km} in
the distance, can be seen High Val-
ley (fig. 6-38).

16.4. Road on silty till. Good view
of large area of ice-contact deposits
divectly ahead. Gravel pit ahead is in
these deposits.

17. Left; ice-contact deposits.

20. Round Tangle Lake in the heart
of the esker and kame topography.
Such topography is well itlustrated
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Figure 7=1%. Physiopraphie diapram of Mt Hayes A-5 fopographbe qusd-
rangle, Amphitheater Mountaine, with Alaskan REange in the distance
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aln mge. Compare dipgram with geclogic map of glacial deposits, Figure
6-8, (Diagram redrawn with slight additions by George B. Wharion,
1064, [rom an unpublished 11, 5 Geological Survey report by Eacha-
dogrian and Péwd, 1954)



on the¢ Mt Hayes A-4, A-5 and Gul-
kana D-4, D-5 quadrangle topog-
raphi¢ maps.

20.4. Stop 7-44: Ice contact deposits
angd the Tangle Lakes.

The drainage here goes to the
north through the Alaska Range into
the Tanana and c¢ventually the Yu-
kon River. In the far distance, about
8 miles (13 km)} directly north on
the west side of the river, can be
seen an excelient rock glacier which
has formed in post-Pleistocene time.

20.7. Stop 7-45: Tangle Lake camp-
ground.
208. Enter Mt. Hayes A-5 Quad-
rangle.

21.2. Tangle River, source of the
Delta River.

22.2. Stop 7-46: Road cut in small
esker.

Frorm the top of the esker to the
left (south) and east can be seen ex-
tensive fresh ice-contact deposits. To
the right (north} can be seen Land-
mark Gap (figs. 6-38, 7-39} through
which a glacier poured southward
from the Alaska Range. Elevation of
the ice surface in Wisconsin time as
it emerged from the gap was 4,000
feet (1,200 m). In the past, glaciers
from the Alaska Range pushed south,
and same of the ice was confined to
the wide, deep, major river valleys,
such as the Maclaren. Much of the
ice, however, filtered through gaps
and passes in the Amphitheater
Mountains and was joined by local
glacicrs (fig. 7-39).

Several glaciations are recordea,
each jess extensive than the former.
The earliest glacial advance is
thought to be early to middle Qua-
ternary in age and covered the 6,000-
fool (1.800 m) peaks of the Amphi-
theater Mountains leaving isolated
erratice on the tops of some of the
peaks. The second glacial advance
pushed south to the Copper River
basin but did not cover the peaks of

the Amphitheater Mountains. Many
overflow channels were cut where
drainage escaped over low places in
the ridges. This advance, thought to
be middle to late Quaternary in age,
left an olive-colored silty till cover-
ing the lowlands and flanking the
lower slopes of the Amphitheater
Mountains. This till is now covered
by later Quaternary drift sheets ex-
cept above an elevation of 4,000
feet (1,200 m) and on the floor of
High Valley. No morainal forms of
this glaciation are preserved in the
area. This glacial advance is ten{a-
tively correlated with the Delia
Glaciation of the lower Delta River.

The next two glacial advances
took place in late Quaternary time
and are closely related in extent and
age. They are grouped together and
named the Denali Glaciation after
the Denali Highway. The deposits
are correlated with the Donnelly
Glaciation.

These two advances did not cover
the Amphitheater Mountains but
moved through gaps and were joined
by local cirque ice. Ice was thick in
the major valley, such as the Ma-
claren River valley on the south side
of the Range, but thin over inter-
fluves. The ice, therefore, was rela-
tively thin in the lowland of Tangle
Lakes and in lowlands elsewhere at
altitudes of 3,000 to 4,000 fect (900 to
1,200 m). Upon reireat, much of the
ice covering interfiuves thinned and
stagnated. As the ice stagnated,
many ice-contact features formed:
eskers, kames, crevasse fillings, and
pitted surfaces. The Tangle Lakes
at the headwaters of the Delia River
are a classic area for such features
which are strikingly fresh, and cover
an area of several hundred square
miles.

In post-Wiscoasin time the glaciers
in the Alaska Range and the small
Jocal glaciers in the Awmphitheater
Mountains advanced a short distance
and then retreated, leaving arcuate
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morzines at the mouths of short val-
leys.

On the tops of many of the drift
features of the Tangle Lakes area
are small archeological sites. Many
of the artifacts found here are simi-
lar in style and general technique
10 sorme of those known in the north-
ern Plains and Southwest. Although
none of the diagnostic types may be
called common, projectile points
have been found here which resem-
ble the Lerma, Agate Basin, Angos-
tura, and Plainview types and per-
haps others. Specimens have been
found which could be placed within
the generalized Clovis category, and
notched peoinis of northern affinities
also occur.

The major problem with these
sites at present is that of dating. Al-
together some 25 sites have been dis-
covered, at least 20 of which were
found in the summer of 1964 in con-
junction with the work in the vi-
cinity of Donnelly Dome. Most of
these were surface finds, however,
and although some of the chert
used is heavily patinated, as yet we
have no means of placing any of
these finds accurately in time.

The Tangle Lakes evidently pro-
vided especially good ecological con-
ditions for herding animals (as did
the Donnelly Dome area), but it
would be unwise at this juncture to
assume that in immediate postglacial
iimes these were caribou alone. The
mere fact of the relative abundance
of archeological remains gives good
evidence of the former presence of
large herbivores here, and at the
present time caribou are seasonally
abundant.

26.5. Start up right (west) lateral
moraine of glacier that poured south
through Landmark Gap in Wisconsin
time.

28.1. Top of prominent lateral mo-
raine of early Wisconsin age (early
Denali age, figs. 6-38, 7-39).

29. High Valley (fig. 7-39). (High
Valley extends from Milepost 28 to
36.5.) Ahead on the righi, across
High Valley at elevation 4,855 feet
(1,480.7 m), may be seen step ter-
races cut in bedrock which are be-
lieved to be altiplanation terraces.
They stand above the upper limit of
the Wisconsin ice.

30. Directly ahead is the terminal
moraine of the glacial bulk that
pushed south through Glacier Gap
and terminaled in High Valley. Left:
mactive rock glacier(?} of Wisconsin
age.

30.4. Siop 7-47: Terminal moraine.

Glaciat lobe that pushed south
through Glacier Gap into High Val-
ley. Road follows crest of terminal
moraine (figs. 6-38, 7-39). High Val-
ley is an area that is about 4,000 feet
(1,200 m) above sea level and is
unique inasmuch as it was ice free
in Wisconsin time, although com-
pletely surrounded by glaciers. High
Valley was glaciated in Delta time,
and the floor is covered with a silty
till. In Denali (Wisconsin) time ice
pushed south from the Alaska Range
filling the majoc valleys and low-
lands but pushing only slightly over
the edge and spilling a short distance
into High Valley. Ice also pushed
south through Glacier Gap and ter-
minated as a bulb in High Valley.
The ice of this bulb was mostly
from local sources, inasmuch as 98
percent of the rock types are from
the Amphitheater Mountains.

Lower slopes, especially north-
facing slopes, in the High Valley
area are blanketed with a 3- to 7-
foot (1 to 2.1 m) thick sheet of now
inactive rubble that was derived
from bhigher slopes by frost riving
daring the rigorous climate of the
time of Denali Glaciation. Some of
these rubble sheets extended out
over the silty tit] of middle Quater-
pary age.
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During this rigorous climate of
Wisconsin  time, small rock gla-
ciers(?} originated on the north side
of the bedrock ridge south of the
highway and pushed a short distance
into High Valley.

31.2. Dissected rock glacier(?) of
Wisconsin age on left. Originates
from ridge of metabasalt.

32.2. Road leaves moraine.

32.5. Roadcut through rubble or
rock glacier{?).

34.5. Right; extending from ridge
of metabasalt is an inactive rubble
sheet, 3 to 7 feet (I to 2.1 m) thick,
and overlying silty til} of Hlinocian
age derived from the bedrock ridge
by frost riving during the rigorous
climate of Wisconsin (Denali) time.
The bedrock ridge was not high
enough to supprort glaciers such as
those on the north side of the Amphi-
]Lheaier Mountzins across High Val-
ey.

354, Summit of Denali Highway.
Elevation 4,081 feet (1,240.5 m).

_35.5. Right; lobe of early Wiscon-
sin age moraire (Denali 1) (fig. 7-39).
Deposited when Maclaren Glacier
pushed over the edge of Maclaren
Valley into High Valley a short dis-
tance.

36.6. View of Maclaren Valley and
Maclaren Glacier. Road can bhe seen
across the valley. Ice-contact de-
posits in the bottom of the valley at
the bridge site.

40.8. Enter Mt. Hayes A-6 Quad-
rangle.

40.8. Stop 7-48: Pingos.

Pingos in bog on both sides of the
road. Pingo on left has been cut in
half, Radiocarbon age of lowest peat
in contact with ice is 10,565 =+ 225
years (GX-0248). Pingo formed in
post-Pleistocene time and this gives
a minimum date on the age of the
late Denali advance.

41.1. Ascend ice-contact deposits,
This Jarge mass of washed gravel

was deposited in what was probably
a very large hole in the stagnant
mass of ice. Large keitle holes; the
one on the right is approximately
50 feet (15 m) deep.

42. Maclaren River and view of the
Maclaren Glacier. The river cuts
thr_ough ice-contact deposits at this
pont.

45. Entrance to Crazy Notch.

48. Exit of Crazy Notch. Crazy
Nogch was cut by a subaerial stream
which may have been sub-ice both
tq the east and west. An esker be-
gins (or ends) at the exit of the
notch. Two systems of eskers enter
Crazy Notch from higher elevations
to the west, and drainage was evi-
dently to the east into the Maclaren
Valley. The road is built on eskers
for the next 6 miles.

47. A view back to the right per-
mits one to see an excellent rock
glacier on the bedrock ridge through
which Crazy Notch is cut.

49. Peat pingos 6 feet (1.8 m) high
and 15 feet (4.6 m) in diameter occur
in the bogs on the right.

50. Stop 7-48: Roadcut in esker.
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COPFER RIYER BASIN

by

Gscar J. Ferrians, Jr. and Denald K. Nichols
J.S. Geclogical Survey
Washington, D.C.
RESUME QF QUATERNARY GEOLOGY OF THE COPFLER RIVER BASIN

The Copper River basip is an in-
fermontane basin ranging {rom 300
to 4,000 {cet (150 to 1,200 m) above
sea level and is vimimed by 4,500-
1o 16.500-feot (1,370 to 5000 m)
high pezks of the Alaska Range and
the Talkeeilna, Chugach, and Wran-
gell Mountains. Rocks bordering the
basin range in age from middie(?)
Paieozoic to Tertiary. They consist
largely of schist, greensione, grey-
wacke. slale, shale, and sandstone,
locally associated with minor
armounis of altered limestone, tuffa-
ceous beds, and basalt flows, and are
intruded by a wide wvariety of ig-
neous rocks. Alsp, large parts of the
Wrangell and Talkectna Mouniains
and local areas in the Chugach
Mountains are underiain by consid-
erable thicknesses of basaltic ang an-
desitic lava flows. Thin andesite
flows are interbedded with Pleisto-
cene deposits in the southeastern
part of the Copper River basin,

During one or more early Pleisto-
cene glaciations, glaclers advancing
from the surrounding mountains
covered the entire basin floor. The
ice may have thickened enough to
have caused the principal accumula-
tion areas to shift toward the center
of the bagin, resulting in the forma-
tion of & domed ice cap within the
basin. Such an ice cap would have
drained by radial flow from the ba-
sin through the Copper River Can-
yon and low passes, including Tah-
neta Pass, Susitna River wvalley,

Delta River valley, and Mentasla
Pass. In middle Pleistocene time, ice
may haove covered all but small areas
of thg basin floor, but during Jlale
Pleistocene lime, large arcas were
ico-frec.

In the early stages of cach major
Pleistocene glaciation, ice advancing
in the surrounding mountains
dammed the drainage of the Cop-
per River basin, causing the for-
mation of an extensive proglacial
Jake in the basin. Because the zla-
ciers fronled in deep lake water,
there bs a generat lack of end nio-
raines and associated fealures in the
lower part of the basin (Copper
River trough) (fig. 8-40). However,
glacial Yandforms, although modified,
are present below {ormer lake levels
in the higher parts of the basin (Cop-
per-Susitna Lowland). As the gla-
ciers retreoted, their deposits were
reworked by lake currents or were
buried by lacustrine sediments, The
complicated interlingering of lacus-
irine and glacial deposits and the nu-
merous well- to poorly developed
shoreline featlures at altitudes below
2650 fzeb (810 m) indicate that the
lake level fluctuated widely as it
lowered during retreat of the gla-
ciers of the last major glaciation
(Wisconsin).

After retreat of the glaclers and
drainage of the lake about 9.000
years agZo, permafrost began to form
in the lacustrine and glactal deposits,
and the rivers began downculting

— 93—




s 1
63 Lu,@sﬁ,l} 146°
e Tao
fo
R/
9 , 20} tites {37y

20 Kilometers
—

Bl North
F T
EXPLANATION K<_u—<v

——— e

Promineat motaine ;
Strondline

Strondline 1
o . tzacgoft. 2} at 2300 (1.7
\\‘
AT
f
A
1\ - S O
S
V ™ 0 ??q 4’/ 65(@ %
/ \\ (;/Slrundlinc
D\ A ot 2450 fL.

. é

; ,Streadiine
i ? at 2300 f¢. J
: N 3
. N : ] g g
N topSS':: Gleanalleq, 1 t I\ = <
—_— ¥ O 180 . 20 N qu
{7 NN 0 GlennHighway 77 i '“"‘3 - Stop 53 15 Wrangell
. . - &I !-1 Py b Biogntains
Strondline < R “ E
6207y X//// : w A ‘% \\ R
NN } V\\ o
N K A K L% ’ Lﬁ
2D ., Combr cualo D VTN
7 Strandtice * - \ 2 ]

Ty
DA Lok
2 §
T~/ CHUBGACH MOQUNTA{INS

=0 146°f% 14577
SN X ((fb-.Tf’

Figure 8-40. Index map of the Copper River Basin, Alaska showing Field
Trip Stops.

.94

into the Pleistocene sediments. Be-
tween river valleys, muskegs and
marshes. which occupy depressions
on the old lake floor, are perched on
poorly drained, perennially frozen
lake sediments.

Iin the Copper River basin, most
of the damage and ground breakage
caused by the major earthguake of
March 27, 1864, was restricted to the
southern half of the basin. Several
buildings were shaken from their
foundations, and the foundations of
several other structures were dam-
aged. Dishes were broken in many
dwellings, and, locally, sewer lines
and other underground pipes were
damaged. Ground cracks commoniy
occurred in flood plains of major
rivers; locally, in low terraces ad-
jacent to flood plains; in deltas;
along margins of lakes; along the
toes of alluvial fans: in highway fill;
along the face of steep slopes of river
bluffs and hillsides; and in areas
cleared of vegetation. These ground
cracks in unconsolidated deposits
generally were resfricted to areas
where one or more of the following
conditions existed: (1) permafrost
was absent or deep lying, (2) ground-
water table was near the surface,
{3) bedrock was relatively deep ly-
ing, and (4) slopes were steep.

Road Log and Locality Descriptions

183.3.t Enter Gulkana D-3 Quad-
rangle,

182.5. Enter Gulkana D-4 Quad-
rangle. Straight ahead; Paxson Lake
which is approximately 10 miles
(16 km) long and % mile (1.2 km)
wide.

182.2. Righi; delta of Gulkana
River which forms forested neck of
land in center of lake.

18L.5. Roadcut in highly fractured
greenstone. Highway parallels gast-
ern shore of Paxson Lake and lies

1Miles from Valdez on the Rich-
ardson Highway.

at base of north-south-trending hill
to the east. The lower steep slope
along the western flank of this hil
generally is covered by colluvium
derived both from greenstone bed-
rock, which underlies the hiil at
relatively shallow depth, and from
glacial drift, which generally man-
tles the bedrock.

180.8. Right; Sportsman ILodge
which is built on a spit.

179.0. For the next 6 miles
(10 km), highway is underlain by
relatively thick deposits of glacial
drift, a complex morainal system
formed during the last major glacia-
tion (Wisconsin). During this period
of glaciation, ice from the Alaska
Range flowed southward down the
trough now occupied by Paxson
Lake (fig. 8-40).

177.8. Enter Gulkana D-3 Quad-
rangle.

176.7. Roadecut through deposit of
till; exposed best on left.

172.0. The rounded hills to the
south were not overridden by ice
during the last major glaciation;
however, they were overridden dur-
ing one or more earlier glaciations.

