


PREFACE 

'R)is book summarizing the Quaternary geology of 
cenlral and south-central Alaska and containing desclip- 
tio11.s or localilics between Fairbanks and Anchorage was 
preparutl in 1965 Tor Field Conference E' of lllu VII  
Corrgrcss of llie Il~lernational Association for Qua. 
lernary Research. I ts  considerable popularity amorig 
sri~r~tisls and nonscientists led to s rapid exhaustio~i of 
the limited number or first-cdition copies. 

111 ti!sponse to a continuing demarld for lhe guide- 
but)k, lhc Alaska 1)ivision or (iaological and Geophysicat 
Surreys has ribprinted the guidebook with the permissinn 
oC llle Nebraska Academy of Sciences. Spraal apprcoia. 
lion i s  extended to C. Berlxand Schultz of thc Nebraska 
Academy of Sciences for granting lhis perrnissio~l. 
'ilrt,y 1,. Pcwr has updated Figures 1-2, 1-10, and 1 - 15 
h r  Ii111.r pul>licalio~ls to m f l ~ c l  changes in ~~omtrndature 
arld il~formulion ci , ) l~ckd f'rt)ni Ilic Fairbanks arca t~ftcr 
1'365. 0r.herwisc lire guidebook is unchanged rroir~ ils 
firsi edilion. 
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SUMMARY OF ITINERARY 
Day bate Page 

1-3 August 19-21 Start: (each day) Fairbanks, Alaska 
End: (each day)  Fairbanks, Alaska 
Principal features: Fairbanks area-unglaciated 

interior Alaska. pingos, extensive eolian and 
alluvial deposits, perennially frozen ground, 
ice wedges, loess ............................................................ 6 

4 August 22 Start: Fairbanks. Alaska 
End: Delta Junction, Alaska 
Principal features: Middle Tanana River Valley 

-fluvial and glaciofiuvial sediments, Delta 
glaciation (Illinoian), Dunnelly glaciation 
(Wisconsin), river terraces, loess deposits ............ 36 

5 August 23 Start: Delta Junction, Alaska 
End: Area of Isabelle Pass 
Principal features: Delta River Area, Alaska 
Range--valley glaciers, Darling Creek glacia- 
tion (early Quaternary), Delta glaciation 
(Illinoiar,), Donnelly glaciation (Wisconsin), 
fresh knob and kettle topography, Jarvis 

................................ Creek Ash Bed, loess deposits .... 55 

6 August 24 Start: Area of Isabelle Pass 
End: Junction of Denali and Richardson high- 

ways 
Principal features: GuJkana Glacier -Recent 

moraines ............................................................................ 75 

7-10 August 25-28 Start: Junction of Denaii and Richardson high- 
ways 

Note: Day 7 includes the Dcnali Highway and 
part of the Copper River Basin areas; Day 8, 
the Copper River Bash; Day 9. Copper River 
Basin and Matanuska River Valley; Day 10, 
Matanuska River Valby a d  Anchorage 

Principal features: rock glaciers; eskers; glacial 
deposits; valley glaciers; lacustrine deposits; 
ground breakage caused by earthquake of 
March 27, 1964; Mount SusiLna, Caribou Hills, 
Eklutna, Knik, and Naptownc glaciations ............. 8C 

11 August 29 Start: Anchorage, Alaska 
End: Boulder, Colorado 



OUTLINE OF TECHNICAL FIELD CONFERENCE F Organizaiiolz and The Upper Cook Inlet area and 
Acknowledgemenis Matanuska River valley was cum- 

Technical Field Confcrcncc F, cell- Part 2 of the Field Con tercnce con-  he overall organizer and editor piled by T- N. V. Karktrom. 
tral and south-central Alaska, Iron) s isk  of a seven day trip to Anchorage I of ~h aidebook a my Other leaders ior Conference 
August 16 p.m. to August 29 p.m. is from Fairbanks over the Richardson I E. p&w& Pew& has been responsible are: Lawrence R-  May 0, U.S. Geo- 
composed of two parts. Part I con- and Glenn Highways. m e  seven sec- ! for the sections of the guidebook logical Survey; Richard D- mger, 
sjsts of a three day stay in the F ~ F -  ti0n.S of Part 2 are as follows: 1. Mid- ! dealing with the Fairbanks area, Geology Department, University of 
banks area of central Alaska. During Tanana River valh'; 2- Delta central Tanana River valley, and Alaska; and Leslie A. Viereck. U.S. 

the three days local f ield trips will aT.eal Range; 3- G"'- I 
I the Alaska Range. Leslie Viereck, Forest Service. 

kana Glacier; 4. Denali Highway and be made to the fist 19 Stops of the 
of Copper River 5, Cop- 

Research Botanjst, Northern Forest rtefemnccs uscd in compiling the 

Field Conference. Also durjng the River Basin; 6. Copper 
I Experiment Station, U.S. Forest area resumCs and the road logs are 

Service, universjty of Alaska, con- listed in a general bibliography and 
three days a symposium wilt be held Basin and Matanuska River valley; tributed discussions of vegeta- in bibliographies at the end of each 
titled. "Arctic environment and proc- 7. Matanuska River valley and An- tion in the sections dealing with the individual section. References are 
esses." chorage area. Fairbanks area, the central. Tanana not inserted with the text  except 

I River valIey, and Ule Alaska Range. where controversiaI points are dis- 
Michael 'Blackwell, graduate student cussed. 

I in geology at the Un i v e r s i t  y of All radiocarbon dates are used as 
LrJTRODnCTK8Nt Alaska, contributed unpublished in- years before present. All are cited 

i formation in the Harding Lake and by laboratory and number. If the 
by Birch Lake areas and commented date i s  previously published, the ref- 

Troy L. Pewe ] on the road log from the Salcha ercnce is listed in the bibliography. 
River to Banner Creek. Lawrence Dr. Jan Lundqvist of the Geological 

University of Alaska and Mayo, U.S. Geological Survey, corn- Survey of Sweden kindly mad@ ar- 

US. Geological Survey, piled the glaciology section of the rangements for radiocarbon dating 

i Gulkana Glacier Stop. of remains of carcasses of Plelsto- 
College, Alaska The archeological statements in cene age from the Fairbanks area So 

sections dealing with the Fairbanks that the information would be avail- 
General Sfatemenf Copper River Basin, and the Upper area and the Alaska Range were able for ~jdebook-  

Marine, fluvial, lacustrine, glacial, Cook Inlet area and Matan~ka I mntributed by Fred Hadhigh-We~t, Generd Bibljogxaphy 
eolian, and per&lacid deposits of River valley. The Fairbanks area 

I 
Department of Anthropology and Black. R. F.. 1951, Eolian deposits of 

Quaternary age are present in the is of unglaciatd interbr Geography. University of Alaska. Alaska: Arctic, v. 4, p. 89-1 11. 
central and southern parts of Alaska The section on the Copper River Capps. S. R.. 1931, Glaciation in 
and are being formed today. Marine Alaska and is characterized by ex- Basin was prepared by Oscar J. Alaska: U.S. Geol. Survey Prof- 
sediments are accumulating along tensive eolian deposits and consid- Ferrians, Jr., and Donald R. Nichols. Paper 170, P. 1-8. 
the coast and glaciers are wide- erable perennially frozen ground. 

1 
Fenians was responsible for the Codfer. H. W.. Hopkins. D- M-. gal- 

spread. Geologicai processes active ~h~ central T~~~~~ liiver valley is road log from Mile 183.3 on the sirom. T- N. V.. Piwi, T. b. Wahr- 
jn cold regions-perklacid processes a broad river with Richardson Highway to Mile 124.8 haftig, Clyde. and WiLhms. 5- R- 
such as mlifluc tion, altiplanation 
and fornation of silt-laden glacial streams. The Delta on the Richardson Highway in- 1965, Extent of glaciations in 

cluding the Galrona section Stop. Alaska: U.S. Geol. Sulvey Misc. 
known throughout much of the area. River area of the Alaska Range i s  Nichols was responsible for infor- Geol. Inv. Map 1-415. 
Dust is being blown from active characterized by many glaciers and I rnation on permafrost at Mile 130, Drury. W. H+. 1956, Bog flats and 
valley trains and outwash fans and by deposits recording more exten- Richardson Highway, and for the physiographic processes in the UP- 
being deposited as loess over adja- sive g lac ia t ion  in the past. The road log along the Richardson High- pcr Kuksokwirn region, Alaska: 
cent terrain. Copper River Basin has a most in- way from Mile 124.8 to 112.5 and Contr. to the Gray Herbarium No. 

Five major areas are considered: t,esting record alternating glacial theG1ennHighwayfromMile  189 1 7 8 , 1 3 0 ~ .  
the Fairbanks area, the and lacustrine deposits. The Upper to 170. John R. Williams, U.S. Gee- frutm, J. T, and Payne, T. G- 1957. 
Tanana River area. the Delta River 
area of the  Alaska Range, the TnIet area and lbfatanuka I logical Survey, provided basic in- Geologic map of Alaska: U.S. Geol. 

River valley record multiple glacia- l formation for parts of figures 8-5 Survey. 
and 9-4 and for the road log from Hopldns, D. M, Karisfrom. T. *. V- 

1 Publication authorized by the Bi- fion, as well as provide classic evi- Mile 170 to 121 on the Glenn High- and others, 1955, Permafrost and 
rector, United States Geological Sur- dence of landslides generated by the way from his unpublished maps and ground water in Alaska: U.S. Geol. 
vey. Good Friday Earthquake of 1964. I field notes. survey Prof. Paper 264-F, P. 113- 
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146. Alaska: US.  Geol. Survey Misc. 
, 1959, Some characteris- Geo'l. Inv. Map 1-84. 

tics of the climate in forest and Pewi. T. E.. and others, 1953. Mul- 
tundra regions in Alaska: Arctic, tiple glaciation in Alaska, a prog- 
v. 12, p. 415-420. ress report: U.S. Geol. S u r v e y  

---.- MacNeit F. S.. Merklin. Circ. 289, 13 p. 
R. L. and PeSrov. 0. M, 1965, . Hopkins. D. M, and 
Quaternary correlations across Giddings. J. L.. 1965. Quaternary 
Bering Strait: Science, v. 147, p. geology and archeology of Alaska: 
1107-1 114. INQUA Regional Volume. 

,1965, Quaternary marine , Ice wedges in Alaska- 
iransgressions in Alaska: Tmdy, classification, distribution and cli- 
U.S.S.R. Inst. Geol. Arctic, v. 143, matic significance: Pmc. Tnt. 
(in Russian with Engl ish sum- Permafrost Conf., Purdue Univ., 
rnary; complete English tram&- 1963 {in press]. 
tion will be available from Office ShackleHe. ET T, 1963, Influences of 
of Tcchnlcal Services, U.S. Dept. the soil on boreal and Arctic plant 
of Commerce and Am. Geol. In- communjties: Unpub. Ph.D. Thesis, 
stitutc). Dept. Botany, Univ. of Mich., 349 p. 

Katlstrom. T. N. V-. and ofbers, 1964, Sigafoos. El- S.. 1958, Vegetation of 
Surficial geology of Alaska: U.S. northwestern North America, as 
Geol. Survey Misc. Map No. 1-357. an aid in interpretation ef geologic 

Lachenbruch. A. R 1962, Mechanics dale: U.S. Geol. Survey Bull., 1061- 
of thermal contraction cracks and E, p. 165-185. 
icewedge polygons in permafrost: Wahxhaftig. Clyde. Physiographic 
Geol. Soc. America Spec. Paper divisions of Alaska: U.S. Geol. 
70, 70 p. Survey Prof. Paper 428 [in press]. 

Luh, H- 5.. 1956, &ologicaI effects W&n C. E, 1959, Cl imate  of 
of forest fires jn the interior of Alaska: U.S. Weather Bureau, Cli- 
Alaska: USDA Tech. Bull. 1133, matography of the United States 
119 p. NO. 60-49, 24 p. 

Pame. T. G.. 1855, Mesozoic and Williams, Howel. 1958, Landscapes of 
Cenozoic tectonic elements of Alaska: Univ. of Calif. Press, 148 p. 

FAIRBANKS AREA 
by 

Troy L. Phwi 
RESUME OF THE QUATERNARY GEOLOGY OF THE 

I?AZXZBANKS AREA 
The Fairbanks area is in central mate characterized by an extreme 

Alaska approximately 100 miles (I60 range between summer and winter 
km) south of the Arctic Circle (fig. temperatures. The mean annual tern- 
1-11.1 The area has a continental cli- perature i s  28.1'F {-3.3'C), and the 

mean annual precipjtaljon is 11.7 
lmtis guidebook has 53 figures, inches (29.7 cm). 

numbered consecutively from 1 The Fairbanks area is on the north 
through 53, but with a prefix for side of the broad Tanana River val- 
each number to indicate the day of ley near the base of the hills that 
the trip when the figure is first used. constitute part of the Yukon-Tanana 
Thus fig. 4-16 would indicate that upland. The southern part of the 
figure 16 appears in the itinerary area lies within the Tanana River 
for DAY 4. Figures for Days 1, 2, flood plain at an altitude of 400 feet 
and 3 are all listed as DAY 1. (120 rn) and the rest Lies within the 

Figure 1-1. Index map showing route of Alaska Field Conference F, INQUA, 1965. 
I 



upland. The upland is. a maturely offset from the location of the earlier 
dissected arca of accordant rounded channels, and therefore, some of the 
ridges 2000 to 3000 feet (600 to 900 first placer accumulations still exisr 
m) in altilude. as fragmentary bench deposits (fig. 

Central Alaska has not beon gla- 1-21. A second cycle of much gravel 
ciated except in small Imal moun- alluviation followed. The younger 
tain masses, but glaciers from the gravel is not stained as dark a brown 
Alaska Range approached within 50 as the older gravel deposit. Both 
miles (80 km) of Fairbanks during gravel deposits are uncoMomably 
glacial advances, and heavily loaded overlain by loess, or i f  in valley bot- c a d c d e h  

-4.I V U r r - A  M 
rivers deposited several hundred feet toms, by retransported loess rich in o 0 
of silt, sand, and gravel in the Ta- organic remains. I h w  b M C O d  
nanaVal ley .Aggradat jonof the  It isthoughtChatt1~cgravelde-  d o - + €  w O w a o  a, 
trunk valley raised base level and posits are Quaternary in age because d - d o o c ) O  
caused tributaries from the Yukon- they contain tusks and large bones 
Tanana upland to aggrade t h e i r  of mammoth. Identifiable wood re- 
lower valleys. More than 400 feet maim are rare, but white spruce is 
(120 m) of sediment was deposited recorded. The poorly sorted, angular 
in creek valleys of the upland in the gravel grades into and in some in- 

$ 

vicinity of Fairbanks. Silt was blown stances overlies solifluctjon deposib, 
from the Tanana River flood plain deposits thought to have originated 
and was deposited as loess. Wind- under condjtjons of a rigorous cli- 
blown silt ranging in thickness h m  mate. C Q I u m  c 

a few inches on summits to more If  the age of the gravel is Quater- C ' d  kcar-'-I'J 

than 150 feet (45 m) on middle nary, it is indeed early Quaternary. 
slopes blankets the ridges of the up- because the deposits are deeply 
lands. buried under two or more loess de- 

A complex series of events took posits of considerable antiquity. Be- 
piace in Quaternary time. The &- cause of the antiquity, faunal con- 
posits show a record of alternating tent, and suggestion of origin under 
deposition and erosion of silt and rigorous climatic conditions (solifluc- 

I 
gravel, the formation and destruc- Lion), the two gravel deposits of the 
tjon of permafrost, a d  climatic creeks in the Fairbanks arca are 
fiuctuations ranging from a e l h a t e  thought to be very early Pleistocene 
warmer than that which exists now in age, perhaps Nebraskan ( ?  ) or 

Kansan(?) (fig, 1-2). to one colder than the present. 
In late Pliocene and/or early Throughout the unglaciated part 

Pleistocene time gold placers were of most of central Alaska there ex- 
formed in creek valleys of the up- ists a widespread X to 10 foot thick 
land; later, great a1 luviation of (0.3 to 3 rn) deposit of poorly sorted 
coarse angular local gravel occurred and poorly stratified bedrock debris 
in these valleys in response to -ing (solifluction deposit) formed by local 
base level of the Tanana River mass movement of the mantle some 
ValIey. The gravel has been stained time in the past when the climate 
brown by percolating ground water. was more rigorous than now. 
This ear4 period of gravel de- In the Fairbanks area a solifluc- 
p ~ ~ j t j ~ n  was followed by er.rosion and tion deposit exists at an elevation as 
removal of most of the coarse angu- low as 500 feet (150 m) above sea r E cu o urns 

,-I -d W .r( a 
la* local gravel. Streams reconcen- level. The material, which has been caco-.+dX 
trated much of the gold in the earlier called "slide rock" by the gold min- ~ c o = l r n o ~ o  

k S ( . @ t U n f b  
placers and deposited additional gold crs, lies on lower slopes and extends g u ,  r c r d . d g . 4  
placers. Many of the stream channels down to and in some instances over- m a  P, 0 Mt.0 4 r r Z  cl C 0 3, 
of the second gold concentrations are lies the auriferous coarse gravels ~ r t d u p l ~ 4 . a  

-8- -9- 



I 
that are early Quaternary in age, ley bottom facies of loess of Wiscon- 
Like the gravels, the solifluction de- sin age is 10 to 150 feet (3  to 46 m) 
posits underlie all loess and retrans- ~ i c k  and contains abundant verte- I ported loess deposits. In at least one brate and plant fossils, including 
locality here are solifluction de- partial carcasses of vertebrates that i posits of two ages. In at least two were entombed in the silt and per- 
localities fossil ice wedges are pres- ennially frozen. The most common Z 

a ent in the solifluction deposits. It is vertebxate remains in the muck of i -1 
a thought that the inactive solifluction Wisconsin age, in order of their 
8 deposits are early Quaternary isage. abundance, are those of bison, mam- 

In later Quaternary lime (Rli- moth, and horse. Thc ratransported I S 
nojanj the hills were blanketed with silt (valley bottom facks)  of Wis- LL 

10-s derived from the flood plain consin age contains many ice wedges 
of the Tanana River and glacial out- 1 to 10 feet (0.3 to 3 rn) wide and --------- 
wash plains south of the Fairbanks up to 330 feet (10 rn) high. d 
area. Much of this windblown silt The gullies and ridges of pre-Wis- 3 
was retransported to creek valley consin age cut in loess of middle and 5 
bottoms, incorporated much organic upper slopes in the Fairbanks area 8 debris, including vertebrate remains, were rounded and subdued by the o m  
and became perennially frozen. In- blanket of loess deposited over these z w  

4 a  djcations of the antiquity of this undulations in Wisconsin time. ~3 loess are: (1) its position uncon- About 5000 to 8000 years ago there e formably beneath a younger silt de- occurred a short warming interval 
2 posit, the base of which is older than that  caused the permafrost table to 

39,000 years (GX0360) (f ig. 1-2); be lowered a few feet and the top 5 
(2) joints that were heavily stained of the ice wedges to melt down about 3 

I 2 by iron oxide and cemented before 1 to 10 feet (0.3 to 3 m). Loess and 

I 
- --- the deposit became perennially fro- the valley bottom fac ie~ (retrans- 

Zen; and (3) evidence from fossil ice ported silt1 of the ioess that was de- 
wedges that the loess, havjng be- posited since and during the thawing 
come frozen, was thawed, then again lies unconformably over the thawed- 
perennially frozen. down flat-topped ice wedges and re- i 
Following this loess depositional traworted silt of Wisconsin age 1 period there was an erosional period (fig. 1-2). This Recent silt is 1 to 25 

i when most: of the retransported silt feet (0.3 to 8 m) thick, and all but 
in creek valley bottoms and some of the Upper 4 or 5 feet (1.5 m) is per- 
the loess on the hillside slopes and e ~ h l l y  frozen. The silt contains no 
hilltops were removed. The loess bones of extinct animals. 
was deeply gullied and block slump- On the hilltops the loess deposited 
ing occurred. h n g  parallel. guIUes in Illinoian, Wisconsin, and post- 
more than 30 feet (10 m) deep and Wisconsin time constitutes one rela- I 

1 600 feet (180 rn) long formed on al- tivery uniform loess layer, and to 
most all loess-covered dopes in the date it has not been possible to dif- 
Fairbanks area. Permafrost thawed ferentiate this loess into layers of ! 
and perhaps disappeared during this separate ages. All the upland loess ! warm interval. is grouped together under the name 

In Wisconsin time additional loess Fairbanks L e s s  ( f ig .  1-2). ! 
was deposited on the uplands. Dur- Permafrost exists nearly every- 1. 

ing this period of accumu~ation much where in the Fairbanks area except 
ioess was retransparted to valley beneath hilltops and moderate to 
bottoms to form an organic-rich fetid steep south-facing slopes (fig. 1-3). 
perennially frozen deposit - locally Sediments of the flood plain arc pcr- I 

M -- 
termed "muck" (fig. 1-2). This val- ennially frozen to depths of as much 5 !k 

! 
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as 265 feet (81 m), but not every- permafrost thaws (degrades). Thaw- fire in this type of area but may be mosses, and evenlually the black 
where i s  permafrost encountered in k g  of the permafrost in the flood preceded by stands of alder or paper spruce rnay be replaced by either 
a single layer. The thickness of the plain with low ice content results in birch. Associated with the black sphagnum or sedge bogs. The im- 
frozen layer varies widely and in liitle or no subsjdence of the ground. spruce are the shrubs, Labrador tea portance of the insulating effecl of 
many areas permafrost is lacking. In creek valley bottoms, thawing of 
Thawed areas occur beneath exist- ice-rich refransported loess (muck) 
ing or recently abandoned river results in great differential subsi- 
channels, sloughs, or lakes. Else- dence of the: ground. 
where layers of frozen sand and silt permafrost in the ares is thought cranberry (Vaccinium viik-zdaen), This relationship of forest type to 
are intercalated with ~nfr0zen.la~- to be wisconsin in age. ~t i s  thought Sphagnum spp., and other mosses, Che presence of permafrost is a cbse 
ers of gravel- Depth of permafrost that earlier permafrost in the area and lichens (especially Cladonia, one in the Fairbanks area, and the 
in the undisturbed areas may be disappeared in Sagamon time, and and Pettigercr species). In such areas vegetation can be used as a gmeral 
from 2 to 3 feet (0-6 to O.9 m, Or present permafrost is  the result of frozen ground is usually within I to indication of the permafrost condi- 
more than 4 feet (1.2 m) on the slip- the djmaie of the latest 1 3 feet (0.3 LO 1 rn) of the surface, tionr. Black spruce. larch, and b g s  
off sides of rivers. glacial stage. / even during the late summer months. nearly always indicate the presence 
Fires, clearings, and constructjon On the flood plain, permafrost is of frozen ground within a few fwt 

since 1903 have increased the  depth The vegetation in the lacking under the youngest alluvial (about 0.5 m) of the surface. White 
to permafrost 25 to 40 feet (8 to 12 area is a complex mosaic which re- 
m) jn man,, places ja the per- suits from a long history of forest 

frozen sediments of the fires, from differences in slope ex- 
flood plain consjsts of granules in P O S U ~ ~  and ~aren tmafe r ia l~andf rom 
cement between t h e  grains. Large a complicated pattern of permafrost. 