171.5. Right; two prominent ter-
races can be seen at the base of the
hill across the drainageway. These
terraces were formed during the last
major glaciation by an outwash
streamn emanating from the glacier
that occupied the irough now oc-
cupied by Paxson Lake. The melt-
water stream flowed to the south
through the depression now occu-
pied by Meier Lake and formed a
large delta where it emptied into a
proglacial lake. The highway crosses
this delta about 2 miles (3 km) to
the south.

171.1. Highly fractured greenstone
exposed in roadcut. For the next
rile the highway parallel)s the east-
ern shore of Meier Lake and for a
short distance is underiain by out-
wash gravel and sand deposited by
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the outwash stream previously men-
tioned.

170.6, Stop 8-50: Frost-rived granite
blocks.

For the next 2500 feet (760 m)
granite bedrock is exposed along the
highway. Numerous large blocks of
weathered granite are exposed
conspicucusly on the hillside to the
Ieft. The well-jointed characier of
the granite makes it espeeially sus-
ceplible to frost action. The presence
of these large blocks of frost-rived
granite indicates that the hill was
not only just outside and above the
glacier border of the last major gla-
ciation but also above the level of a
large lake which existed in the Cop-
per River basin. The hill therefore
was exposed to a rigorous periglacial
ciimate, a chimate more rigorous
than that of today.

170.0. Left; site of Meier Road-
house. The main siructure burned to
the ground a few years ago. Wagon
In rear was used in the early 1900's
to haul supplies {rom Valdez to in-
terior Alaska.

169.8. Right; roadeut in outwash
gravel,

168.3. Right; gravel pit In large
delta mentioned at mile 171.5. Good
forest beds are present locally in
this deposit. A local resident reports
that a rnammoth tusk was unearthed
by consiruclion workers during ex-
cavation of this pit. For the next 3
miles {3 km) the highway is under-
lain by fine, silty, lacustrine sand.

166.0. For the next 3 miles (8 km),
highway crosses a north-south-trend-
ing hill composed of dioritic bed-
rock with a thin veneer of glacial
drift.

185,0. Eanfer Gulkana C-3 Quad-
rangle.

181.0. Highway crosses low ter-
race of Haggard Creek. To the south,
a tock quarry has been developed at
the north end of the hill. The dio-
ritic rock has been hauied to Ga-

Lona. 30 miles (48 km) to the south,
and used to protect a high river hluff
from undercutting the Copper River.

160.8. For the next 2.5 miles (4
km) the highway ascends, and then
foliows, the western flank of this
hill which is underlain by a thin ve-
neer of glacial drift overlying dio-
ritic bedrock.

158.2. For the next 3 miles (5 km)
the highway ascends and follows the
wastern flank of Hogan Hill A thin
veneer of glacial drift overlies green-
stone which crops out conspicuousky
along the highway at mile 158.1 and
mile 155.5. A rock quarry has been
developed on the left side of the
highway al mile 158.0.

155.4. Straight ahead, on a clear
day an excellent view, from left to
right, of Mt Sanford (16237 ft
(4,849 m]), Mt. Wrangell (14,163 f¢t
(4,317 m]}), and Mt. Drum (12,010 £t
|3,66L m]). Ali of these peaks are
volcanpes. The dome-shaped ML
WrangeH is still active ang occasion-
ally emits steam and ash.

155.2. For the next 5.4 miles (8.2
km) the highway crosses a lacustrine
plain which is underlain by stony
silt (graveily, clayey silt). These fine-
grained deposits, and other similar
fine-grained deposits in the Copper
River basin, generally are poor faun-
dation materials. Construction on
them commonly resulis in serious
rnaintenance problems, especially
where swface drainage is poor.
Construction disrupts the thermal
regime of the ground, cauwsing a
lowering of the permafrost table and
consequently melting of any ground
ice waich in turn causes settlement.
When saturated with water the
thawed silt loses its bearing strergth
with settlement of the road bed.

149.8. For next 1.8 miles (2.9 km)
highway crosses near-shore, lacus-
frine sand and fine gravel geposits;
these sediments are underlain by
fine-grained lacustrine depogifs at
relatively shallow depth.
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143.5. Enter Gulkana C-4 Quad-
rangle,

148.0. Highway descends about 50
feet (15 m) over colluvial deposits ta
the narrow, sand- and silt-mantled
terrace of Sourdough Creek. Right;
Sourdough Lodge which was estab-
lished in 1904.

147.7. Sourdough Creek, and a col-
Juvium-covered slope similar to that
along the north side of the creek.

147.0. For the next 17 miles (27
km) highway continues on lacustrine
plain which Is underlain generally
b¥ massive pebbly silt.

148.0, Enter Gulkana C-3 Quad-
rangle.

145.4. Enter Gulkanz B-3 Quad-
rangle.

133.0. Drainageway of small
stream which s a tributary to the
Gulkana River. For several miles
the highway is parallel to the valley
of the deeply enfrenched Gulkana
River which can be seen through the
trees to the right.

137.0. Highway underlain by a
sandy facies of the lacustrine depos-
its, and consequently, the area is
fairly well drained and supports a
relatively tall stand of poplar and
white spruce trees.

130.0. Stop 8-51: Permafrost thermal
recording station.

The Copper River basin lies in the
zone of discontinuous permatrost.
Permafrost probably is present ew-
erywhere in the basin except be-
neath large lakes and major streams.
Tt lies 1 to 2 feet (0.3 to 0.6 m) below
the surface in some muskegs with
thick sphagnum moss, 2 to 5 feet
0.6 to 1.5 m) in lacusirine and fine-
grained glacial deposits, and § to
mare than 1) feet (1.8 to more than
3 m) in granular alluvial and gla-
ctal deposits. It generally ranges
from 100 to 200 feet {30 to 60 m)
thick, has a high ice conient, and is
marginal in temperature {—955° lo
—15°C (31.1° to 20.3°F]). Conse-

quently, permafrost here is in a deli-
cate staie of equilibrium, and if it is
thawed by minor changes in the
regimen of the ground-surface tem-
perature, such as brought on by most
construction projects, considerable
surface subsidence may oceur. How-
ever, because of its thicknass, at-
tempts to thaw the permafrost and
stabilize the ground prior to con-
struction generally are impractical.

Because of the problems experi-
cneed in constructing highways and
butldings on permafrost in the Cop-
per River basin, a cooperative study
of the engincering aspects of peren-
nially frozen ground was undertaken
in 1854 by the U. 8 Geological Sur-
vey and predecessor organizations to
the Alaska Depariment of Highways
{Alaska Road Commission and Bu-
reau of Public Roads). Six roadway
sections and one apartment house
were selected for study. All roadway
sections were instrumented by a con-
tinuously recording thermograph to
obtain ground-surface temperature,
and four vertical, 20-foot-long
(6.1 m) thermistor cables. The cables
were installed In the centerline,
shoulder, and ditck of the road and
cne in undisturbed ground beside
the road.

A control station was set up at
Mile 130 on the Richardson Highway.
At the control stations, in addition
to the three wvertical thermistor
cables in the road, a c¢able was
placed horizontally across the road
at a depth of 3 feet (0.81 m), and 20-
foot (6.10 m) cables were placed ver-
tically in undisturbed ground on both
sides of the road and one in the
centerline of an adjacent section of
an old, abandoned roadway (fig.
8-41). The highway at the control
section was built on undisturbed
ground in 1951, The roadway was
hand cleared and ftrees were laid
normal ¢ the cenierline on the un-
disturbed wvegetation mat. In 1852,
approximately 3 feet {0.9 m) of rela-
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tively clean, coarse gravel and sand
were spread over the section with a
rainirmum of disturbance, However,
by 1854, differential subsidence ne-
cessitated placing half a foot of
grave] through ihe areaz to maintain
a smooth surface. This section was
paved originally in 1956 and has
been. patched several times and torm
up and repaved once in the late
1950’s. A good riding surface seldom
lasis more than a year affer recon-
struction.

The adjacent old rcad wag con-
structed in the pre-World War il era,
then widened and additional gravel
placed on the surface during war-
time construction. When originally
constructed, the recadway was cleared
and stripped down fo the frozen por-
tion of the orgamic mat. At present,
permafrost lies at a depth of a little
moere than 1§ feet (4.9 m), and sea-
sonal freezing of the ground with
considerable ice growth may extend
to a depth of almost 10 feet (3 m).
Under the newer road, permafrost
had degraded from S feet (1.5 m) in
1954 {o about 11 feet (3.4 m) al pres-
ent, largely the result of an abnor-
mally warm summer in 1957

129.6. Roadcut showing character
of the massive, lacustrine pebbly silt.
It is exposed best on the right; how-
ever, slope wash somewhat obscures
view. Highway descends into old
abandoned drazinageway connecting
the existing valleys of the Gulkana

lzin by windblown sand and silt
{cliff-head dunes) interbedded with
peat and other organic material.

1.0. Highway descends the steep,
200-fool (60 m) bluff. Along the left
side of the highway there is a good
exposure of deposits laid down in
the extensive proglacial lake which
occupied a large part of the Copper
River basin during the last major
glaciation. These deposiis include
not only typical laminated lake sedi-
ments, but also nonsorted and poorly
soried lake sedimentis, which have
been described as glacielacustrine
diamicton deposits. The nonsorted
deposits ¢commonly are tiil-like in
character. Along this section of the
highway, considerable slumping has
oceurted, both upslope from the road
and downslope from the road where
the Copper River has been undercut-
ting the bluff. Recently a long dike
was constructed to protect the bluff
from undercutting.

1.4, Sand- and silt-mantled gravel
terraces oi the Gakona River.

1.7. Gakona River.

1.8. Gakona Roadhouse — one of

oldest roadhouses in the Copper
River basin.

Stop 8-52: (Gakona Section.

During each major glaciation, gha-
ciers advancing in the mountains
surrounding the, Copper River basin

(7777] Uiy oigans ma)
Warlt

[25727] stavone vood

X Dapin of thaw 1559 - 60 (Greana and cthaty, 1940)

from drill holes during installation of thermistor cables,

Figure 8-41, Cross section of perimafrost table and geology at Mile 130 Richardson Hi
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o 4 dammed the drainage of the basin,
$ v and Copper Rivers and then ascends y,¢ impounding an extensive pro-
v back to the lacustrine plain, glacial Jake. The lake that existed
3 128.8. Junction of the Richardson during the last major glaciation cov-
z ‘o , Highway and the Tok Cutoff porfion ered rmore than 2,000 sguare miles
2 M f of the Glenn Highway. {5,200 km?) of the basin floor, and
£ Glenn Highway numerous glaciers and sediment-
N | 0.6. For next 0.4 miles (0.6 km) Jaden glacial streams debouched into
dg ! highway follows oid, sbandoned it. The 300-feot (90 m) high biuff
gatH| | drainageway (mentioned above) to along the west side of the Gakona
- | the edge of a high river bluff of the River offers a good view of the type
| Copper River. Edge of bluff is under- of sedimenis that were deposited in
L o | - this lake.
3 < a § | 1Miles from junction of Glenn The uppermost 15 fo 30 feet (45
- - - . -
= = 1oeg Ty vopoasiz : Highway and Richardson Highway. to 9.1 m) of the section congists of
|
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windblown sand and silt interbedded
with peat and other organic mate-
rial. Approximately 200 feet (61 m)
of sedimenis, underlying the wing-
blown material, was deposited in the
extensive proglacial lake during the
tast major glaciation. The age of
these scdiments is bracketed be-
tween a maximum radiocarbon date
of greater than 38,000 years (W-531)
and a minimum dale of 9,400 = 300
years (W-T14).

Radiocarbon age determinations of
23,300 + 1,000 vears (W-1343) and
31,300 = 1,000 years (W-843) were
obtained from organic material col-
Jected from a bluff aleng the San-
ford River about t0 miles east of
here. These two age deferminations
date an interval of time when the
level of the lake was at an altitude
of approximately 2,150 feet (855 m).
All {hese radiocarbon dates indicate
that the last major glaciation in the
Copper River basin is comparable
in age to the last major glaciation
(Wisconsin) in central North Amer-
ica. Other exposures less than a mile
downsiream from here provide stra-
tigraphic evidence for two major gla-
ciations older than the last major
glaciation,

Richardsor Highway

128.8.1
plain.

127.8. Highway descends a collu-
vium-covered bluff of the Gulkana
River,

127.5. Low gravel terrace of the
Gulkana River. Lefi; Indian Village
of Gulkana.

127.1. Gulkanra River is one ol the
few clear-waler streams in the Cop-
per River basin. Most of the major
rivers in the basin carry a large load
of suspended sediment and conse-
quently are brown.

Highway on lacuslring

1Miles from Valdez on the Rich-
ardson Highway.

127.0. Highway ascends a collu-
vium-¢overed bluil te the surface of
a high gravel terrace.

123.6. Highway on lacustrine plain.

124.8. Enter Gulkana A-3 Quad-
rangle.

124.8. Underlain
pebbly, clayey sill.

1Zi.]. Well ai end of access road
to right was drilled to a depth of 354
feet (107.2 m)} and encountered highly
saline water. The minimum temper-
ature recorded gver a period of sev-
cral years in this hole, from below
the zone of mean apnual tomperca-
ture fluctuation, was —0.7°C (31.0°F).
Permaifrost occurs to a depth of 120
feet (366 m) below the surface In
glacia)l and glaciolacustrine deposits
of Wisconsin age and hence is con-
sidered to have formed in the Recent
Epoch.

118.2. Poorly drained drainageway
on lacustrine ptain at west end of
Gulkana Federal Aviation Agency
airsirip. Note the deterioralion of
the east-west runway, which iz no
longer serviceable {or aircrait land-
ings. Differential subsidence of the
blacktop surface has resulted from
degradation of permafrost. Wells
drilled at the F.A.A  stalion have
penetrated io a depth of 293 fcet
(89.4 m} before encountering water,
Water is gencrally high in chlorides,
especially al the 433-fool (132 m)
level; water {from the 293-foot (8%.4
m) level is not cansidered potable
without filtration.

117.6. Incised flood plain of Dry
Creek.

115.4 Saline waler reporfed from
32t-foot (97.8 m) well drilled at Gate-
way Lodge.

112.5. Sfop 8-53: Simpson Hill Road-
cut and Copper River Bluff

largely by

Overview of the Copper River
and from left to right, Mt. Sanford
(16,237 £t ]4949 m]), Mt Drum
(12,010 £t {3,661 i), Mt. Wrangell
{14,163 £t 14,317 m]1), and Mt Black-
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burn (16,523 £t 15,036 m]). Cones of
the Drum group of mud volcanoes
also are visible. Shrub rud volcano is
14 mites (23 km) to the easi-norih-
east; Upper Klawasi is 14 miles {23
km) to the east; and Lower Klawasi
i5 7 miles (11 km) to ihe east-south-
east (fig. §-42). The Lower Klawasi
mud voleano is the largest of the
Drum group of mud volcances, The

2 new telephone line upslope and
parallel 10 the read, @ wide swath of
the wvegetation cover was stripped
ihrough the spruce forest. Early in
September of that same year, a
maintenance crew made cuts in the
bluff immediately uphill and down-
hill from the fill and dumped the
cut material on the outer part of the
road to bring it back 1o grade. Over-
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Figure £-42. Location of mud volcanoes and mineral springs in the south-

eastern Copper River Bazin.

cone lincs on the lower slopes of the
Wrangell Mountains and is composed
of clayey silt with small angular
rock fragments. The base is approxi-
mately 6,000 feet (1,830 ) E-W and
8,200 feet {2,500 m) N-5; the cone is
about 150 feet (46 m) high. The pool
in the crater is depressed 15 feet (4.6
m) below the crest, is 175 feer (53.4
m) in diameter (fig. 8-43), and dis-
charges carbon dioxide gas through
Ma-HCO3-Cl water with up to 28,080
pom disseived solids.

Simpson Hil Roadeut. In the
spring of 1954, during construction of

night, a 15-foot (4.6 m) wide seclion
of the paved road and shoulder
slhumped downward through a verti-
cal distance of 10 feet (3 m), appar-
ently ajong a concave glide plane.
To repair ihis major darnage, large
amounts of silt were excavated along
the cut and dumped into the slump
area. Almost a year Jater the same
part of the road again subsided 10
feet ¢3 m), following attempis Lo
level minor slumps by the addition
of a small amount of fill. Subse-
quently, deeper cuts have been made
inte the hil! in order to oblain the
required road width ralher than
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again replacing the slumped material
with fili. Nevertheless, sliding has
continued on a minor scale and con-
stitutes a never-ending mainienance
problem.

The roadcut here exposes several

layers of voleanic ash im lacustrine
pebbly silt and varved sikt and clay.

Copper River Bluff Section. This
section exposes the deposits of the
last major glaciatior in the south-
eastern Copper River basin.

COMPARISON DETWELN GERTAIN PEYSICAL CHARACTERISTICS OF MUD VOLCANOES,
COPPER RIVER AASIN, ALASKA
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Figure 8-43. Comparison between certain physical characteristics of mud
voleanoes, Copper River Basin, Alaska. (From Nichols and Yehle, 1961z,

grey silty sand-matrixed till
with subrocunde@ pebbles, cob.
bles, and boulders. Thin sandy
lenses in upper 2 ft.

Table 1)
COPPER RIVER BLUFF SECTION
Thickness Feet below top
Unit i feet of bluff
1. Vegetation mat and soil profile 27 (09 m) 27(0.9m)
developed on eolian siit and
sand.
2. Late-glacial lacustrine depos- 6.5 (2.0 m) 2.2 (2.9 ra)
its: Massive dark-grey clayey
silt with lenses of silt and vol-
canic agh.
Gradational contact
3. Late-glacial deposits: Dark- 15-25 {4.6-7.6 m) 29.2 (89 m}
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4. Interstadial lacustrine deposits:

a. Amorphous masses of blue-
grey, phylitic-appearing
clay with a few pebbles. Ex-
treme deformation by shear-
ing lncally.

b. Weil-laminated, blue-grey
clayey silt with several, 1-
to 4-inch (2.5-10 ¢m) thick
volcanic ash beds.

c. Massive, blue-grey blocky
silty clay.

. Early-glacial ice deposiis:

a. Massive dark-grey clavey
silt with columnar joints
and conchoidal fracture and
with numerous scattered
pebbles and cobbles. Appar-
ent bedding locally.

b. Gradational zone betlween
(a) and (c).

¢. Typical, blocky, fractured
till with numerous pebbles,
cobbles, and boulders in a
clavey, sandy silt matrix.
Contorted and faulted
varved silt and clay incor-
porated as large and small
masses in till and in shear
zones near base.

5¢15m)

5 (L5 m}

10-15 (3.0-4.5 m)

10-20 (3-6 m)

19 (3 m)
30-40 (10-12 m}

Early-glactal lacustrine deposits:

a. Horizontally laminated and

varved light-grey and dark-
blue-grey silly clay with
several thin, highly con-
torted zones. Includes scat-
tered pebbles and cobbles.
b. Medium to coarse dark-grey
sand with steep, southward-
dipping forest beds. Gran-
ules, pebbles, and cobbles
scattered throughout.

a. Fine pebble and pea gravel
in coarse sand matrix.

b. Horizontaily bedded me-
dium to coarse sand with
thin pumiceous pebbly z2onsas
and scattered clastic “boul-
ders” of till and varved silt

22 (6.7 1)

3(9m)

. Preglacial {luvial deposits: (Rapid lateral variations)

0.3 (0.1m}

26 (7.9 m)
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34.2 (104 m)

322 (119 m)

51.7 (15.7 m)

66.7 (21 m)

76.7 (23 m)

1117 (34 m)

133.7 (4l m)

136.7 {42 vy

137 (42 m)

163 (50 m)




and clay. 1l-foot-thick bed
near middle dips steeply
northwest.

¢. Horizontally bedded grey to
brown silt and fine sandg,
highly contorted in upper
3 ft.

d. Dark-grey coarse io medium
sand with gravelly beds.

e. Well-rounded gravel with a
few thin sandy beds. Iron
and manganese oxide stain-
ing locally and particularly
near base.

{. Well-bedded fine to coarse,
dark-grey to greenish-grey
sand.

8. Sanford volcanic mudflow de-
posits: Silty sand matrix with
subrounded to angular peb-
bles and cobbles, largely of
andesite. Sharp color varia-
tions laterally and vertically
from pink, green. and brick-
red 10 grey. Generally massive
but with local lenses of weti-
sorted sand or gravel. -

9. Pre-Sanford fluvial deposits:
Allernating sand and well-
rounded coarse gravel with
rounded detrital blocks of till
and lacustrine sediments, lo-
cally iron stained; cross-bed-
ding dips steeply to the south.

Copper River level.

The following reconsiruction of
events, from the oldest to the young-
est, are inferred from the character
and relations of the glacial, Jacus-
trine, and fluvial deposits exposed in
the Copper River Biuff section.

1) Fluvial deposition with incorpo-
ration of blocks of older sedi-
menis. probably irom nearby
tiverbanks; 0-60 ft (0-18.3 m)
above river level.

2) Downstream terminus o0f co-
herent deposits from the Mt

Disconformity

5 (1.5m) 168 (51 m?}
4(1.2m) 172 (52 m)
25 (7.6 m) 197 (60 m)
0-3 (0-0.9m) 198.5 (80.5 m)
0-3 (0-0.9 m} 200 (61 m)
60 (18.3 m) 260 (79 m)

3)

4

Nt
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Sanford mudflow. Deposits di-
luted here; 60-63 it (18.3-19.2 m)

Reworking of Sanford volcanic
mudflow deposits and continued
atluvial deposition. Disconform-
ity probably represents erosionr
during one or more glaciations,
and/or periods of river down-
cutting; 63-130 ft (19.2-39.6 m).

Rapid change from fluvial to la-
custrine deposition—onset of de-
teriorating climate and glacial

conditions; 130-133 ft {39.6-40.5
m).

5) Rising lake level with probable
ice-rafting of coarse fragments
and periodic slumping or iceberg
drag of sediments to cause con-
tortions; 133-185 ft (40.5-56.4 m).

6) Overriding of lacusirine deposits
by first ice advance of last major
glaciation and incorporation of
varves in till; 185-220 {t (56.4-
66.1 m).

7} Gradual! thinning of ice to in-
crease buoyancy and eventual
floating of ice near jerminus
with rapid deposition from melt-
ing at base of ice; 220-245 ft
(67-79 m).

8) Retreat of ice front south of this
point but with continued rapid
lacustrine deposition and at
least minor volcanic activity as
suggested by thin ash beds;
245-255 ft (75-78 m).

9) Readvance of ice of last major
glaciation, strongly deforming
lake sediments, and deposition
of sandy till; 255-275 ft (78-84
m).

10) Retreat of ice of last major gla-
ciation (final retreat in this
area) and resumption of lacus-
trine deposition; 275-281 ft (84-
86 m).

11) Drainage of lake at close of Wis-
consin {ime, downcutting of the
Copper River, and inauguration
of eolian activity to form the
present surface; 281.5-284 fit
(86-87 m).

That lacustrine sedimentation was
continuous and widespread between
deposition of the tills, as postulated
in events 8 and 9, indicates that the
ice, while it did thin and retreat at
least 5 miles (8 km), did not retreat
sufficiently to permit complete
draining of the lake. Ice retreat in
this area wmay have coincided with
evidence by Ferrians for a lowering
of lake level 28,000 to 31,000 years
ago. Consequently, event 8 is con-

sidered to represent interstadial
rather than interglacial conditions.
Only with complete removal of ice
as a barrier to drainage of the Cop-
per River, as indicated by cessalion
of lacustrine deposition and initia-
tion of subaerial or fluvial condi-
tions, canp we assume that an inter-
glacial climate existed.

Glenn Highway

Junction of the Richardson High-
way and the Glenn Highway. Much
of the land around the junction of
the Glenn and Richardson Highways
was withdrawn from homesteading
to evaluate the area as a townsite.
Because of saline water and perma-
frost problems, plans for the town-
sile were abandoned. A well drilled
to a depth of 323 feet (98 m) at
Rosent’s Roadhouse in the fall of
1959 encountered water with 2,270
ppm dissolved solids and some gas.

188.1.1 Enter Gulkana A-4 Quad-
rangle.

187.6. 108-foot-deep (30 m) well
produces slightly hard but potabie
water from glacial deposits and be-
low permafrost.

186,2. Stop 8-54: Glennallen perma-
frost problems (fig. 8-44).

Numerous buildings in the Glenn-
allen area have severe structural
problems from settlement as the re-
sult of differential thawing of per-
mafrost. Most of the buwldings at
Glennallen are built on colluvial-
mantled terrace deposits of Moose
Creek. Colluvial deposits, 1 fo 15
feet (0.2 to 4.6 m) thick, consist
largely of gravelly silty clay; tercace
deposits, 10 to 30 feet (3 to 9 m)
thick, are largely silty sandy gravel
or gravelly sand and overlie a thick
sequence of fine-grained ice-rich
glaciolacusicine deposits. Permafrosi

yMiles from Anchorage on the
Glenn Highway.
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Glennallen, Alaska.

North

gencrally lies § to 10 feet (1.5 to 3.0
m) below the surface, deeper in
areas of ground scarring, Moisture
content is low in unfrozen granular
terrace deposits but is suffictent to
act as a cementing agent and locally
to form ice lenses and stringers,
Small amounts of ground water are
perched on the permafrost and af-
ford seasonal supplies of potable wa-
ter. Maintenance of the permafrost
level in this area is difficult because
of iis marginal temperature; artifi-
cial destruction of the permafrost
before construction is virtually pre-
cluded by its considerable depth. A
number of methods have been
adopted in design and construction
of new buildings and in rehabilitat-
ing existing structures with varying
degrees of success (fig. 8-44). The
Glennallen ACS microwave tower
consiructed in 1960 and utilizing the
“Long thermopile” in the foundation,
has, almost alone among the struc-
tures at Glennallen, remained stable,
even through the Alaskan Good Fri-
day earthquake, March 27, 1964.

Although well water at Glennallen
is harg, it is not characteristic of the
high salinity of deep wells in the
area. Most wells at Glenpallen are
less than 100 feet deep and Go not
intersect the saline aquifers 300 to
500 feet (40 to 150 m} deep.

185.8. Swale, crossed by road for
next 0.2 miles (.32 km) is probably
an early drainageway of Moose
Creek.

185.0, 184.6, 184.3. Three minor
strandlines occur at about 1,510 (460
m), 1,545 (471 m), and 1,560 (475 )
feel. Other, higher sirangdlines rec-
ognized elsewhere in the southeast-
ern part of the Copper River basin
lie at 1,600 (480 m), 1,700 (520 m),
1,800 (550 m}, ard 1,900 (580 m) feet,
but are not apparent along the road,
probably because of rmodification by
drainage swales that developed afier
drainage of the lake ai the close of
Wisconsin time.

183.3, Road crosses 1.2 miles (1.9
km) of sand and gravel deposits
which ocecur in a broad swath swing-
ing north from the Tazlina River.
The swath apparently represents an
early course of the Tazlina River
that formed about 38,000 years ago,
soon after drainage of the lake.
Poorly sorted sandy grave} and grav-
elly sand sediments are exposed in
the gravel pit north of the highway
at mile 182.7 and south of 182.4.

182.7. A well drilied at Glennallen
Lodge to a depth of 502 feet (153 m)
encountered Na-Ca-ClI water with
3.240 ppm dissolved szolids.

182.0. Construction of the highway
for the next 3.3 miles (5.3 km) has
impeded. the normal flow of drainage
in a series of poorly drained swales
or muskegs on the lacusirine plain.
In these areas water has collected
along the shoulders of the highway.
Continuous thawing of permafrost
in these areas and in culverts, in
part by water, causes differential
subsidence of the road and calving
of the shoulders. Seasonal freezing
of the wet ground produced consid-
erable annual frost heaving in wet
areas under the road prism.

177.1 to 176.3. Several srall, almost
imperceptible strandlines lie at alii-
tudes of 2,600 (6§10 m), 2,050 {625 m),
and 2,090 (637 m) feet in the next
0.8 miles (1.3 km). On the sirandlines
are gdiscontinuous deposits of poorly
sorted sand and sandy gravel, gen-
erally less than 10 feet (3 m) thick;
some of these deposits were used as
limited sousrces of borrow road con-
struction.

173.2. Stop 8-55: Tolsora No. 1 mud
volcano (fig. 8-42).

Tolsona No. 1 cone of the Tolsona
group of mud volcanoes lies 0.12
mites {0.19 km) north of the high-
way. This mud wvolcano is one of
four mud volcano cones and two
mineral springs that compose the
Tolsona group of mud volcanoes.
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This group les largely west of the
Copper River and contains muth
smaller cones than those of the
Drum group east of the river {fig.
8.43). Springs disctharging from the
Tolsona group emit methane gas and
¢ool sodium and calcium chloride
waler.

The Tolsona Wo, 1 mud volecang, at
an altitude of 2,045 feet, is about 235
feet (7.5 m) high, 600 feet (180 m)
wide, and 800 feef (270 m) long. The
crater is about 30 feet (9 m) in diam-
eler. The lemperaturg of the water
discharged from the wvenls ranges
between 38° and 53°F (3.3°-12.8°C).
The cone has genily sloping sides
rising to a slighily domed crest on
which several areag of aciivity and
of individual gas and waler venis
have varied from year io vear,

Nichols and Yehle (1961) suggested
that the water couid be derived from
meteoric and/or other water circu-
lated with a saline ground water
formed by evaporation from glacial
Jakes and later reconcentrated by
permafrost, from highly diluied vol-
camic water, or from =2 coobpate
souree. They proposed thal the gas
is probably derived from coal beds
similar to the Teriiary or older coal
beds exposed near Atlasta House 7.5
miles {12.5 km) to the wesi, or from
marsh gas from buried Pleistocene
deposits, or ziternatively, from
slightly organic, nenpetrolifercus
connate water associaled with Cre-
taceous deposits.

Grantz and others {1962) proposed
that the gas and waler are connale
in origin and are derived from Cre-
taceous or older marine rocks that
are inferred to underlie the area. In
support of this thesis, they report
1the presence af Foraminifera, Ino-
ceramus shell fragments, echincid
spines and plates, and ophiuran os-
sicles on the surface of Lhe cone. A
few Inoceramus pristng have been
collected from nearby {ill and pro-
glacial lake deposits bul they are

strongly abraded. They poini out
that although the gas resembles
marsh gases, and c¢ontains itz of
the higher hydrocarbeons, similar
gases ogcur in the oil fields ol the
United States.

The age of the cone is assumed to
be laie Pleisiocene. Authors of Loth
papers referenced state that the
small size of the cones and the lack
of included angular rock fragments
suggest that the cone formed Jargely
by quief, gradusl accretion of mud
rather than by explosive action.

Toisona Wo. 2 mud volcano lies
.4 miles {0.64 km) north-northeast
of Tolsona No. |, bul cannot be seen
from the highway.

173.1. Road descends blaff com-
posed of glaciotacusirine silt ang
clay deposils and mantled by col-
luvium.

172.2. Gravelly tegrrace deposils of
Tolsona Creek,

172.6. Massive lacusirine pebbly
silt and varved silt and clay over-
lying till are exposed in bluffs.

171.9. Lacusirine plain composed
lazgely of pebbly clayey silt.

171.2. Enter Gulkana A-5 Quadraa-
ihe.

170.0. Right; side road to Tolsona
Lake Resort. Road follows site of
{ormer esker now removed for coad
material. Esker at resort on lake-
shore consisls of gravel deposils
about 80 feet (24 m) thick which
rest on glaciolacustrine deposits,
Most of the surficial deposits in this
area are lacusfrine siit, clay. stony
sill, and stony clay. Both Moase
Lake, located northwest of Tolsona
Lake, and Tolsona Lake have small
segpages of gas and saline water. For
the next 4 mites (6.4 km) highway
¢rosses a series of nocth-south trend-
ing till-cored ridges which are
draped with lake sediments.

166.2. Right; Atlagia House. Hill
behind lodge is formed of poorly
consolidated sandstone, coal, clay,
and gravel of Terbary (Oligocene)
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age. Coal beds as much as 2 feet (0.6
m 1zick occur.

164.0. Right; for the next § miles
{8.6 km). 2 mocaine of late Wiscon-
sin age occurs as hummocky tergain
on the southecn slope of Tazlina Hiii.
This moraine probably is about 11,-
000 or 12,000 years old. To the left
{scuth) Tazlina Lake and Tazlina
Glacier octur in the distance. Be-
cause the lake is fed by glacial melt-
water it has a considerable amount
of gray rock flour in suspension, and
its bottom is covered by the same
material. The lake is al least 370 feel
(110 m) deep. Ai the outlet of the
lake, at is northern end, the Tazlina
River crosses conglomerate of the
Matanuska Formation (Cretaceous),
and then enters a canyon cut into
Pleistocene glacial and glaciolacus-
trine deposits.

156.0. Lell; Tazlina Glacier Lodge.
Highway is underlain by stony silt
or clay, and the lake bechind the
lodge is perched on this same im-
permeable material. A well dug be-
side the lake encountered dry gravel,
and water pumped into the well dis-
appeared Into the gravel. Many of
the lakes in this part of the Copper
River basin are perched on imperme-
able sediments and do not reflect the
water table in the underlying ma-
terials.