On well-drained upland soils where ice masses arc absent. 
in the retransported permafrost is lacking or at depths 

valley bottom silt of the creek val- Of than feet (Ib2 m)l large 
leys and lower slopes reaches a areas are covered by "lativeb 
thickness of at least 175 feet (76 m) young stands of paper birch Localif y X)escripfions 
near the flood plain but decreases P ~ P Y ~ ~ ~ ~ ~ )  and aspen (Pop='us deposits permafrost is close 10 the Stop 1-19 University of Alaska (fig. 

toward the hillsm out at the tremuhidesl which have developed 
base of steep south-facing apes, directly after forest fires or cutting. surface and the vegetation consists I d ) .  Set. 6, T. 1 S., R- 1 W. 

of slow-growing black spruce and ~ ~ l ~ ~ ~ ~ ~ ~ i ~ ~  deposits but extending nearly to the summit An of young white larch (Lorix laricilza) or sedge and 
of north-fachg slopes. Pemafrogt SFruce (Picea glauca) in many of sphagnum bogs. In many excavations on the main 
in these sediments contains large the aspen and birch stands shows 

Permafrost forms in the alluvial campus of t he  University of Alaska 
masses of clear ice as hori- that they will eventually be replaced deposits as a result of the in- a %foot (1.5 m) thick solifluction 
zontal sheets, vertical sheets, wedges, by of white spruce' The 

sulating effect of the vegetation. layer of bedrock (schist) debris is 
and saucer-shaped and irregular while spruce and the white spruce/ 

Whjte spruce stands develop thick exposed. In some exposures it js 
masses, ~h~ jce masses are of folj- paper birch ~YPS are widespread on 

layers of mosses *hich result in a evident that two soljfluction layers 
ated ice (ice wedges) and range well-drained upland soils that have 

thick organic layer. This layer acts are present The 
from less L!an 1 foot to more more efficiently as an insulator dur- layer contains we1 1-f ormed ice than "Ot been burned jn the past 200 

J5 feet (0.3 to m) in and years. Associated with the white 
ing the hot summer pel.iods wedge casts of clean eolian (?) sand. 

from 1 to  50 feet (0.3 to 15 m) in Spruce is a =parse shrub layer 
the moss is dry than it does during The upper part of the cst$ are 

lenglh. Much of the ice is arranged cranberry (Vibzlmum 
edrcl e), rose (Rose ucicslaris), alder the wet or cold pcrjods when the drawn Out or destroyed by the upper 

in a polygonal OX honeycomb net- moss is trozen and saturated. = solifluction layer. Both solifluction 
work enclosing silt polygons 10 to 40 SPP-)~ and (''Iirr: 

spp.), and a thick moss layer of result the soil becomes colder and - 
feet (3 to 22 m) in diameter. HyIocomi~tm spsplendens, Pleurozium eventually perennially frozen. This 1 This guide boolr: has 66 stops, 

Temperature of the permafrost in 
the Fairbanks area at a depth be)nw schreberi, and Rhvt id iade l~hl~s  tri- creates a shallow root zone with wet, numbered consecut ive ly  from 1 

cold conditions, a situation that is through 66, but with a prefix for 
the effect of seasonal temperature 4U"t*s. 

more suitable for black spruce than each number to indicate the day of 
fluctuations (30 to 50 feet) (8 to Upland areas closely underlain by for white spruce, and the while the trip when the stop should occur. 
15 n) is about 31°F (-0.5"C). Per- permafrost are usually occupied by spruce is  replaced by black spruce Thus Stop 4-20 would indicate that 
mafrost is forming in the area today blnck spruce (Picen mariano) in as the older trees die. Continued Stop 20 i s  included in the itineraq under favorable circumstances. If either open w dense stands. Black swamping may occur with sphag- of DAY 4. Stops for Days 1, 2, and 
the vegetation cover is removed the spruce dten seed indirectly after num mosses replacing the forest 3 are all listed as DAY 1. 
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layers are composed of clayey, silty Loess ~ ~ r t  Fairbanks area. They range in Table 1. Heavy-mineral analysis of 
schist debris, but the upper layer is The Fairbanks Loess b 1 to 80 feet thickness from one-tenth of an inch upland silt from College 
finer grained. The solifluction layers (0.3 to 25 m) thick on the University 10 6 inches I3 m m  to 16 cm) and Rili, College, A1aska.t 
are overlain unconformably by locss of Alaska campus on College Hill. have sharp contacts with the silt (From Piw6, 1955, Table 2, 
I (0.3 m) b more than 25 feet (8 m) The color is tan with dark carbona- above and beIow. Chemically and 
thick ceous and iron-stained bands. The petreIogically they are simitar, but Mineral 

silt is well sorted (fig. 1-61, 80 to 98 stratigraphically the ash layers are 
Present interpretation of the soli- 

flUEtion is the 
percent of Lhe particles falling in be distinctive. The Ester Ash Bed is a 

ndiBles a period a e,imrie 
silt-size range. Mechanical composi- gritty 6-inch-thick (16 cm) gray Lo Opaque minerals* .................... 
tion varLs little with aerial extent ........................................ much more rigorous than now, or white Pure glass (index 1.53) layer Zoisite 10.3 

even tkan in late Pleislocene time. or with depth (fig. 1-71. The silt exposed near the base of Illinoian(?) Hornblende ................... ..... 10.1 
................................. After the saljfjuction layer formed, gr2ins are and "- lbess near Ester, Gold Bill, and on GarnetA* 9.6 

ice wedges drveloped4ither in the though slighUy stained- * typi- the university of Alaska campus. Epidote ..................................... 7.2 

erid or in a sepPate 
c d  sample from College Hill contains Younger ash layers, not yet formauy Unknown fragments .............. 6.0 

.............................. period. After a warm pe- abundant quPrtz' mruiderable named, are exposed in m a w  mining Clinozoisite 3.8 covite and feldspar, and less calcite, ........................................ riod during which the ice clostojd, dinozojsite, epi- 
and natural exposures of loess and Augite 3.1 
retransported loess. Sphene ........................................ 3.1 

thawed and were rep'aced by sands dote, garnet. hornblende, opaque Tourmaline 2.8 another cold period produced the ................................ 
solinuetlon The age minerals, toumaiine, and zircon. * Kypersthene ..................................*.... .............................. 2.6 

heavy-mineral analysis of loess from 
of the solifluction layers is assigned College Hill is in Table Loess on hilltops and upper and Zircon 1.9 

...................................... to early Pleistocene because: (1) Tile loess is massive, has no strati- 
middle slopes gives rise to a brown Apatite 2.4 

........................................ are evidence for a rigorous climate. soil termed the Subarctic Brown Rutile .? 
(2) Ulev are overl by one or two ticalion except where slightly re- Forest soil. This sojt is ]jmjled lo Enstatik ................................ .2 

of 
Lo ,a.e transported. In such loerr, faint the interior part of the slate, and js Ttemolite .................................. -2 

( 3 )  in valley hot- 
stratification consists of iron-oxide 

toms, the roli fluct depoitr Grade staked horirans, organic films, vague characterized by a surface organic 'Approximately 70 per cent mag- 

into coarse creek gravels 
color bandings of short lateral ex- mat overlying an At horizon. The netite and ilmenite. 
tent, and volcanic ash layers. The A2 horkon is pale brown and over- * * A ~ I  is0 tropic gra ins  listed as 

contain Pleistocene fossils and are 
overlain by silt deposits of Illjnoian loess stands in sheer cliffs and is  lies a yellowish-brown color 3 hori- garnet. 

readily stlbject to gullying- zon which grades into a yelkowish- tSeparatibn made with acetylene 
and Wisconsin age. Vertebrate remains are abundant g a y  C horizon. The A horizon is tetrabromide; pemanent mount 

in the retransported loess of valley about 0 to 4 inches (30 cm) lhick made in Canada 415 
bottoms, but  few bones of Pleisto- and the B horizon is up l o  20 to 22 grains counted, Ice wedge costs 
ceoe vertebrates have been found in inches (50 or 55 cm) thick. The 

The ice wedge casts or fossil ice the loess of the hillside locations color o f  the B horizon is described 
wedges are a few inches t0 2 feet because of lack of exposures and as one that has turned brown from are not primary factors in the origin 
(10 to 60 cm) wide at the top and 1 because most of the bones have been the influence of weathering without 0f the soil. The same general suite 

to 5 f ~ t  (0.3 to 1.5 m) long. In plan transferred to valley bottoms. Bison evidence of illuviation of either iron of minerals is found throughout the 
view, they form polygons 5 20 15 sp. and Mammoth bones have been or humus compounds. The absence soil profile, and the clay minerals 
feet (1.5 to 5 m) in diameter. The found in the Fairbanks Loess on Co:- of iron and humus from the B hori- are not due to weathering in place. 

sand filling is well sorted and the leg@ Hill. zons and the  presence of an Al The presence of minemls subject 
grains are frosted. Sevenly-five Per- me silt on College Hill comprises horizon indicate that there is no to easy alteration emphasizes the 
cent of the grains are between 0-1 to loess of both Wisconsin and Iliinojan podzol d e v e l o p m e n t .  The upper ~outhfulness of the soil in a 
0.3 mm jn diameter. If the sand age but no break, such as is present horizons are not dark and mixed weathering sequence. The brown and 
were nuvial in origin, it is thought 0. lower valley slopes (fig. 1-21, can with organic debris because orga- red colors in the 13 horizons are due 
that the soiifluction layer would be found here between the two nisms necessary for mixing are ab- to coatings of free iron oxide. 
have been eroded away by the loesses. sent and because of the slow rate min textural bands occur in the 
stream. Dunes bordering the Tanana of decay of organic matter. 13 horizon in the Subarctic Brown 
River valley were present in the Volcanic Textural studies indicate no im- Forest soils of me ~ ~ j ~ b ~ ~ b  area. 
Fairbanks alaa in early PJeislocolc portant changes in clay content from The bands are parallel to the sllflace 
time as they were along thc Tanana At least four lhin white viiric VOJ- one soil hor izon  LO another, or and are high in fresh clay-sized par- 
River valley near Big Delta in lale canic ash layers are interbedded with even Ulmughout the parent loess. ticles. The textural bands are not 
Pleistocene time. the loess and retransported loess of Weathering and clay translocation generic and not a part oi  soil de- 
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Horizonlol and vsrtlcol stale Burbonk and Reger, 1962 

Wgure Solifluc!i~n deposits and ice wedge Casts exposed in an excavation for the Duckerin* ~ ~ i l d i ~ ~ ,  
University of Alaska campus, College, Alaska. 
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b m h e d  wfi h-) thao o m  t.hat is now h ~ w n  a 
thegm&b-tangmwlofReadp~- F l U  1-9). The gmvel e e  in 
lion, %a, M, cripple c r d ~  Gold Hill gbm cut W p  1-21 of 
Tb,e darker brow-n gravel d e d b  this age. 
are on hn&= or not di- After a period of gravel alluviation 
rectly related to modern chinage- and slight gbiftjng of creek chaunels 

Figure 1-8. Cornpmrkmn of m m u l a t i v c - w  m e s  of npbnd silt h 
Fair- ;rrea, witb cumulative-- curves of volcanir: ash fmm 
Fairbanla area (Ester rsland" sdbm) .  loess from lkrk Island lI5noj.s 
and mdern wind4epositd dust from Germany (Zeunex, ls49, p 27) 
and Kansas (Swineford and Fkye 19115, p. 252). Alaskan and lllboian 
samples oollecied by T. L P&w& and aaalyzed by the Corps of Engiaeers, 
United States Anny, Ebclr hbd, IUimis. (Fmm P h b ,  1955, fig. 11) 

Theg are avderous g r a d  of tbe the streams cut do- i o d g  new 
earlied gravelstage m the Fairbanfm kdrmk &a.nnd~ and leaving tk 
area Ifig. 1-2) and am thoogbf to be old amifemus gxavel as rempants 
Nebraskan(?) in age. on (a 1-21. M 4  was mn- 

During the early grave1 stag4 Eva e t e d  an b e d r d  in the new 
and Ready Bullion Cxteb chin& dmnueb; later &ere oonnred d u -  
smth am& ptesent Ester W inm viation Of gravel to a of 

Cripple Cmek and then 10 to more than tOO feet (3 to 

-18- 

30 m). This Iater gavel is early 
Pleistocene in age, perhaps Xan- 
sari(?). Where old and new gold 
channels cross. the phcer gold con- 
centration is generally higher than 
elsew here. 

tbe coarseness of the original deposit 
and with the relation of the area 
to the water table. On the cnarser 
deposits left by the  dredges birch, 
aspen. balsam poplar and willows 
become esf ablished directly, whereas 

Figure 1-7. Cumulative-bequency curvu of upland sili From drill hole near 
the top of College Hill, Fairbanks, Alaska. IFrom P6wq 1955, fig. 8) 

Subsequent to the second gravel 
period, I- was depusited. This 
loess, plus retransported Ioess 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 mvel  bl dredge tailing piles can 
be seen in t h e  Ester Creek area The 
mccessiona1 sequence varies with 

- 1 

on the finer deposits there forms 
first a nearly continuous cover of 
Light seeded forbs and grasses in- 
cluding narrow leafed  fireweed 
(Epiiobium angrrstif olium), E r p e n m  
spp., Yarrow (Achi l lea boreuIis), 
several Crudferae, fox tail ( H o r -  
d a m  jubatum), hairgrass (Des- 
chnmpsia spp.), Polygonurn alaska- 
num, 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 atablished. 

- 
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In the depressions, especially Early placer mining was by under- 
where small ponds have been ground methods and by the early 
formed, the tailings have been colon- 1920's most of the richer deposits 
ized by willows, horsetails (Equise- were exhausted. About $70,000,000 

I t m  spp.), and several species of was produced by underground min- 
sedge (Carer spp.) . ing. In the middle Twenties a revival 

of mining in the Fairbanks 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 $150,000,000 
worth of gold (at the present price) 
was mined in the region by the 
United States Smelting, Refining, 
and Mining Company. 
The mining OX gold-bearing gravel 

in central, northern. and western 
Alaska is different from the conven- 
tional dredging of placer gold in the 
temperate and tropical latitudes. In 

Figure 1-9. Map of present and the far North not only is most of 
earlier Quaternary stream chan- the gravel perennially frozen, but 
nels in theEster area. 10 miles (16 i t  is overlain by 10 to 150 feet (3 to 
km) west of Fairbanks, Alaska. 46 m) of perenniaIly frozen ice-rich 

retransported silt. This barren silt 
Slop 1-4: Cripple Creek. Set. 8, must be and the gravel 
T. 1 S.. R. 2 W. must be thawed before it can be 

dredged. Undisturbed gravel 

.- 
x 

with sand lenses and layers. 

Gold d~edge 
Dredge No. 10 of the United States The fine-grained relransported loess 

Smelting, Refining, and Mining is carried away easily by the small 
Company was the last of the many streams of water under pressures 
gold dredges operating in the Fair- ranging from 50 to 150 pounds per 

about 16 miles I26 km) north of Fair- After the frozen retransported silt 
banks and, within a few years, the is removed, the perennially frozen 
region became one of the greatest gold-bearing gravel is thawed by 
gold-producing regions of Alaska. hitroducing water into the ground 
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at average summer temperatures and than 38,000 years. In h&~ I 
m 0 

low m e s  through pipes extend- the perennially frozen DEnoian loess e-c  h I 
ing to bedrmk. me water percolates is green, quite in contrast to fie 4- a 2 ~ a  

a r n c t r h -  

i 
I 

back to the surface thming the overlying black to fetid silt of u d k h Q @ W  w m a l  !. P I r n h r *  
& I 6 d ' " - a *  0.p ground as it moves. Stripping and Wisconsin age. The green cdm b 

I 
I' 

thawing is lf ited ta the summer due to tbe presence of ferrous iron, E M h r n w a  zSAd-4 
4 w a c o u A o o c l  m 

rnonik the result of downward penslating m o > w a d d  - w  
1, 

After the gravel is thawed the pound water when the sediment was a a m b  . ~ p ~ c c d o  i 
m d  k 

a o  or8aZwSZP.  j. 
ground i s  dredged by standardhiloat- thawed probably in the wann inw- 
ing h&et-line dredges of the Cali- val prior to the deposition of 1 ~ s ~  q h + 1 C O  O w - k  - a  u h - 0  E: 
fornia type. The buckets on Dredge and muck of Wiswnsin age. ~ I V ~ E ~ ~ P ~ Z J  - a  
No. 10 are 10 cubic feet (0.28 ma) in Overlying the Wisconsin dt i s  a E S X k r n w m d =  a - 4  - 1 
size and approximately 10,000 cubic thin h2 to 5 feet thjdk) (0.6 to 15 d SIIR 8 zP - O Q I O A O  I O U  

1: 
yards (7500 ma) of auriferous gravel organic-rich silt layer of Recent age. 2 o a o  aua ~ . d  3 g 3 P h  B # P , H k  can be transported daSy into the It is bedded, mu& less massive than 

N n 
dredge. The dredge. is able to aig the Wisconsin silt, and Lies uncon- 
72 feet (22 m) beneath the level of: formably over the mu& and flabtop 
the: water. Dredge No. 10 was built ice wedges of W'isconsjn age. Tbe 
in 1939, and like all the dredges in base of the silt has been dated here 
Lhe Fairbanks area, was operated as 8,000 years; the date was deter- 
electrically. Once the gold-bearing mind on re-sported sticks. 
gravel is in the dredge, the gold is 
separated from Lhe gravel by mech- Ret7avorted (mtlCk) 
anical shahing and by use of m i w l  fetid 'fnuck" b =posed 
g m .  The banen gravel. is  up hue d u r w  m e r  Wi.Ppinf o p  
~e and dropped to £om emtiom. n - e  dark silt has t h e  same 
dredge tailing pi~es charamistic of cumulative size-grain analysis curve, 
the m a .  minerd composition, and chemical 

composition as the loess It is l w  
Stop 1-5: Ready BullionCreek.Sec. thatwasretransported~Mfleybot- 

6, T. I S, R 2 W. toms' and incoworated minute frag- 
ments of burned vegetation its well Stratigraphy as larger plant remains. It is poorly 

Silt of Illinoian, Wisconsin, and and dips downslope para].- 
post-wisconsh age (fig- 1-10) and id to the surface. M u 4  if not most 
gravel of two ages is represented in of fie silt, h a  been fPom 
the exposures at Ready Bullion w k i l  by s l o p  wash (probably 
Creek md Ready Bullion Bench. A spring snow melt water); howwer, 
thh  deposit of C O a E X  brown a ~ r i -  p-ce of folded beds in fie silt 
fmous lies on a bedrock bench indicate that some sort of sod creep 
west of Present channel of Ready or s 01 i f  1 u c t i  on played a role in 
Bullion Creek. This m v e l  is early hansparting the sgt and vegetation 
Pleistocene, Nebraskan(?), in age, debris. i and the younger gravel of Ready 
Bullion Cmek is Ulought to be per- V e g e M o n  
haps Kansan(?) in age (fig- 1-10). 

I 

Many well-presewed m-a- and 
In the Ready 33ulfion Bench ex- miereplant specimens are present in . 

posure a greenish silt (loess) of n- the frozen silt. No species have been 
linojan age ovmlies the gravel and found in tbe lllinoian and Wisconsin 
is in turn unconfwmabjy overlain silts that are not growing in the 
by organic-rich retransported silt area today. Pollen analyses show a 
(muck) of Wisconsin age. me base bigher pmcatage of tundra pallen 
of the retransported silt is older in the frozen silts than in the 

~ 3 z : ~ ~ z E & z : ~  
-22- -23- 

ir. 



1 
I 

bogs in the area. mis is  suggestive the ground ranges from 2S to more climate warmed and the ice wedges surface sinks as jce near the surface 
of a lower tree Une. Excellently than 100 percent by dly weight. in the Fairbanks area melted down; melts. 
preserved peat layers, forest beds, Another type of ice that has been flat tops are now present on the ice The field at stop 1-6 is on the 
and beaver dams have been observed known to occur here js a clear ice wedges. The ground over the ice north-fa&g slope of the Agricul- 
in this exposure. mass considered to be buried auieis. wedges slumped and was down- tural Experjment Station and has ! I' 

One of the most striking types of 
I warped- Cooling of the climate in the best developed mounds and the 

Animal remoim ice present in the ground is the the last few ~ ~ O U I M ~ S  OI years h a  most detailed record in the Fair- i caused the s lumped  and down- banks area. Vertebrate and invertebrate re- large foliated ice masses termed ice 
mains ace common in the retrans- wedge. Such masses may be 1 to w a F d s e d i m e n t s  to becomere- The su r f ace  of the field was 1: 

frozen. ported silt  of Wisconsin ago. Fresh- smooth before clearing in 1908. By 
water snails occur in local pond de- The exposures af frozen silt and 1922 pronounced ind iv idual  and 

1 
pasits and screening of sediments i ice wedges are and 'On- connected depressions had formed 

dantly changing. Features described and by 1926 some trenches between 
t 

reveals a host of insect remains, 
above at  hion on Creek (fig. mounds were as much as 5 feet (1.5 small vertebrate bones, and teeth 

(mice, etc.). Banes of the larger 1-10), m d  at o t h u  mining or natural m) deep. Cullivation year 
vertebrates occur but are not as exposures of frozen silt in the  Fair- ., later because the 
numerous as in the other exposures I banks area. may* Or may be Ob- topomaphy famed by the pjts and 

1 1  

in the Fairbanks area. Recent mi- servable today. mounds was dangerous to the oper- 
Iecting from the sediments of Wjs- 

1: 
Sfop 1-6: Univenity of Alaska ~ g -  ation of farm machinery. me field i 

consin age here have yielded a skull ricullural Experiment Station. Sec. then was seeded to pasture. BY 1938 I 

of Bison superb i son  crassicomis, the mounds were 3 to 8 feet (1 to 1 ,  T. 1 S., R. 2 W. 
I. 
1 1  

bones of Citetlus u n d u ~ ~ ,  horse, 2.5 rn) high and about 20 to 50 feet ! 
and mammoth. The presence of Ci- i The-rtnokarst mounds (6 to 15 rn) in diameter. Rockie ! '  

te l lus  (ground squirrel) suggests a The thawjng of permafrost w i ~  studied the field in November 1938, t 
lower tree line in Wisconsin time Figure 1-11. Foliated ground ice ex- massive ground ice creates thermo- and in order to determine whether I, 

because this animal is a near or posed in a polygonal network in I karst topography, an uneven surface the ice Was actively melting. a h a +  
above tree line creature. NO Citel- retransported organic-rich silt of which contains mounds, sinkholes, tor bulldozer was used lo remove the 
lw live in the Fairbanks area today. Wisconsin age near Fairbanks, / tunndr, caverns and short ravines U P P ~  part of every l -mrm~ck and 
Currently the frozen silt in the Alaska. The thawing may result from arti- fill. each pit until the land surface 

Ready Bullion Creek exposure is 
I! 

ficial or natural removal of the veg- assumed approximatdy a uniform 
the site for the colIection of uncon- 10 feet (03 to 3 m) wide and 5 or 10 etation or from warm j ng  of the slope. The surface remained smooth ! 
taminated frozen Pleistocene silt for feet (1.5 or 3 rn) high. Some have climate. Therrnokarst mounds in the for nearly a Year, but in 1939 
analyses of bacteria. Attempt is the typical wedge shape but most 

I 

I Fairbanha area are found only in irregularities began to form. In 
being made by scientists at  the Arc- are very imegular masses that may , the areas of alluvial fans and col- succeeding years polygonal mounds 
tic Aeromedical Laboratory of the be inclined or horizontal. In plan luvial slopes underlain by the re- formed as  the ground surface sub- 

I 

U.S. Air Force to reactivate bac- view it can be seen that they are ! transported organic-rich silt contain- sided over melting ice. 
11 

teria, frozen for at  least 10,000 years. p z t  of a polygonal network of mas- i ing large foliated ground ice masses Mounds in the test area moathed 
sive ground ice (fig. 1-11). 

Ground ice 
( f i g .  1-4). in 1938 were as large and as high 

The fiat top of the ice wedges i s  Thermokarsl mounds in the Fair- as those in the part of the field that 
I 

At least four types of ground ice particularly conspicuous and impor- banks area are polygonal or circular had not been smoothed when the 
have been noticed at this exposure. fant in the interpretation of the hummocks 10 to 50 feet (3 to 15 m) writer first studied the field in 1947. ! 
The ice filling the pores in the silt, geologic h i s t o ry  and c l i m a t i c  in diameter, 1 to 8 feet (0.3 to 2.5 rn) Maximurn mound height was 8 feet 
pore ice, is common in organic silt changes. An ice wedge which is ac- in height, and are composed of loess. (2.5 m). Compar i sons  of aerial 
and inorganic silt. The  second type tively growing has a thzrmal con- They are commonest in  cultivated photographs with those taken 10 

! 
of ice is segregated ke or Taber ice. traction crack, or vestige of a crack, fields but a few are found in aban- years earlier reveal that in 1948 

i 

Ice segregations a few millimeters to extending from the ice wedge to the doned fields now reforested. In some mounds were about the same size 
a centimeter thick are  common in surface. Abo, an ice vein generally / fields B e  mounds are separated by and shape and in the same position 
the organic-rich silt but less common extends part of the distance from the trenches I to 5 feet (0.3 to 1.5 m) as in 1938. Probing with a soil 
in tbe inorganic silt of IlUnoian age. wedge to  the surface. The ice wedges wide. Trenches are formed by the auger on July 14, 1948, revealed no 
Such segregated ice is commonly as- in Fairbanks no longer crack in win- melting of a network o£ ice masses ice or frozen ground a t  a depth of 9 : 

sociated with small concentrations of  ter and are considered inactive. Be- in the ground, leaving mounds in feet (3 rn) below the  surface of a 
vegetation. Tbe amount of ice in tween 8,000 and 4,000 years ago the the intervening areas. The ground trench. 

- 24 - -25- 

-. . 



(Picturs of tbe stages in the de- h thesummer causes subsidence a d  
velopment of this thermokarst M actIan m the wjn* 
mound Pidd an be sem in fim causes 'bmvhg. I t  is possible to see I 
75, 76, 78, and 79 of Pew&, 19%). nadulatio~s in the railroad bck de- 

-o stages of paaat slacces- spite efforts to bloc% up the back to ; 

latine! to the orimal abandonment maintain a level road- ( 

2 fhe fikd in 1926 and to the ~wel- 
ine in 1938 can -- StopJ-8: Pingo& Sec. 23, T. 1 3- IL ! 

y&nger section. paper bimh balsam W- I 

-pas, will- (F&z beb-), and 
(Az- crisps) - in an O ~ - s ~ t e m  -05 

oauriaGoldsbamVaYleynearthe 
o w  with an d - r g  of juaction with O'Connor - [fig we ws sd as *wead 14).   bey on tbe lower end of 
( E p t k h m  ~ f o ~ ~ ) ,  br*ta' a loW-gle alluvi from 
(Equisekrm amewe), Erigeron spp, 
and several m. 0'- creek Alpha pingo, the 

larmst a d  mthenrmcrst of tbe 
Xn the older section the bhcbes a e  

mPT(IrTP, is an O p t i d  mound aboof 
more dease, there are a few k g e  
b&am poplars, and there is  H 
no md- vegetation except for 
scattered horsetail (EQuketum ar- 
vmse), a few moses, and O c C a s i M  
clnmps of the lichen ( P e W e r a  aph- 
t b ) .  Tn both stages of the succes- 
sion &ere are d o a a l  white 
spruce, some af which were esfab 
lished at the same time as the be& 
aod poplars, and some ihrtt have be- 
come esfabkhed more recently. 

Stop 1-7: Happy. Ser 21, T. 1 N., R. 
2 w- 

Permafrost 
Happy siding on the Mash Rail- 

road is in the middle of a typical 
8ediment-Wed meek valley in the 
Fairbanks area. sorings show 187 
feet of r-rted organic silt 
over 40 fe t  (12 m) of coatse creek 
gravel over ~~ A cross d o n  
(fig. 1-IZ) illustrates a typiml 
saucer-shaped p&& lens q to 
9I) feet (27 m) thick in fhe vaey 
httorn. Permafrost pinches out: up- 
slope to the east and west Large 
masses of foliated ice wur in the 
silt (muck) and cause severe dif- 
firdiis with railroad 2nd bighW2y 
construction and fanning. The Alas- 
ka fzailroadlineisseverely distort& 
in this area. Thawing of permahst 

%N feet (100 m) long. 200 feet (60 
m] wide, aod 34 feet (10.4 m) high_ 
The pin@ bas a breached "crater" 
20 feet (6 m) deep in the centerter 
Comtr5c  cracks 1 ta 3 in&= (3 to 
8 cm) wide and 10 feet (3 m) long 
mcur on the a&. and radial 
cracks 2 to 150 feet (0.6 +o # m) 
long radiate outward from the 
of the piago (fig- 1-13)). The pingo is 
composed of df.. P- mxurs 
at adepthOf3 b 10feet (1to3m). 

The vegetation on the pingos i s  a 
mixture of balsam popla, aspen, 
white spruce, and paper birch The 
area m u n d i n g  the phgas was 
origjnatly black spmce, muskeg, and 
bag that had been cleared for farm- 
ing. Some of the original vegetation 
mn Ise seen to the west between the 
xoad and the line of talZ spruce that 
ma* the recent alluvial deposits of 
Goldstream. Many of the lower parts 
of the abandoned field are m d g  
to bog the establishment of 
dwarf birch IBetuIa gEandvIosa1, 
leather I& (Clurmadaphrre cdycu- 
Eats), Labradm tea (kdum gmm- 
hmdimm), and sphagnm mosses 
(Sphagnum m.) - 

Beta pingo Lis about 400 feet 
(1M3 m) to the northeast of Alpha 
phgo and i s  about one-half the & 
It bas no d e p d o n  in the oepter. 
Cha fhe south side, whicb is s&ep and 
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actively slumping, growing trees are o f  the loess, and, consequently, such , 

deformed and several have split caverns lie undetected for many 
trunks. ft is not known if the pingo years before the roof collapses or 
surface is rising or i f  the south side surface water wears a small opening 
is slumping because of thawing at through the roof. Many thermokarst 
the base. The rate of movement is pits occur in cultivated fields in the 
not known, but in  September 1964, Fairbanks area, some in frozen 
studies were started to learn more ground and some in thawed ground. 

fields: one lies north, and the other 
1 Three smaller pingos fie and south, of #e Farmers Loop Road and 

west of Beta pingo- A1 are on an a e  now occupied by a golf course. 
alluvial fan of retransported or- The area to the north lies on or near 
ganic-rich silt  of Wisconsin and Re- the of the frazen 
c a t  age. In  a nearby drill hole the retransported organic-rich silt and 
silt is 90 feet (27 rn) thick and over- fie silt on the hillside (fig, 
lies 50 feet (15 m) of creek gravel. 1-4). me field of the was 
The permafrost is feet (43 m, cleared in 1910 and has more ther- 
thick. Although studies have only mowSt pits than any other field in 

it  is a p p a m i  Ihat ground the Fairbanks area. Two pits are re- 
water under the fan feeds the pingas ported to have been 3 feet (1 m) in 

several pits have ~pened and others 
sfop 1-9: ~ ~ l f  course. See. 30, T, 1 have been filled. The field south of 

the mad was cleared in 1939 and no 
pits are known to have formed. 

t Thermoknrst pits and mounds In addition to thermokarst pits, 
Therrnokarst pits are steep walled thermokarst mounds have formed as 

pi& 5 to 20 feet (1.5 to 6 m) deep a polygonal network of ground ice 
and 3 to 30 feet (I.  to 9 rn) across. maSSes melted. Broad mounds 50 to 
Commonly, they are larger at depth 100 feet (15 to 30 m) in diameter and 
than at the sur face .  They occur 2 to 4 feet (0.6 to 1.2 m) high have 
mainly in cultivated fields on the formed and are slowly @owing 
aUuviaJ. fans and col]uvial slopes higher as the ice continues to melt. 
near the contact where the perma- These are best displayed in the field 
imst free slopes. The pits are started south of the road- The golf course 
by melting of ground ice and ,-om- WEG established in 1946 and is per- 
manly are enlarged and modified by haps only the farthest north golf 
surface water that b d i v e d  into COUm@, but the only one in which 
small cracks and subterranean pass- th@rmokarst mounds and pits as 
ageways and then flows 6 to 20 feet natural hazards cause serious dif- 

Figure 1-13. Sketch map of Alpha Pingo, Goldstream Valley, Fairbanks, I (2 to 6 rn) beneath the surface. The ficulties. 
Alaska, 1964. Compiled by geology students, University of Alaska, by passageways do not collapse readily The radio transmitter building and 
pace and compass method. Datum at base of pingo approximately 600 because of the structural properties tower were built south o f  the road 
feet (180 m) above sea level- 
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in 1939. The building is of reinforced mag be ping05 is not b o a  Tbe line n& b Ekmers b o p  Road to 180 m) long, They are best 
oonmte and, although the under- thm&a& t o p o m ~ b ~  is acweb' pingo b in silt and bas a s W t  from b air and are well shown in . 
lying ground has settled consider- forming inasmuch as af the aeP-11 on the atst- Some 4 or 6 figure 1, Plate 3, of P&&, 1955. 
ably due to melting of ground ice, trees indicate recent deformation of gem ago a Iarge ken& 15 feet (45 basmuch as this spec-tacuk gul- 
the building has not been seriously the ground The cover of trees in- m) deep was dug in the center of the lying is not a 1-l feature, but is 
,&omed Tbe excelllent construction dudes both black spruce and white , pingo for the foundation of a home. present in of thi& loess in 
of the bt3ding has prevenkd it from spruce ae- well as aspen and balsam I t  is not Jm0w-n why wnsh-udon much of the Tanana Valley a d  else- 
being -&&; however, it does poplar. The for& cover is less than i was not begun, or if the exploration where, the gully wtti~~g is believed 
settle as a unit. AIth~ugh it can now 50 years old in this area. reach& the perm- table. 'Fhe to be of in 'he Qmm- 
be seen to have settled, it Was dif- art is entirely in rebmpmtd s i l t  nary m. Sections reveal  at 
ficult to dem-hk in a e  Stop 1-11; Thermokarst pits. Sec. I An auger hole 8 f e t  ( 2 5  m) deep since a y i n g  and ptodoction of 

in the bottom of the cut reoeaIs or- stepwalled f r d ,  the ridges and early y- One early evidence of 20* *a* w- 
movement was that the well in fie 0, this mefacing w e d  slope ganic-rich silk but no permafrost valley buthms in loess have -me 
building continud to "rise." m e  at the mw of fie was w m H .  mu- and a 4- to 6- fwt  (L2 to 
casing of  the well is mzen 200 , df and dm- loess, seved la m) thick layer of additional 
feet (60 m) of permafrost and yet. large thcrmoht  pits firmed in Siop 1-13: Alaska Fidd S t a b  See loess was draped over the unddat- 

38, T. 1 N, R 1 W. ing topography. Current interprets- the pump, which & set on of the 1061-&P. ~ h e s e  pit, ~ i e  in the httom 
asing, continues to "rise" from the ,f , wow u g e  mc and m e  I 

nmr. After it has risen about 1 or 2 10 feet (3 to 6 m) wide and 5 
fed (0-3 m or 0.6 m) OB flmr if t, 15 feet (15 to 4.5 m) deep. S& 
is n - i f i  to off the casing and d e p w n s  w- p r e n t  prior fo 
reset the plrmP on the f h r -  Con- 1 ~ 5  & I pit formed in 1081, 2 , tmw to popular opinion it is not the i, 1#2, 1 1983, 1 in 1% 
rising of the casing out of the g ~ u n d  surfam -ter is dme. 
that causes the pump fo Ieave the fie&e gteePWdd dep-ns 
Bmr, but it is the sinking of the disappears in openings the 
mund and building around of the p i k  Water emerges from the 
stable a a t  atw the &- a-d downslope some 10t) to 200 
placement. feet (30 fo 60 m) *om the pits. 
The tower has re- No clearing of the forat bas Men 

mained stable. The massive c o d  phm in this -a- therdore, perhaps 
piers are evidently f r m  in- th, tha-g near the per- 
to the permafrost and resist semml m boundarg has initiaw mdt,  
frost d o n  ing of massive ground-ice bodies. 

This melting, plus erosion by di- 
Si~top 1-ID: Themobit hpogaphy- v e ~  d a c e  water, f o m  ca*tiw 

Sec. 28, T. 1 N, EL 1 W. and later the roof mllapses. 

On fie south side of the Farmers tJTPe Of ''gUI1y 

&ad,jnm-af perenniaiIy 
may have been instrumental in 
-tin& initiating, and forming the 

frozen retransported argaPic-e& ntnnerous eel in the loess 
silt (fig. I+), is a v e .  well-de- so m a n  in the Fairbanks area- 
v*o@ *errnokarst 'P @- tlbat were formed prior to 
area has not ken studied in d W  w-asin he, d-g Sari- 
but reconnaissance gamm time (see s- 1-13). 
tions it appears that the thawing of 
graund ice is creating cave-in laItes, Stop 1-13t Pingo. See. 21, T. 1 N., T. 1 N-, R 1 E 
thennokarst mounds, and therma- 1 W. 
karst pik The cave-in W are 
lakes that have been initiated by An eqyidimensiond open-system 
thawing of ground ice a d  have en- pingo app&aLleZy 100 feet (30 m) 
wed by the rebat  of the banks. amm and 20 feet (6 m) hi& on the 
Whether or not some of the mounds down-slope side lies in a drainage 
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The ice wedge tops in the Fairbanks tary purpose, a quick, mechanical Excavated material is hauled out of tained by the radiocarbon laboratory 
area are now flat. Current& it is technique of tunnel excavation in the adit by a Joy 110 SC AC shuttle of the Geological Survey of Sweden. 
thought, based on radiocarbon dal- perennially frozen ground. The car, loaded by a standard Soy 8 8U A photograph of the carcass is on 
ing, that this downwarping occurred project also seeks to test refrigera- loader. display in the Department of Geology 
between 8,000 and 4,000 years ago. tion and other systems for slope The gravel tailing piles near the at the University of Alaska. Pieces 
Occasionally erosion by small inter- protection and retardation of de- entrance of the tunnel illustrate of the fur and hide of a female 
mittent streams exposes Ice wedges formation, and to investigate various many stages of revegetation. Wil- superbison recovered from Fair- 
and slump structures today. spoil-removal methods. lows, alders, balsam poplars, and banks creek has been dated as 11,950 

bitch seed in directly on the coarse 2 135 years (St  1633) and is on dis- 
tailings~vithout any previous pioneer play at the Department of Geology, 
stage. In some localities crustose and University of Alaska. 
fruticose lichens are growing in be- Small streams crossing the slumped 
tween the rocks. In the wet depres- silt cliffs at Dame Creek have ex- 
sions aquatic and sem i - aqua  tic pvsed large massive ice masses that 
plants have become colonized. may be observed today. 

Stop 1-18: Chatanika River Valley. 
S e c . 2 3 , T . 3 N . , R . l W .  
Although the Cfiatanika River is 

'lace= gold mining in Ihe a small sfream, i t  was large enough 
1950's produced many excellent ex- to carry away silt deposited into it 
posurc-5 of retransported organic- by wisconsin time. 
rich silt of Wisconsin age. From R ~ ~ ~ ~ ~ , - J  flood gravd lies close 
these deposits came the pair of enor- to fie surface and to a depth 

nTammoth tusks l3 feet of approximately 180 feet (55 m). 
inches (3.2 m) curve) long Placer gold was mined by subsurface 
that w e i g h  a ~ ~ r o x i m a t e ] ~  350 methods here and many "kpojl" piles 
pounrls kg) apiece and are of gravel from the underground 
exhibited in the University of Alaska workings are on the surface. 
rnuseu:l:. The tusks were found with 
a fairly; complete skull, other bones, Stop  1-19: Chatanika River bluff. 
and much well preserved Mammoth Sec. 15, T. 3 N., R 1 W. 
hair. Some of the hair is jn the De- 
partment of Geology exhibit cases St"tigraphy 
at the University of Alaska, and has A W-foot (15 m) high cutbank of 
been dated a t  32,700 2 980 years the Chatanika River 4 miles (6.5 
(St 1832). km) downstream from the Elliott 

I t  was from the silt in this ex- Highway bridge exposes retrans- 
posure that a partial carcass of Bison ported organic silt and ice wedges of 
s~iperbison crassicornis was recovered Wisconsin age overlain unconf o m  - 
in 1951. The carcass consisted of a ably by a thick deposit of retrans- 
head, complete with hjde, horns, and ported silt and buried forest beds of 
one ear. four legs with haoves, and post-Wisconsin age (fig. 1-15). The 

Figure 1-14. Slump structures over foliated ice wedges near Fairbanks, much torso hide about 3 mrn thick. perennially frozen silt of Wisconsin 
Alaska. The carcass showed evidence of some age L massive to poorly bedded. The 

transportation, yet movement must faint bedding is emphasized by a 
Stop 1-16: Permafrost tunnel. Sec. In a relatively short period of time have been only a short distance, concentration of ice 1/16 to '/s inch 

31, T. 2 N.: R. 1 E. (16 days). a tunnel 155 feel (47 m) otherwise ihc carcass would have (1  to 10 mm) thick at the bedding 
long was dug horizontally into the been completdy destroyed. A date of planes. A white volcanic ash layer 

Among studies undertaken in frozen silt, using an Alkirk Cycle more than 28,000 (L-127) years was 1/16 to ?4 inch ( 1  to 10 mm) thick 
Alaska by the U. S. Army Cold Re- Miner. A drag bit was developed to obtained on a piece of the carcass in lies about XO feet (3  rn) below the 
gions Research and Engineering withstand the high abrasion of the 1951. Tn 1965 a date of 31,400 (32040 top of the Wisconsin sediments. Z'he 
Laboratory is one to find, for mili- silt and the impact of the gravel. or -1815) years (st. 1721) was ob- ash layer i s  a good marker to 
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demonstrate bow the beds have hem alder, bhck sprum dwarf birch, 
u-ed to an almost vertical posi- pass, and sphagaum mass, all in- 
tion next to fhe massive ice wedgs dicative of a high m f i o s t  table. 
The ash also outlines the minute Tundra tusacb present on the sur- 
faults that are present in the frozen face are alsa found in the frozen 

I - siIt. The slope of the upper surface sediments. 
I of the Wisconsin silt is slightly jl 

steeper than the modern slope. A Fauna 

VY'CL C n y a L Y C L ,  ...a= 

~~nconformably overly5 tbe sedi- bve be, 
ments of Wisconsin age are post- pm-kly 250 nests 
Wisconsin, bedded, have been recovered i--- -- - - 
Zen sediments rich peat Lye=- hank< aw- and are nnw under nl 

3 to 6 feet (I to 2 rn) thick but here Bibliography 
they Wcken to 25 feet (8 m) do=- H. =, IgQg, =T-L--,- -'--- 
slope. This is the thickest recorded ---a m-+.*-, u:n& 

! radi-ocarbon date of 14,860 -t- 840 Nests and ooprolites of the gmund 
Y- (GX-0250) was obtained on a squirrel ( f i t e w  ~ m u ~ a t ~ )  occur 
ground squirrel nest recovered about in the WM but not 
15 feet (4-5 m) behw the h p  of the i, the pmt-wisconsin sediments. 
Wisconsin sediments (fie. 1-15). n4h- m r r e l l r n c  of 

en found. Ap- 
(with bones) 

Frnm the Fair- 
_-- - - - - _- .. , re- 

I These sediments elsewhere in the liminary study, 
Fairbanks area are norm all^ about 

r ~ a -  s uccv 

depogt ptrWisconsin silt in the AL-. s . a h - u  UISL., V. 58, P. 296- 
301. Fairbanks area. A radiocarbon date 

of 8,530 -t- 115 years (GX-0251) was Ww and -= L1 

obtained on peat 15 feet (45 m) be- ~ ~ ~ b a $ , R ~ ~ ~ ~ ~  Evy low the surface (fig, 1-15). 
tiates Na 887. u. 1-17. 

. . ---.- --*- -. -- - ------ -- --. 2 a G - E r d  5 Large foliated ice wedga up 10 1M8, ~redging for gold in Alaska: c 0 4 R ~ r d c r r u  
# - l a 0  feet (3 m) wide and I8 feet (5.5 m) Mining and M e t a H w ,  v. 29, p. 2 -cornah 

d r n m d d  a long strongly deform the sediments 574580. 
s e 4 - 9  - of wsconsin a e ,  including tbe vol- nav ib -  D. T, Rw. Ci J, and 

V - - W U J W .  
4 4 u - r  the i& wedges are m r l y  to f&iy Mask& soils: Iowa State Univ. 

QIarbQh o wdl developed 
A h -  k a BUN. 186,149 p. 
u.. .  (d @ %?4)* the sediments of post-wiscom D~M&. J, A. 11262- m e  mormiogy 

baretic brown , 

E m - U  P ---,. ,,, ,, ---A Alaska: Un- 
S u G  d - [ d  to 1.5 m) long. The ice is clear and pub. phn. Thesis, Cornen Univ. . 
C M a  S J H  
m o some is horizontally bedded. Such ice 147 p. 
m e * :gh e k has formed in fault or slumr> cracks ,, ,,.L "dash's frozen 

v, 

- o x u =  
~ 1 1 r l v  m a  age m n m  many peat and fir& AbShIl S C l .  anf., 18S1, P. 171- 

M b O  beds. Suwrfieial examination re- 172- -- 7 W L F  W I4 

.rl L t r ( r ( - 4  41 I 
I 

forming on the surface bday- a w@- iivm r"airbanks, ' Alaska: 
FuQ 3 0 0 3 4  v vegetation characterized by willow, *+ring Bull, v. 4, p. 3-8. 
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Gmund ice 

- - . - - - - - - - - - * -  - - -  -- 
canic ash lay&. The ~ G g e s  have other~. 1959, The g-logg and eggi- 
flat tops and slump s t r U m E S  OVer ne-c characteristh of m e  

I 
. . . -- r -- age are ice masses up to 1 foot (0.3 - an=*- of Ge a I 

I m) in diameh and 4 to 5 feet (1 2 fa& -iiF ,,f E P ~ +  

- .- z-a-- T-z 
M C  C U  as the bank retreats by Gndslide rnfa--:PLLAtn-: zz -3; : g r g  slumping. m 0 30, g. 70-80. 

d o  3 0-1 hyr m a  
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Ge'i, 0. W.. 1853, Collecting Pleisto- 
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MIDDLE TANANA RIVER VALLEY 
by 

Troy E. PBwe 
RESUME OF THX QUATERNARY GEOLOGY OF TEE MIDDLE TANANA 

R r n R  VALLEY 

The middle Tanana River valley the Yukon-Taaana upland. It is a 
or lowland (fig. 4-16) is a large structural basin, the floor of which 
tectonic trough bounded on the south is bdow sea level in much of the 
by the towering Alaska Range and trough. Quaternary deposits 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 accumulation of fluvial 
and glaciofluvial sediments derived 
from the rising Alaska Range. 
deposition pushed the Tan- River 
to the north against the Yukon- 
Tanana upland. The sediments bury 
a fairly rugged topography, the hill- 
tops of which now protrude through 
the Quakmay sediments and form 
small knobs above the plain Well- 
drained fans 30 miles (50 km) long 
flank the Alaska Range. 

This report is concerned with 
Quaternary geology dong fie north 
side of the W a n a  River valley h m  
Fairbanks to Big Delta, a distance of 
approx5mately 90 miles (150 h) 
(fig. 416). The Tanana River is 230 
miles (310 km) long and has an 
average discharge of 35,000 cubic 
feet (100 m3) per second on August 
at Big Delia. Up stream from Birch 
take it receives g l a d  sediment 
from several @cia1 streams and 
is a large braided &am. It has 
a gradient of 6 to 7 feet per mile 
(1 to 1.2 m per km) between Birch 
Lake and the Delta River. The river 
becomes less braided and more me- 
andering as it flows to the Fairbangs 
ana Dawnstream fram Fairbanks 
it is  distinctly a broad meandering 
stream with few islands, compared 
to the area upstream from Fair- 
banks. 

The north wall of the Tanana 
Valley is formed by low hills of tbe 
Yukon-Tanam upland. The hilLs are 
heavily blanketed with eolian de- 
posits of sand and silt that have been 
blown, and are still being blown. 
from the flood plain of &e Tanana 
River. The Quaternary geology of 
this segment of the valley i s  h w n  
only in a reconnakance fashion De- 
tailed studies are underway which 
should t ie together the two better 
known -the unglaciated Fair- 
banks atea and the glaciated Delta 
River area 
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The middle to late Quaternary his- 
tory at the valley is a record of 
alternating deposition and erosion of 
eolian and fluvial de-ts and of 
climatic fluctuations. Both geologic 
processes and climatic changes are 
related to glacial advances and re- 
treats from the Range on the 
south side of the valley. 

The oldest Quaternary eveat 
knowm at  present is a cold period 
recorded by a solifhction deposit. 
The deposit, wbich mtains fossil. ice 
wedge, is thmght to be pre-Illinoian 
ia age and Zies on bedrock under 
eolian sediments at numemus ex- 
pos- from Fairbanks (fig. 1-5) to 
the Deita River. 

The next event was the advance 
of glaciers in lUinoian time (Delta 
Glaciation) accompanied by a g e -  
dation of the Panana Valley. As the 
Tanana River aggraded, the south- 
do- skeams of the Yukon-Tan- 
ana upland were dammed in many 
places, forming lakes fhat are held 
in on one side by fluvial deposits 
and flanked by the bedrock hills on 
the other s i d s  M e s  held against 
the bedrock hills on the north side 
of the Tanana River valley fhat are 
thought to have formed at this time 
are: Hading, Birch, Quark and 
others. 
The unvegetaeed outwash plains 

and valley k a h s  were exposed to 
wind action, and sand and silt picked 
up by the wind were dropped on the 
nor& valley wall. Sand is most 
common in the Mia River section 
of the valley. thinning and disap- 
p?arhg to the northwest, where bess 
predominates. Ventifacts were 
farmed at tbis time on the bluffs 
facing the Tanana River near its 
junction with the Delta River. 

As the glaciers withdrew, down- 
cutting probably predominated, and 
m e  of t h e  fill of the Tanana Valley 
was removed. leaving terraces on 
the valley sides. With lowering of 
IocaI base level much of t h e  eolian 

sediment on the valley walls was 
W e d  and carried away. 
In Wisconsin time (Donndly Gla- 

uaticn) the xivex again a&graM 
and windblown silt was d m t d  
on fie valley walk Eolian w d  
deposition at this time a limited 
to lowlands adjacent to the Delta 
River. T r e  line was 1500 to 1800 
feet (450 to 550 m) lower, and trees 
were limited mainly to creek and 
valley bottoms, The lowering of bee 
line has been substantiated by the 
great d u d o n  of free pollen and a 
rise in pollen of tundra @e~. and 
by the presence of a b o v m d  near- 
%line animals that Lived in this 
area at that t h e .  
In post-Wisconsin time the amount 

of 1- deposition d*. except 
perhaps in the lower Delta River 
area. 

Road Log and IxrcaLity M p t i o ~ l f  
3S3.W Start in Fairbanks D-2 

Quad rand@. 

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 
Tanana River. From Fair- to 
Mile 330 tbe flood plain is a flat 
plain with meandering siream and a 
complex network of shallow swales. 
The surface layer of silt is 1 to 20 
fwt (03  to 6 m) thick and the total 
thickness of alluvium i s  300 to 700 
feet (91 to WO m). The W o w  
swales art filled with abut  30 feet 
(9 m) of clayey silt. The depth of 
permafrat is 2 to 4 feet (0.6 to 1.2 
rn) 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- Repth to perm&& may 

t N u m h  are miles bwm Valdez 
on Ibe Richardson Highway. 

W. S. G e ~ l o g i ~ a l  Survey Topo- 
graphic Quadrangle map, d e  
1: w,m. 

k 25 to 40 feet (8 to 12 m) in some 
c l h  areas. is -- 
tinuous and tkiexe are many udhzen 
lEusq layers, and d c a l  zones. 
Tbe ground ice m n h t  of mM 
is low and no large ice rn- are 
known 
The drainage is excellent and per- 

meability is high, except locally in 
silt or where ground is pe -nniaW 
frozen. Depth to the water table is 
abut  10 to 15 feet (3 to 4 5  m) 
w b  m o d  is absent. Tbe sur- 
face of this area is & for a f i d -  
ture if tbe soil is fertilized. The City 
of Fairbanks and the mil- reser- 
vations are on the flood plain. 

Because of active aggradation of 
the Tanana &vex and the wide 
braided nature of the stream, large 
arcas along the river and on the 
islands in, the rivers are in various 
stages of mlonization by vegeta- 
tion. Extensive areas uf wilIo- 
(SaZiz alaraensis, S. bebbimur, and 
Salk  spp.) and alders (Alnus c-1 
exkt between l?&hmk~ and Big 
Delta. W g e  s t a d s  of balsam poplar 
range in age from 30 to I00 years. 
Later stages in plant succ&oq ES- 

~ i a l l y  white spruce stands of all 
stages, occur along the river f l d  
plain adjacent to the highwag. Older 
terra- of black sp-uce, larch, and 
bogs are conspicuous at maw points 
along the river but are absent in 
localities where the river is adjacent 
to the bilk of the Yukon-Tanma up- 
land. 

3632 to 3472 Most of the of 
vegetation dong tbe k t  25 mila 
(40 km) of the highway are a result 
of recent &ktmbance and fire Near- 
ly all of the stands are successional 
and kcavse of the p r  -@. 
stands of willows. Mack spruce, 
larch, and paper bkch are the most 
common 

355. Fairbank D-1 Quad- 
rangle. 

356.1. Right; telephone poles 
h e a d  by seasonal freezing of the 



grolmd. Poles are braced at the base, 
but not succes&lly. 

352. Right; water well here pene- 
trated 265 feet (81 rn) of perma- 
frost, greatest thickness recorded on 
Tanana River flood plain. 
350.0. Village of North Pole. Sank 

Claus Lodge. 
349.7. Enter Fairbanks C-X Quad- 

rangle. 
347.2 Highway on dike for next 

2.8 miles (4.5 km). The dike, 3 miles 
(5 Irm) 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 valIey and no 
large transverse frost cracks war .  
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 floded annually. 

344.9. End of dike. Moose Creek 
Bluff i s  a bedrock hill. of schist and 
gneiss of Precambrian(?) age poking 
through the alluvial  f i l l  of the 
Tanana Valley. Cliff-head dunes of 
Recent age occur on lop. Rwk paint- 
ings in red pigment were discovered 
on the south side in 1940. The larg- 
est figure was 25 inches (53 cm) 
high. A11 are n o w  destroyed except 
one slab which is at the University 
of Alaska museum. The age of the 
paintings i s  unknown. 

337.5. South entrance of Eielson 
Air Force Base. South of this point 
a statistical study was made of the 
prominent transverse frost cracks 
in the highway o v a  a distance of 
5,280 feet (1610 m); the study showed 
that the cracks are spaced an aver- 
age of 105 feet (32 m) apart. These 
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are thermal contxaciion cracks in 
seasonally frozen ground (seasonal 
frost cracks). Cracking o f  the 
seasonally frozen ground in the 
interior of Alaska occurs only in cer- 
tain resh.icted environments at pres- 
ent. It occurs in centraI Alaska, as 
far as known, only in areas that are 
vegetation free and/or t ha t  are kept 
snow free during the winter, such 
as roads and pathways near Fair- 
banks. In seasonally frozen ground 
the cracks which traverse the roads 
and paths narrow rapidv and dis-  
appear as they pass into adjacent 
areas covered with vegetation and 
unpack4 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 Iher- 
malt contraction cracking of the 
ground is known today in the sea- 
sonally frozen ground or the perma- 
frost of interior Alaska. Ice wedges 
that exist today in perennially fro- 
zen ground in centml AIaska formed 
in the past under a more rigorous 
climate. The average diameter of the 
polygons formed by thermat con- 
traction cracking of permafrost in 
central Alaska i s  approximately 100 
feet (30 m). 

336.1. The skyline to the east in 
the Big Delta C-6 Quadrangle shows 
an ancient altiplanatjon teaace(?). 
336. The road passes through an 

extensive stand of black spruce and 
larch that developed after a fire in 
this area. T h e  trees are about 35 
years old. 