154.8. Right; large pit is at the base
of 2 hill around which z shoreline
related o the 2,450-foot (750 m) lake
level was formed. The former shore-
ling is marked by a wave-cut notch
wilh boulders at its base, which have
been winnowed from the underlying
1. For approximately the next &
miles (145 km) the highway crosses
a broad valley which was occupied
by & northward-moving glacial lobe
during late Wisconsin time. Within
this valley the highway crosses sev-
eraj north-south-trending till ridges
which are draped with lacustrine
sediments. The intervening lowlands
generally are underlain by fine-
grained lacusirine deposits.

]154.1. Enter Gulkana A-8 Quadran-
£le,

[48.0. For the next 4 miles (6.5
km), highway winds through area
of kames and eskers composcd of
sand and (ine gravel.

144.5. Enler Valdez D-8 Quadran-
gle.

142.0. Right; Slide Mouniain. For
the next 4 miles (6.5 km), highway
follows along the southern flank of
Slide Mountain {fig 8-43). Large
tandslides in shale of the Matanuska
Formation have moved down this
unstable slope in the last 10,000 or
more years. Some slides are stabil-
ized znd spruce forests are Erowing
on them. Others have moved re-
cently—movement in 1948 farmed
the large scar thal can be seen from
near mile 141.0. Minor movement
occurred in several places within the
slide zone during the earthguake of
March 27, 1964. The brown rock af
the summit of the mountain is poorty
consolidated gravel and sand of
Oligocensa age.

138.0. Highway begins steep de-
scent inte canyon of Little Nelehina
River. Shale has been used as fill;
consequently, road has slumped in
several places.

137.4. Lilile Nelchina River. Shale
of the Malanuska Formation, capped
with terrace gravel, occurs along the
east side of the river near the bridge.
The age of the terrace gravel ang
of the canyon is slightly older than
10,2504250 years (W-767); therefore
the glacier had to have relreated
Irom this point before thai Qate.
Highway begins ascent to #Hll-cov-
ered surface bordering the canyvon
of the Little Nelchina River.

135.5. Enter Anchorage D-1 Quad-
rangle.

133.0. Stop 8-58: Neichina Glacier
view.
Te the south there is a good view
of the Melchina Glacier, the hroad
outwash plain in front of the glacier,
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% and the Nelchina River canyon this moraine, lake level held steady
2 5 T which is cut into glaciolacustrine de-  at 2,450 feet (750 m), forming weakly
o i’ ll' 3 o) posits and other glacial drift. The developed beaches. Apparently the
LT A {4 A ¢l western part of the end meoraine of lake at this level was held in by a
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! > o) ; =4 ””“l.ﬁ'f({"'ﬂ?p;, 2 N e . northwest. vance and of the lake at this level
; J.', i o f.’f//,‘.rl Z Duri Wi in time the Tal- is between 10,250 and 13,280 years
» — (15| uring  Wisconsin ; old, and 1t is probably about 11,000
: —\ R keetpa Mountairs, remote from moist

L i e ; ; to 12,000 years old.
a AN maritime zir, were not heavily gla- i . )
: B (3 ciated. Glaciers from the Chugach A the glacier retreated it split
_\\ Mountains, because of their proxim- into two individual valley glaciers,

that from the Nelchina Valley. and
that from the Tarlina Valley. About
this time, probably about 10,250
years ago, the lake level dropped
from 2,450 feet (750 m) to a level of
about 2,300 or 2,350 feet (700 or 715
m}, which persisted until the glaciers

ity to these air masses, advanced
more than 50 miles (80 km) north of
their present position and coalesced
io form a great piedmont glacier
which fronted in a glacial lake. Evi-
dence of pre-Wisconsin glaciation is
obscure and lies either at high ele-
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Tariina Lake. OQutwash from the
Little Nelchina lobe was graded to
deltas at about 2,650 feet (808 m)
above sea level. Successively young-
er delias, which can be traced back
along outwash channels to reces-
sional moraines, were formed at ver-
tical intervals of about 50 feet (1€
m)} as the lake level lowered. One
of these outwash deposits, which is
graded to a delta at about 2,500 feet
{780 m), is dated radiometrically as
slightly older than 13,280+400 years

minor advances have taken place,
and the major rivers have cut deep
canyons through the glacial and gla-
ciclacustrine deposits, Alsn, a minor
amount of loess and some cliff-head
dune sediments have been deposited
along the nerthern edge of the river
canyons.

[33.0. From here to Eureka Lodge,
at mile 128, the highway follows a
series of low till ridges that form
a summit more than 3,300 feet (1,060
m) sbove sea level.

Trip Stops.

(W-583). The lake level had lowered.
to about 2,450 feet (750 m) by the
time the ice strongly readvanced, the
Jast of the major readvances of Wis-
1, : ¢onsin age. As the ice retreated from

130.0. Right; an unsuccessful oil
well 8,546 feet (2,600 m) deep (Bu-
reka No. 2) was drilled here. Shale
of the Matanuska Formation is over-
Iain by glacial deposits.
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128.0. Eureks Lodge. For next 7
miles (11.2 km) highway crosses Tah-
neta Pass over an undulating surface
that has been scoured by overriding
glaciers. Shale of the Matanuska
Formation is very close to the sur-
face, and the roag fill is largely shale
oblained from pits along the south-
ern flank ¢of Sheep Mountain and
from side borrow. The shale is a poor
aguifer, and attempts to obtain fresh
water from it have failed.

125.0. Right; site of Alaska Oil and
Gas Development Company well,
FEureka Mo, 1. Well was drilled in
1953-54 and reached a depth of 4818
feet {1,460 m) without obtaining pro-
duction of ¢il or zas.

120.0. For the next 3 miles (4.8
km), highway winds along the south-
ern shoulder of Sheep Mounigzin,
Roadcuts are allernately in till, in
gravel, or in sandsione of the Mata-
nuska Formation, Fossil mollusks
and some leaves can be found lo-
cally in some of the exposures of
sandstone.

116.0. Left; a good view of north-
ern part of Chugach Mountains and
of the divide separating the Mata-
nuska Valley drainage basin from
the Copper River drainage basin.
Glacial iee probably moved west-
ward from the Copper River basin
to the Matanuska Valley during Wis-
consin time, but during the later part
of Wisconsin time the pass probably
was free of ice and was the site of
outwash streams emanating from
glaciers in the Copper River basin.

115.0. For the next 3 rmiles (4.8
kum). highway crosses large alluvial
fans along the southern side of
Sheep Mountain. The rusty color of
the gravel is caused by oxidation of
iron by large amounts of sulfuric
acid in the water. The acid comes
from oxidation of pyrite in rocks of
the Talkeeina Formation which is of
Early Jurassic age. Within some gul-
lies of the mountains, talus and al-
luvial deposits of Pleistocene age

are cemenied into conglomerate by
iron oxide. During early Plelstocene
time Sheep Mounfain probably was
completely covered by glacler ice
from sources in the Chugach Moun-
tains; erratic boulders from that
source are found as high as 200 feet
(60 m) below the summit.

112.0. For the next 2 miles (3.2
km), on the right, the angular ac-
cumulations of rock n talus cones
and in small inaciive rock glaciers
formed from [rost-shattered rock of
the Talkeetna Formation. The con-
tact between the Talkeetna Forma-
tion, chiefly wolcanic rocks altered
to greenstone, and the Matanuska
Formation is a fault that follows the
southern slope of the mountain just
north of ihe highway.

109.1. Righf; major roadeut in toe
of an inactive rock glacier consist-
ing of boulders of Talkeetna Forma-
tion in & matrix of fine-grained ma-
terial.

108.8. Right; roadcut. Radiometric
date of organic maierial collected at
contact between outwash and over-
lying talus indicates that the out-
wash deposit is older than 3,6202250
vears (W-573).

108.0. Begin steep descent into can-
von of Caribou Creek,

107.1. Caribou Creek. After cross-
ing bridge, highway ascends steep
bedrock slope. Bedrock is Talkeetna
Formation,

108.1, Right, sand deposiis. These
deposits and others at shmilar eleva-
tons across the valley of Caribou
Creek are ice-contact deposiis that
bordared an advanced position of the
Matanuska lacier during late gla-
cial time, sometime priocr to 4,000
Years ago.

105.9. To the south, Glacier Point,
a sleep glacier-scoured hill of por-
phyrite intrusive rock of Tertiary
age. The south face overlooking Ma-
tanuska Glacier is nearly vertical
and is 1,400 feet (430 m) above the
Matanuska River.
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UPPER COOK INLET AREA AND MATAMUSKA RIVER VALLEY

Y
Thor N. V. Karlsirom
1U.5. Geological Survey
‘Washingion, D.C.
RESUME OF THE QUATERNARY GEOLOGY OF THE
UPPER COOK INLET AREA AND MATANUSKA RIVER VALLEY

Upper Cook Inlet is the maost
densely populzaied reglon in Alaska,
having in the meiropolitan zrea of
Anchorage and in the adjoining rural
areas of Palmer and the Kenai Low-
land nearly haif of the tojal popula-
tion of the state. The economy of the
region is principally based on federal
support of large military installa-
tions, on expanding exploitation of
pi} and gas reserves found on the
Kenai and adjoining lowlands, on
salmon fishing, and on agriculture.
The region has 2 modified marine
climate characterized by a moderate
range behween summer and winter
temperatures and by relatively low
precipitation. At Anchorzge the
mean annual temperature is 36°F
(2.2°C) and mean annual precipita-
tion is 14.5 inches (36.8 cm).

Belaw treeline (between 2,000 and
3,000 feet (600 and 900 m] above sea
level) the better drained surfaces of
the region are covered by interior
type forest including white spruce,
bireh, aspen, cottonwood, willow, and
alder. Vanguard coastal species of
mountzin hemlock and Sitka spruce
occur locally along the eastern and
southern margins of the region. A
significant part of the lowlands is
poorly drained and characterized by
extensive areas of muskeg and

marsh vegeiation of sedge, grass,
moss, low brush, and black spruce
and birch.

The extensive Jowlands at the
head of Cook Inlet occur at the jn-
fersection of three main valley sys-
tems: The Susitna River valiey that
lies belween the Alaska Range and
the Talkeetna Mountains to the
north; the Matanuska Valiey that
separates the Tatkeelna Mountains
from the coastal Chugach Mountains
to lhe east; and the Turnagain Arm
Fiord that separates the Chuzach
Mountains from the Kenai Moun-
tains to the soulh and southeast.
Peak elevations of the coastal moun-
tains range in general from 3,000 feet
(500 m) to more than 13,000 feet
(4,000 m}, Lthose of the interior Tal-
keetnas from 3,000 feet (900 m) to
more than 8,000 feet {2,400 m), and
those of the Alaska Range from 4000
feet (1,200 m) to more than 20,000
feet (6,000 m).

The region has been repealedly
glaciated. The surrounding rugged
mounltains are alpine in character
and retain on theit higher portions
numerous vatley glaciers and exien-
sive ice fields. The existing glaciers
are larger and occur al lower eleva-
tions near the coast, reflecting a
medern climatic spow lineg that is
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steeply inclined coastward from
more than 65,500 feet (2,000 m) in the
northern part of the Alaska Range to
less than 3,000 feet (900 m} along the
coastal margin of the Chugach Moun-
tains in (he Prince William Sound
region. Climati¢ snow line In the
intermediate Talkeetna Mountains
lies as high as 6,000 feet {1,800 m)
elevation. The lowlangd areas are all
undertain by thick sections of glacial
deposits and are characterized in
most areas by hummocky morainal
topography.

Five Pleisiocene Glaciations

During the earliest recognized and
most extensive glaciations ({the
Mount Susitna [oldest] and the Cari-
bou Hills) expanding ice ¢aps on the
Chugach ang Talkeetna Mountains
complelely filled the Matanuska Val-
fey; largely, if not completely, cov-
ered the bordering mountains; and
pushed out to join other major gla-
cters to fill upper Cook Inlet to ele-
vations of about 3,000 to more than
4,000 feet {900 to 1,200 m}) Evidence
for these glaciations is fragmenlary,
and is restricted to remnants of
highly weathered glacial drift and
erratic material found at high eleva-
fiens only at great distances from
the main alpine nourishment centlers
in the surrcunding mountains. These
deposits have been mapped where
they lie above less mogdified moraines
of the younger Ekluina Glaciaticn,
on the upper slopes of Mount Su-
sitna, along the southwest flank of
the Talkeetnas, and locally along the
Chugach and Kenai Mountain fronts
south of Anchorage. On protecied
slopes, deposits of Caribou Hills age
still retain crude morainal form; on
higher slopes the evidence for the
Mount Susitna Glaciation is in the
form of highly modified drift rem-
nants or scaltered erratic material.
During these and all succeeding gla-
ciations, fce in the Matanuska Valley
was coextensive wlth ice that spilled
into the Copper River basin in the

vicinity of Tahneta Pass at the head
of the valley.

During the next glaciation (the
Exlutna) the upper part of Mata-
nuska Valley was again buried be-
neath a vast ice cap except perhaps
jor scattered nunalaks along the val-
ley margins. Below the confluence
of the Matanuska and Knik Valleys,
however, many of the divides be-
fween tributary glaciers flowing out
of the Chugach Mountains stood
above the ice surface as well as
above 3 large upland area on the
southwest flank of the Talkeetna
Mountains. As marked by lateral
moraines on both the Talkeetna and
Chugach Valley walls, ice filled the
valley up to elevations of about 3,000
feet (400 m) near Palmer and about
1,000 feet (300 m) near Anchorage.
West of Anchorage, the compound
Matanuska-Knik ice lobe coalesced
with ice flowing out of the Susitna
River Valley, Turnagain Arm, and
other trunk wvalleys draining the
Kenai Mountains and Alaska Range
to completely cover the floor of Cook
Inlet f[or the last time in the Pleisto-
cene.

During the last two glaciations
(the Knik, slder, and the Naptowne},
the Matanuska-Knik ice lobe did not
enalesce with ice flowing down the
Susitna River and the Turnagain
Arm Valleys. End moraines were de-
posited in the Jowlands surrounding
Anchorage. The Elmendorf moraine
lies just north of Anchorage and rep-
resents the maximum Naptowne ex-
tent of the Matanuska-Knik ice lohe.
As marked by remnants of end mo-
raines partially buried in the gravel
plain bordering the Elmendorf mo-
raine, angd by buried drift exposed in
sez bluffs at the Tower end of Knik
Armn, (he ice lobe of Knik age was
from 3 to 6 miles (4.8 {0 9.6 km) more
extensive at its maximum than the
ice lobe of Waptowne age. Proglacial
lake deposits associated with these
and correlative moraines along with
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vague strandline features and com-
pound hanging deltas locally pre-
served throwghout the upper part of
Cook Inlet indicate that the glaciers
of Xnik and Naptowne age advanced
into angd retreated from regional pro-
glacial lakes, The regional distribu-
tion of Naptowne and Knik moraines
in the seuthweastern, more con-
stricted part of Cook Inlet indicates
that during both glaciations ice from
the Kenai Mountains coalesced with
ice from the Alaska Range to form
a high ice dam that created the in-
terior lake environments. Because
of the instability of the ice dam, lake
levels fluctuated drastically. Instead
of one or several well-defined simple
strandlines, broad zones of poorly to
fairly well defined terraceties, were
characteristically developed in Cook
Inlet region.

The inference of major intervals
of retreat and weathering between
the named glaciations suggested by
geomorphic relations of moraines in
the region is supported by the fol-
lowing stratigraphic data. Sea bluffs
at the lower end of Knik Arm and
near Boulder Point on the ¥Kenai
Lowland transcct moraines of both
Naptowmne and Enmk age. In both
localilies the Naptowne Ti) is sepa-
rated from the EKnik Till by a se-
quence of weathered deposits includ-
ing peat layers and locally a marine
horizon recording a higher sea level
stand, the Woronzofian transgression,
during the ¥Xnik-Napiowne interval.
In both localities Knik Till uncon-
formably overlies deeply weathered
drift of Ekluina age. Measured oxi-
dation profiles on Naptowne drift
range from 2 to 10 feet (0.6 to 3.0 m),
those on buried Knilk drift from 5 to
20 feet (1.5 to 6.1 m), and those on
Ekiutna drift are greater than 40
feet (12 m). Deposits throughout
Cook Inlet contain little or no car-
bonate material, and it has not been
possible to determine depths of

face boulders on moraines of Nap-
towne, Knik, Eklutna, and Caribou
Hills age indicate progressive and
distinetive differences in granite to
graywacke-argillite boulder ratios.
The boulder ralios suggesi approxi-
mately egual intervals of time be-
tween the Naptowne, Knik, Eklutna
giaciations and about iwice as long
an interval between the Eklutna and
Caribou Hills glaciation. Data bear-
ing on the duration of the MMount
Susiina/Caribou Hills intervatl are
scantiy, but it is believed that il was
at least as long as the shortest of the
preceding interglacial intervals.