334.05. Here and at many other 
places along the Richardson High- 
way to Big Delta the old 4-inch- 
diameter (10 cm) pipeline which was 
used during World War 11 to supply 
fuel from Skagway to interior Alaska 
can be seen. 
330. Bedrock hi l l  of the Birch 

Creek Schist. On the steep, dry, un- 

stable south-facing slopes at this 10- 
cation and elsewhere alang the high- 
way two species of sagebrush, Arte- 
mi& f r i g i d s  and A ,  krushiana are 
sowing. 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 De lb  C-6 Quad- 
rangle. 

328.5. Right; confluence of the 
clear water of the Little Saleha 
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, moderately 
well sorted sandy gravel capped 
with as much as 8 feet (2.5 m) of 
frozen silt at  t h e  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 silt overburden) 
averages 15 feet (4.5 m) above the 
modern flood plain of ihe Tanana 
River. 

328. Road parallels the scarp of low 
terrace. 

327.6. Little Salcha River .  T h i s  
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 silt as 
much as 12 feet thick. 

3 2 6 2  Enter Big Delta 3-6 Quad- 
rangle. 

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

325.7. Rise onto lower terrace. 
Gravel of lower terrace exposed in 
borrow pit. Sandy cobble gravel 
overlain by 3 to 6 feet (1 to 2 m) OX 
silt. 

325.2. Salcha SchooI. Lower kr- 
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. 

324.6 to 3232. Road is on modern 
flood plain of Tanana-Salcha River 
confluence. Terraces are absent or 
concealed. 

323.3. Salcha River bridge. Large 
10-inch (30 cm) diameter pipeline 
on the left side of bxidge is new 
(195455) fuel pipeline from Haines 
to Fairbanks. It c m  carry 7 types of 
fuel at one time. 

323.3 to 322.5. Modern flood plain 
of Salcha %ver. Road is occasionally 
inundated during high water. 

322.5. Scarp of lower terrace of 
Salcha River. 

322.4. Scarp of upper terrace of 
Salcha River. Relief i s  subdued local- 
ly by thick silt. 

322.4 to  320.2. Road is an the 
higher of the two terraces recognized 
on the northeast side of the Tanana 
Valey in the Big Delta (B-6) Quad- 
rangle. The Salcha River has ap- 
parently been graded lo the Tanana 
River, and similar sequences of ter- 
races are recognized along both 
rivers. Studies of lithology and sedi- 
mentary structure indicate that the 
material underlying the highway 
was deposited by the Salcha River. 
One to 1.5 miles (1.6 to 2 h) to the 
west, the gravel is of Tanana River 
origin. 

The upper terrace is mantled with 
from a few inches t o  6 feet (several 
crn to 2 m) of silt, probably loess. 
Several fossil ice wedges are found 
in the gravel of the upper terrace; 
none are recognized in the lower 
terrace. 

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

320.1. Borrow pit on left exposes 
gravel of upper terrace, mantled by 
several feet of sand and silt (par- 
tially stripped). Finer sediment is 
fjrmly cemented by iron oxide and 
displays intense convolutions. Tm- 
bricate structures in surface zone are 
- 
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similar to those fwnd in modern ridges, averaging abut 3 feet (1 m) i 
ice-pushed ridges of Harding Lake, in height, haw k e n  CUUUM These u 
suggesting that an arm of &ding rid= indicate higher stands of the ! 

rD 

Lake may have QriCe occupied this lake - the sharp- of the ridges Cn 

area. Borrow pit on right exposes fllggeds that they are ~ r d y  a few 
a fossil ice wedge extending several bun- years old. 

I 
I i 

? feet (more than a meter) into the A detailed bathymetric m e y  of 
gravel of the upper h c e .  the lake reveds that submerged 
319. stop 4-~CP: m g  ~ a k e  land- beah features P-L 

M y &  of the depth of t he  fea- ing and picnic ground 21 
Aggradation by the Tanana XIi- hmes Ci(3e-pushed ridges and wave- 1 : 

and its major tributaxk have a p  built terzaces) indicates mat the i i '  

parently dammed several of the va~- ma- of - has . , 

i leys wf the Yukon-Tanana u p b d  d- as as feet 

during hte Pleistocene time. This (2 m) relative to the east share Age I 
and significance of this warped ; '  damming has W t e d  in the fmma- . ! 

are not hown. The Salcha tion of several lakes: Earding, Birch, '- I , ,. 
and maps a 0th- aver Palley has been 

Barding h k e  is among *- of at h s t  one major e M q u a h  1 j 

hkea in that its maximum depth dU=~emstan",'~paper birch. exceeds, by a factor of 3 or 4, that often Taith an understory white or i of any of the othex lakes. Aka. the 
bottom of Mg shows con- black spruce surround the  hke. ' I  

t '  
! .  

T h e  stands are about LOO years i 1  sidexabk reliet whereas #e bottom old rod lupe owM during a 1 profiles of the other lake are gen- 
smooth. A typid east-west perid when fires seemed to have 

been extensive in the I 
I pmWe of He - in Tanan=Many of the upland W 

figure 417Z For comparison, a typi- o 
stands between here and Big Mta cal profile of Birch Lake (Stop 4-21) 
are abwt this age. 

Ol 
pl 

i s  i n c u d e d  .-, 
31& Excellent view of Mt Etayes s 

0 k Icepushed (ice -p*) (13,832 feet 14219 mJ altituae) rmd are well developed along the shores n 
of Hard* Lake- Along the north peags Of centd Range- 
&ore as maw as seven d~ 3173. F h d  descends to lower ter- I ,  o 

race of Tanana Rivm- T m c e  is un- 
&irktin by moderatdy well sorted i 

I 'This guidebonk has 66 stops, num- sandy g r a d  overlain by 2 to 4 feet 
bez-ed conrmutively h m  1 through (abut  I m) of silt. Terrace is 10 feet 

I 

! 1 

I 

1 ' 
66. but with a prefix for each num- 13 m) abwe river level+ 
ber to indicate the day of the trip 317. mt; road parallels cdge of I .  
when the stop should m. Thus 10 to 15 fwt-high a to 5 m) 
Slop 4-20 would indiolte that Stop of lower terrace. Scarp of upper ter- I 
Zdl is included in the itin- of mce mn be lorn f e t  (300 m) I 

DAY 4 
! 

to the left 
I 

I T h i s  guidebook has 53 figures, 316J. Road ddescen&s Lo madern 
numbered consecutively from X flood p h b  of Tanaw River. Gravel i. 
through 55, but with a prefix for apsd here is typical Tanana River 
each number to indicate the day of s e d k e n d b m  quartz dim- 
the ixip when the figrrrr is tirst used Ete, srbist, and vol&c rocks Schist 
mus fig. 4-16 wodd indicate that is wcaPh& and *ble 
fiem16appearsintheitinerrvgWr 3165,Smrpoftbenpper- 01 

S l 9 I . M  
0s 

DAY I 800 feet (250 m) w the left Upper 
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terrace is 15 to 18 feet (4.5 to 5.5 m) 307.4. Ascend to upper terrace of 
/ feet 14.3 m] of silt) is only 3 feet terrace gravel of the Tanana River. ~ 

above the lower, and is covered with Tanana River. Borrow pit on right i (1  m) above the present level of the A log from 4 feet (1.2 m: b e l ~ w  the 
about 3 feet (1 m) of silt a t  the is in Tanana River gravel. A venti- river, whereas the upper terrace is top of the Banner Creek gravel, 220 1 

scarp. This silt mantle t h i c k e n s  fact has beer; fo.;nd near the sur- represented by scattered patches of feet (67 m )  downstream from the 
' 

rapidly toward the east. face on the upper terrace under the lime-coated cobble gravel 17 feet highway bridge, has been dated as 
314.4. Ventifacts of quartz occur 4-foot (1.2 m) thick silt cover near (4.3 m)  above the river. A log a t  3920 i 75 years old (GX-0257). 

on west slope of hill, 1 mile (1.6 km) the southwest end of the lake. the base of tine sfit overlying the 295. Richardson Roadhouse. First 

east of road and 400 feet (120 m) 307.2. This very rough stretch of lower gravel has been dated as 3,005 established in 1907 after the gold 
above the p r e s e n t  i e v e i  of the road passes through a dense stand of 1.75 years old (GX-0277). strike on Tenderfoot Creek. The 
Tanana. Farthest north occurrence black spruce that is about 90 years i The hill on the immediate left Roadhouse has been moved toward 
of ventifacts of Delta(?) age. Venti- old and underlain by permafrost a t  consist5 of bedrock, overlain by a t  the hills three times as the Tanana 

facts are buried by 2.5 feet (7.6 m) a depth of 2 to 6 inches (4.5 to 25 least 3 feet (1 m) of fine-grained, River has encroached. 
of loess. cm) under the vegetation mat. uniform, eolian sand which is in turn 294.99. Stop 4-24: Richardson Road- 

313.7. Descend from lower terrace 306.8. Sfop 4-21: Birch Lake (fig. covered by as much as 10 feet (3 m) hp;s@ Grave! Pit. 

to modern Tanana flood plain. Ter- 4-17). of loess. The contacts of these beds Exposed in a borrow pit near the 
race scarp is rock-defended at this  hi^ lake has been 

slope gently toward the Tanana Richardson Roadhouse is an iron- 
point. dammed by a g g r a d a t i o n  of the 

313. South-facing bedrock slopes Tanana River in late Pleistocene time 
are covered with sagebrush (Ar te -  (see Stop 4-20). 
misia frigida). The bottom sediment of the lake 

312.8. Left; basalt dikes and faults is a well-sorted organic silt nearly 4.5 feet (1.4 m)  of loess. This gravel of this exposure; however, the face i 
in Birch Creek Schist. identical in lithology and grain size 

312.7. Left; landslide, probably in- to the !=ess on the surrounding hills. 
active, in loess and colluvium on Cobbles of Tanana River gravel have 
slope. been recovered 475 feet (145 rn) off 

310.8 to 308.8. The road overlies the west 
ice-rich pesmafrost of colluvial loess On the right side of the road is 
derived from the loess-covered hill exposed the sharp unconformity be- 
on the right. The roadway is con- tween the bedrock and the overly- 
seyently poor. The vegetatioc along ing loess. Mineralogical studies indi- 
thls section of road is also a good cate that the silt is compositionally 
indication of the presence of perma- distinct from the quartz monzonite 
frost, there being mostly stands of bedrock, thus excluding the possi- 
black spruce, larch, and paper birch. bility that the silt may be of residual 

3C8.:. Right; bedrock is coarse- origin, as postulated by Taber (1913). 
grained granite and quartz monzo- 305.9. A large number of finished 
nite which is weathered to a depth stone tools and flakes of slate and 
of more than 20 feet (6 m). A borrow chert were found 6 to 18 inches (25 
pit in this weathered zone reveals a to 46 cm) below the surface in loess 
well developed solifluction layer 5 when borrow pits were opened in 
feet (1.5 m) thick of grus. This layer the grus in 1947. 
is overlain with 1 to 5 feet (0.3 to 304.8. Left; borrow pit in weath- 
1.5 m) of loess. ered quartz monzonite, overlain by 

308.3. Descend to lower terrace of 4 feet of loess. 
Tanana River. 300.7. Enter Big Delta B-5 Quad- \ sand. This rock is known to crop out a 

308.4 to 308. Black spruce Picea 'angle- 295.6. Right; pingos occur in forest short distance away in Banner Creek ~ 
mariana forest on left is growing on 300. Sfop 4-22: Mouth of Canyon 100 feet (30 m) from road. Valley. A study of pebble orienta- 
frozen, organic-rich silt overlying Creek. 295.4. Banner Creek. One to 10 tions reveals that the direction of 
the gravel of the lower Tanana ter- The two Tanana River gravel ter- feet (0.3 to 3 m) of silt over creek transport of the gravel was to the 
race. Depth to permafrost is 1 foot races apparently converge near here: gravel. Banner Creek gravel may southwest, the direction of flow of 
(0.3 rn) or less. the lower terrace (mantled by 17 very well correspond to the lower the nearby Banner Creek today. 
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jntevrebtim eolian sand with sharp conact. (Ex- the p]ain (j& Warren goad and Strang agnia sand and 
Quartz Lake) and cut and polished dt from fie mh and out- emum iS Wvel ceUent stop for sand -mp[hg.) ventifah on me s o u ~ - f i c h g  bed- wash plains to cut ventsack Venti- sents a him level creek gravel de- p-1 the sand posit of @arb to middle Pkistmene ljsted under discuion at apes  and from Shaw £a& formed during this &ciation wkpost 

age and is cappea by l o w  of late 282.5. 3~ at last 20 miles (32 occur much farther S0d.h than those 
Pleistocene to Hecent age. The re- h) f~ a e  west (fig 4-19)- Venti- assm.iatd with the extemi~e 
lationship of the section to the ter- 287.2. sfop 4-25: Shaw C r ~ k  ~ l ~ f f .  f;la formed at &vations &lta GLackttion (fig- 4-20]. The 
races of the Tanana River is not yet ran- d e r  levd the ventifacts occur on moraines of Del- 

af at least 650 feet (200 m) ta age and are wiLhin I to 5 m i h  known. Geologic histmy-To the south 
2923. Top of hill, devation of 135U from Shw Creek Bluff can be seen above river. (1.6 to 8 h) of the front ot the 

feet (422 m) or 450 feet (137 m) the Panorama of the Alaska Range &jm&y ice Sand dune formation Probably throughout the time of - restrw being Mted to areas above river level Tmee feet (1 m) and the broad Tanana River valley 
of toess overlies a Z h c n  ( 5  cm) (fig- 4-18) - On the right is Mt. Hayes 

-* and near fie I)elta fiver (fig. 4-20). 
t h i c ~  gcaysandlayerwhich inturn (13,832feet; 4219 m) andassociated 

contjmued to be blown the Windbhn  however, was abun- plains northward and westward onto 
the hills Sand dunes were fd on dank and areas north of the Don- ouenle tne 8rcn Cree& =t, p e a k  To the left of Mt. hlaye is a 

Many wind-faceted quartz fragments pass through the Alaska Range, the  the south-facing slopes of the hills nelly glacier were blanketed ~ ' i t h  
occur in =nu layer. 1.he quanz !rag- Delta River Pass occupied by the n d  and west of Shaw Creek Flab loess and i 
ments are residual from weathered north-flowing DeIta River and t h e  as fie -d was h e  by the hi&- Creek 'la% the Lwss was 

i 
bedrock. On top of Tenderfmt Hill Richardson Righway. The Granite 

1 -e dunes migrated over the h p e d  o v a  the dunes and the , 
and e& on the north side of gullied blanket Of % mile (0.5 b) to the north at an Mountains form the foofiill moun- 

elevation of 1535 feet (468 m), 650 tain group on the left of the pass. A the - LK) s l 0 p ~  In P~~~~~~~~~ time I 

leet (1Q8m) abovetheriver,an ex- small, dark, pyramidal peak, Don- Irm') of sand duns were tlonal 1- was and cow- 
cavation exposes 3.5 feet (1.1 rn) of nelly Dome, stands out in front of formed at this time. & duns  and moraines of Wisoon- I 

l#ss over an inch-hick gray sand the Range near the Delta River. In sin age. 
layer containing q-,art2 ventifacts. the middle ground on the right are 

1 The sand f a c i e  of the de- 
posits mvers 800 sqwe mila Sham Creek Bluff s d h -  Ex- Tnis in turn rests upon bed roc^ of low forested hills formed o n  the 
(2000 b 2 )  n o d  of T m  River pased in ehe road cut at Shaw Crek 

the Birch Creek Schist,. Birch Creek Schist. In the center and thins aaY from the s k w   luff are U D G D D S O ~ ~ ~ ~ ~  s d i ~ ~ ~ e n b  
292. Valley of Tenderfmt Creek. middle ground is hummocky terrain 

Goid strike occurred here in 1m5. of the 200-foot (60 m) high terminal &e& Bltrff area At about 15 to 20 overl*g the Birch Creek Sch* 
(25 30 b) from f ie  which illustr;lt% in Part, fie gmlogic . 

Placer gold was recovered by drift moraine of the Delta Glaciation. To former ice fron% whdb~own gilt history of the a- 4-21]. 
mining. Tailing piles ot creek gravel the far left (north of the Tanana 
c a n  be seen in me trees on the left River) is Shaw Creek Flab (fig. 4- 

i dominated- Xn the Fairbanks area sgt and sand are spread on the 

I 
60 mik  (96.5 km) a w ,  for ex- w d c  and downslope. in the bottom of the valley. T& road f 8). The braided silt-laden Tanana 

overlies ice-rich coUuvial silt; thaw- River lies at  the bass of the bluff 
ample. no sand facies of the e~lian malying the Birch Creek Schist is ! 

ing of permafrost produces a vmy 100 feet below. From this spot the 
deposits of Delta t h e  are b w n ,  a I to 2 fmt ( 0 3  to 6.1 m) thick cal- ; 

irregular nignway surface. but thkk deposits of silt of Delta -us solauction layer with no ! middle to late Quaternary history of 
290.9. Right; coarse gray sand ex- the s e a  can be reviewed, with 1 a* are p m t  (fig, 1-21. ventifads and rare pads of ! 

posed in truncated ridge. ~ h k  is emphasis on the eolian deposits (figs. the mta Ghcktan, me sand Overlying the r n l i i l ~ i o n  de- 1 
gla- re-ted, r e  bris is a grils, Coarse- medium- eolian sand partly r e m s p o d d  4-19, 4-20]. 
eolian d - a  and it j4 grained sand hyex a few inches i 

from the h i u d e  by wask This is In Delta (Illboian) t h e  a 
the first good exPosure of this sand mont ghcier #e Alaska Range 

thought that level low- <several -timeten) i 

the Toad pushed north ered as the Tanana River dong the Ddta River 
cut into its upslope end af and 

a ~ u c h  of the -d thi-g mom than 5 feet (15 m, and Big Ddta and represents the and &mhated 8 miles (13 km) on lower h m  - gulfid, ar downslope. During ~ h q r t a t i o n  sand facies Of of south OX Shaw Creek Bluff, at the 1 

Delta age. was fie 1- Fairbanks area of the s n d  dowmlope many venti- 
position of the terminal moraine to- (Stop 1-14). facts were incorporated. The vcnti- 29C*l- Tenderfoot Creek. Right; day. Broad gravel plains extended 

In late Quaternam (Wixonsm) 
facts are cut and ppolished and are of old gold including northward from the glacier to Shaw 

time the Glaciation oc- from 4/r of an indl (0.6 m) to more 
@levat& slILk? hxes and Steam Creek Bluff and into the Shaw Creek tfian 12 inches (305 an) in diameter. power plant Flats The braided Tanana River in the area and vaaey gla- ventifacts hawe a I mm thick 

289.5- Left; 4 feet (1.2 m) 0f ~WS$ and outwash streams wandered over eiers again pushed north eom the - to Ihe T- River lime coat on their lower sides 
over l~hg  eolian sand. these plains. Winds from the south 

287.5- Left; 4 feet (1.2 m) of loess blew sand from the  outwash plain- In the Delta River area the glacier herlying the sand with a fairly 
overlying clean gray crossbedded sand which cut ventifacts on the termhared near IDomelly Dome sharp break is lbess less tban a foot 
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(0.3 m) thick upslope but thicken- pears to be a gully filled with soli- 
ing to 5 feet (1.5 rn) downslope. A fluction debris and large pockets ! 
Subarctic Brown Forest soil profile and masses of pebbly sand with . 
about 20 inches ( 51  cm) thick is weathered rock fragments. There : 

A,,% pv.-VL.." * . . " I . y - - " C . C - " a I  I.. ...-I 

the solifluction layer indicates a cold posure. The pebbles are wind pol- I ' 
nprind and ~ I z i ~ i a I  advance nf nro-. ished but are not a3nd cut. 
~ e l t a  time. h e  ventifacts and- the 
sand are of Delta age. In the warm 
period that followed the sand de- 
posjtion and formation of ventifacts, 
the ground was not perennially fro- 
zen and gromd water deposited lime 
on t t e  ventifacts. Subsequently, in 
Donnelly time, the sand and venti- 
facts were buried by a loess blanket 

Unconformabb overlying the bed- ' 

rock and the solifiuction layer, as 
well as the sand wedges and pockets, 
is a well developed and extensive 
layer 1 to 4 inches (2.5 to 10 cm) : 

thick composed of ventifacts. The , 

ventifacts are vein quartz from 
the bedrock, are well cut and pol- 
ished, and form almost a continuous 

deposited on the hills. horizontal sheet The ventifacts are 
Jh to 6 inches (0.2 to 15.2 cm) in 

296.7. Slop 4-26: Shaw Creek Road. diamefer. ~h~ Largest and most 

. . \la.& c r n l  uldrIleux venw 
Creek Flats at of 950 chert found in the p l l y  area over- feet (289.2 m), only 50 feet (15.2 m) lyhg pebbles of transported rnafic 
above the present level of the Tan- rock. Ventifacts and roch I I a E I I I T ; I I w  
aria River, a borrow pit cut across the sojifluctioa and fractured bed- 

I 
at '.' On rock have a lime coating on their , 

id has exposed an informa- 
- .,, ,--, ,,, , . , - lower sides. 

* a r b  arrrru.. C . "  *bC*  \us-" 1-11 A V Y 6  1.1 

which are sedimenk of to Overlying the ventifact layer is a 
late Quaternary age (fig. 4-22), Ly- I well-sorted m ed ium-gr ain cross- , 
ing unconformably over bedrock is bedded ! P Y  eolian sand layer which , 

a calcareous lay- of solifluction de- i s  a few millimeters thick in the ! 
bris -5 foot (0.15 rnl to more than center of the exposure in the shallow 

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 
10.2 to 0.3 m) wide of nonbedded 
medium-grained sand mixed with 
smaUer rock fragments occur as ice- 
wedge fillings in t h e  solifluction ma- 
terial. This sand fill col-ltains no 
venlifacts, is more poorly sorted, and 
contains more silt than the overlying 
bedded sand. In the shallow valXey 

undulatus are present jn the sand. 
T h e  burrows are filled with sand or 
sand and loess. Near one burrow 
Richard Hi11 Pew& found a skull of 
a ground squirrel. It was identified 
as Citellus uncEulatus by Dr. G. D. 
Guthrie, vertebrate paleontologist of 
the University of Alaska. who stated 
that the mature skull was smaller 
thah that of modern ground squir- 
rels 

Blanketing the landscape is a 4- 
. - - - . -. . . . ~ - - . . -. - - - - , - - - - - - , - -- -7- 

tion deposit is com$ex. There ap- which uncomformably covers sand, m 
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Figure 4-18. Panoramic view kom Shaw Creek Bluff of the Alaska Range, 
glacial moraines, and the broad, braided Tanana River. The t e d  
moraine of the Delta Glaciation is represented by a 200-foot high ridge 
on the south side of the Tanana River, 8 miles south of the Shaw Creek 
Bluff. The glacier that deposited the moraine emerged from the Delta 
River Pass in the Alaska Range. (Sketch by Mary Jean PCw6.) 



. . 
venLi!acts. and bedrock. A well- bedrock and the solifluction de- I:,, ', 
developed Subarctic Brown Forst posit. .I .: 

11,. ,..-, 

soil. 21 inches (61 cm) thick is pres- 
ent on the loess. The loess, which 
maintains a vertical face, is perfor- 
aied with holes of cliff swallow. Two 
feet (0.61 m) below the surface at 
the south end of the sectjon i s  a 
thin ?G inch (0.6 cm) thick charcoal 
layer. Radiocarbon dating places 'he 
age of lhis charcoal at 2565 2 290 
years {GX-0254). 

Geologic history-A record of al- 
krnaiing periods of cold and warmer 
climates from middle Quaternary to 
present times is represented by the 
sediments in tkis exposure. The soli- 
fluclion deposits were formed under 
a rigorous climate of middle Quater- 
nary lime. SolifIucfion deposits 
formed at an altitude of 950 feet 
(289.2 3) at this t h e ;  today so l -  
fluc~ioa deposits are forming a t  an 
a l t i tde  of 3000 to 3500 feet (910 to 
1070 m) in the Yukon-Tanana up- 
land. The ice wedges that formed in 
the solifluction deposits may eifher 
be in:erpreted as forming in the later 
part of rhe cold period, or ifi a sepa- 
rate ccld period after the soljfluc- 
tion deposits became stabilized. In 
either iastance, the mean annual. air 
temperature was a t  least 3°C 2 0  4'C 
colder than now. 

Ex-i6enily some sand was blown on 
to the hilb 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 warmer period, as indicated by 
the melting of the ice wedges and 
by l h c  filling of voids with overly- 
ing sand and with solifluction mate- 
rial from the collapsing sides of the 
voids. During this time a thin blan- 
ket of residual fragments of vein 
quartz collected on the surface as 
the result of long weatbering of the 

With the return of a more rigorous 
climate, a cold period thought to be 
assmiated with the  Delta Glaciation. 
sand was blown across the blu& cut- 
ting and polishing the rock frag- 
ments, The cutting and polishing is 
especially well preserved on the 
quartz fragments and other resistant 
rocks. Eventually, accumulating sand 
covered the bedrock. building dunes 
and a sand blanket,' therebytermi- 
nating most of the ventifact cutting 
by burial. Ground squirrels were 
abundant at this time, ind icat ing  
near-tree-Bne conditions. 

With the amelioration of the cli- 
mate, glaciers retreated and sand de- 
position ceased or remarkably de- 
creased. The squirrels  m o v e d  to 
other areas as the tree line rme. The 
sand blanket was gullied and in part 
removed by erosion. 

The loess layer is thought to be 
associated with the advance of 
glaciers in Donnelly time, a time 
when the outwash plains and valley 
trains were less vegetated. The loess 
was draped over the landscape dur- 
ing this time of more rigorous cli- 
mate. In the last few thousand 
years, with t h e  withdrawal of gla- 
ciers and warming of climate, loess 
deposition was reduced and a well- 
deieloped Subarctic Brown Forest 
soil formed on the loess. The upper 
layers of the loess are relatively 
Young. 

286.6. On the poorly drained Shaw 
Creek Flats, which axe underlain by 
permafrost at shallow depths, are 
extensive stands of larch (Lark 
la~iciana). In the center of the flats 
is a nearly treeless bog which ap- 
pears to be a stabilized strangmoor 
or string bog. The vegetation of the 
bog consists mainly of sedge tus- 
socks (Er iophorum vaginaturn) ,  
sedges, !Cu~ex spp.), and the shrubs, 
dwarf birch (Betula gtanduhsa), and 
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leatherleaf (Chamadaphne calym-  
Inta). Fram the air distinct patterns 
of ridges and depressions can be 
seen. At least the edges of the bog 
have been burned, as is evidenced 
by a few charred stumps. Most of 
the black spruce and larch visible 
from the highway are from 50 to 
100 years old. 