Naptowne advances and associated
proglacial lake phases

The Naptowne morzines through-
cut Cook Inlet region mmclude two or
three belts of recessional moraines,
sugpesting intervals of impertant
stillstands or readvances following
retreat from the outecmost belt of
morgines. On the Xenai Lowland
these have been named from type
localities the Moosehorn {oldest), the
Killey, the Skilak, and the Tanya
morainegs. From the level of strand-
lipes, abandoned meltwater channels
terminating in hanging delfas, and of
lake deposits assoclated with the type
NMaptowne morainal beills, the fol-
lowing high lake phases of Glacial
Lake Cook have been reconstructed:
ca. 750 feet (230 m) elevation or
higher during the Mogoseborn maxi-
rmurn; 500 1o 600 feet {350 to 180 m)
during the Killey maximum; ca. 250
to 300 feef (75 to 90 m) during the
Skilak maximum; and ce. 100 to 150
feet (30 to 45 m) and ca. 50 feet (15
m) during Skilak recession and prior
to final drainage of the lake. Partial
or complate lake drainages between
these high lake phases are recorded
by diastems, buried soils, and peat
layers in the lake bottem sediments.
The intervals of lake drainage reflect
failures of the ice-dam in lower Cook
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clacial recession; the high lake
phases reconstitution of effective ice-
dam conditions during glacial ad-
vances.

The Matanuska-Enik ice-lobe re-
ireated from the same regional lake,
and experienced the same sequence
oi Naptowne recessional events. Cor-
relations with the type deposits on
the X.enai lowland are based on ¢om-
parable morainal sequences and on
the evidence that during the advance
marked by the third belt of moraines
meltwater streams flowing from the
ice front empiied into the same 250
1o 300 foot (75 to 90 m) high lake
phase of the Skilak maximum. Well-
gefined, meltwater channels graded
to lhese moraines west of Falmer
terminate downvalley at this critical
regional strandline level.

Differences in the type of deposits
laid down during Naptownc reces-
sion of the Matanuska-Knik ice lobe
strikingly reflect its compound char-
acter. Long crevasse-fill ridges con-
fining oriented lake basins resulted
{from stagnation of ice of the Mata-
nuska sublobe following retreat from
the Killey end moraines. These stag-
nation deposits arc separated by an
interlohate complex of cskers (rom
typical recessional moraines de-
nosited by the Kuik sublobe that ap-
parently remained active because of
shorter distance to nourishment cen-
ter. This dynamic difference in reg-
imen is further recorded in the
outer boundary of the Skilak mo-
raines that indicates that the Xnik
sublobe agvanced farther dowmnval-
jey than did the ice derived from
the more distant Matanuska Valley
sources. Similarly, whereas during
Skilak recession, the Matanuska sub-
lobe ice began to siagnate in place
as recorded by the spectacular de-
velopment of ice-contact deposits
about Palmer, the Xnik sublobe re-
mained active and on retreat deter-
mined a aniform serizs of progres-

posited by mellwalers diverted along
the retreating ice front. The more
active Knik sublobe eroded a deep
trough that is now occupied by Knik
Arm, whereas bedrock lies at much
shallower depih beneath the deposits
iaid down by the less active Mata-
nuska sublobe.

Recession in Matanuska River valley

Because of the numerous tributary
glaciers that supplied ice to the Ma-
tanuska sublobe and because of the
complications resulting from local
stagnation of glacial ice, the Nap-
towne recessional hislory up the
Matanuska River valley is somewhat
obscure. The late recessional hislory
does not involve progressive with-
drawal of a single glacier but in-
volves the independent movements
of Iributary glaclers that receded
from the trunk valley and info theic
own vatleys at different times. De-
tails of Naptowne recession from the
Matapuska River valley must there-
forc await detailed mapping in the
tributary valleys as well. Some ol
the broader features of recession
within the main valley, howsver,
may be derived from available data.
High-level gravel terrace depnsils
and quicscent-water deposits atong
ithe axis of the valley indicate that
1the middle part of the valley became
ice free before the stagnating ice of
Skilak age had melted out of the
mouth of the valley. This stagnating
tce plug acled as a dam to drainage
out of the valley and determined
aggradation in the middle ice-free
part. Subsequent downcuiting by
mellwater stream through the ice
plug resulted in a series of keltle-
pocked terrace deposils. According
to radiocarbon dating of moraines
in the upper part of the valley, ice
had already retreated within 1 mile
{16 km) of the present front of Ma-
tanopska Glacier sometime prior to
8.000 years ago. The moraines de-

sively lower wmarginal terraces de-  posited by the Matanuska Glatier
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Table 2. Cook Inlet glacial record, chronology and continental correlations (sum-
marized {rom Karlstrom, 1956, 1961, and 1964: and for Siberia from V. A. Zubakow, pers.
comin. 1963). Deposits defining the Joformally named marine transgressions Kotzebuan,
Pelukiar, Woronzofien, and Kruzensterzian are deseribed by Hopking (1965). The Cook
Inlet deposlts deflining the Woronzoftan, Kasilofian and Girdwoodian {ransgressions
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are described in Karlstrom, 1964; the Wovronzofiaon 15 defined from Lthe middie marine
horizon of the Bootlcgger Cove Clay near Dt Woronzof, the Hasilofien from the ele-
vated tidal flats néear the mouth of the Kasilof River, and the Girdwoodian from the
thick middle tidal siit section in the Girdweood Bog. The Middietonian tranzgression is
defined by bedded zand deposiis in unit 20 of the thick cenglomeratic glaciomarine
section described from Middleton Island by Miller (1953) and reexamined by the author
in 1962. The isotope dates applied 16 these inferred marine transgressions are discuzsed
in Blanchard (1963); Hopildns (1985) and Karlstrom {1964). The Middieton Island iso-
tope dates ace incompatible with Hoplkins (1965) designation of the section as Pliscene
1n age but mot with the interpretaton that the fossils on Middleton Island indicate
that the upper part of the section [s definiiely Pleistocene, and probably pre-Yarmeouth,
in age {(MacNeil and others, pers, comm. 1884). The Haslofian and Girdwoodian are
events of the Kruzensternian {ransgression as this is broadly datdd as postglacial by
Hopkins {1965).

Note: The siratigraphic nomenclature used bhere is that ef the published sources and

does not necessarily conform to that of the U. 5. Geological Survey.

just prior to this late recession are
associated with abandoned glacial
spillways graded approximately to
the present gradient of the postgla-
cial Matanuska River canyon, Estab-
lishment of present grade this far up
the valley at this early time empha-
stzes the general rapidify of ice re-
cession out of the Matanuska Valley
and of the drainzge adjustment
down through the stagnating ice
plug following retreat from the Ski-
lak maximum.

Past-Naptowne sea level changes and
the Alaskan Glaciation

Following Naptowne recession and
final drainage of Glacial Lake Cook
around 9,000 years ago, rising sea
levels caused progressive marine in-
vasion ¢of Cook Inlet trough. Highest
postglacial sea levels, contemporane-
ous with maximum contraction of
glaciers in the region, attained an
elevation of from 5 to 10 feet (1.5 to
3.0 m) above present datum. This
high sea level stand is recorded by
elevated tidai flat deposits found
near the head of Knik Arm angd eise-
where through Cook Inlet. Tt is in-
formally named the Kasilofian trans-
gression {rom elevated tidal flats at
the mouth of the Kasilof River on
the Kenai lowland.

Radipcarbon dating of coastal bogs
places the culmination of this high
sea level phase at hetween 5,000 and
6,000 years old or Altithermal in age.
Low terraces just above the present
fiood plains of the Matapuska and

Knik Rivers are graded to these
elevated tidal fiats, and thus appear
to record aggradation of the Knik
and Matanuska Rivers during the
Altithermal and post-Altitherrnal
periods. The subsequent fzlis in sea
level were contemporanecus with
general advances of glaciers through-
out the region. Two sets of moraines
characterized by slight differences
in vegetation cover and soil devel-
opment lie close {0 present glacier
fronts. Radiocarbon dating of ihese
moTaines places ihe outermost set
(the Tustumena mecraines) between
3,500 B.C. and 500 AD. and the in-
nermost set {the Tunnel moralnes)
between 300 AD. and the present.
As cross-dated with tidal bog records
in Cook Inlet, these post-Altithermal
Tustumena and Tunnel advances
were contemporaneous with a series
of minor sea level regressions. The
last minor sea level regression cul-
minated about 1850, since that time
the tidal bog record is of progressive
but oscillatory transgression.

The Cock Inlet chronology and
continental cerrelations

The glacial and marine deposits
of Cock Inlet are dated in part by
the radiotarbon ang ionivm /uranivm
ratic dating methods, and in part
by roughly quantitative relaiive ge-
ologic data. The internally dated
Cook Inlet chronology and provi-
sional correlations with the North
American and Eurasian continental
glacial sequences are summarized in
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the accompanying chart (Table 2}

Road Log and Locality Descriptions
101,7.1 Anchorage D-3 Quadrangle.

Stop 3-57: Scenic overlook of Mata-
puska Giacier.

The Matanuska Glacier is one of
{he Jargest glaciers draining the in-
terior side of the central ice fields
of ihe Chugach Mountains. 1f drains
250 square miles (647 km?) of the

fiords at the head of Prince William
Sound,

During the maximum of the Nap-
towne Glaciation (around 20,000
years ago) expanded ice fields al-
most completely covered the border-
ing mountains, with a few higher
peaks rising above the ice surface
as nunataks. Sheep Mountain may
have been completely covered by

POSITIONS OF THE TERMINUS

SKETCH MAP SHOWING THE PRESENT TERMINUS
OF MATAMUSKA GLACIER AND SOME FORMER
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Figure 9-46. Skeich map showing the present terminus of Matanuska Glacier
and some former positions of the lerminus. (From Williams and Fer-

rians, 1961, fig. 1)

highest part of the mountains be-
tween Mt Witherspoon {12,023 ft,
3,660 m) and Mt Marcus Baker
(13,176 ft; 4,016 m). Glaciers drain-
ing the coastal side of the sarne high
ice fields reach tidewater in deep
ice, or may have jutied above the

iMiles from Anchorage on the
Glenn Highway.

ice surface as suggested by rernnant
lateral moraines and lateral channel
features concenirated between ele-
vations of 4,000 to 5000 feet (1,219
to 1,524 m). More work needs to be
gone to determine whether this ice
beundary representis the Naptowne
maximum or a recessiona} ice posi-
tion. The virtually continucus jce
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cap that formed at the head of Mata-
nuska Valley and drained into Cook
Inlet was coextensive with ice that
flowed into the Copper River basin
from an ice divide in the vicinity of
Tahneta Pass.

Williams and Ferrians have de-
lineated the following late Naptowne
and post-Naptowne history of Mata-
nuska Glacier (fig. 9-46).

{1} Rapid retreat from extended
positions into the upper reaches of
the valley accompanied by canyon
cutting by meltwater streams.

(2) Readvance 2.5 to 5 miles (4 to
8 km) from the present glacier front
blocking the Matanuska River and
diverting Caribou and Glacier
Creeks as recorded by moraines on
lower valley slopes and by lake de-
posits in the floor of the upper part
of the Matanuska Valley east of the
glacier. During recession from this
advance Pinochle Creek spillway
was cut and graded approximately
to or below present level of the Mat-
anuska River flood plain. Radiocaz-
bon dating of basal peat in a bog
overlying moraines deposited during
this late Naptowne recession indi-
cates that the readvance to Pinochle
Creek spillway predates 8,000 years
ago.

(3) Continued recession to an ice-
front position perhaps upvalley from
the present terminus prior to the
past several thousand years. Culmi-
nation of this recession is correlated
with the buried soil (Altithermai?)
overlain by talus and dated 3,620 =
250 years (W-573).

(4) Readvance into the canyon cut
during deglaciation and formation of
outwash and associaled moraines that
are located 1 mile (1.6 km), % mile
(.4 kim), and less than a quarter of a
mile from the glacier front. From
analysis of soils, vegetation cover,
and historical records the recent mo-
raines are daled as follows: the oid-
est set a few thousand years, but
probably less than 4,000 years; the

intermediate set probably greater
than several hundred years; and the
youngest set prior to 1898 when the
first photographs of the glacier were
taken. Since 1899 the glacier front
has retreated little, but considerable
thinning has occurred.

The hisiory of Matanuska Glacier
appears to be comparable in inten-
sity of advance and seguence to that
recorded by the morainal and coastal
Qdeposits in Cook Inlet.

From this point wesfward to Pal-
mer the road crosses the drift-man-
tled, irregular bedrock floor of Mat-
anuska Valley and, in bplaces, de-
scends 1ato the proglacial Matanuska
River and tributary canyons incised
200 to 500 feet (60 to 152 km) below
the glaciated floor. The glaciated
valley floor is underlain by rela-
tively soft sandstone and shale of
the Matanuska and Chickaloon
Formations of Cretaceous and early
Tertiary age, respectively. Both of
these formations have been intruded
by diabasic rocks of Tertiary age.
Owing o superior hardness, the in-
trusive rocks rise as ridges and cliffs
above the general floor level. The
glacial topography of the valley floor
is only in small part constructional
Most of the local relief reflects
glacial erosional forms scoured inio
the thinly mantled bedrock. Modi-
fication of these glacial forms has
been slight except where they are
transected by canyons and gullies or
buried beneath colluvial and aliuvial
deposits on steeper slopes. Refleci-
ing their relative youthfulness, the
surface drift deposits of Naptowne
age throughout the valley have shal-
low soil profiles with depths of
oxidation generally between 1 and 3
feet (0.3 and ¥ m). Younger deposits
such as recent end moraines, rock
glaciers, and alluvial and colluvial
deposits are correspondingly less
weathered, and have oxidation pro-
files generally less than 6 to 12
inches (15.2 to 30.4 cm).
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101 to 98. Moraines deposited dur-
ing retrest of Matanuska Glacier
from its sland near the Pinochle
Cresk. Roadculs are Jargely in til
and locally in lacustrine deposits.
Underlying bedrock is shale and
sandstone of the Crelaccous Mata-
nuska Formation.

100. Hundred Mile Lake to right
occupivs o basin damnmed by reces-
sional latera! moraines on which the
road js buill. Ahead; rock glacier of
Alzskan age on steep mountain
slope.

98. Top of Pinochle Creck grade.
Pinochle Creek is an underfit sircam
that occupies the glacial spillway
(fig. 9-46) formed during the Jost
recagnized Naplowne readvance or
stillstand position of the Matanuska
Glacier. Bedrock in the valley walls
of Pinochle Creek and in the voad-
culs in shale of the Matanuska For-
malion. The shale is very susceptible
to fandsliding.

96.8 (p 95.1. Hicks Creck Inn. On
Jlow tcrraces just above the flood
plain of the Malsnuska River can-
yon, and at approximately the same
level as the Pinochle Creek spiliway
floor. Ascend wsall of Matanuska
River ¢canyon cut in the Matanuska
Formation. Roadcuts of (hin drift
and colluvial deposits on bedrock.
Left; good view of Matanuska River
canyon and of the glaclaled wvalley
floor flanking the Chugach Moun-
tains.

95.3. Location of buried contact
between ihe Matanuska and the
Chickaloon Formations.

85.1, Packsaddle Creek. Creek oc-
cupies a broad-floored spillway cut
into Tertiary shale and marks a still-
stand of readvance position of ihe
Matanvuska Glacier. The Pinochle
Creek spillway upvalley may repre-
sent a recessional phase during re-
treat from Packsaddle Creek or a
distinctly separate advance. If bolh
yepresent recessionais then the mo-
rainal driff betlween Pinochle and

Packsaddle Creeks may be of Tanya
age; if Pinochle Creek represents a
separate advance, then the drift be-
tween Pinochle and Packsaddle
Creeks 1s probably of late Skilak
age. That the spillways are closely
related In time is suggesied by the
fact that both are graded close to
the present gradient of the Mala-
nuska River [lood plain, To¢ right,
large double-pronged rock glacier of
Alaskan age on upper and middle
slope of Strefshia Mountain.

94,5, On upper slope of large allu-
vial fan deposited by Muddy Creek
in the Packsaddle Creek spiliway.
Roadeuts are in stratified alluvial
deposits over glacial drift of late
Naptowne age.