285. Enter Big Delta A-3 Quad- 
rangle. 

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 t h e  northernmost sand dune 
area associated with the glacial ad- 
vance of Donnelly time in the lower 
Delta River area (fig. 4-20). 

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

0 to 4 feet loess with forest-fire layers. Radiocarbon date on 
(0 to 1.2 m) charcoal near base of  loess js 8040 & 190 years 

(GX-0255). 

4 to 9 feet tan, fine-grained, crossbedded eolian sand (dune). 
(1.2 to 2.7 m) 

9 to 13 feet buff fluvial sandy silt. 
(2.7 to 4.0 rn) 

13 to 19 feet Tanana River rounded pebble gravel. 
(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 km) (282.5 to 277.7) the road 
follows a linear, 'kliff head" type 
sand dune area on the edge of a 
low terrace next to the Tanana 
River (fig. 4-20). The dunes are 5 to 
10 feet (1.5 to 3 m) high and occupy 
a belt about 100 to 200 yards (90 to 
180 m) wide, forming a dry ridge 
between the river and the extensive 
swampy Shaw Creek Flats to  the 
nortb. It is an excellent location for 
the highway. The dunes are covered 
with I to 5 feet (0.3 to 1.5 m) of 
loess, but the sand is well exposed 
jn road cuts. 
The physical properties of the tan 

sand exposed here and the gray sand 
of rHinoian age exposed at milepost 
287.5 near Shaw Creek Bluff (Stop 
4-25) have been examined by mem- 
bers of the Pleistocene Geology class 
at the University of Alaska and are 
listed in Table 11. 

277.7. End of sand dunes. 
277.5. Two miles (3.2 h) corth 

(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 k thought to have 
formed as the result of aggradation 
of the Tanana River damming small 
valleys of  the Yukon-Tanana upland 
during late Pleistocene time. Quartz 
Lake i s  a shallow (40 f t  [I2 mj  ) lake 
held in on the west side by Tanana- 
Delta River alluvium (fig. 4-22). Ex- 
amination of  the gravel alluvium in 
the ice-shoved ramparts of the lake 
reveals numerous cobbles up to 6 
inches (15 cm) 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 Iitholagies 
at this location suggests t ha t  jn Deita 
time the outwash plain from the 
glacier extended to the lake area, 
dammed local drainage from the 



DELTA RIVER AREA, ALASKA RANGE 
Table 11. Physical properties of eolian sand exposed at Shaw Creek Flats by 

and near Shaw Creek Bluff, central Alaska. Troy L P&w& 

Shaw Creek Flats Near Shaw Creek Bluff  R E S W  OF QUATERNARY GEOLOGY OF THE DELTA RIVER AIIEA, 
(Mile 282.5 on (Mile 287.5 on I ALASKA L U G E  

Richardson Highway) Richardson Higl~way) The Alaska Range is a great gla- in the Delta River area in the cen- 
h4 ineralogy 73% quark 63% quartz cially s c u l p t u d  arcuate mountain tral Alaska Range. The g lac i e r s  
Roundness appcox. 75% angular to approx. 75% angular to wall e x t ~ d i n g  west and southwest pushed south and north from the 

subangular grains subangular grains 600 miles (170 km) from the Cam- crest of the range, and some of t he  
Sphericity 32% grains have high 75% grains have high dian border to the Aleutian Range. ice on the south side found egress 

sphericity sphericity It is composed of a core of Precam- to the north through the  Delta River 
Luster 89% of grains have dull 75% of grains have dull brian or lower Paleozoic schist and Pass. On the north side, the glaciers 

luster luster gneiss, the higher mountains being largely remained as valley glaciers, 
Sorting well sorted well sorted held u p  by granitic intrusions of spreading out terminal bulbs on the 
Mean diameter 1.47 mrn 2.27 mrn Mesozok age. The range is flanked lowland of the Tanana River valley. 
Coior tan gray by, and in part made up of, sedi- On the south side, the glaciers co- 

mentary and volcanic rocks of Pa- alesced, forming large piedmont gla- 
hills, and formed the lake. The Bibliography leozoic and Mesozoic age. On .the ciers or ice sheets covering the low- 
cobbles were wind cut in Delta time Bladrmell, J. M., 1965, SurficiaI geol- lower flanks of the range, and un- Lands and pushed south into the 
when the broad outwash plain was and geamorphology of the derlying adjoining l o w  lands. are Copper River basin. 
scantily vegetated and smd could be Barding Lake area, Big Delta 

a poorly consolidated coal- bear in g The earliest glacial advance rec- 
transported easily.  These wind-cut Quadrangle, ~ l ~ k ~ :  unpub, M.S. [ gavels and clay sedirnenk of Ter- ognizd is the Darling Creek Ela- 

are thought to be the same Thesis, Dept. of Geology, Univ. of tiary age: The range is extremely ciation of early Quaternary age. It 
rugged and contains Mt. McKinley, is identified from patches of drift age as ventifacts examined at earlier maska, 91 p. 

steps in the vicinity of Shaw Creek Giddings. J. =.. 1941, paintings 
20.300 feet (6,191.5 rn) in altitude, 2,000 to 5,000 feet (610 to 920 a) 

Bluff. No detailed work has been cenkal Alaska: Amer. Antiq- 
tbe highest mountain on the North above the floor of the Delta River 

done on the origin and agc of Quartz 
uity, v, ?, p- 69-10- 

American continent. h the central and from isolated etratics up to 15 
Lake, and much work, especially Alaska Range. Mt. Hayes, Mt. DeM- feet (4.6 m) in diameter in the  Am- 
pollen analyses, is necessary to pro- Mehew '. B" 1937* The Yukon- rah, Mt. Hess, and M t .  XimbaU are phitheater Mountains on the south 

Tanana region, Alaska: U. S: Geol. vide final support for this hypothesis 
survey Bdl., 8,2, 276 p. 

prominent peaks. The Delta River side of the Alaska Range. The suc- 
of origin and age. rises on the south side of the range ceeding @aciaJ advance was the 

Pkwi. T. L, 1952, Preliminary re- in the Tangle Lakes and flows north. Delk Glaciation, recogn iz ed by 
275.7. Left; fonner location of Bert port of multiple glaciation in  the The Richardson Highway (fig. 5-23) fairly well preserved, breached mo- 

and Mary's lodge. For several years Big Delta Area, Alaska: Geol. Sot. crosses the range through the Delta raines on the north side of the  range. 
a large log cabin, deformed by thaw- America BulL, v. 63, p. 1289. River Pass. On the south side the glaciers of 
jng of permafrost, existed at this , Wahrhaffig. Clyde, and m e  range is characterized by this advance did not cover all, the 
spot- Photographs of the cabin have Weber, F. R.. Geologic map of the spectacular valley glaciers 1 to 40 smaH peaks of the foothills. This 
appeared in various publications Fairbanks Quadrangle: U.S. Geol. (1.6 to $5 &) long. The @a- advance is thought to be middle to 
The roadhouse was torn down in survey, Mist. ~ e ~ l .  In", Map, ciers are largest and most numerous late Quaternary in age and extended 
1964. The deformed foundation re- 1-455, [ i n  press]. on the south side of the range, as well into the Copper River basin. 
mains. Skarland. I-. aPd Giddings. J. L.. they are nourished chimy by air The next two glacial advances 

275.5. ~ i ~ h t ;  hill of ~ i ~ ~ h  creek. Jr- 1948, Flint stations in central I masses moving northward to north- tmk place in late Quaternary (Wis- 
Alaska: Am. Antiquity, v. 14, p. eastward from the northerr1 Pacific consin) time and are closely related Schist covered with Wisconsin loess 
116-120. Ocean. On the south side of the ten- in extent and age. On the north that has slumped. 

Taber. Sfephea 1943, Pe renn i a l l y  tral part of the range, snowline (0- side they have been grouped into 
275.3. Tanana River Bridge. Mouth frozen ground in Alaska; its origin day is 5,500 feet (1,670 m) above one broad glaciation termed the 

o f  the braided Delta River emptying and history: Geol. Soc. America sea level: on the north side i t  is Donnelly Glaciation; on the  south 

into the Panama. Bull., v. 54, p. 1433-1548. 
6,500 feet (1,980 m). side, they have been named the De- 

At least four Quaternary glacia- nal i  I and DenaIi I1 Glaciations 
tions, each successiveIy less exten- These deposits on both sides of the 
sive than the former, are recorded range are characterized by fresh 
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knob and kettle topography. On the !more than a meter) of loess has 

ji 
south side, especially in the vicinity been built on the north side of the 
of ;he Tangle Lakes, are hundreds creek. The vegetation succession 

.,Y . of square mites (several hundred stages are somewhat different on the 
I :  square !m.! of fresb ice-contact fea- Delta River and its tributaries than 

/ !  ture: forme2 when broad sheets of on the finer alluvial deposits of the 
1 ' the ice stagnated . In very late Tanana. Early succession stages are 
? Qua;.ernary time (post-Wisconsin) more long persiskg and incIude 

1 .  there was a rather small advance of both the dwarf and narrow-leafed 
the glaciers. It is especiall~ well fireweed (Epilobium latifolium) and 

I 
represented on the south side of the E. angwtifolium), several legumes, 
range. the most conspicuous of which are 

Glacial advances of the last three Hedysarum spp., Astragolw spp., and 
I centuries have left moraine Imps Oxytropis spp., and the shrubs Dryas 
1 wi:hjn a few hundred yards {a few drummondii and D. oc topeah ,  buf- 
i hunc?red m) to a few miles (several falo berry (Shepherdia conademis), 

km cf the present glaciers. and several willow species. T h i s  
I early pioneer stage is often replaced 

Road Log and Locality Descripfions by a nearly continuous cover of forbs 
and grasses, of which Festuca spp., 

274.3.1 South edge of flood plain of Elymm inovatu, and AgTop r~ n 
Tanana River. L=ge yellow markers Spp. are the most common. These 
on rlgh t side of Lle road are mileage early successiond stages me an im-  
markers for buried 10-inch (25.4 em) portant source of food for h e  
diameter pipeline extending from falo her- that was kboduced jn b e  

1 : ;  Haines to Fairbanks. Big Delta area in the 1920's. 
I: I, - ,. 274.4. Outwash fan of Don n  ell^ Balsam poplars invade and replace 
>> , 
d .  Gladation of Wisconsin age. Elon- the rneadow stage which in turn is 
'. t 

,; . gate sand dunes 1 to 1.5 miles (1.6 succeeded by white spruce. O n  most 
,. . 

. e 
to 2.4 km) long are on left side of of the coarse gravel deposits white 
the :cad -5 to I mile (0.8 to 1.6 km) spruce may persist indefinitely, or 

1; t o  the east (fig. 4-20). Can be seen it may eventually be replaced by 
on the Big Delta A-4 Quadrangle. black spmce in a similar manner 
268.3. Stop 5-27: Left; lack W a m n  to that described for the  Fairbanks 1 Road. area. 

I Terminal moraine of Delta age 1% Djrecfly to a@ south Donnelly 
miles 12 km) fmlr. ~~~~~~d~~~ sigh- Dome can be seen. 16 miles (26 kin) 

I 
way. !n front of moraine i s  outwash 

, ,!. j plain covered with well-developed 264.6- Edge of outwash plain from 
!.I ' 1 ;  ' ven!jjacts (f ig. 4-i9). t h e  main lobe of the ice advance of 

1: : ,  

267.0. old channel of Jarvis Creek. D O n ~ e l ~ y  age. 

',I : Channel active in late Wisconsin 263.2- Enter Mi. Hayes D-4 Quad- 
time. rangle. 

266. Delta Junction. End of the (Refer to U.S. Gwlogicd Survey 1 i: Alaska Highway, Milepost 1422. Nap 1-394 by T. L. P&w& and G. W. 
264.8. Jarvis Creek. On windy Holmes. "Geology of the Mt. Hayes 1 ,  days dust is biom this small D-4 Quadrangle, Alaska." 1964.) 

1 / 
flood plain. A ridge several feet high 262.7. Stop 5-28: Right; Federal Avi- 

I I. .-- ation Agency Station Overlook. 
IMiles from Valdez on the Rich- South from here can be seen 2 

1 :  ardson Highway. panorama of the Alaska Range with 
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Figure 4-22. Exposure in a barrow pit at mile 0.6 (1.0 km) on Shaw Creek 
Road, Central Alaslra, of a solifluction layer with fossil ice wedges of 
sand overlain by an extensive ventifact layer. The  ventifacts 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- 
bks of basic dike rock wind polished but not cut; M-massive un- 
bedded sand. Boy is pointing to layer of quartz ventifacts. 





Mt Hayes looming as the most prom- of cobble and boulders nf g n e k  of tbe Birch Creek Schist of Pre- glacial outwash gravel. The wedges 
inent peak. W h e  the braided Delta granite. diorite, dark volcanic rocks. cambrian or early PaZeozoic age and have a wide upper part. a marrow 
fiver comes into view it has cut with some limestone and schist. The is a stream and glaciallg modified middle section, and an e&emely 
through the mind moraine of the percentage of schist fragments in the fault block It lies on the upthrown hegdarly shaped lower part Theg 
Donnelly Glaciation (Wisconsin). Di- t i l l  of Delta age is only 1 to 10 per- side of a fault which c.9tends - extend m 3 to 9 feet (03  to 
ec t ly  west b m  the overlook, the cent in con- to the large per- the Dome eastward into the Granite m) below the ground smface and all 
subdued moraine of minoian age centage of such fragmen% 20 to 25 i ?dolmtlin Granite M o ~ ~  i s  a bend md curve to varying d e w  
forms the erenulate skyline. percent, in the less weathered till fault block of quartz monzanite. Some of the wedges widen and nar- 

261.8. Left; entrance to Ft Greely. qf erne age. The G1acia- The fault line along the front of row again; many of them terminate 
t~on E thought to be pre-Wisconsin , 1 Granite M o t m a  is quite prominent in P sharp - and some t a m k a t r  

2588. The gradient of the ouhvash i, age because the topog- and cuts the ~ ~ ~ r a i n s  of W k m s h  in large footlike masses or bulges 
plain from Gw to Don- rapby iS considehly subdued and age which d e - a  at 

~ h ,  eentr of the wedge con- nelb terminal moraine is 55 feet per the mom.aines mentary- a, the I base of the momtab by small &a- in upp mile (10.5 m per b). The outwash bouldm mmt is low, and many tiers originating in the bl& The 
sediments range in size from 4- to large boulders on the are flat p a t  on the of 

part and greakh-gray silt in t h  
and lower part m d  6-inch (10 to 15 cm) diameter cobbles *to pimarled masses. Granite Mom- have been inter- thk silt are pebbles and cobbles the at the end of the outwash plain at ~ h ,  k e ~ e s  partb fiU,aJ and p e t &  as an exhumed d o n a 1  sur- sacne 

found in the outwash MileWfi 264.4 to boulder size* Or modified The number of kettles per face UP which Tertiary gravel a d  gr;lvd 
o u m  *enk a& 2 feet (0.3 to 0.6 m) in diameter, at  square mile on t h e  Delta moraine &-baring deposits were laid jacent to fie are -* front of the moraine a t  M3ep-t is 3 (1.1 per sq. h), jn contrast to 

256.5. 16 kettles per square mile (6.3 per different from the und- 
b i n g  Wisconsin time strong wd-tuiahaRmueh~ema- &a this section of outwash are ,q. km) on the DonneZIy moraine winds blew the -vegetated tmial appears to have been nearly continuous stands of balsam However, them k only one bog per outwash plain to the south. The *djamt ~ the cent wedges, poplar and aspen, in places square mile (0.4 per sq. km) in the 

with an understory of white spruce, kettles on the DonnelZy moraine as 
winds car* sand b-ted the gene* on one side, there is a 
edge of the moraine of Delta age, ,, of iron seg which tha t  have resulted from a fire about compared to 2 (0.8 per sq. h) on cutting, grooving, and polishing at f i e  bp and -ws do~pnwd.  50 years ago. The area will probably the Delta m0r-e. boulda-s and cobbles, forming venti- ~t i, the light-- to tan in ~e develop a white spruce stand similar 

to that .amWh which highway 25I.5. Stop 5-30: Edge af the Delta 
kts = t h e  v-=cts oc- w&e next to the brown or 

passed lust north of Bg Delta. 
cur an the moraine from this spot that so out- 

Moraine and Outwash of Donnelly north to FL Greely (fig. +20). b e s  the wedges in the field At the edge of tbe DonnelIy mo- 
raine the successional stands change age. 2512 5-31: P o b g d  g m ~ ~ d  The hypotheses considered for the 
to thme of paper birch and young suf i  fmm location be and fossil ice wedg- origin of the l a r g b  patierad 
spruce, perhap due to &e increase srn a broad, flat lowland of out- 
in silts in the moraine. 

kge-scale po&gons on tbe out- ground in the Dome area 
wash mvel of Donnelly age that wash pl& of wisconsin (-- faLl into two major ~ p s :  (1) des- 

257s. Right; entrance to Meadows emanated from a lobe of the Don- me& Glaciation) are by a h t i o n a &  h y ~ t h e *  a d  (2) 
Road. This mad leads tn outcrops of n e b  glacier as it stood at the base network of intersecting - thmd-traction crack -the 
loess more than40 ta50  feet (12 to of Donnelly Dome 4 miles (6.4 km) de-cins 1 to 3 feet ( O D 3 x )  - m&ed. ill@* 
15 m) thick dong tbe edge of Delta to the south. T h e  highway can be 
River f l d  plain. Radiometric dates seen on the front of the terminal The t h d - c o n m c t i o n  
of approxjmately 7,000 years have moraine of Dollnew age in the dis- -mated by diff- h v e e ~ -  m c k  P v  fiat the 
been obtained on wood at t h e  base tance. To the right, extending b m  tion ktween the centers of the pb- wbgmd mttern 1s *& by 
of the lo-. Donnelly Dome. is a moraine of gons and the bmches T6e poLygons and tension cracw of the 

2 5 6 5  5.mnt of the Donnelty mo- age is the same moraine are 80 to 130 feet (24.4 to 396 rn) in md in the = the rrsuZt 

rajne, Good vjew & ( ; r b t e  &found that swings around to l w a b t ~  d-w and - 3 to 6 sided- the of 'fd- rdh0Kk owing b c a -  
tain to left. of this Stop. h e  elevation of this numk are 4 *(fig+ ixa&on d i-entd -ts. 

moraine can be nabched with the TWO &tS to be consi- under 
Start the W&PA~W m- of relatively this kt**: (1) -~ai fairly well developed shoulders of moraine of Delta age. the Dome. Xn Delta t ime the glacier fjn-d sedimme && the a& WgoaS and (2) i m e e  

2527- Stop 5-29: Mmjne of the completely surrounded Donnelly 
Delta Glaciation. 

slight sMace depressions wGch ~~h~~ 
Dome which protruded as an nuna- m x k  the pobgon bundarks ( f & ~  Pobgons do not crack in the *a- 

The roadc~t  cxpased light yel- tuk 100 feet (224 m) above the gla- 5-25). -e-shap& n?- %ndJy gmmd in the h- 
lowish-brown silty grave3 composed cia1 ice. The Dome itself is composed or crass~lt  poorly stratified aelSp. Dome area today. It mld ap- 
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pear that for seasonal conbction 
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 thffefore it is thought that con- 
ventional ice wedges would form in 
the contraction cracks in the perma- 
frost rather than sediment wedges 
in the seasonally frozen ground. 

The origin of the large patterned 
ground in the Dounelly Dame 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 dirnate in the DonneUy Dome 
area at the time the large-scale con- 
traction crack polygons formed was 
colder and more rigorous than today. 
The tree Une was 1,500 to  1,800 feet 
(460 to 550 m) lower and snowline 

Y V-3 
I / Meters 

0 I 2 3 
1 I I I Feet 

Figure 5-25. Diagrammatic sketch of a fossil ice wedge, Doonelly Dome a r a ,  
Alaska. Circled numbers indicate the types of sediment: (1 1 silt mantle, 
(2) fill 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 )  iron-stained sediments. No vertical exaggeration. 
(From Church, PkB, and Andresen, 1965, fig. 17) 



was 1,500 feet (-460 m) lower. h W~ls- 
~ t i m e P h e a i x t e m p ~ r a k u e w a S  
at least 5.C°F (3'C) lower, ar at least 
21-67? (-5.taC), in c o n w  to the 
mean anaual air temperah OF 27°F 
(-28'C) *- 

Study of the large-&~ patterned 
ground in the D0nnd.b Dame area 
has demonstrated that d v e  
areas d fossil ice-wedge &ganS 
can occur in -ed sedi- 
ments in regiozis where 
is actively gtowjng, such as in cen- 
lral Alaska, and where kuge ice 
w&ge are sti l l  p-t in the fine- 
-4 S'dim~ts. Such an assnia- 
tion sup* the suggestiaa that the 
pecm- and ice wedges thaw 
more rapidly in -m d- 
m a t s  than in ice-rich tine--& 
sediment 

Between tbe shrub and on & 
hmk axe mats ob aowbwxy (Em- 
m m  -1, alphe -- 
(A-vbS a l * ~ ) ,  and ficbens, 

Cbdaniaspp-Manyofthe 
sprum= on the Donnelly mo&e are 
1- than 100 years of age which in- 
diates that under p-t climatic 
conditipn an i n d o n  by the trees 
i s  in progress. SmaU c l m p s  of bal- 
sam poplar are typical on recently 

glacial moraines in the 
AlaSga Range, aad i5use seen on the 
DoPneUg mombe may have per- 
sisted sin05 the original coianization 
by plants more tbm 7,000 years ago. 

The light ydmw&-bruwn silty t~ 
sandy till is e h a m w c  of t h e  

U1-8 ICise of moraine D o e  Glaciation in the Mta 
of Donne@ GhCkti~n.  Rivet mea of the A k h  me. me 

schist fragments are mnch -re 
~ 4 7 - k  N O ~ ~ I ( ? )  Wt. the move ,- in  tit^ age then in 

merit h a w  occurred in &-m- the more weathexed of the Delb 
consin h e .  Itoad v a &df- ~hda t i a  DSrecfSg to th,~ north 
line scarp appro-a- 10 feet (3 from tbj,s stop Dome 
m) high. Wt extends east-west k a pusb mmajme. ~n this 
xmts tbe of Don- moraime, and athers -Iw, a muu- 
ndy age with the uptbxown side on b,, rrf imporfant a r chdog id  sites 
the soatb. Donnell~ h e i s  bounded have w found in the past two 
ontheudhbythis&ul:t ye- 
26- - and kettle tenain cb h the - cd 1% the Uni- 

the terminal moraine of the Dan- at Alss%a oat excava- 
ndly Ghciatiou The aspect af tbis tions and site in the area 
tenah is t y p i d  of fie topOgap- wbicb. hawe resulbd m the accumu- 
of kmnind moraines of Wisconsin, lation of important new data on 
age thmughout of early man fn A h h  Some 
m d e s  of middle to Iak W i  si- wexe d k o v d  at least ism 
We of whir& w e  of an care and 

'Be vegetation on the black badition dated to the Cam- 
moraine is typical for that in the pus gte & pmhbb predating the 
Alasg, Range neax the altitw%nal prhady Denbigh Flint 
limit of beej. Both bla& and white Compls  & ambked maed 
spmce are fa~ndt on Zbe moraine but points and is cleark~ =parate h m  
in a very djstxibuiion pat- Lhe core and blade &b a d  fmm 
tern. the trees are dtn~bj the several sites whicb Yjeled lan- 
of m birch (Bewla g I m r d u h a ) ,  ceo3.ate points of the g a d  PJmo 
willows (Sa lk  bvp. especially S. 
pdchm), bluebzw Wuc*rn a- In the pad there has W a great 
-1, aPd Labrador tea j k d u m  deal of game here, probably hchxd- 
gmdaad imm and k decmnbeml. hg, in late W m  or e& Re- 
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cent times, herds of horses and bjsoa Creek Schist on left of lake. Right; 
In the Domelly region game is not 300 feet (91 m) off the mad, is an ex- 
now abundant. This may be due in posure in the diff  along the Delta 
part to its ready accessibility to River. The following section is ex- 
hunters Urrfortunatdy no faunal re- ~ w d :  

0 to 3 feet J;oess with numerous organic lamioations and fossiIs 
(0 to 0.9 m) of puhonate snails- The following snails have been 

identified from the 1- thccinea avanr Sag. DhXs 
chmkhite i  (Newcomb), and Euco11tllus fu2v~b~- a h -  
kensis Pilsbrp. 

3 to 7 feet Unfossiliferous loess with some organic layers 
(0.9 to 21 m) 
7 feet Ash Bed Jarvis Creek, Y4 inch (6 mm) thick. 
(2.1 m) 
7 to X2feet Loess with little organic material. 
(2.1 t o  3.6 m) 
12 to 28 f e t  Light yellowish-brown sandy to silty boader till of 
( 3 . 6 t o 8 . 5 m l  Domellyage. 
28 to 41 feet Sandy outwmh gravel. (frobably pro-Donnelly out- 
(8.5 t o  1L5 rn) wash) 
41 to 70 feet Cover 
(12.5 to 21.4 m) 

mains have been found in these Goad view of the section can be 
sites. Radiocarbon dates kom several seen Iwlring north M m  Mile 237. 
sj&s are pending. 

211. &ter Mt. Hayes C-4 Quad- 
rangle. 
243.5. Stop 5-33: Pic- Stop of  Mt. 

Hayes and the Alaska Range. 
211.3. Right; view of f i e  Alaska 

mge,  Delta River. the alluvial fans. 
Black Rapids glacier in distance. On 

237.5. Flood plain of the Delta 
River. Good place to observe wind 
bIowing.dust from the nod plain. 
Strong m n t  winds and wide 
vegetation-fxee river flood plains in 
the past, as well as present, make the 
Delta River an ideal area for watch- 
ing wind as a ~eolo& nrocess. Win& 

leR the '-date skyke i s  the from the sou& an&-@& have blown 
lateral. moraine of the Donneup Gh- great c l o d  of silt from the Delta 
ciation. Moraine k 650 feet (198 m) River and Jarvis Creek flood plains: 
abve the river. h t e r e l  moraine on since a t  least the time of Delta Gla- 
other side of ~e v d e y  is of Don- ciation and have, therefore, blan- 
nelly age. keted the adjacent terrain with 1- 

24a2 View south shows several 
roc8 knobs (rocbes moutonn6es). 
239.9. Right; two ioess-covered 

roches moulonnkes of ]Birth Creek 
Schist. Quartz veins still retain gIa- 
cia1 polish. 
238.15. Siop 5-34: hess  section. 

h f t ;  roches moutannk of Birch 

(See isopach loess map, Piwe and 
Rolmes, 1964). Clouds of silt are 
b10w1-1 1,000 ta 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. 