94.5 ¢ 89.2. Road traverses broad,
thinly drift-mantled valley floor un-
derlzin by sandstone and shale of
the Tertiary Chickaloon Formation.
More resistant diabasic skills and
dikes cut the Chickaloon and form
partly talus-covered cliffs on the
slopes of Anthracite Ridge Lo
right. Vegetation is mainly grass
and brush (alder and willow} with
scaltered stands of white spruce and
birch.

89.2. Enler narraw glacially
scoured rough cul in Tertiary sbale
between intrusive rocks and occu-
pied by Purinton Creek.

89.6. Enler Anchorage -4 Quad-
rangle.

84.5 to 85.8. Along margin of lacge,
irregularly floored glacial trough cut
in Tertiary shale and sandstone he-
{ween intrusive rock on right and
the ridge of Matanuska sandstone
and shale on left.

88, Woeiner Lake and beautifu}
T.ong Lake at 87-86 ocecupy elongate
depressions scoured in the trough
floor.

85.3. Road passcs through cro-
sionat gap In Tidge of Matanuska
Formation onto the Matanuska Riv-
er canyon side.
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85 to 82. On drift-covered bench
aiong margin of Matanuska River
canyon, Left; braided gravel flood
plain and low forested terraces of
the Matanuska River. Across the
river large alluvial fans are devel-
oped along the lower courses of
streams dralning the steep Chugach
Mouniain front which is underlain
by resistant rocks of Jurassic and
Crelaceous age intruded by granite
of Mesozolc or Tertiary age.

79 to 78.3. Descend into mouih of
Chickaleon River canyon. Chicka-
loon River is one of the major tribu-
tary streams draining the Talkeetna
Mountains to the right. Roadcuts
expose 2 to 10 feet (61 to 3 m) of
laminated silt containing 3 discon-
tinuous ash layers; over 0 to 20 feet
(0 to 6 m) of sand and gravel; over
Q0 to 15 feet (0 to 4.5 m} of Naptowne
Till on sandstone of the Chickaloon
Formation of early Tertiary age.
The Chickaloon River flows in a
hroad terraced valley bottom ineciscd
200 to 500 feet (B0 to 152 m) below
the level of the glaciated valley {loor.

78.3. Chickaloon River enters the
Motanuska River just above a re-
striction in the Matanuska River
canyon, the King Mountain Gorge
The narrow gorge s confined to the
left by a large infrusive body of
diabase and 1o the right by the mas-
sive zranite inlrusive underlying
King Mountain.

78.3 to 744 Margin of Matanuska
River flood piain below high tercace
gravels and steep rock walls.

78.3 Lo 76.4. Canyvon walls expose
contoried ice-contact sand and
gravel underiying a piited, chan-
neled terrace surface about 200 feet
(60 m) above flood plain and at an
elevation between 200 and 1,000 feet
(274 to 304 m). The ice-contact de-
posits overlie a thick section of
Naptowne Till on sandstone and
shale of the Chickaloon Formation.

77 1o 76.5. Low terrace, 5 to 15 feet
(1.5 to 45 m) above flood plain, on

which is located King Mountain
Lodge and public campground.

76.5. Enter Anchorage D-§ Quad-
rangle.

76.5 to 74.4. Base of bedrock ridee
underlain by Chickaloon and Mata-
nuska Formations intruded by dia-
base and other iypes of intrusive
rocks.

74.3 to 72.6. Rise from low terraces
onto hummocky terraim with deep
kettle depressions and eskerlike
ridges Thase coarse gravelly ice-
contact deposits form a plug in the
mouth of a largely drift-filled chan-
nel Lthat probably represenls a pre-
Naptawne segment of the Chicka-
loon River Valley.

728 {0 69.3. Low terrace remnants
at base of steep bedrock canyon
walls,

71.2. Enter Anchorage C-5 Quad-
rangle.

69.2 to €7. Edge of Matanuska
River flood plain at base of bedrock
ridge underlain by Maianuska For-
mation. The ridge forms 2 northeast-
teending divide between the Maia-
nuska River and the King River. a
major tributary stream of the Tzl-
keetna Mountains that enters the
Matanuska River several miles
downvaltley., The drift-covered ridge
is flanked by remnants of gravel
terraces up to elevations of 1,100
feet (335 m). It is transecled by a
gravel-filled channel recording a
previous course of {he Matanuska or
King Mountain River.

68.8. Gravel pit in channel gravels.

67.3. Sharp bend in the Matanuska
River where it passes through a nar-
row gorge, The gorge transectls
structure and resulted from posigla-
cial superposition of the Matanuska
River down from the aggradation
levels marked by the high level ter-
race gravels. Here such gravels oec-
cur at an elevation of ¢a. 1,000 feet
(304 m) on both sides of the canyon.

67.0. Good exposures of folded and
faunlted shale and sandstone of the
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Matanuska Formation in the gorge
walls.

66.9. Low terraces at the mouth of
¥ing River. Eing River flows in a
broad, terraced, fiat-floored canyon
excavated along the contact of the
Matanuska and Chickaloon Forma-
tions. Remnanis of high terrace
gravels present on both sides of the
canyon are graded to an end mo-
raine deposited at the mountzin
front 5 miles (8 km) upvalley and
to the high terrace gravels present
in the Matanuska River canyon be-
hind us. Ahead; good view of high
level terrace remnant {ca. 1,000 feet
(308 m] elevation) cut below till-
covered ridge top.

86.9 to 63.8. Low terraces builf be-
low the confluence of the Matanuska
and King Rivers. Right; steep 400-
foot (122 m) scarp cut in drift-cov-
ered bedrock ridge underiain by

U-shaped valleys in the Talkeetna
Mountains to the right The alluvial
fans record a sequence of depoesition~
al intervals, and are cut below hum-
mocky, kettle-pitted ice-contact
deposils of Skilak age locally charac-
terized by long, sinuous ecrevasse-
ifll gravel ridges. These deposits
have extensive distribution in the
lower part of the Matanuska Valley
between here and beyond Palmer for
a distance of more than 10 miles (16
lon). They occur up to elevations of
1,000 feet (304 m).

The field reilations of these ice-
contact deposits to the high terrace
gravels and the high-level quiescent-
water deposits upvalley indicate that
a plug of stagnating ice persisted
after the middle part of the valley
had become partly ice-free. This ice
plug acted as A dam causing aggra-
dation and development of the high-

Schematic sections 1 to
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level terraces near Chickaloon River
(1,200 feet {365 m] elevation) and
near King River ({ca. 1,000 feet (300
m] elevation). Progressive down-
cutting through the stagnating ice
plug by meltwaters trapped upvalley
is recorded by 2 series of kettle- I
pitted terraces that will be crossed !
ahead.

61, Enter Anchorage C-6 Quad-
rangle. New milepost numbers be-
gin.

60.58. Rise from Eska Creek valley
onto terraced ice-contact deposits.

4 Chickaloon Formation End moraines
. in Little Granite Creek valley be-
i hind the rtidge record a recessional
K position of the Matanuska Glacier in
Skilak time just prior to retreat of
the trunk glacier upvalley and of
, tributary glaciers back into the
& bordering mountains, The morajnes
£l in Little Granite Creek valley ex-
' tend downvalley to about mile 65.
, Beyond this point the deposits man-
F tling the ridge in front of the meo-
| rajnes are finely lJaminated sand and
if siit. Deposition of such fine-grained
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4 and 6 to 25 (not to scale) show number and relative positions of humus bands end layers of

volcanic ash in sections through the eolian mantle. Section 5 shows details al Stop 9-58. (From

Flgure 9-48. Stratigraphic features of the eolian deposits near Palmer.
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b material adjacent to an ice front gix crude terrace surfaces are = . &
ﬂ}i, : strongly suggests that during this  cyossed. The higher terraces are £ ]_ [‘1'1 .
phase of valley deglaciation the re- nore pitted and irregular in topo- 5. 3 ; -y 2
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63.8 to B0. Toe of coarse, cobble
coalescent gravel fans deposited In
the lower reaches of Granite and

to 8,000 years agoe and assoclated
with the Pinochle Creek and Pack-
saddle spillways. The recorded se-

Eska Creeks that drain broad, quence of ice-stagnation, aggrada-
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tion, angd dissection must therefore
bave taken place in less than, and
probably much Jess than, 4,000 years.

58 to 55. On hummocky kettle-
pilted ice-contact deposits charac-
terized by numerous oval {0 kettle-
hole depressions and eskerlike ridges
of contorled coarse gravel

55 io 54 On low terraces and
coarse cobule flood plain of Moose
Creek.

54 1o 49,5. RBise to ferraced and
pitted surface of ice-contact deposits

surreunding Palmer (fig, 9-47). The
deposits are predominantly coarse
cobply gravel overlain by from 4 to
10 feet (1.2 to 3 m) of loess and
locally by thick sections of dune
sand, This ubiguitous manile of
windblown silt provides the agri-
cuitural soils in the earliest and most
successful farming community in
Alaska,

49.2. Stop 9-58: Cliff-head dunes and
loess stratigraphy in the Palmer
area.
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Figure 3-4%. Percentage of sand {(particles coarser than 0.074 mm diameter)
in eolian sediment near Palmer, Alaska. (From Trainer, 1961, fig. 3)
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Lhe cliff-head dunes and associ-
ated loess formed at the top of the
Matanuska River canyon walls rep-
resent the maximum thickness of
windblown materials measured In
the Palmer area (fig. 9-48). More
ithan 30 feet (9.2 m) of dune sand
overiies 36 feet (109 m) of loess
Ninz buried soils are recorded by
weathered, fine-grained silt layers
containing organic material. These
and comparable buried soils present
in the windblown deposits through-
out the area record multiple cycles
of accelerated loess deposition inter-
rupted by periods of diminished
deposition in which vegetation sta-
bilized ihe surface, and weathering
profiles were developed. The thick-
ness and the coarseness of the wind-
blown deposits decrease away from
the bluffs in the direction of dom-
inant winds blowing downvalley and
across the bare {lood plains of both
the Matanuska and Knik Rivers
(figs. 9-49, 9-90). These relations
combined with the observations that
present-day storms generate dust
clouds of fine-grained materials
picked up from the nearby flood
plains led Trainer (1861) {o con-
clude (1) that the glacial stream
tlood piains were the dominasni
source of wind-transported materi-
a2ls in the pasi; and (2) that changes
in flood plain regimen, due either io
changes affected by glacial advances
and retreats in the valley head or to
sea-level c¢changes at the river
mouths, or {¢ both, probably explain
the cyclical sequence recarded by
the buried $0ils in the deposits. Ac-
cording to this interpretation dune
and loess deposition was accelerated
during periods of flood plain aggra-
dation, and diminished during peri-
ods of degradation.

Proximity of the Palmer area tfo
tidewatler ai the head of Knik Arm,
and the known record of past glacio-
eusiatic sea level oscillations, favor
sea level changes as the controliing

process on flood plain agsgradation
and degradation. If {rue this would
mean lhat periods of accelerated
loess and sand deposition probably
took place during periods of rising
sea levels and glacial recession, and
that the buried soils mark periods of
marine regressions and glacial ad-
vance. Wood samples ¢collected from
these buried scils are pending C-14
analysis. Their daling should pro-
vide a direct test of this thesis. From
present regional relations it is be-
lieved that most of the loess in the
Palmer arca was deposited during
and following Allithermal time be-
cause only in this time interval alter
ice retreat were sea levels high
enough to determine appreciable ag-
gradation in the lower courses of the
Knik and the Matanuska Rivers.

49.2 to 48. Terraced ice-contact de-
posits. As exposed in roadcuts the
thick loess manlle maintaing ap-
proximately constant ithickness on
&ll terrace levels and on inlervening
terrace scarps. This suggests that the
dominant period of loess deaposition
began only after the lower teraces
had been constructed by meltwater
streams cutting down through the
slagnating ice block, What appear
{0 be good terraces here, when traced
to the tight off the road, disappear
into the spectacular eskerlike com-
plex souithwest of Palmer, indicating
terrace formation at a time when
large buried masses of gilaciol iee
still persisted in the area.

48.3. Enter Palmer. The town of
Palmer is at the apex of the lowest
terrace level of late Naptowne age.
The Palmer terrace is in the form
of an alluvial fap deposited by melt-
water flowing out of the Matanuska
Valley. At the time of its construe-
tion, buried glacial ice blocks had
melted out except for a few scattered
blocks that determine the kettle
lakes and drained pits in its dista)
pari to the south. The terrace gradi-
ent is greater than that of present
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drainage. The terrace lies about 100
feet (30 m) above the Matanuska
River flood plain near here and about
50 feet (15 m) above the flood plain
5 miles (8 km) to the south. A few
bedrock hills project above the fan
surface, and with the ice-block de-
pressions, provide local relief of 2
few feet to a few tens of feet The
terrace is underlain by ecoarse gravel
and sand averaging 30 to 50 feet (9
to 15 m) thick overlying a thick sand
section. Some wells in the area pene-
trate what appears to be an under-
lying till, others terminate in bed-
rock Qdirectly overlain by sand. The
loess mantle ranges in thickness from
about 2 feet {6 m) to meore than 10
feet (3 m) with the thickest sections
present near the Matanuska River
flood plain.

Stop 9-59: Experimental farm loop
road.

Through Palmer and south on the
terrace level of the City of Palmer.
On right, the scarp along the inner
edge of the terrace is cut below
pitted terrace deposits associated
with an extensive crevasse-fill com-
piex. Near Mclean Lake, a kettle
lake, enter transition zone between
terrace and hummocky ridge topog-
raphy of crevasse-fil} complex. Near
Kepler Lake enter crevasse-fill com-
plex, Kepler Lake and associated
lakes occupy long linear kettle de-
pressions, 50 to 100 feet (15 to 30
m) deep between long, narrow, sinu-
ous gravel ridges. Ahead and on lefi;
forested low terraces and old flood
plain level of Matanuska River which
are graded to elevated tidal {flats
bordering Knik Arm. These and
comparable elevated tidal flats
throughout the upper Cook Inlet
area record a post-Naptowne sea
level stand 5 to 10 feet (1.5 to 3 m)
higher than present sea level, and
are radiocarbon dated between 5,000
and 6,000 vears in age. This maxi-
mum post-glacial transgression is in-

formally named the Kasilofian trans-
gression {Table 4). The Farm is along
the edge of the crevasse-fill complex
of sinuous gravel ridges and inter-
vening linear kettle depressions.
Loess here ranges in thickness from
less than 1 foof (0.3 m) to more than
3 feet (.9 m). The cultivated fields to
the right are on the flatfer crest-
lines of the crevasse-fill ridges; those
to the leit are on pitted gravel ter-
races developed along the margins
of the retreating Knik ice sublobe
after the stagnating ice of the Mata-
nuska sublobe had beer buried by
coarse gravels deposited by marginal
drainage. Between Experimental
Farm anéd Four Corners, cross edge
of crevasse-fil} complex to right and
onto terraces developed along the
Wasilla Creek drainage line. Be-
tween Four Corners and Palmer
cross hummocky topography of the
crudely terraced portion of the cre-
vasse-fil}l complex. The topography
of the central part of the crevasse-
fill complex to the right is so rugged
that it has been impossible to culti-
vate, and thus retains a virtually
undisturbed forest cover of mature
white spruce, white birch, with as-
sociated aspen, alder, willow, and
some cottonwood. Loess thickness
ranges from less than 3 feet (9 m)
near Four Corners to more than 5
feet (1.5 m) neayr Palmer (fig. 9-50).

47.8 to 468. Cross apex of Palmer
Terrace. On right, the loess-covered
hills are underlain by bedrock of
probably Jurassic age. Ahead; Lazy
Mountain. The lateral moraines
around 2,000 feet elevation (610 m)
on the mountain slopes mark the
maximum height of Naptowne ice in
the area.

46.6. Matanuska River bridge. Con-
striction of the river here to a nar-
row gorge resulied from postglacial
superposition from the terrace level
at the City of Palmer through a
buried bedrock ridge. Subsurface
data indicate a buried bedrock chan-
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nel just north of Palmer that prob-
ably marked the pre-Naptowne
course of the Matanuska River into
Knik Arm.

46.6 fo 38.5. Bodenburg Terrace.
Area underlain by stream-depaosited
silt, sand, and sand gravel of post-
Naptowne ape. Bodenburg Buite
and smaller hilis of bedrock and a
few hills of till profrude through the
stream deposits. The terraced sur-
face lies just above present flood
plain levels and records a sequence
of aggradational and degradaticnal
intervals accompanying Altithermal
and post-Altithermal sea level fluc-
tuation. The general gradient of the
low-lying surface is to the south and
southwest indicating that supply was
predominantly from the Matanuska
Valley. The forest cpver consists of
white spruce, white birch, aspen,
alder, willow, and catfonwood.