The area west of the Delta River is 
heavily covered with loess. Smaller 
areas on the east side of the Delta 
River that break the regular flow 
of the wind are also heavily covered. 

Deposits a€ windblown sediments 
are thicker near the flood plains. The 
leaves and b b s  of the trees near 
the river are covered with fine sil t  
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 t h e  limbs and 
leaves. The floor of the forest is 
dusty, and a gradual accumuXaiion 
of silt requites new root shoots to be 
extended laterally a t  higher and 
higher intervals on the white spruce 
trees. A constant regeneration of the 
forest floor of vegetation i s  required. 
Deposits of loess are 1 to 40 feet  (0.3 
to I2 rn) thick and consistently have 
much 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. 

Almost all the loess in the imme- 
diate area i s  pre-Wisconsin in age. 
Radiocarbon dates available indicate 
that the  Ja'arPis Ash Bed near the 
middle of most of the loess sections 
is 2,000 to 4,600 gears old. T w o  dates 
at the base of the loess section are 
approximately 6,000 and 7,000 years. 

2353. 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 
Delta River vdley, 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 
l o s s  1 to 40 feet (0.3 to 12 m) thick 

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

The duvial fan is composed of  
schist, gneiss, and quartz imrn 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 
nresent size. 

Ruby Creek wandered over i ts 
gravel fan removing any loess that 
accumulated. About 6,000 years ago, 
however, Ruby Creek began to en- 
trench i t s  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 accumulatirg on most 
of the gently sloping fan burying 
successive generations of white 
spruce forests. T h e  loess i s  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 alluvial fan which are caused 
by the presence of forest layers or 
iron oxide staining. White spruce 
stumps up to a maximum diameter 
of 1 fmt (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 l a~exs .  As 
much as 16 feet (49 rn) of  Iwss has 
been deposited on the fan in the 
last 6,000 years. A radiocarbon date 
of 5,999 2 250 years (1-646) was ob- 
tained on a spruce stump 2 inches 
(5.1 cm) above t h e  base of the loess 
(fig. 5-27). 

Between 2.000 and 4,000 years ago 
the Jarvis Ash Bed was deposited 

2%- Start up younger fzn of Ruby on the fan and became buried by 
Creek. subsequent loess accumulation. The 

ash bed has a relatively uniform 
thickness of 1 t o  5 mm and consists 
mostly of glass. At t h e  time of ash 
deposition the Ruby Creek flood 
plain extended about 500 feet (150 
m) north of i t s  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 gravel of 
the inactive creek flood plain. For 
the last 2,300 years Ruby Creek has 
not swung to the north, and 10 feet 
(3 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 con- 
struction. From the unconsolidated 
loess, yardangs 3 to 5 feet (0.9 to 1.5 
m) high and 4 to 10 feet (1.2 to 3 rn) 
long have been carved. These tea- 
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- 
don most of them are short lived. 

Figure 5-26. Landform map of  part of the Delta River Valley in the vicinity 
of the Yardang Flint Sbtion, central Alaska Range. (From Reger, 
Pew&, West, and Skarland, 1965, fig. 1) 
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m.wt-loes c o n M  in the southern ScWk Other deposits of this age can 
part of the section eqms+ at Stop be found at the head of Ruby C d -  

I I 535. The organic material in the 230. w;  temp of 1- the I I ! ~  
I met layer w a  de-ed by 

J- A* 
radiwarwn analysis to be 230%180 

17\ -M ma -.l+r,-~ 229.9. 1950 forest fire scar. E - .- m 1 years ('K-64., -A- A-l ..---- -- 
h J  j at the Yard* Flint Station r e p ~  227- G+ Cheek and allu- 
g G sen& the fint lo rn th  in interior vial-fan exposure. Brownish £an 
$. G Ah.ka where adfacts  this old are gravel is also exposed across the 

g E- absolutely dazed and put into eh& Delta River under the %cent mo- 
geologic environment. Howwer. the raines of Black Rapids Glacier. 

c -6- 
2 5 ! artifacts were all and no 226.7- Left; 1650{?) moraine d 

1111 
'CI, blades Or w e  Present. No Rlarb Raniac rclaripr d*te con*usiOm be derived ---- --I?*- ------ 

I 
i mrn a study of these pieces ~t is Sfop - Paas Black 

si-cant. however, that the people Rapids Glacier- 
. .  - I 4 "  I who occupied this W p o r a r g  site &ck Rapids Glacier gained 

*- w e  not of the Athapas- dm wor1Wde publicity in 1937 when it 

gg  I 
a culhrre which iS p m t  in the in- advan& spxhdarly up ta 200 

- 1 terior roday. T~E A t h a w  made feet 61 m) per day. The glacier did 
m .  m a  of their idmments from bones not reach the Xchardmn Hi&way - -0 

and a~flers and did not do the type as it was feared. *tion by t i e  2 
P L I of flaking exhibited by the 6 c t s  geologsts in I949 reveal& that ear- 
m 
4 I 

at this m. lier %xmt advances did, however, 
m 5 Bridge at -9 Cm=k From the reach a m  the Delta River d a y  
Z 5' / bridge it is possible to see an the (ig. 528)- I u, #q O JI ' 1 1 2 3  I left ridge betwwn Ruby Creek Ne, the mouth of Falls m- 

'A; aud Bear Creek. At a htia of -,- = 1 = ~ -  4 fif fine- 
p---- -r--v--- --- by a multi- 

of Delta age, w e  . fmd - - The .. lateral - bde of sum e- rcrck 
i moraine ol - 

- - [ Donnew age m m s  area mo* reristant then the sumurt*g 
* d  1 is near 3,mO feet (915 m) elevahoq a d  promdes a h o b ;  it 
2 l appmxkately at t i r n k k e .  displays aceIlent gkcial polish am 

I 
e 1 3 ~ 7 .   he next mile of the mad m v i n g .  ~rooving rrxords dacial 

u -' is on ice-rich silt over- the old &ovem&t of ice down the Delta I I ;B Ruby Cm& fan POOX road. River valley (from south to north), 
C -' 
a2  234 to 233S Alluvial fan of Bear probably during the DO- Ckt 
z 4 t--lr ciation From the top of the amphi 

Y'G- 

I Bear C4 bridge. Up bo.te mass a good hew is ob&ed 
I of the glacier and the moraims of 
I - fhe. b$$_"-fEe.-z historic advances. During the earliest 

.La.+ "ULJ, . C U Y . b  Up C. moraine. yards on the opposite bedrock valley 
ol 231.8. Start of DarIing Creek fax wall. Clear Creek which formerly 
j . >  
ca 231. I&, aa. the ridge between drained direct& into the Delta River, 

Darling Creek and an unnamed was diverted EO& by the ice and G ! 
i creek to the south at h c h  mark mumher so it now reaches the r i w  I 



% of a mile (more than a km) far- 
ther north. Later shifting of the 
creek caused the till to be washed 
away over the a m p h i b o l i t e .  The 
Delta River drained around the front 
of the ice, cutting a bedrock gorge 
now occupied by Hidden Lake (fig. 
5-18). To the north (across the river) 
one can see the old alluvial-fan 
gravel of Gunnysack Creek under- 
lying the Recent moraines. The @a- 
cier in its advance pushed the Delta 
River to the east, causing it to trun- 
cate the old fan of Gunnysack Creek, 
forming the exposure along which 
the Kithardson Highway now lies. 

Attempt has been made to dale this 
early advance by various methods- 
dendrochronology, I i c  henom e tr y ,  
soil dwelopment, and radiocarbon 
dating, but no exact date i s  yet 
available. Advances of comparable 
age are present on Canwel l  and 
Castner Glaciers farther up the Delta 
River valley. 

Trees up to  144 years old, and 
older trees with rotten centers, are 
growing on the oldest moraine of 
Black Rapids Glacier (1951)- The 
timberline conditions, severe winds, 
and shifting of ice-cored moraines 
prohibit tree growth for at least 15 
or 20 yean following formation of 
tbe 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 1953; however, 
Meyer Rubin (written communica- 
tion, 1964) states that the log could 
jndeed be older than 200 years. The 
earliest advance is now thought 
definitely to be more than 200 years. 

A dense forest with 330- to 500- 
yea* old k e e s  lies adjacent to the 
early moraine on the west side of 
the Delta River. This forest is not 

of first generation trees a d  is 
greatly different in maturity from 
the young forests on the adjacent 
moraines. The moraine is certainly 
younger than 400 to 500 years. Pew6 
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 t r e  dating and is an 
advance of about 1650(?). This early 
advance is compound on Black 
Rapids Glacier. 
An arcuate terminal moraine lies 

about a mile in front of the 1937 
moraine. This moraine is 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 years 
old were measured on moraines of 
comparable age on Castner Glacier. 
Some time js needed for tree genera- 
tian in this rigorous climate near 
timberline, and it is thought by 
Pew& that this advance therefore 
occurred about 1830. 
The 1937 advance was rapid, and 

a 300-foot (91 m) ice cliff formed the 
terminus in 1937. The ice thinned 
rapidly, and today little i c e  can be 
seen from the highway. The terminal 
moraine is still ice cored. The first 
spruce trees (4 years old) were found 
in 1957, 20 years after the advance, 
growing on the moraine at a place 
where the ice core was no longer 
present. 

In an attempt to date recent @a- 
cia1 advances in the central Alaska 
Range, licbenometq was used in 
1962 at  Black Rapids, CanweU, Cast- 
ner, Gulkana, and College Glaciers. 
Lichenometry i s  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 crustamus Rhizocar- 
pon geographicum. This lichen is 
abundant, easily recognized, and is 

proved reliable for dating elsewhere ner moraines, moraines that have 
in the world. Discussion of the  li- been dated by dendrochronology. 
chenometry will be reserved for The 1950(?) moraine of Black 
Stop 6-41: Gulkana and College Gla- Rapids Glacier was unsatisfactary 
ciers; however, lichers were mea- for the fichenometry study inasmuch 
sured on the Black Rapids and Cast- as the older moraine is heavily for- 

? - LICHEN STATION 

RANGE OF HAXIMUM 
?HA LLI OrAmETER 

n - ll-48mm 

APPROXIMATE AGE OF 

Figure 5-28. Relationship of maximum-diarneler Rhizoca~pm geographicum 
size ranges to Recent moraines of Black Rapids Glacier, central Alaska 
Range. (Base after U. S. A m y  Map Service ME. Hayes 13-4 and C-4. 
1951. Scale 1:50,000.) (After Reger, 1964, fig. 5 )  
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ested and elsewhere shows the ef- Mnce is exposed 3,000 feet (900 m) 
fectsofsandblastbg to east am) w k  wa* dischar&s 

Tbe Rhizocapbn geagraph- m m  a tunnel under the glacier. 
icum the la0 terminal moraine 217. The two Recent advan- of 
of Black &P& Glacier range Castner Glacier, comparable to the 
0.43 to 1.69 Wes (11 to 43 mm) in I63)(?) and the 1830 4-m of 
diameter and average 0.95 inch- (24 ~ l ~ c i e r ,  are 
mm) (fig. 5-28). Lichens were mea- by n e  the hawag-  A bit 
surd wherever possible on large 

,f the 1 ~ ~ )  w d  
boulders on that part of the moraine rm a hill at me 
wK& was not ice cored. 216.7 adjacent to the m w a y  just 

Scattered Rh*aqm geographi- across lower m e  term 
a m  up to 4 mm in diameter were: mind of &e 1830 a&mm I 

measured on the 1937 terminal mo- lies b fie left of me wwag at 
rain,, on boulders that  were no ~ i l ~  al l  md is jce T =  up 
longer part of the ice-cored moraine- t, 102 years old were in 

225.4. Right; aacier ovexlook. M; 1951 gmwjng an the ice-& mo- 
Hidden Lake and diversion channel; raine. 
Rhizocarpon geographicurn on boul- Early stages in revegetation of 
ders in forest both the moraine and outwash can 

Enler Mt. Hayes 8-4 Q u a h g l e  h s e ~  at this point. The shrubs are 
m1. From 226.5 to 2244 the road b a d  kv lShephffdia camden- 

is on the 1650(?) moraine. sis) and willow (Salk spp.). The 
2247- S- Q. Creek. me 1835 1e-q H e d ~ m  spp.3 A m g a l u s  

m0r-e is a prominent &ravel ddge SPP-* and O-OP~  sPP. o m  in 
on the righf adjacent to the road. It abundance as does 
is an unwgebted gravel R-- (Epilobium la t i fo i ium) .  The scat- 
nanfs & the 1850 moraine also - tered pm are P ~ ~ * I Y  F e m a  
be seen across the mta *er fubra and Hkochloe a l p i ~ .  A few 

mats of Dryas spp. can be observed. ley. - Ri&t; across (west) Young white spruce have invadd 
b t h  the outwash and oldest part 05 Delta River valley is a hanging, 3- 
the moraine* mile (4.8 h) long, U-shaped valley. 

It is haging at b t h  ends and was 216.8. R c ~ d  crosses t h e  Denali 
occupied by a glacier in  w i d i n  fault  The fault k one of the longest 
time. View up Delta Xver v d e g .  fault zones in Alaska and is ex- 
mt view of ~ - t  mo-es af pressed topog~aphically es a weU- 
Castner and Canwell Glaciers. Birch defined amate lineament that can 
cm& -C of precambrian ad be traced without interruption Erom 
early Paledzaic age forms t h e  valley the s o u f h m  F of the A h k a  
walls ia this area, but Rainbow mm ~e the we 
&fountah in the distance 3 miles (13 C m d %  a d  perhap ma- 
km) to the south, just beyond Cast- tharn in soutbeastern 
ner and Canwe]] ~ l ~ d a ,  m e  magnitude and directim of dis- 
posed of Paleozoic and Mesozoic placement are -troversial Offset 
rocks. post-Pleistocene alluvial fans and 

glacial deposits of Donnew age w- 
222 Dust w.n sometimes be seen , i, fie dey across the D~~~ 

here king blown from the flood ~ i ~ ~ ,  hdica-ting 
plain of the Delta River. movement along this fault. Same of Figure 5-29, Inderr map of the cenW Alaska Range showing locafi~m of 

2172 Left; Castner Glacier (fig- the largest glaciers in the Alaska major glaciers (Brrse after U. S. GeoL Smey Mt Hayes,  1950. Scale 
5-29)- Stagoant ice of the 1830 ad- Range occupy segments of the fault 1: %M,00). (From Reger, 1964, fig. 21 
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trough: Chistochina. Gakona, Can- twf, and lichen-bearing bouldets 
well, Black Rapids, Susitna, and are scant or absent. 
Muldrow Glaciers. 214. Left; large area of iron oxide 

216-7. Bedrock knob of quartz dio- stain on Rainbow Mountain in dis- 
rite. Plastered against the rock knob tance i s  one of the many caused by 
is part of the moraine of the I650(?) weathering of pyrite. Right; at the 
advance of Castner Glacier, a mo- fork in the large creek directly to 
raine composed of litholagies charac- the west (right) across the Delta 
tedstic of the Birch Creek Schist. River, is the trace of one of four im- 
215. Stop 5-37: Left; Canwell Glacier bricate thrust faults. This particular 

(fig. 5-30). thrust, the largest of the four, strikes 
east-west and dips 34" N. I t  extends 

the at least 25 miles (2.4 km) to the west 
advances of 1650(?) and 1830. Lateral ,,a is subparauel to the ~ ~ ~ ~ l i  
moraines of the *Ider advance are fault (oral cornrnunica t i on ,  J. H. 
well preserved up-glacier. A fmg- stout, 1965)- 
ment of the older moraine exists at 
Milepost 215 on the south side of 212-1- Left; cock w a r n .  Exposed 
upper Miller Creek (fig. 5-30). Trce are flows and agglomerates of Penn- 
stumps up to 159 years old were sylvanian age- 
present in 1951 : the trees were prob- 2 11.95. Left; fossils 01 late Faleo- 
ably cut down 10 to 15 Y e a s  ~rev i -  zoic age exposed in steeply dipping 
oudy. A well-developed forest and limestone at spot painted "USBM." 
turf occurs on this moraine frag- According to Dr. C. L. Rowett, in- 
merit. The largest R h k o c ~ r ~ a  P o -  vertebrate paleonto1ogist at the Uni- 
g7a~hicum on the south lateral mo- versity of Alaska (oral communica- 
raine of the older advance range tion), h e  beds here are early P,onn- 
from 5.16 to 6.34 inches (132 to 161 sylvanian (pre-Desmoinesian) in age. 
mm) in diameter and average 5-67 Some of the fossils that occur here 
inches (244 mm) (fig. 5-30). The are: EXPLANATION 
thick moss 2nd spruce cover on the Aulaphy llid coral, genus undct. 
fragment of the 1650(?) terminal Cladochonus C, t e x a s e n s i s  
moraine remaining is unfavorable M~~~~ and ~ ~ f f ~ ~ d ~  
for lichen growth and none were ob- ~ , , ~ , ~ t ~  w. 
served. L i w r o d u c t w  (sensu stricto) sp. RANGE OF, MAX~MUM THALLI 

The terminal moraine of the 1830  hi^^^^^^^ sp- DIAMETERS 
advance is well preserved and djs- Spirlfer S. vockymontanus Mar- 
played near the highway (fig. 5-30). cou 

I - 18-50mm 

A low prominent gravel ridge 10 to spirifer spp. A -  132-16fmm 
15 feet (3 lo  4.6 m) high is  forested Av-lopecten sp, 
with whitc spruce, willow, and alder. pseudrvparalegoceras n, sp. APPROXlMATE AGE OF 
In 1951 the oldest tree recorded was phjliipsid trilobite, genus *,,det. MORAINES 
102 years old. Rhizocarpon geograph- 
icum is common an the terminal and 210.7. Left; the "Green Thumb": 
lateral moraines of this advance. On active solifiuction No trees 
the south lateral moraine the largest grow On 'lope- me road cannot 
~ h k ~ ~ ~ ~ ~ ~ ~  geographicurn are 3.10 be satisfactorily maintained where 
to inches (28 to mm), but on it crosses the soiifluction slope. 
the terminal moraine they are only 210. Sfop 5-38: Rainbow Moaniain. 
-71 to 1.3 inches (18 to 33 mm). The Left; the till (bedded?) fill indi- 
average size for both parts of the cates that the rock gorge was here Figure 5-30. Relationship of maximum-diameter Rhizocarpon geograplzicrim 
moraines is 1.18 inches (30 mm) . On prior to the DonneKv Glaciation. 
this moraine there are few trees, no Rainbow Mountain is essentially a 
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w* Enter ML Hay& A-4 Quad- &Q 6-41: Gulkana Glacier- 
W a n a  Glacier bas been inten- 

204. lielt; T d a w  mk &- sively studied since 1960 under a 
masses. and on exposed ridges are mats of 

The gren and maroon colors are Cladonia l i t ha ,  crowberry, alpine are subject to landsliding. 
t h e  misted wia b ~ b e ~ ,  a d  mountain c r a n b y  

I 2w. Lower terrace surface. 
the volcanic rtlclcs, but the y e ~ o w -  {VQccinium vitk-idaea). m u s e  of 203.3. Higher k m c e  surface- 

we wi& fie dlt- the abundance of Uchens, this vege- 

stones and -&tone$. ~k porpb- tation woe is u-ed heavily by 
rit,c and&te *fil-like hmi- cariMu in the wintter--sndl he* 
characteristically p u r p m  &reen and can usually be seen in. the 
the rhyolite are dark @?a. months in tbe Isabelle PassSummit 

Lake area feeding on the lichens. 
209. Left; stabilized scree slope 206.8. Right; boulder bed across 

deposit. Phelan Creek This boulder bed ap- Lake advane. 

a d a c e  mt on Tertiary m& A 

Glec id  Ceologp 
occur at elevations of 3.500 feet now on f l d  plain of Phelan Creek, The recent moraines which flank 
(1,100 rn) in Uljs area. No old stumps not on terrace as shown on 1958 U.S. 
are found above the present b-ee Geological Survey Mt Hayes 8-4 
line, and many of the trees at or topographic map). 
near bee Line are less than 100 gears 2062. Left; alluvial fan is burging 
of age. This indicates that tree line the terrace suxface in the distance. 
is now as high as i t  has k e n  in re- The terrace surfate is thought to be 
cent times and that it may actually of late Donnelly (Wisconsin) or early 
be advancing in some lmalities. post-Dvnnelly age. The surface has 

At tree b e  and above is a zone of We-%ale polygond ground similar 
shrubs This may be narrow on steep to  that exposed near Donneb Dome, 
slopes, as in the area around Kain- mepost 2512 
bow Mountain, or very extensive, as 205, Left; alluvial fan burying tbe yea% and the first complete m c k  which one can date xwrently e w  

in the Isabelle PassSummit Lake d a c e  of two m c e s  The terrace 
area. This zone consists primarily of remnants may be matched with terc 
the same plants that are found in race remnants on other side of Pbe- 
the o m  spruce stands a t  lower de- laa Valley. The gradient of these 
vatians. These include the shrubs, terraces is 1 s  than that of the p m -  
dwarf b i h ,  willows, Labrador tea, a t  Phelan Creek 
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of the lichen species used imposes a i urnit on the ages of the expoad rock 
surfaces which can be determined by I liehenometry. C~rtaeeous lichens 

I grow extremely  s lowly ,  and the 
lichen species which has been used 
for dating in other parts of the world 1 is Rl~izocorpon geographicurn. 

sition and topographic expression. 
Using these assumed dates a n d  
measuring maximum thalU d i m e -  

i 
ters of Rhizocatpon geographicurn on 
these two prominent moraines, a 

; I  
growth rate curve was constructed 
and compared with the growth rate 
curve of Canwell Glacier. The curve 

chronology as having formed about 
1830 and 1650(?) (figs. 5-28 and 5-30) 

ten of the 1; 

icum in the 
area is al- 

ViiSlC as- 
inent mo- 

e curve ror 
rrle crur~ana-to~rege crlacier area 
was established it was possible to 
date the two Recent moraines in the 

larger boul,,, , r G r P U i * L  CIIbaC. 

considered more stable than small lichen on moraines of the 1580(?) . - - . - . . - 
0 - 
3 I boulders. The effect of vary in: li- advance Is '.' lncnes ( 17' mm) and 

I P ? ) ing Iichens on diorite or quartz dio- (Io mm). 
thology was minimized by measur- that  of the 1875 advance is 0.39 jl! 

m 
9 i rite whenever possible. The oldest Recent advance of Gul- 1 ." 
5 The average diameter of Rhiaocar- kana Glacier for which rn orain e s  I pan geographicurn on the Cmwell exist it  thought tn have occurred 

' I 
5 1 Glacier 1650 f? )  m era i n e js 5-67 about 1580 (?  1. Although buried mo- I 
GI inches ( 144 mm). On the 1830 mo- raines(?) occur adjacent to Gulkana 5 

raine the average diameter is 1-13 and College Glaciers and may indi- 
YI 
o inches (30 mm ) . The average diame- cate Recent advances prior to 1580. I 

ter was -94 inches (24 mm) on the no good evidence i s  present. The 1 1  

E I830 moraine af Rlarrk Ranids cia- 1580(?) advance is best documented I ;  
I ; 

KO ,- i tier. Good measuring on the on the outer part of the Recent 
P 1650 (?)  moraine of Black Rapids moraine complex of Gulkana Gla- I 

5 Glacier have not yet been found. cier (fig. 6-32). This moraine is f la t  
2-  Lichen diameters On the 1830 mo- topped and has incipient stone rings. 
m g  raines of bath Canwell 2nd ]Black The boulders are heavily covered 

Q, Rapids Glaciers are well established with lichen having an average diam- A -  
@? < and compare favorably in size. eter of 6.7 inches (170 mm). The 
" g Gulkana Glacier has four Recent tier 1580(?) has advance no of Gulkana equ! ..-'-..' Gla- 2s i moraines of which two are consid- Glacier. 
?! ered to correlate with the 1650(?) 
h and 1830 moraines, respccliveIy, of Gulkana Glacier readvanced in ! .  

/ Canwell Glacier because of their pu- 1650 ( ? )  and overrode the 1580 ( 1  j I ,  
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APPROXIMATE AGE OF MORAINES 

- 1875 -1650 (a 1 

- 1030 -PRE 16SOl?l 

F i g w e  6-32. Relationship of maximum-diameter Rhuocarpm geographicurn , 
size ranges to Recent mo*ain~ of Gulkana and College Glaciers, central 
Alaska Range. (E%e after air photography by U. S. Navy, 6 Augyst 57, 
identification no. 004 WAR41 D m  T* USN 10fc.) (From Reg-, 1964, 
fig. 7) 

terminal moraine. The most promi- 
nent X650(?) moraine in the area is 
preserved in the east lateral moraine 
complex of Culkana Glacier as a 
narmw continuous ridge- Part of the 
1650 ( ?) lateral moraine is also pre- 
served as a small Linear patch of till 
outside the northwest I830 lateral. 
moraine of Gulkana Glacier (fig 
6-32). Boulders are fresher and less 
heaviIy Lichen covered than on the 
15&0(?) moraine. This moraine, as 
the older, is not ice-cared, and the 
average diameter of Rhizocatpon 
geographicurn i s  5.3 9 inches (137 
mm). The exact extent of the 
1650 (7) advance of Gulkana Glacier 
is unknown, but i t probably was 
onlg slightly less than the advance 
of 1830. A d m c e s  of many glaciers 
in the Alaska Range occurred at this 
time, Ieaving comparable moraines. 
In 1830 Gulkana and College Gla- 

tiers 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 Wk- 
consin glacial flmr. me advance 
dammed College Creek and partly 
blocked west Gulkana Creek (fig. 
6-32). Lateral moraines of the 1830 
advance of Guikana and College 
Glaciers are well preserved., but the 
terminal moraines are fragmen-. 