45.2. Left; remnant of late Nap-
towne moraines.

44.5. Ahead; good view of Boden-
burg Buite, an ice-rounded loess-
covered bedrock hill of Jurassic
greensione.

43.7. To right and ahead, clearwa-
ter road ditch used by spawning sal-
mon migrating up spring-fed Palmer
Creek. During salmon runs numer-
ous King, Red, Humpy, and Dog Sal-
mon may be observed in the deeper
pools along the road.

33.6. Ahead; view of steep slopes
of Pioneer Peak, elevalion 6,398 feet
(1,850.1 m).

38.5. Knilk River bridge. The Enik
River floods annually in June, July,
or August when Lake George, im-
pounded upvalley by the front of
Knik Glacier, overtops the ice and
erodes a gorge along the valley wall
(fig. 9-51). The discharge of the Knik
River prior to flooding is on the
order of 5,000 to 6,000 cis (142-170
m3 sec-1). Since the beginmgg of
.5, Geological Survey gage record-
mg at the bridge in 1549, peak dis-
charges of filooding have ranped

from 41,500 cfs {1,180 m® secd),
when no lake formed in the Lake
George basin in 1963, to 359,000 cfs
(10,200 m3 sec-1} in 1958. Lake dis-
charge bhas begun as early as June
28, 1862, and as lale as August 13
in 1949. The duration of augmented
discharge from the lake has ranged
from 8 to 18 days.
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Figure 8-51. Lake George area,
Alaska.

The existence and the capacity of
the jce-damimed lake basin depend
on a very delicate balance between
the position of the XKnik Glacier
front and those of the other glacters
extending into the basin. The lake
basin could not have come into ex-
istence until late Tanya time when
the lake basin glaciers had retreated
out of the valley prior to retreat of
the master Knik Glacier from a posi-
tion athwart the valley mouth, In all
probability during the ensuing Alti-
ithermal time, centered around 3,500
years B.C.. Knik Glacier retreated
upvalley from the valley mouth and
no lake existed. During the extended

— 130 —

phases of the Tustumena advances
dated between 2,500 B.C. and A.D.
500, the tributary glacier appears to
have coalesced with Knik Glacier,
and the lake basin was completely
filled with ice except possibly dur-
ing the recessional periods between
extended advance phases.

The last cycle of Lake George be-
gan with the Tunnel I advance dated
ed. AD.1000. During Tunnet I maxi-
mum, Colony Glacier coalesced with
Knikx Giacier, forming a high ice
dam for the upper part of the vallay
that remained ice-free. Whether or
not waler rose high enough in this
upper lake foc periodically overfop
the ice dam is not certain, but likely.
Retreat from the Tunnel I moraines
reestablished, at least for a short
time, the same conditions existing
today in the basin. During the Tun-
nel IT maximum dated AD. .1600 to
1700 the Colony and Knik Glaciers
did not coalesce and a lower lake
and an upper lake were created in
the ice-free portions of the wvalley.
The middle lake portion was created
during retreat of the Colony Glacier
irom its Tunnel II rnoraines that to-
day form an arcuate island chain
during all hut the highest lake
phases.

The future of the lake is uncer-
tain. If Knik Glacier continues to
retreat, the ice dam will be de-
stroyed and the lake will go out of
existence such as happened In 1963.
If, however, climatic changes cause
Knik Gilacier to advance, a stronger
lake environment will be generated
that will persist until the time the
Lake George valley is completely
filted with glacial ice or until Enik
Glacier again retreats upvalley from
the tributary valley mouth.

The Recent moraines in the Lake
George basin are instructive in
showing the nature of moraine modi-
fication within z changing progla-
wal lake environment. The moraine
slopes are characterized by & series

of closely spaced but inconspicuously
Geveloped terracettes reflecting re-
peated changes in lake levels result-
ing from unstable ice-dam threshold
conditions. Despite repeated partial
or complete submergence of the mo-
raines during high lake phiases no
lake deposits mantle morainal crests
or slopes. Instead the predominant
process involved is one of erosion,
as recorded by a disconfinuous iag
veneer of pehbles, cobbles, and
boulders concentrated by removal of
the finer-grained components of the
til! matrix. This veneer apparently
serves as an armor retarding further
erosion. The vast guantities of silt
deposited in the lake are virtually
restricted to the deeper paris of the
lake basin. Silt that may be termpo-
rarily deposited on the moraine
slopes during higher lake phases is
apparently swept away along with
the finer-grained constituents of the
underlying till by vigorous wave ac-
tion or current action during periods
of catastrophic drainage.

37.5. Enter Anchorage B-§ Quad-
rangle.

38.0 to 35.7. Along margin of Knik
River flood plain at base of steep
Chugach Mountain front. Road main-
tenance problems in this secfor are
caused by avalanches off the steep
mountain face, and by periodic
flooding of the ¥Xnik River. During
the 1964 earthquake a smow and de-
bris avalanche swept away a house
near mile 377 and deposited debris
half way across the flood plain. The
sand and gravel bars in the flood
plain were extensively fractured.
During late spring and early stummer
floods, low points of the road, such
as at Goat Creek are nundated for
short periods of time.

35.7 to 344. Low, vegelated Knik
River terrace surface covered by al-
Juvial fan deposits at the mouths of
gullies along the mountain front

31.0. Right; bedrock knob of Juras-
sic greenstone,
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30.1. Boter Anchorage B-7 Quad-
rangle.

295 to 27.0. On elevated tidal flat
underlain by thick section of strati-
fied estuarine silt and sand. Muskeg
and marsh vegetation reflecis poor
surface drainage conditions. Grass,
reed, and sedge cover the wetter
parts of the fiat, heath moss with
scattered black spruce, willow, qnd
birch cover the drier parts. During
the 1964 earthguake the tidal flat
surtace differentially subsided be-
tween 2 and 4 feet (6 and 1.2 m). As
a result during periods of high tides,
parts of the road were inundated by
1 to 3 feet (0.3 to 0.9 m) of water
Some of the subsidence resulted
from differential compaction of the
fine-grained silt. Measurements on
bedrock irn the area, however, indi-
cate that about 2 feet (0.6 m) of the
total subsidence resulted from
crustal depression of this part of the
Chugach Mountains, whereas the
axial part of the mweountains near
Portage was depressed as much as
6 feet {1.8 m).

27.0 to 26.6. Terraced alluvial fan
gravel deposited at the mouth of the
Eklutnta River accompanying and
following Naptowne recession. The
coarse gravel is mantled by 1 fo 3
feat {0.3 to 0.9 m) of loess and pro-
videg a well-drained stable surface
for seitiernent. The nearby native
village of Ekiutna is one of the
larger native villages remaining in
Cook Inlet, and has a history that
extends back to pre-Russian days.

26.5. Siop 3-60: Eklutna Valley.

Eklutna Valley was occupied by
a hanging tributary glacier during
Naptowne time, and reconfaissance
observations indicate that the valley
fill includes deposiis recording at
least the last three major glaciations,
Moraines deposited by Eklutna Gla-
cier during the Naptowne recession
have in part been mantled by de-

posits 1aid down in a proglacial lake
dammed by persisting ice in the low-
land. Subdued ridges near the valley
mouth and at the ouilet of Eklutna
Lake are provisionally correlated
with the Killey and Skilak moraines,
pending more defailed studies in the
valley. At the head of the valley
there are three sets of moraines,
which on the basis of posilion, vege-
tation ¢over, and weathering pra-
files are correlated with the Tanya
moraines of laie Naptowne age and
with the Tustumena and Tuanel mo-
raines of Alaska age (fig. 9-47). The
rermnanis of the Tanya moraines lie
above oculwash graded to the two
younger moraine sets that klie upval-
ley within 2 mikes {3 km) of the pres-
ent front of Eklutna Glacier. A ma-
ture climax forest of white spruce
and birch covers the moraines that
are oxidized through a wvertical in-
terval of 2 10 5 feet (6 to 1.5 m). In
contrast the Tustumena moraines are
covered largely by a mature cotion-
wood {forest and are weathered
through a depth generally less than
1 foof (0.3 m). The Tunnel morsines
show incipient soil development be-
neath an immafture forest coves.

The type section of Eklutna drift
is exposed in the Eklutna River can-
yon below the mouth of Eklutna
Lake. The section is as follows: (1)
at the base, 40 to 60 feet (12 to 18 m)
of yellow-buff, weathered, cobbly
gravel and sand of Eklutna age un-
conformably overlain by (2) 30 to
50 feet (9 to 15 m) of blue-gray iami-
nated silt and sand (proglacial lake
deposits) undet buff.-weathered ¢ill
of Knik age unconformably overlain
by (3} 10 to 30 feet (3 to 9 m) of gray
stratified silt, sand, and gravel under
2 to 25 feet (6 to 7.6 m) of olive drab
till of Naptowne age. The Naplowne
Till is overlain by a variable thick~
ness of lake, outwash, terrace and
colliuvial Adeposits capped generally
by 2 to 4 feet (6 to 1.2 m) of loess.
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During the 1864 earthquake, deita
depasits at the head of the lake
slumped and fractured. Near the
head of the valley, a zone of frac-
turing developed In the valley filL
The fraciure patiern transects out-
wash and the moraine topography,
and is aligned with shear zones in
the adjacent wvalley walls. Upusual
avalanche activity continued
throughout the entire swmmer with-
in these sheay zones that were ap-
parently activated duering and fol-
jowing the main earthguake.

Bedrock in the valley below the
head of Ekiutna Lake is of Jurassic
greenstone, The rocks exposed in
the valley head are hrecciated wvol-
canic tuffs and lavas rmapped as
Tertiary or Quaternary in age.

254 to 14.0. On bwomocky, dis-
sected, and, in part, alluvial-fan-
covered lateral moraines of Nap-
towne zge. The upper boundary of
Naptowne ice in this secior is marked
by moraine remnants and marginal
chapnels that lie as high as 1,500
feet (457 m) and 1,000 feet {305 m)
in elevation near Exlutna and Eagle
River, respectively. Roadeuls expose
gravelly Naptowne Till overlzin by
1 to 3 feet (0.3 to 0.9 m) loess and
locally by stratified alluvial fan de-
posits,

22.2. Pass from lateral moraines of
Skilak age onto moraines of Killey
age. The Killey-Skilak boundary is
apparently marked by the broad la-
teral channel occupied by Edmonds
and Mirror Lakes and is crossed be-
tween 1nile 22.2 and Peters Creek
Accompanying and following retreat
of Naptowne ice from the lowland
large alluvial fan complexes were
deposited at the mouth of Pefers
Creek and otber tributary valleys
along the mountain front, The most
extensively developed complex of
fansg, outwash channels, and terraces
formed during the Naptowne reces-
sion is at the mouth of Eagle River
valiey at Milepost 13.2,

13.2 to 11.5. Ascend Naptowne end
moraines deposited by Eagle River
Glaciey when it was in confluence
with the lowland ice lobe. Rozdcuts
expose little weathered gravelly tilt
overlain by from 1 to 4 feet (0.3 to
1.2 m) of loess and in places by ex-
tensive deposits of stratified reces-
sional gravel Two morainal belts,
attributed to the Moosehorn {outer-
most) and Killey advances, are gsep-
arated by a terraced and channeled
gravel plain graded 1o the inner Kil-
ley moraines. Fossil Creek, an aban-
doned spillway, originates within the
Killey moraines and apparently was
formed during recession from the
Killey maxdmurn {(fig. 9-47).

11.2. Stop 9-61: Apex of gravel plain.

Behing and to the right is the for-
ested Ebmendorf end moraine that
represents the maximurm extension
of the Matanuska-Knik ice lobe duz-
ing the Naptowne Glaciation (fig.
§-47). To the left on the Chugach
Mountain front are older lateral mo-
raines of Xnik and Ekiutna age. The
Knik boundary lies at about 1,508
feet (457 m) elevation here at the
mouth of Eagle River valley and
£alis rapidly in elevation in line with
a disconiinuous series ofdsubdued,

avel-capped moraine ridges par-
gg}ly buried in the gravel plaiz.
These Knik end morzines can be
traced in an are towards Knik Arm
south of Anchorage (fig. 9-47). The
upper boundary of the Ellutna mo-
raines descends in elevaHon from
about 2,000 feet (610 m} at the mouth
of Eagle River valley to jess than
1,000 feet (305 ) south of Anchor-
age, and then rises to about 1,500
feet (457 m) near the mouth of Turn-
again Arm. This reversed gradient
marks the zone of coalescence of the
Metanuska-Enik ice lobe with the
Turnagain Arm trunk glacier dur-
ing Eklutna time. The Eklutna mo-
raine boundary is one of the most
distinctive boundaries present in the
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area and can be traced nearly con-
tinuously along the flanks of the Tal-
keetna Mountains to the north,
around the flanks of M¢t. Susitna, and
along the front of the Kenai Moun-
tains to the south. Eklutna moraines
{orm reentrant embankments in the
mouths of tributary valleys and gul-
Bes cut in drift of older age, sug-
gesting a -major period of erosion
and weathering prior to Ekluina
time. In contrast the Knik boundary
is not so clearly expressed topo-
graphically.

The northern boundary of the An-
chorage gravel plain is along the
flanks of the Naptowne end mo-
raines (the Elmendorf moraine). The
gravel is in erosional contact with
the Naptowne Till and the surface
gradient of the plain in general
parallels the till contact. The bound-
ary of the plain along the Chugach
Mountain front is much more irregu-
Iar and characterized by a complex
pattern of partly buried and isolated
moraine remnants and by terraced
glluvial fan-shaped deposits that are
In part coextensive with and in part
overlap the margins of the plain. Al-
though gross spatial relations to the
E_lmendorf end moraine suggest a
simple subaerial outwash origin for
the plain, and it is so described in
the literature, regional relations re-
quire formation and modification
within a rapidly changing proglacial
lake environment.

1_1.0 to 8.3 On Anchorage gravel
plair. This upper part of the plain
has a subdued alluvial fan shape
and is highest where axially drained
by the north fork of Ship Creek.
The gravel is extremely coarse, re-
flecting proximity to the source area
hear the mouth of Eagle River val.
ley, and is mantled by 1 10 3 feet
(0.3 to 0.9 m) of loess.

10.2. Enter Anchorage B-7 Quad-
rangle.

8.3 fo 6.9. On subdued graval-
capped remnant of Knik end mo-

raine partly buried in the gravel
plain. The moraine remnant is made
up of two parallel ridges separated
and crossed by broad-floored, gravel-
filled channels. At mile 8.3 the mo~
raine remnant is completely buried
by the alluvial fan-shaped deposit
drained by the north fork of Ship
Creek, the other end at mile 6.9
stands with steep erosional slopes
50 to 120 feet (15 to 37 m) above a
fan-shaped gravel deposit drained
by Ship Creek. Stratigraphic and
geomorphic relations suggest the fol-
lowing multiple sequence of events:
(1) deposition of Knik Till; (2) de-~
position of gravel cap after a period
of weathering and erosion as re-
corded by a truncated soil profile
beneath the gravel cap; (3) dissec-
tion and deposition accompanying
development of the broad channel
between ridges; (4) burial beneath
the north fork alluvial fan deposits
with damming and muskeg develop-
ment in the buried@ end of the chan-
nel (item 3); and (5) dissection and
partial burial during development
of the Ship Creek alluvial fan-
shaped deposit, either contemporane-
ous with item 4 or later.

6.9 fo 6.6. On Ship Creek fan-
shaped gravel deposit. The gradient
of the fan is up toward the Chugach
Mountains to the left, where the fan
apexes in a canyon cut below the lip
of the hanging mouth of Ship Creek
glacial wvalley. Remnants of older
fan gravels occur above and within
the canyon. To the right the distal
edge of the fan form termirates at
about an elevation of 240 feet (73
m) where Ship Creek channel ab-
ruptly widens into a broad {flat-
floored valley and where an aban-
doned flat-floored channel cut into
the Anchorage gravel plain is be-
headed. These geomorphic ralations
strongly suggest burial of the heads
of preexisting channels by fan devel-
opment. Insofar as the regional evi-
dence is for a high lake phase at an
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elevation of 250 to 300 feet (76 to 91
m) during the Skilak maximum, it
is believed that this fan-shaped de-
posit, as it terminates just below this
crilical elevation, is actually a fan
delta deposit lsid down by Ship
Creek along the margins of this lake.
If this is true it should be expected
that similar deposits were laid down
at about the same elevation by the
other sireams flowing out of the
Chugach Mountains. Similar fan-
shaped deposits, also associated with
beheaded channels, do occur at the
proper elevations along the middle
courses of these tributary streams.
One along the south fork of Camp-
bell Creek is particularly well de-
veloped, and lies above a younger
fan-shaped deposit graded to a lower
lake phase, at about an elevation of
160 to 150 feet (30 to 48 m).

Older gravel deposits perched
along the mountain front above Ship
Creek and the other tributary
streams are concenirated at about
the same elevations as hanging del-
fas mapped to the south on the
Kenai Peninsula, and therefore
would appear to record the same
high proglacial lake phases esiab-
lished for the Moosehorn maximum
(ca. 750 feet {229 m] or higher ele-
vation) and the Xilley maximum (ca.
500 to 600 feet [152 to 183 m] eleva-
tion).

6.9. Left; turnoff to Ski Bowl Road.
Rise from Ship Creek fan delta onto
lateral moraines of Eklutna age.

Stop 9-62: Roadcut in Eklutna lateral
moraines. (Ski Bowl Road, 2.7
miles from Glenn Highway junc-
tion. Anchorage A-8 Quadrangle.)

The section exposed is as follows
(from bottom to top): (1) 15 feet (5
m) plus of buff to brownish-buff,
fractured and jointed, laminzated
silt-proglacial lake deposits laid
down during Eklutna advance; (2)
15 feet (5 m) of buff fo brownish,
coarse, bouldery Eklutna Till—a lag

coucentration of cobbles, pebbles,
and boulders suggests erosion and
removal of finegrained materials
prior to deposition of overlying lami-
nated silt unit; (3) 2 to 6 feet (5 to
2 ) of blue-gray finely laminated
sili—proglacial lake deposits of Nap-
towne age; and (4) 2 to 3 feet (5 to
.9 m) of loess with podzolic soil pro-
file extending locally below base
into underlying sediments.

The deep weathering extending
through the Eklutna Till into the
underlying proglacial lake sediments
is typical of the Ekluina deposits
where they are exposed elsewhere
in the region. Oxidation profiles of
greater than 40 feet (12 m) are com-
mon. This may be contrasted with
maximum oxtdation profiles of 10
to 20 feet (3 to 6 m) found on buried
Knik drift. and of generally less
than 10 feet (3 m) found on surficial
Naptowne drift.

The roadcut is exposed between
an elevation of 700 and 760 feet (213
to 232 m), indicating that the surfi-
cial proglacial Iake sediments of
Naptowne age were probably de_-
posited during the Moosehorn maxi-
mum, or around 18,000 to 20,000
years ago.

Stop 9-63: Panoramic view. (Ski
Bowl Road, 3.9 miles from Glenn
Highway junction. Anchorage A-7
Quadrangle.)

Anchorage in the near distance is
located on the distal end of the
Anchorage gravel plain between
Turnagain Arm and Knik Arm (fig.
9-47). The iidal range in Turnagain
Arm is more than 30 feet (8 m) and
is second only to that of the Bay of
Fundy. During low tides, extensive
flats of tidal silt are exposed in bqth
Knik and Furnagain Arms, and Fire
Island is nearly joined to the main-
land.

The forested Elmendorf end mo-
raine of Naptowne age lies just north
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of Anchorage and can be traced as
a part of a series of morainal belts
across the Sugitna lowlands on the
other side of Knik Axm (fig. 9-47).
Although presurnably the same age
as the Domnelly moraines observed
in the Delta River avea, the Nap-
towne moraines in the lowlands dif-
fer apprectably in topographic as-
pect. Sharp secondary ridges and
circular kettle depressions typical of
the Donnelly moraines are rare or
absent on the Naptowne moraines,
Only the gross moraine ridge forms
rernain, and the associated lakes are
largely restricted to the interridge
depressions that are commonly
floored with fine-grained praglacial
lake deposits. Insofar as the Nap-
towne moraines that were deposited
above proglacial lake levels are com-
parable in topographic aspect to the
Donnelly moraines, it is conchided
that the differing topographie form
of the Naptowne lowland moraines
iz not a function of age or lithologic
differences, but principally reflects
deposition and subsequent rework-
ing within the proglacial lake en-
vironment.

Mount Susitna in the middle
ground rises from the Susitna River
lowland to a peak altitude of 4,349
feet (1,3255 m) (fig. 9-47). The
rugged mountain range in the dis-
tance is the Alaska Range. On clear
days, Mt. McKinley, the highest
mountain on the North Ameriecan
Continent, can be seen from An-
chorage.

Glacial erratic material has been
found within 100 feet (30 m} of the
jce-rounded summit of Mt. Susitna,
which js underlain by coarse-grained
quartz diorite. The erratic material
includes rock types that could only
have been derived from formations
exposed in the Alaska Range to the
north. Mt. Susitna is the type locality
of the Mount Susitna glaciation. The
presence of ancient drift on the
mountain crestline indicates that dur-

ing Mount Susitna time the enfire
upper Cook Inlet region was covered
by ice whose surface stood well
above the altitude of 4,000 feet (1,220
m). Highly modified rempant meo-
raines of Caribou Hills age and less
modified laterat moraines of Exlutna
age occur on ithe middle and lower
slopes of the Mounlain. Below zn
elevation of 1,000 feet (305 m), the
Ekluina moraines are cut by a series
of proglacial lake terraces. The ¢a.
500~ to 600500t (152 to 183 m) and
250- to 300-foet (76 to 91 m) terrace
levels are particularly well devel-
oped.

6.5 to 5.5. Rise from surface on
Ship Creek fan delta deposit onto
gravel-capped moraine of Knik age.

5.6 fo 4.2. On gravel-capped mo-
raine of Knik age.

5.5. Enter Anchorage A-8 Quad-
rangle.
Stop 9-84: Gravel pit in Knik mo-
Taine.

The pgravel pit section exposes
(from bottom to top): (1) 10 {o 15
feet (3 to 5 m) of buff to buti-gray
gravelly till of XKnik age with a
truncated weathering profile; (2) 5
to 10 feet (1 to 3 m) of cobbly sand
and gravel of Napiowne age; and (2)
2 to 3 feet (.8 to .5 m) of loess with
a podzolic soil profile.

The section is typical of the Knik
moraine ridges throughout the low-
land in illustrating buriai of the
Knik moraines beneath glaciolacus-
trine and glaciofluvial deposits of
Naptowne age after an interval of
subaerial weathering of the HKnik
drift. The mantling deposits grade
from coarse gravel here to finer-
grained gravel and stratified sand
and silt to the southwest and at
lower elevations. Likewise over the
same trapsesct there is a comparable
progressive change from gravel to
sand and silt in the materials under-
lying the lower Anchorage gravel
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Plain surface, suggesting similar en-
vironments of deposition. Thus, the
gravel cap on the Knik moraines is
believed to racord an older and
higher depositional level in Glacial
Lake Cook. This older surface wasg
targely destroyed during develop-
ment of the younger surface, except
for remnants preserved on the crests
of exhumed moraines, and on other
higher ground.

4.2 to 2.9. Channeled part of the
Anchorage gravel plain dewnvalley
from the Ship Creek fan delta. The
shailow, flat-floored abandoned
channel crossed between 3.2 and 2.9
is 1,000 to 1,500 feet (305 to 457 m}
wide and 10 to 25 feet (3 to 8 m)
deep. If the interpretation of the fan
delta deposits is correct these chan-
nels must have formed during or
prior to the proglacial lake drainage
that preceded regeneration of the
proglacial lake during the Skilak ad-
vance. Peat infercalated in progla-
cial lake sediments recording this
late Killey lake drainage of the
Kenai lowland dates between 11,000
and 10,00¢ B.C. The preservation of
the abandoned channel as a topo-
graphic form despite resubmergence
beneath proglacial lake waters re-
guires that either it occupied a zone
of little deposilion within the lake,
or, more likely, that the fine-grained
deposils that were deposited in the
¢kannel were largely flushed out
during or following the subseguent
lake dreainages.

29 to 0. Undissected part of An-
chorage gravel plain confined by
Ship Creek valiey to the right and
by Camphell Creek valley to the left,
This part of the plain is underlain
by 50 to 70 feet (15 to 21 m) of sand
and gravel and as much as 200 feet
{61 m) of the Bootlegger Cove Clay,
which eonsists of finely laminated
to massive silt and clay with minor
amounts of sand and gravel. The
Bootlegger Cove Clay overlies the
Knik Till urit that is now traceable,

through subsurface data, from near
sea level in the sea bluffs near Point
MecKenzie (the type section of the
Knik Glaciation), beneath the An-
chorage area at greater depths, to the
surface in the Knik moraines we
crossed upvalley. The subsurface
data from wells indicate a 400- to
700-foot (122 to 213 mm) thick Quater-
nary section near Anchorage depos-
ited in a deep depositicnal basin and
including at least three tilis older
than the Knik. These older tills are
also associated with quiescent-water
deposits and are separated by weath-
ering profiles recording intergiacial
subaerial intervals. Toward the
mountain front the Quaternary sec-
tion thins and coarsens, with the as-
saciated quiescent-water deposits
grading into sand or gravel, or re-
placed by uncordormities separating
till units. These lateral changes re-
cord shallower water or subaerial
deposition and erosion along the up-
per margins of the depositional
basin. This subsurface analysis is
particularly pertinent in providing
stratigraphic evidence for at least
four major pre-Naptowne glaciations
in the Anchorage arez, and in em-
phasizing the repetition of the same
proglacial lake environmental con-
ditions during all the glacjations.
The two youngest drift units are the
equivalent of the Knik and Eklutna
deposits, as these are defined from
surficial exposures near Anchorage.
The two oldest drift units may or
may not be the precise equivalents
of the Caribou Hills and Mount Su-
sitna Glaciations, as defined by de-
posits elsewhere in Coolk Inlet, de-
peading on the completeness of the
two types of records involved.

0.0. Downtown Anchorage. Ship
Creek valley is incised 60 to 80 feet
(18 to 24 m} below the Anchorage
gravel plain. Ship Creek valley was
trenched as much as 9 feet (3 m) be-
low present sea level after fipal
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drainage of the Naptowne proglacial
lake, but before rising postglacial
sea levels reversed the downcutting
trend. During the Kasilofian trans-
gression, culminating about 5,500
years ago, sea level rose aboul 5 to
10 feet (1.5 to 3 m) higher than pres-
ent datum, entered the mouth of the
valley, and deposited a relatively
thin ¢lay upon the trenched older
clay and alluvial deposits in the val-
ley bottom.

Stop 9-85: Cairn Point.

The channeled surface bordering
Eimendorf end moraine and above
the leve! of the Anchorage gravel
plain is underlain by stratified clay,
silt, and sand (with minor amounts
of gravel) deposited in Glacial Lake
Cook during and following the ad-
vance of Naplowne ice to the Elmen-
dorf moraine. Along the sea bluiffs
these deposits can be traced discon-
tinuously into the type section of
the Bootlegger Cove Clay south of
Anchorage, and beneath the Nap-
towne deposits of the Elmendorf mo-
raine near Cairn Point. Near and
beneath the moraine the proglacial
lake deposits are deformed and
folded Que to plowing and overrid-
ing by the advancing ice front, Ex-
posures are available near here that
show wundeformed silt, sand, and
gravel unconformably overlying the
{olded deposits, indicating continued
lake deposition after deformation of
the underlying sediments. The sur-
face Yies below the 250- to 300-foot-
high (76 1o 91 m) 1ake phase level;
therefore, it was submerged inter-
mitiently during the Skilak as well
as the older Killey and Moosehorn
high lake phases. During the Moose-
horn maximum, the ice that depos-
ited the moraine fronied a fiuctuat-
ing lake that rose, for short intervalis
of time, fo elevations of 750 feet
{2290 m) or higher. Therefore, since
the moraine crests below elevations

of 400 feet (129 m), it was deposited
at least in part below lake level
During the succeeding Killey maxi-
mum when maximum lake levels at-
lained elevations between 500 and
600 feel (152 to 183 m), the Elmen-
dorf moraine was completely sub-
merged and subject to additional
subagueous modification. During the
Skilak maximum high lake phase,
only the lower parts of the moraine
were submerged, while the higher
parts stood as islands in the lake.
This partial submergence is appar-
ently recorded in the change in slope
characteristics above and below an
clevation of 250 to 300 feet (76 {o 91
m). The slopes below this elevation
affected by the last episode of sub-
aqucous modification are much more
subdued and rounded than those
above,

Although the Anchorage gravel
plain has been mapped as ouiwash
laid down during the fime ice was
depositing the Elmendorf moraine,
it has peculiarities atypical of out-
wash deposits subaerially deposited
by meltwater streams marginal to a
glacier front. The gravel plain is vir-
tually restricted to the Anchorage
area and is absent along the front
of the Naptowne end moraines
throughoul most of the Upper Coock
Iniet region. Elsewhere, as here,
these moraines are bordered hy
finely stratified, fine-grained pro-
glacial lake sediments recording con-
temporaneous sublacustrine rather
than fluvial deposition. Further, the
Anchorage gravel plain is not radi-
ally graded to the Elmendorf mo-
raine, as is characteristic of outwash
aprons, but slopes parailel to the mo-
raines and coarsens in texture to-
ward marginal source areas af the
mouths of tributary valleys in the
Chugach Mountains. These relalions
combined with the evidence that the
gravel plain lies below the level of
lacustrine deposition during and fol-
lowing maximum extension of Nap-
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towne ice require that the Anchor-
age gravel plain was formed afler
ice had retreated from the Elmen-
dorf end moraine and proglacial lake
levels had fallen. Within the frame-
work of the regional evidence of
Glacial Lake Cook, it is believed that
the gravel plain commenced as fan
deltas deposited at the mouths of
Eagle River and Ship Creek during

thus to exhume preexisting topo-
graphic features such as moraines
and gravel channels constructed of,
or in, coarse, less readily transported
materials.

Drifis of Eklutna, Knik and Nap-
towne age are exposed in the sea
bluffs of Knik Arm (fig. 9-52). Upval-
ley frem the Naptowne end moraines
and near Goose Bay, the Naplowne
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Figure 9-52. Sea bluff stratigraphy along west shore Knik Arm, Cook Inlet

region, Alaska.

the highest lake Jevel stands and
then extended southwestward into
the Anchorage area as fluctuating
lake levels progressively dropped.
Gravels deposited at the mouths of
tributary valleys during the higher
lake phases were dissected and re-
worked by extending streams during
lower lake phases {o form the distal
parts of the plain. The repeated
catastrophic drainages of the lake and
the wave and current turbulence in
the fluctuating littoral zone of the
lake could be expected to flusk out
the finer-grained sedimenis depos-
ited during higher lake phases and

Till at the top of the bluffs is over-
lain by lacustrine silt and sand, and
is separated from the lower Knik
Till by a sequence of weathered silt,
sand, and gravel deposits containing
peat layers, indicating a long warm
interval between the two glaciations.
Downvalley {rom the Naptowne end
moraines, the basal Knik Till is over-
lain by the Bootlegger Cove Clay
that contsins a middle marine zone
recording a high sea level stand dur-
ing the Xnik-Naptowne Interglacia-
tion and just prior to the progiacial
lake deposition that accompanied
and followed the Naptowne maxi-
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mum advance. The buried peat near
Goose Bay has been dated by radio-
carbon as greater than 32,000 to 40,-
000 years oid. Peat from the same
stratigraphic horizon on this side of
the Arm exposed along Eagle River
dates within the same time range.
Shells from the marine beds of the
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Figure 9-53. Types of landslides
formed in the Anchorage area,
Alaska, caused by the Alaskan
earthquake of March 27, 1964.

9,

Karlsirom, 1964

Boetlegger Cove Clay date 33,000 to
48,000 years old by the ioniwn/ura-
nium ratio dating method. Pased on
these dates and other data from
Cook Inlet the culmination of the
Knik-Naptowne high sea level stand
(the Woronzofian transgression) is
placed ca. 45,000 B.C.

Stop 9-86: Earthquake landglides,

All ihe devastating sluraps that
occurred during the 1964 earthquake
in the Anchorage area are restricted
to biuff areas underlain by thick
sections of the Bootlegger Cove Clay.
Mapping by U. 3. Geological Survey
geologists Ernest Dobrovolny, Wal-
lace Hansen, Clifford Kay, and Rob-
ert Miller indicates two main mech-
anisms of failure. The Turpagain
Heights, L-Street, 4th Avenue, and
Government Hill slides resulted
principally from lateral translation
of bluff blocks with horizental slip-
page at depth through one or more
weak zones in the underlying clay
(either guick clay beds or sand beds
or both). Development of inner gra-
ben zones resulied from this lateral
displacement (fig. 9-53A). The slide
that can be seen along the bluffs
across Knik Arm near Point McKen-
2ie (fig. 9-52) is associated with the
thickest exposed section of the Boot-
legger Cove Clay that failed by ro-
tational slippage on concave fracture
planes (fig. 9-53B).

Stabilization of the slide areas has
largely been accomplished, but some
of the main features of failure still
remain.
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