Boulders on the surface of the mo- 
raines of this age app- light green- 
ish black because of the cover of 
lichen. hteral moraines support no 
vegetation other than lichen, but the 
1830 terminal moraine has willows 
up to I0 feet (3 ml high growing 
on it. There is a small ice core in 
the 1830 moraine5 as indicated by 

slimpage faabres an lateral 
moraines above an altitude of 4,400 
feet (1,320 m) . 
The major drainage of College 

Glacier in 1830 was d m  College 
Creek Canyon as indicated by ter- 
races and terrace remnants on tbe 
canyon walk 5.9 hY 7.0 feet (18 to 

24 mm) above the present flood 
plain. This b-ainage was blocked by 
G u b a  Glacier, and when fhe wa- 
ter of the resulting ice-dammed lake 
reached an elevation of 3,740 feet 
(1,140 m) the lake and subsequent 
runoff drained toward  the south 
along the edge of the 1830 terminus 
of Gulkana Glacier cutting an over- 
flow channel. The I830 advances of 
Gulkana and College Gladers have 
quivate.nt advances on many gla- 
ciers in the central Alaska Range, 
as well as glaciers in other parts of 
AIaska and the world. 

About 1875, Gulirana Glacier ad- 
vanced to a position 1.4 miles (22 
km) beyond the present terminu. 
again blocking College Creeb and 
depositing a distinct terminal mo- 
raine (fi& 6-32). Ln the west tenni- 
nal area of Gulkana Glacier the 1815 
hmind moraine occurs as a distinct 
steep-sided rather arcuate ridge, of 
till about 8 2  feet (2.5 m) bigb which 
is plastered on 1830 tiLL The east 
1875 terminal moraine is more mas- 
sive than in the west t&- area, 
and i t s  position is brought out by the 
lmtion of the overflow channel 
which is cut along the 1875 ice front 
of Gulkana GIacier. Lateral mo- 
raines of the 1875 advance aze much 
less conspicuous than those of the 
earlier advances. The bouldets on 
these moraines are light gray to 
black awl tbe lichen cover is thin. 

As in 1830, the 1875 advance 
blocked College Creek, forming a 
temporary lake. Waters of the ice- 
dammed lake rose rather rapidly 
and spilled along the 1815 terminus 
of Gulkaua Glacier cutting a 66-foot 
(20 m) deep overflow channel in the 
IS0 till. 

Since the culmination of the 1875 
advance of Gul.kana Glzcier the ice 
surface has lowered and the termi- 
nus has retreated until the p m n L  
The earliest h o r n  photopaphs of 
Gutlrana Glacier were taken by W- 
fit of the U.S. [=eoIogicaI S m y  in 
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1910; a t  the time the ice was still equivalent. The amount of precipi- 
near Ute 1875 moraine. tation increases rapidly with eleva- 

tion up the Alaska Range to a three 
year a v e r a g e  of more than 120 GlacioIogy 
inches (300 cm) water equivalent 

studies made On Gulkana per Tear near the head of the glacier. 
Glacier include meteorology, mass an elg.,t-fold increase. 
budget, surface flow, sub-gIacial 
topomaphy, and ice structures. The The large amounts of precipitation 
studies were begun in 1960 and con- at the head of the glacier, accompa- 
tinue to the present. The glacier is nied by lillle ablation, caused about 
shaped roughly like a 'T', with fie 110 inches (2.7 m) water equivalent 
horizontal bar representing a corn- of snow to accumulate during 1959 
plex accumulation zone, and tlje ver- and 1960 at an elevation of 6900 feet 
tical bar representing the south (2100 rn); 136 inches (3.5 rn) accu- 
floxving ablation zone. Accumulation mulated at the same place in 1961. 
in three main cirques produces three The I961 net accumulation consisted 
ice streams, 1, 2, and 3 (fig. 6-33), of both wintcr and summer snow 
delineated by mdia l  moraines. Ice (fig. 6-34). The firnline was at about I 

stream 3 is cleaved by a bedrock 5700 feet (1700 m) elevation during 
bastion into two unequal halves, 33 1960 and 1961. At the terminus of 
and 31s. The area of the glacier is the glacier, about I60 inches (4.1 m) 
7.7 miIes"l9.9 km'); the ablation water equivalent of glacial ice ab- 
zone being 40% of this area. Two lated during both 1960 and 1961. The 
large icefalls are present, Moore Ice- budget gradient thus defined aver- 
fall is in the eastern cirque, and ages 0.09 inches change of ablation 
Gabriel Icefall i s  just below the Or accumulation per foot elevatian 
firnline of the western ice stream 17.3 mm/m). 

The mass budget, or regimen, of 
The weather on Gulkana Glacier. Culkana Glacier is, in general, nega- 

and presumably along much of the tive. Cornparjson of photographs f 

southern flank of Ehe Alaska Range, taken in I910 and in 1960 shows that 
has the same pattern summer and the glacier thinned appreciably and 
winter, with only the temperature the terminus retreated 1.1 miles (1.8 
changing. During all seasons, cold km), with a loss of 204x108 cubic , airmasses form in the region when feet (57TxlOGm3) water equivalent of 
the general airmass movement is ice. The glacial budget was studied 
stagnant or moving from the north. most carefully during 1961. That 
The humidity is low, and if the sun year 3.8xlOsftR ( 1 0 . 7 ~ 1 0 6 ~ 3 )  watex 
is high, daily lcmperatures are high. equivalent of ice ablated and 8 . 6 ~  
Occasional violent windstorms of lOKft3 (24.5~10~:rn:~) accumulated,  
short duration occur during clear which is a strongly positive mass 
weather. When ainnass movement budget. During 1960, 4.2xlOsftS (12x 
is from the south, temperatures are IOern3) ablated, and usjng data from 

rnidity is high, and precipitation i s  which i s  near equilibrium or a 
likely- Superimposed on the regional slightly posilive mass budget. The 
airmass movement are katabatic 1959 accumulation was the same as 
drainage winds down the glacier. 1960 at that snowpit. This one piece 
The average annual precipitation at of data suggests that the glacier was 
Paxson, just south of the glacier, is near equilibrium in 1959 also. Since -81 - 
about 16 inches (41 cm) water 1961, the glacier is thought to have 
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had a negative mass budget because 
the mowhe has been ma& higher 
tbm 2c1 either 1960 or 1961- The 
anomalms positive regimen of 2961 
was p- due to an abnormal 
number of summer snowstorms. Dur- 
ing the abktim m a n ,  If snow- 
storms occurred, halting ablation of 
g l a d  ice for considerable m o d s  

many areas and a study of solat ra- 
diation on GuLkaaa Glacier at an 
elevation of 4,800 feet Q,&5 M) was 
undertaken A net total radiometer 
c o n t h u o d y  recorded the radiation 
flux throughout the season. During 
the 53 24-hm periods with reliable 
radiation datq a tom of 8,300 g cal 
cm-2 of heat were received by the 

1 5 0 0  2000 Uebxs  
I - : 1 ' " I I . '  

4000 5000 WOO 7000 Fed 

figure 6-34. The 1961 net budget gradient of Gulkana Glacier. The details 
af the accumuIation and ablation of t h e  snow, and the ablation of the 
glacial ice 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 a h  causing net accumulation 
of snow near the head of the glacier. 

Xn. 1961 a study was undertaken 
to determine the relative i m p m e  
of the various means by which en- 
ergy i s  m i t t e d  to the glacial ice 
to cause melting. me following en- 
ergy exchange processes are in- 
volved: radiation, condensation, 
evaporation, and conduction horn 
precipitation and the atmosphere. 
Solar radiatim is commonly ac- 
c e W  to  be the most important 
single energy source for abhtion in 

surface of the glacier. During the 
same interval 51.4 inches (331 cm) 
water equivalent of ice and snow 
melted, a process requiring 10,400 g 
caI cm-2 of heat. Radiation xeceived 
was equal to 75% of the energv re- 
quired to melt the glacial ice and ap- 
parently 89% of the energy required 
t o  ablate the snow (fig. 6-35). 
The surface motion in the abhtion 

zone of G u h a  Glacier was studied 
in 1960 and 1861. On either side of 
the exposed bedrock bastion, the gla- 

cierDowsastwoioestreamsBelow 
the-iheseicestteamsm 
&in theit iden* as .%- ice 
~ n ~ w i r t h i t s m m 5 s o f  
masmrrm ddtg (5.g 6-36). These 
"velocity i e  -an$' ma-ge near 
fbe termhus to form one stream. 
The vel&ty measccred in the eastem 
ice stream b greater than 125 feet 

the vaUey. No ridge e- at the 
present terminus. Thus. each ice 
sfream£lowsinitsaoonWd6Bned 
m b g h d a l c h ~ a n d t h e ~  
k t w o  %eJdWim- inthe 
one g h i a l  tongue is appareut 

m e  m a c e  veldty of Gukana 
Ghtck v;uies not with lomtioq 
as seem above, but also with time; 

an? 

Ekwe 6-35. Net tabl rdktim and ablatim of smw and ioe, Gu&ma 
Glacier, Ahda, 1961. (From Mayo rmd Rw6, IS, 2) 

per year (41 m grllnear tbe f3n1- 
line. The vekm3ty d m -  
gk&er to WO, stagrbmt ice, near 
the *US. 

A gravity survey done in 1961 de- 
timed the bottom topgmpbg w& 
G u U  Ghcier dang 1.2. 
and 3 (fig.W)-AsknpleT&& 
valley exists under &e eastern ice 
s h a m  at peofile X Below the bed- 
m 3 r ~ h w e v e ~ , a ~ r i d g e  
was found to extend part down 

and the h o  %d&Q k 
behave somewhat iedependaw. 
m e  veloeitp ammaw* the 
7 velocity being lacaay as 
m&astdmasfast8sthewinter 
pel&-. Tws is rare 
pimound at prdk 2 than at X. 
m ~ t g ~ ~ a r e a l s o  
bjenWable farther dm-&lacier in 
tbesummerthanmthe*-me 

b+- dtxi* I s ~ ~ t  
m be csaused by meltwater lubrica- 
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Figure 6-36. Yearly surface velocity ( 1960-61) and subsurf ace topography, 
Gulkana Glacier, cer;tral Alaska Range. (From Ostenso, Sellmann, and 
Pew&, fig. 3) 
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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 
1961, the eastern ice stream reached 
its maximum velocity in July, the 
month with greatest surface melt in^. 

bins, small b o b s  mostly of meta- 
basalt protruding 2,000 to 3,000 feet 
(600 to 900 rn) above the lowland 
which is covered with glacial drlit. 
The lowland in large part i s  under- 
lain with Tertiary sand and gravel 
and some coal beds. The Denali 
Highway traverses the Amphitheater 
Mountain area from Paxson to the - - w -  

. . . . . . . - - - - - 
Maclaren River. Glaciers originating The vertical component of surface on the south side of f ie  Alaska motion was combined with the abla- Range pushed ovt  and through tion data to define the change of these mounmains. thickness of Gulkana Glacier for the Faxson Mountain is an I961 budget year. The eastern "ve- 2,000-foot (600 rn) high knob of meta- locity ice stream" *''ICened and basalt that can be wen cleafly to the 

thinned somewhat irregularb with South from Lake- The Over- 
a maximum change of 7 feet (2.1 m) flow gorge s, as as drift 
thicker. The western 'Velocity ice 
str.cal,l,, bccarne as much as 16 cover on the  mountain, r ~ ~ 0 l - A  a 

complex glacial history. a history 
(5.0 rn) thicker immediately below typical of the Moun- 

Icefa'' The area tains. Isolated erratics on top of Pax- 
Of the is sonMountain are thought to be early thinned t h e  same amount as the ab- to mjddle Quatern- in age- A large lation, 15 feet (4.6 m). The thicken- ing in upZler part the ablation prominent weathered overflow gorge 

zone far exceeded local thinnjw, and or escape notch was cut across the 
crest of the mountain probahIy at 

this is tfiought to be due to the this time. This gorze is easily visible 
change of the mass budget from in the skyline of the mountain. The negative before 1960 to  positive dur- next glacial advance (middle ing 1961. Quaternary age), left escape gorges 

Gulkana Glacier has a well devel- at lower levels on Paxson Mountain. 
oped foliation pattern (fig. 6-37) gorges that are well filled with frost- 
which is displayed by alternating rived rubble. The Wisconsin ad- 
layers of bubble rich and bubble free vances surrounded Paxson Mountain. 
ice. In the western "velocity ice Fresh escape notches exist at an al- 
stream," thc foliation develops at the titude of 3,800 to 4.000 fert (1.1130 to 
base of Gabriel Icefall as a series of 1,220 m) and young drill flanks the 
small, arcuate stntcture~. 8 y  aU mountain below this altitude (fig. 
gradations, these merge into the 6-38). Cirques on Paxson Mountain 
larger arcs which occur in the entire appear to be of two ages, Wjsconsin 
ice stream Ioral communication, Dr. and pre-Wisconsin. 
Dona1 R. Ragan, University of Alas- 191. Fish Creek. Here in July or 
ka). In the eastern ice stream, the August may be seen a run of bright 
pattern is formed above the firnline. red salmon which have migrated up 
The foliation pattern is  strikingly from the sea to spawn nearby. 
parallel t o  the contours of surface 190.5. Right; artificial cut-off of 
velocity (fig. 6-36), and outlines well meander. Tertiary sediments are ex- 
the two sub-glacial channels. posed in the bottom of the cut; clay- 

stone with unidentifiable plant frag- 
195. Stop 6-42: Summit Lake. ments. 

To the west and south of Summit 190.5 to 185.6. Paxson Canyon is 
Lake lie the Amphitheatex Moun- cut in stratified and uns tra  tif i ed  
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Figure -. Ice ihidmess and foliation pa- Gulkaaa Glacier, central 
( h m  O s h n q  Sellmaan. and P 6 w j  fig- 4) 
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on the Mt. Hayes A-4, A-5 and Gul- 
kana 33-4, D-5 quadrangle topog- 
raphic maps. 

20.4. Stop 7-44: Ice contact deposits 
and the Tangle Lakes. 
The drainage here goes to the 

north through the Alaska Range into 
the Tanana and eventually 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 excellent rock glacier which 
has formed in post-Pleistocene time. 

20.7. Stop 7-45: Tangle Lake camp- 
groand. 
20.8. Enter Mt. Hayes A-5 Quad- 

rangle. 
21.2. Tangle River, source of the 

Delta River. 

22.2. Slop 7-46: Road cut in small 
eskcr. 
h o n  the top of the esker to &e 

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 rn). In the past, glaciers 
from the Alaska Range gushed south, 
and some of the ice was confined to  
thc wide, deep, major river valleys, 
such as the Madaren. Much of the 
ice, hcwever, filtered through gaps 
and passes in the Amphitheater  
Mountains and was joined by local 
glacicrs (fig. 7-39). 

Several glaciations are recorded, 
each ~ E S S  extensive than the former. 
The earliest glacial advance is 
thought to be early to middle Qua- 
ternary in age and covered the 6,000- 
foot ( 3  .a00 rn) peaks of the Amphi- 
theater Mountains leaving isolated 
erratic: 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 cbannds 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 dopes 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 glaciaI advance is tenta- 
tively correlated with the Delta 
Glaciation of the lower Delta River. 

The next two glacial advances 
took place Ln late Quaternary t ime 
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 Mounta ins  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 lowjand of Tangle 
Lakes and in lowlands elsewhere at 
altitudes of 3,000 to 4,000 feet (900 to 
1,200 m). Upon retreat, much of the 
ice covering interfluves thinned and 
stagnated. As the ice stagnated. 
many ice-contact features formed: 
eskers, kames, crevasse f Slings, and 
pitted surfaces. The Tzngle Lakes 
at the headwaters of the Delta River 
are a cIassic area for such features 
which are strikingly fresh, and cover 
an area of several hundred square 
miles. 
In post-Wisconsin time the glaciers 

in the Alaska Range and the smaH 
local glaciers in the Amphitheater 
lMountains advanced a shart distance 
and then retreated, leaving arcuate 



moraines at the mouths of short val- 
leys. 

On the tops of many of the drift 
features of the Tangie Lakes area 
are small archeological sites. Many 
of the artifacts found here are simi- 
lar in style and general technique 
to some of those known in the north- 
ern Plains and Southwest. Aitizough 
none of the diagnostic types may be 
called common, p r o j e c t i l e  points 
have been found here which resem- 
ble the Lerma, Agate Basin, Angos- 
tura, and Piainview types and pei- 
haps others. Specimens have been 
found which could be placed within 
the generalized Clovis category, and 
notched points 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, a t  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 a l t h o u g h  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 goo6 ecological CGZ- 
ditions for herding animals (as did 
the Donnelly Dome area), but it 
would be unwise at  this juncture to 
assume that in immediate postglacial 
times these were caribou alone. The 
mere fact of the relative abundance 
of archeological remains gives good 
evidence of the former presence of 

29. High Valley (fig. 7-39). (High 
Valley extends from Milepost 28 to 
36.5.) Ahead on the right, across 
High Va!!ey at  e!evatior? 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 Wisconsir, ice. 

30. Directly ahead is the terminal 
moraine of the glacial b~lb that 
pushed south through Giacier Gap 
and terminated in High Valley. Left; 
inactive rock glacier (? )  of Wisconsin 
age. 

30.4. Sfop 7-47: Terminal moraine. 

Glacial 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 souih from :he Alaska Range 
filling the major valleys and low- 
lands but pushing onIy 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 Moiintains. 

large herbivores here, and at  the Lower slopes, especially north- 
present time caribou are seasonally facing slopes, in the High Valley 
abundant. area are blanketed with a 3- to 7- . - .  

26.5. Start up right (west) lateral to 2.1 m, thick sheet Of 

of glacier that poured south inactive rubble that was derived 

through ~ ~ ~ d ~ ~ ~ k  G~~ in Wisconsin from higher slopes by frost riving 

time. during the rigorous climate of the 
time of Denali Glaciation. Some of 

28.1. Top of prominent lateral mo- these rubble sheets extended out 
raine of early Wisconsin age (early over the silty till of middle Quater- 
Denali age, figs. 6-38, 7-39). nary age. 

During this rigorous climate of 
Wisconsin time, smsll rock g!a- 
tiers(?) originated on the north side 
of the bedrock ridge south of the 
highway and pushed a short distance 
into High Valley. 

31.2. Eissected 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 till of Illinoian 
age derived from the bedrock ridge 
by frost riving during the rigorous 
climate of Wisconsin (Denaii) time. 
The bedrock ridge was not high 
enough to support glaciers such as 
those on the north side of the Amphi- 
theater Mountains across High Val- 
ley. 

35.4. Summit of Denali Highway. 
Elevation 4,081 feet (1,240.6 m). 

35.6. Right; Iobe of early Wiscon- 
sin age moraine (Denali I) (fig. 7-39). 
Deposited when Maclaren Glacier 
pushed over the edge of Maclaren 
Vaiiey into High Valiey a short dis- 
tance. 

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

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

40.8. Sfop 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 2 225 
years (GX-0249). Pingo formed in 
post-Pleistocene time and this gives 
a minimum date on the age of the 
late Denali advance. 

42.1. Ascend ice-contact deposits. 
This large mass of washed gravel 

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

42. Maclaren River and view of the 
Maciaren Giacier. The river cuts 
through ice-contact deposits at this 
point. 

45. Entrance to Crazy Notch. 
46. Exit of Crazy Notch. Crazy 

Notch was cut by a subaerial stream 
which may have been sub-ice both 
to the east and west. An esker be- 
gins (or ends) a t  the exit of the 
notch. 'I'wo systems of eskers enter 
Crazy Notch from higher elevations 
to the west, and drainage was evi- 
dently to the east into the Maciaren 
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. 

4.9. Teat pingos 6 feet (1.8 mi high 
and 15 feet (4.6 m) in diameter occur 
in the bogs on the right. 

50. Sfop 7-49: Roadcut in esker. 
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Figure 8-40. Index map d the Copper River Basin, Alaska showing Field 
Trip Stops. - 94 - 

into the fiejstocene sediments. Be- 
tween river valleys, muskegs m d  
marshes. which ocntpy depressions 
on the old lake floor, are perched on 
poorly drained, perennially frozen 
lake sediments. 

In the Copper River basin, most 
of the damage and ground breakage 
caused by the major earthquake of 
March 27. 1954, 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 
dwellirgs, and, locally, sewer lines 
and other underground pipes were 
damaged. Ground cracks commonly 
occurred in flood plains of major 
rivers; locally, in low terraces ad- 
jacent to flood plains; in deltas; 
aIong 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 restricted 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 Descripfions 

183.3.1 Enter Gulkana D-3 Quad- 
rangle. 

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

182.2. Right; de lb  of Gulkana 
River which forms forested neck of 
land in center of lake. 

1815. Roadcut in highly fractured 
greenstone. Highway parallels east- 
ern shore of Paxson Lake and Iies 

lMiles 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 hill 
generally is covered by coUuviurn 
derived both from greenstone bed- 
rock, which underlies the hill at 
relatively shallow depth, and from 
glacial drift, which generally man- 
tles the bedrock. 

180.8- Right; Sportsman Lodge 
which is built on a spit. 

179.0. Par the n e x t  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. Roadcut through deposit of 
till; exposed best on left. 
L72.0. The rounded hills to the 

south were not overridden bq- ice 
during the last major glaciation; 
however, they were overridden dur- 
ing one ox more earlier glaciations. 

171.5. Right: two pr~minent  ter- 
races can be seen at the base of the 
hill. across the drainageway. These 
terraces were formed during the last 
major gladation by an outwash 
stream emanating from b e  glacier 
that occupied the trough now oc- 
cupied by Paxson Lake. The melt- 
water stwarn 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 h) to 
the south. 

171.1. Highly fractured greenstone 
exposed in roadcut. For the next 
mile the highway parallels the east- 
ern shore of Meier Lake and ior a 
shol-t distance is underlqin by out- 
wash gravel and sand deposited by 



170.5. Sfop 8-50: Frost-rived granite 
blocks. 
For the next 2,500 feet (760 m) 

granite bedrock is exposed along the 
highway. Numerous large blocks of 
w e a t h e r e d  g r a n i t e  are exposed 
conspicuously on the hillside to the 
left. The well-jointed character of 
the granite makec it especially sus- 
ceptible 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 t'ne Cop- 
per River basin. The hill therefore 
was esposed to a rigorous periglacial 
climate, a climate more rigorous 
than that of today. 
170.0. Left; site of Meier Road- 

house. The main structure burned to 
&L L I I ~  ground a few years ago. Wagen 
in rear was used in the early 1900's 
to haul supplies from Valdez to in- 
terior Alaska. 
169.8. Right; roadcut in outwash 

gravel. 
169.3. Right; gravel pit in large 

delta mentioned at mile 171.5. Gccd 
forest beds are present locally in 
this deposit. A local resident reports 
that a mammoth tusk was unearthed 
by construction workers during ex- 
cavatiori of this pit. For the next 3 
miles (5 km) the highway is under- 
lain by fine, silty, lacustrine sand. 
166.0. For the next 5 miles (8 km), 

highway crosses a north-south-trend- 
izg hill composed of dioritic bed- 
rock with a thin veneer of glacial 
drift. 

165.0. Enter Gulkana C-3 Quad- 
rangle. 
161.0. Highway crosses low ter- 

race of Haggard Creek. To the south, 
a rock quarry has been developed at 
the north end of the hill. The dio- 
ritic rock has been hauled to Ga- 
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160.8. For the next 2.5 miles (4 
km) the highway ascends, and then 
follows, 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 fo!?ov;s the 
western flank of Hogan Rill. A thin 
veneer of glacial drift overlies green- 
stone which crops out conspicuously 
along the highway at mile 158.1 and 
miie i55.5. A rock quarry has been 
developed on the left side of the 
highway at mile 158.0. 
155.4. Straight ahead, on a clear 

day an excellent view, from left to 
right, of Mt. Sanford (16,237 f t  
[4,949 m]), Mt. Wrangell (14,163 f t  
(4,317 m]), and Mt. Drum (12,010 f t  
(3,661 m]). All of these peaks are 
volcanoes. The dome-shaped Mt. 
Wrangell is still active and 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 (gravelly, clayey silt). These fine- 
grained deposits, and other similar 
fine-grained deposits in the Copper 
River basin, generally are poor foun- 
dation materials. Construction on 
them commonly results in serious 
maintenance problems, espec ia l ly  
where surface drainage is poor. 
Construction disrupts the thermal 
regime of the ground, causing a 
lowering of the permafrost table and 
consequently melting of any ground 
ice which in turn causes settlement. 
When saturated with water the 
thawed silt loses its bearing strength 
with settlement of the road bed. 
149.8. For next 1.8 miles (2.9 km) 

highway crosses near-shore, lacus- 
trine sand and fine gravel deposits; 
these sediments are underlain by 
fine-grained lacustrine deposits at 
relatively shallow depth. 

148.0. Highway descends about 50 thawed by minor changes in the 
feet (15 m) over colluvial deposits to regimen of the ground-surface tem- 
the narrow, sand- and silt-mantled perature, such as brought on by most 
terrace of Sourdough Creek. Right; construction projects, considerable 
Sourdough Lodge which was estab- surface subsidence may occur. Now- 
lished in 1904. ever, because of its thickness, at- 
147.7. Sourdough Creek, and a col- tempts to thaw the permafrost and 

luvium-covered slope similar to that stabilize the ground prior to con- 
along the north side of t'ne creek. struction generally are impractical. 

147.0. For the next 17 miles (27 Because of the problems experi- 
km) highway continues on iacustrine enceG in highways and 
plain which is underlain generally buildings on permafrost in the Cop- 
by massive pebbly silt. per River basin, a cooperative study 
146.0. Enter Gulkana C-3 Quad- of the engineering aspects of peren- 

rangle. nially frozen ground was undertaken 
i45.4. Enter Gulkana B-3 Quad- in 1954 by the U. S. Geological Sur- 

rangle. vey and predecessor organizations to 
138.0. D ra inagewa y of s m a l l  the Alaska Department of Highways 

stream which is a tributary to the (Alaska Road Commission and Bu- 
Gulkana River. For several miles reau of Public Roads). Six roadway 
f ie  highway is parallel to the valley sections and one apartment house 
of the deeply entrenched Gulkana were selected for study- All roadway 
River which can be seen through the sections were instrumented by a con- 
trees to the right. tinuously recording thermograph to 
137.0- Highway underlain by a obtain ground-surface temperature, 

sandy facies of the lacustrine depos- and f o u r  ver t i ca l ,  20-foot-long 
its, and consequently, the area is (6.1 m) thermistor cables. The cables 
fairly u~e!! drained and supports a were i n s t a l l e d  in the centerline, 
relatively tall stand of poplar and shoulder, and ditch of the road and 
white spruce trees. one in undisturbed ground beside 

the road. 
130.0. Sfop 8-51: Permafrost thermal A control station was set up at 

recording station. Mile 130 on the Richardson Highway. 
Thc Copper River basin lies in the At the control stations. in addition 

zone of discontinuous p e r  m a £  r o s  t .  to the three vertical t h e r m i s t o r  
Permafrost probably is present ev- cables in the road, a cable was 
erywhere in the basin except be- placed horizontally across the road 
neath large lakes and major streams. a t  a depth of 3 feet (0.81 m), and 20- 
It  lies 1 to 2 feet (0.3 to 0.6 m) below foot (6.10 m) cables were placed ver- 
the surface in some muskegs with tically in undisturbed ground on both 
thick sphagnum moss, 2 to 5 feet sides of the road aind one in the 
(0.6 to 1.5 m) in lacustrine and fine- centerline of an adjacent section of 
grained glacial deposits, and 6 to an old, abandoned roadway (fig. 
more than 10 feet (1.8 to more than 8-41). The highway at the control 
3 m) in granular alluvial and gla- section was built on undisturbed 
cia1 deposits. I t  generally ranges ground in 1951. The roadway was 
from 100 to 200 feet (30 to 60 m) hand cleared and trees were laid 
thick, has a high ice content, and is normal to the centerline on the un- 
marginal in temperature (-0.5" to disturbed vegetation mat. In 1952, 
-1.5"C [31.1° to 29.3"FI ). Conse- 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 
minimum of disturbance. However, 
by 1954, differential subsidence ne- 
cessitated placing half a foot of 
gravel through the area to maintain 
a smooth surface. This section was 
paved originally in 1956 and has 
been patched several times and torn 
up and repaved once in the late 
1950's. A good riding surface seldom 
lasts more than a year after recon- 
struction. 

The adjacent old road was con- 
structed in the pre-World War ZI era, 
then widened and additional gravel 
placed on the surface during war- 
time construction. When originally 
constructed, the roadway was cleared 
and stripped down to the frozen por- 
tion of the organic mat. At  presenf 
permafrost lies at a depth of a little 
more than 16 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 5 feet (1.5 m) in 
1954 to about 11 feet (3.4 m) at 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 drainageway connecting 
the existing valleys of the Gulkana 
and Copper Rivers and then ascends 
back to the lacustrine plain. 

12&8. Junction of the Richardson 
Highway and the Tok Cutoff porkion 
of the Glenn Highway. 
Glenn Highway 

0.6.1 For next 0.4 miles (0.6 km) 
highway f o l l o w s  old, abandoned 
drainageway (mentioned above) to 
the edge of a high river bluff of the 
Copper River. Edge of bluff is under- 

lMiles from junction of Glenn 
Highway and .Richardson Highway. 

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

1.0. Highway descends t h e  steep, 
200-foot (60 m) bluff. Along the left 
sjde 01 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 deposits include 
not only typical laminated Lake sedi- 
ments, but also nonsorted and poorly 
soried lake sediments, which have 
been described as glaciolacustrine 
diamicton deposits. The nonsorted 
deposits commonly are till-like in 
character- Along this section of the  
highway, considerable slumping has 
occurred, both upslope from the road 
and d o d o p e  i=o& 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 grave1 
terraces of 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, gla- 

ciers advancing in the mountains 
surrounding the, Copper River basin 
dammed the drainage of the basin, 
thus impounding an extensive pro- 
glacial lake. The lake that existed 
during the last major glaciation cov- 
ered more than 2,000 square miles 
(5,200 km2) of the basin floor, and 
numerous glaciers and sediment- 
laden glacial streams debouhed into 
it. The 300-foot (90 m) high bluff 
along the west side of the Gakona 
River offers a good view of the type 
of sediments that were deposited in 
this lake. 
The uppermost 15 to 30 feet (4.5 

t o  9.1 m) of the section consists of  



windblown sand and silt interbedded 
wit?) peat and other organic mate- 
rial. AppmximateIy 200 feet (61 m) 
of sediments, underlying the wind- 
blown nlaterial, was deposited jn f i e  
cxtc;~sive proglacial lake during the 
Iast major glaciation. The age of 
thcsc sediments is bracketed bc- 
tween a maximum radiocarbon date 
of gr.rcater than 38,000 years (W-531) 
and a minimum date of 9,300 r 300 
ycars (W-714). 

Radiocarbon age deterrninatiom of 
28,300 r 1,000 years (W-1343) and 
31,300 r 1,000 years (W-843) were 
obtained from organic material col- 
Jected Irom a bluff along the San- 
ford River about 10 milcs east of 
here. These two age determinations 
date an interval of lime when the 
lcvel of the lake was a t  an altitude 
of approximately 2,150 feet (655 m). 
All these radiocarbon dates indicate 
that the Iasl major gIaciation in the 
Copper River basin is compatablc 
in age to tttc last major glaciation 
(Wisconsin) in central North Amer- 
ica. Other exposures less than a nlik 
downstream from here provide stra- 
tigraphic evidence for two major gla- 
ciations older than the last major 
glaciation. 

127.6. Highway descends a collu- 
vium-covcrcd bluff of the Gulkann 
River. 

127.5. Low gravel terrace of the 
Gulkana River. Left Indian Village 
of Gulkana. 

127.1. Gulkana River is one of the 
few clear-water streams in the Cop- 
per River basin. Most of the major 
rivers in the basin carry a large load 
of suspended sedirncnt and consc- 
qucntly are brown. 

'Miles from Valdez on the Rich- 
ardson Highway. 

227.0. Highway ascends a collu- 
vium-covered bluf1 to the surface of 
a high gravel tezrace. 

125.6. Highway on lacustrine plain. 
124.8. Enter Gulkana A-3 Quad- 

rangle. 
124.8. U n d e r l a i n  large ly  by 

pebbly, clayey sill. 
121.1. Well at  end ol access road 

Lo rjght w a s  drilled to a depth of  354 
feet (107.9 m) and encountered highly 
saline water. Tho minimum temper- 
ature recorded over a per id  of sev- 
eral years in this hole, Irom below 
the zonc of mean annuak tcmpera- 
lure fluctuatiop, was -0.7"C (S1.OaF). 
Per~nafrost occurs to a depth of 120 
feet (36.6 m) below the surface in 
glacial and glaciolacustrine deposits 
of Wisconsin age and hence is con- 
sidered to have formed in thc Recent 
Epoch. 

118.2. Poorly drained drainageway 
on lacustrine plain at west end of 
Gulkana Fcdnal Aviation Agency 
airslxip. Notc thc deterioration of 
the east-west runway, which is no 
longcr scrviceablc lor aircraft land- 
ings. Differential subsidence 01 the 
blacktop surface has resulted Irom 
degradation of permafrost. Wells 
drilled at the  F.A.A. station have 
penetrated to a depth of 293 feet 
(89.4 m) before encountering water. 
Water is generally high in chlorides. 
espcciolly a1 the 433-foot (132 rn) 
level; water fro111 the 293-foot (89.4 
m) level i s  not considered potable 
without filtration. 

117.6. rncised flood plain of  Dry 
Crcck. 

115.4. Saline water reported from 
321-foot (97.8 m) well drilled at Gate- 
way Lodge. 

112.5. Sfop 8-53: Sjrnpson Kill Road- 
cut and Copper River Bluff. 

Overview of the Copper River 
and from left to right. Mt. Sanford 
(16,237 ft 14,949 ml) ,  Mt. Drum 
(12,010 f t  (3,GGI ml) ,  Mt. Wrangell 
(14,163 ft 14,317 m]), and Mt. Black- 
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burn (16,523 f t  15,036 m]). Cones of 
the D m  group of mud volcanoes 
also are visibIe. Shrub mud volcano i s  
14 mikes (23 km) to the east-norlh- 
east; Upper Klawasi is 14 miles (23 
km) to the east; and Lower IClawasi 
is 7 miles (11. km) to the east-south- 
east (fig. 8-42). The Lower Klawasi 
mud volcano is the largest of the 
Drum group of mud volcanoes. The 

a new telephone line upslopc and 
parallel to the road, a wide swath of 
the vegetation cover was stripped 
through 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 materid on the outer part of the 
road to bring it back to grade. Ovcr- 

Figure 8-42. Location of mud volcanoes and mineral springs in the south- 
eastern Copper River Basin. 

cone Iincs on the lower slopes of t h e  
Wrangell Mountains and is composed 
of clayey silt with small angular 
rock fragments. The base is approxi- 
mately 6,000 feet (1,830 rn) E-W and 
8,200 feet (2,500 m) N-S; the cone is 
about 150 feet (46 m) high. The pool 
in the crater i s  depressed 15 feet (4.6 
m )  below the crest, i s  175 feet (53.4 
m) in diameter (fig. 8-43), and dls- 
charges carbon dioxide gas through 
Na-RCOs-Cl water with up to  28,000 
ppm dissolved solids. 

Simpson Hill  Roadcut. In the 
spring of 1954, during constructi~n 0f 

night, a 15-foot (4.6 m) wide seclion 
of the paved road and shoulder 
slumped downward through a verti- 
cal distance a f  10 feet (3 m), appar- 
ently along a concave glide plane. 
To xepair this major damage, large 
amounts of silt were excavated along 
the cut and dumped into the slump 
area. Almost a year later the same 
part of the  road again subsided 10 
feet (3 m), following attempls LO 
level minor slumps by the addition 
of a small amount of fill. Subse- 
quently, deeper cuts have been made 
jnta the hill in order to obtain the 
required road width  rather than  



again replacing the slumped material layers of volcanic ash in lacustrine 
with fill. Nevertheless, sliding has pebbly silt and varved silt and clav. 
continued on a minor scale and con- 
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shtutes a nevm-endjng maintenance COPPET River Bluff S e c e n -  This 
problem. section exposes the deposits of  the 

last major glaciation in the south- 
The roadcut here exposes several eastern Copper River basin. 
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Figure 8-43. Comparison between certain physical characteristics of mud 
volcancles, Copper River Basin, Alaska. (From Nichols and Yehie. 1961% 
Table 1) 

COPPER RIVER BLUFF SECTION 
Thickness Feet below top 

Unit in feet of bluff 
I. Vegetation mat and soil profile 2.7 (0.9 m) 2.7 (0.9 rn) 

developed on eolian silt and 
sand. 

2. Late-glacial. lacustrine depos- 6.5 (2.0 m) 9.2 (2.9 rn) 
i t s :  Massive dark-grey clayey 
silt with lenses of silt and vol- 
canic ash. 

Gradational contact 
3. Late-glacial deposits: Dark- 15-25 (4.6-7.6 m) 29.2 (8.9 rn) 

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

4. Interstadia1 lacustrine deposits: 
a. Amorphous masses of blue- 5 (1.5 m) 

grey, phpXtic-appearing 
day wrth a few pebbles. Ex- 
treme deformation by shear- 
ing locaUy. 

b.Well-laminated,blue-grey 5 ( 1 . 5 r n )  
clayey silt with several, 1- 
to 4-inch (2.5-10 cm) thick 
volcanic ash beds. 

c. Massive, blue-grey blocky 10-15 (3.04.5 m) 
silty clay. 

5. Early-glacial ice deposits: 
a. Massive dark-grey clayey 10-20 (3-6m) 

silt with columnar joints 
and conchoidal fracture and 
with numerous scattered 
pebbles and cobbles. A p w -  
ent bedding locally. 

b. Gradational zone between 10 (3 m) 
(a)  and ( c ) .  

c. Typical, blocky,  fractured 30-40 (10-12 m) 
till with numerous pebbles, 
cobbIes, and boulders in a 
clayey, sandy silt matrix. 
Contorted and faulted 
varved silt and clay incor- 
porated as large and small 
masses in tiU and in shear 
zones near base. 

6. Early-glacial lacustrine deposits: 
a. Horizontally laminated and 22 (6.7 rn) 

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 3 (.9 m) 
sand with steep, southward- 
dipping forest beds. Gran- 
ules, pebbles, and cobbles 
scattered throughout. 

7. Preglacial fluvial deposits: (Rapid lateral variations) 
a. Fine pebble and pea gravel 0.3 (0.1 m) 

in coarse sand matrix. 
b. Horizontally bedded me- 26 (7.9 m) 

dium to coarse sand with 
thin pumiceous pebbly zones 
and scattered elastic '%oul- 
ders" of  till. and varved silt 



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

Disconf ormity 
c. Horizontally bedded grey to 5 (1.5 m) 168 (51 m) 

brown silt and fine sand, 
highly contorted in upper 
3 It. 

d. Dark-grey coarse to medium 4 ( 1.2 m) 
sand with gravelly beds. 

e. Well-rounded gravel with a 25 (7.6 m) 
few thin sandy beds. Iron 
and manganese oxide stain- 
ing locally and particularly 
near base. 

1. Well-bedded fine to coarse, 0-3 (0-0-9 m) 
dark-grey to grecnish-grey 
sand. 

8. Sanford volcanic mudflow de- 0-3 (0-0.9 m) 
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 to grey. Generally massive 
but with local lenses of well- 
sorted sand or gravel. 

9. Pre-Sanford fluvial deposits: 60 (18.3rn) 
Altcxnating s a n d  a n d  well- 
rounded coarse gravel w?th 
rounded detrital blocks of till 
and lacustrine sediments, lo- 
cally ixon stained; cross-bed- 
ding dips steeply to  the south. 

Copper River level. 

The f onowing reconstruction of 
events, from the oldest to the young- 
est, are inferred from the character 
and relations of the glacial, lacus- 
trine. and fluvial deposits exposed in 
the Copper River Bluff section. 

1) Fluvial deposition witJl incorpo- 
ration of blocks of older sedi- 
ments, probably from nearby 
'riverbanks; 0-60 f t  (0-18.3 rn) 
above river level. 

2) Downstream termjnus of CO- 
herent deposits from the M t .  

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

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

4 )  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 coame fragments 
and periodic slumping or iceberg 
drag of sediments to cause con- 
tortions; 133-185 ft (40.5-56.4 m). 

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

7) Gradual thinning of ice to in- 
crease buoyancy and eventual 
floating of ice near terminus 
with rapid deposition from melt- 
ing at base of  ice; 220-245 f t  
67-75 m). 

8) Retreat of ice front south of t h i s  
point but with continued rapid 
lacuslrine deposition and a t  
least minor volcanic activity as 
suggested by thin ash beds; 
245-255 f t  (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 h  

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

t 21) Drainage of lake at close of Wis- 
consin time, downcutting of the 
Copper River, and inauguration 
of eolian activitg to form the 
present surface: 281.5-284 f t 
(86-87 m) . 

That lacustrine sedirnenhtion was 
i continuous and widespread between 

deposition of the tills, as postulated 
in events 6 and 9, indicates that R e  
ice, while it did thin and retreat at 
least 5 miles (8 km), did not retreat 

I sufficiently to permit  comple te  
dmining of Ihe lake. Ice retreat in 
this area may 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 i n t e rs t ad i a l 
rather than interglacial conditions. 
Only with complete removal of ice 
as a barrier to drainage of the Cop- 
per River, as indicated by cessation 
of lacustrine deposition and in i ha- 
tjon of subaerial or fluvial condi- 
tions, can 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 
lo evaluate the area as a townsite. 
Because of saline water and perma- 
frost problems, plans for the town- 
site 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. 

180.1.2 Enter Gulkana A-4 Quad- 
rangle. 

187.6. 100-foot-deep (30 rn) well 
produces slightly hard but potable 
water from glacial deposits and bc- 
low permafrost. 

186.2. Stop 8-54: Glennalien perma- 
frost problems (fig. 8-4). 
Nvmerous 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 buildings at 
Glennallen are built on colluvjal- 
mantled terrace deposits of Moose 
Creek. Colluvial deposits, X to 15 
feet (0.3 to 4.6 m) thick, consist 
largely of gravelly silty clay; terrace 
deposits, I0 to 30 feet (3 to 9 m) 
thick, are largely silty sandy gravel 
or gravelly sand and overlie a Chick 
sequence of f i n e - g r a i n e d  ice-rich 
glaciolacustrinc deposits. Prrmafrnsl 

Wiles from Anchorage on the 
Glenn Highway. 



generally lies 5 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 sufficient to 
act as a cementing agent and locally 
to form ice lenses and stringers. 
Small amounts of ground water are 
pcrched on the germafrost and af- 
ford seasonal supplies of potable wa- 
ter. Maintenance of the permafrost 
level in this area is difficult because 
of i ts marginal temperature; artifi- 
cial destruction of the permafrost 
before construction i s  virtually pre- 
cluded by i t s  considerable depth. A 
number of methods  h a v e  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 
constructed in 1950 and utilizing the 
"Long thermopile" in the foundation. 
has, almost alone among the struc- 
tures at GIennaUen, remained stable, 
even through the Alaskan Good Fri- 
day earthquake, March 27, 1964. 

Although well water at Glennallen 
is hard, it i s  not characteristic of the 
high salinity of deep wells in the 
area. Most wells at Glennallen are 
less than 100 feet deep and do not 
intersect the saline aquifers 300 to 
500 feet (40 lo 150 m) deep. 

185.3. Swale, crossed by road for 
next 0.2 miles (.32 km) is probably 
an early d r a i n a g e w a y  of Moose 
Creek. 

185.0. 184.6. 184.3. Three m i n o r  
strandlines occur at about 1.510 (460 
m), 1,545 (471 m), and 1,510 (475 rn) 
Ieet. Other, higher strandlines rec- 
ognized elsewhere in the southeast- 
ern part of the Copper River basin 
lie at  1,600 (490 m), 1,700 (520 m), 
1.800 (550 m), and 1,900 (580 M) feet, 
but arc not apparent along the road, 
probably because of modification by 
drainage swales that developed after 
drainage of the lake at the close of 
Wisconsin time. 

183.3. Road crosses 1.2 miles (1.9 
km) 01 sand and gravel deposits 
which occur in a broad swath swing- 
ing north from the Tazlina fiver. 
The swath apparently represents an 
early course OX the T u n a  River 
that formed about 9,000 years ago, 
soon after drainage of the lake. 
Poorly sorted sandy gravel and grav- 
elly sand sediments are exposed in 
the gravel pit north of the highway 
at  mile 182.7 and south ol 182.4. 

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

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 lacustrine 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 fmst heaving in wet 
areas under the road prism. 

177.1 to 176.3. Several small. almost 
imperceptible strandlines lie at alti- 
tudes of 2,000 (610 m), 2,050 (625 m), 
and 2,090 (637 m) feet in the next 
0.8 miles (1.3 km). On the strandlines 
are discontinuous deposits of poorly 
sorted sand and sandy gravel, gen- 
erally less than 10 feet (3 rn) thick; 
some of these depasits were used as 
limited sources of borrow road con- 
struction. 

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

Tolsona No. 1 cone of the Tobona 
group of mud volcanoes lies 0.12 
miles (0.19 km) north of the high- 
way. This mud volcano is one of 
four mud volcano cones and two 
mineral springs that compose the 
Tolsona group of mud volcanoes. 



This group lies largely west of the 
Copper River and contains much 
smaller cones than those of the 
Drum group east of the river (fig. 
8-43). Springs discharging from the 
Tolsona group emit methane gas and 
cool sodium and calcium chloride 
water. 

The Tolsona No. 1 mud volcano, at 
an altitude of 2,045 feet, is about 25 
feet (7.5 rn) high, 600 feet (180 rn) 
wide, and 900 feet (270 m) long. The 
crntcr is about 30 icet (9 m) in diam- 
eter. The temperature of the water 
discharged from the vents ranges 
bet ween 38" and 55°F (3.3'-12.8-C). 
The cone has gently sloping sides 
rising to a slightly domed crest on 
which several areas of activity and 
of individual gas and water vents 
have varied from year to year. 

Nichols and Yehle (1961) suggested 
that the water could be derived from 
meteoric and/or other water cjrcu- 
lated with a saline ground water 
formed by evaporation from glacial 
lakes and later reconcentrated by 
permafrost, from highly diluted vol- 
canic water, or from a c o n n a t e  
source. They proposed that the gas 
is probably derived from coal beds 
similar to the Tertiary or older coal 
beds exposed near Atlasta House 7.5 
miles (12.5 km) to the west, or from 
marsh gas from buried Pleistocene 
deposits, or a l t e rna t i ve ly ,  from 
slightly organic,  nonpetroliferous 
connate water associated with Cre- 
taceous deposits. 

Grantz and others (1962) proposed 
that the gas and water arc connate 
in origin and are derived from Cre- 
taceous or older marine rocks that 
are inferred to undexlie the  area. In 
support of this thesis, they report 
t h e  presence of Foraminifera, Ino- 
ceramus shell fragments, ecbinoid 
spines and plates, and ophjuran os- 
sicIes on the surface of the cone. A 
few Inoceramus prisms have been 
collected from nearby till and pro- 
glacial lake deposits but they are 

strongly abradd.  They point out 
that although the gas resembles 
marsh gases, and contains little of 
the higher hydrocarbons. i i  m i lar 
gases occur in the oil fields O C  the 
United States. 

The age of the cone is assumed to 
be late Pleislocene. Authors of both 
papers re ferenced  state that the 
small size of the cones and the lack 
of included angular rock fragments 
suggest that the cone formed largely 
by quiet, gradual accretion of mud 
rather than by explosive action. 

Tolsona No. 2 mud volcano lies 
0.4 miles (0.64 km) north-northeast 
of Tolsona No. 1, but cannot be scen 
from the highway. 

173.1. Road descends bluff com- 
posed of glaciolacustrjne silt and 
clay depossts and mantled by col- 
luvium. 

172.9. Gravelly terrace deposits of 
Tolsona Creek. 

172.6- Massivc Iacustrine peSbly 
silt and varved silt and clay over- 
lying till are exposed in bluffs. 

1713. Lacustrine plain composcd 
largely of pebbly clayey silt. 

171.2. Enter Gulkana A-5 Quadran- 
gk. 

170.0. Right; side road to Tolsona 
Lake Resort. Road follows site of 
former esker now removed for road 
material. Esker a t  resort on lake- 
shore consists of gravel deposi ts  
about 80 feet  (24 m) thick which 
rest on glaciolacustrine deposits.  
Most of the surficial deposits ic  this 
area are lacustrine silt, clay, stony 
silt, and stony clay. Both. Moose 
Lake, located norll~west of Tokona 
Lake, and Tokona Lake have small 
seepages of gas and saline water. For 
the next 4 miles (6.4 km) highway 
crosses a series of north-south trend- 
jng till-cored ridges which are 
draped with lake sediments. 

166.2. Right; Atlasla House. Bill 
behind lodge is formed of poorly 
consolidated sandstone, coal, clay, 
and gravel of Tertiary (Oligocene) 

age. Coal beds as much as 2 feet (0.6 
III ) 1::ick occur. 

164.0. ~ i g h t ;  for the next 6 miles 
(9.6 km), a moraine of late Wiscon- 
sin age occurs 3s hummocky terrain 
on t h e  southern slope of Tazlina HiU. 
This moraine probably is about t 1,- 
000 or 12.000 years old. To the left 
(south) Tazlina Lake and Tazlina 
Glacier occur in the distance. Be- 
cause the lake is fed by glacial melt- 
water i t  has a considerable amount 
of gray rock flour in suspensioh, and 
i t s  bottom i s  covered by the same 
material. The lake is a t  least 370 feet 
(110 m) deep. At  the outlet of the 
lake, at its northern end, the  Tazlina 
River crosses conglomerate of t h e  
Matanuska Formation (Cretaceous), 
and then enters a canyon cut into 
PIejsiocene glacial and glaciolacus- 
trine Rrposjts. 

L5S.O. Left; Taziina Glacier Lodge. 
Highway is underlain by stony silt 
or clay. and the lake bchind the 
lodge 1s perched on this same im- 
permeable material. A well dug be- 
side t h e  lake encountered dry gravel, 
and water pumped into the well dis- 
appeared into the gravel. Many of 
the lakes i n  this part of the Copper 
River basin are perched on imperme- 
able sediments and do not reflect the 
water table in thc underlying ma- 
terials. 

154.8. Right; large pit is at the base 
of a hill around which a shoreline 
related to the 2,450-foot {750 m) lake 
Ievcl was formed. The former  shore- 
line is marked by a wave-cut notch 
with boulders at its base, which have 
been winnowed from the underlying 
lill. For approximately t h e  next 9 
rnilcs 114.5 km) the highway mosses 
a broad valley which was occupied 
by a northward-moving glacial lobe 
during late Wisconsin time. Within 
thjs valley the highway crosses sev- 
era1 north-south-trending till ridges 
which are draped with lacustrine 
sediments. The intervening lowlands 
generally are underlain by fine- 
grained lacustrine deposits. 

154.1. Enter Gulkana A-6 Quadran- 
gle. 

146.0- For the next 4 miies (6.5 
km), highway winds through area 
of kames and cskcrs composcd of 
sand and fine gravel. 

144.5. Enter Valdez D-8 Quadran- 
gle. 

142.0. Right; Slide Mountain. For 
the next 4 miles (6.5 km), highway 
follows along the southern flank of 
Slide Mountain {fig 8-45). Large 
landsljdes 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 and spruce forests are growing 
on them. Others have moved re- 
cently-movement in  I946 formed 
the large scar that can be seen from 
near mile 141.0- Minor movement 
occurred in several places within the 
slide zone during the earthquake of 
March 27. 1964. The brown rock at 
the summit of t h e  mountain is poorly 
consolidated g r ave l  and sand of 
Oligocene age. 

138.0. Highway begins steep de- 
scent into canyon of Little Nelchina 
River. Shale Jlas been used as fill; 
consequently, road has slumpe(l i n  
several places. 

137.4. Little Nelchina River. Shale 
of the  Matanuska Formatjon, capped 
with terrace gravel, occurs along the 
east side of the river near the bridge. 
The age of the terrace gravel and 
of the canyon is slightly older than 
10,250k250 years (W-767); therefore 
the glacier had to have reheated 
from this point before that date. 
nighway begins ascent to till-cov- 
ercd surface bordering the callyon 
of the Little Nelchina River. 

135.5. Enter Anchorage ID-1 Quad- 
rangle. 

133.0. St- 8-56: Nelchina Glacier 
view. 

To the south there i s  a good view 
of the Nelchina Glacier, the broad 
outwash plain in front  of the  glacier. 



and the Ne [china River canyon this moraine, lake level held steady 
which is cut into glaciokcustrine de- at 2,450 feet (750 m), forming weakly 
posits and other glacial drift. The developed beaches. Apparently the 
western part of t h e  end moraine of lake at this level was held in by a 
a major glacial advance during late bedrock threshold, perhaps in the 
Wisconsin time can be seen to the Susitna canyon. The age of this ad- 
northwest. vance and of the lake at this level 

During Wisconsin time t h e  TaI- 
keetna Mountains, remote from moist 
maritime air, were not heavily gla- 
ciated. Glaciers from the Chugach 
Mountains, because of their proxim- 
ity to these air masses, advanced 
more than 50 miles (80 km) north of 
their present position and coalesced 
to form a great piedmont glacier 
which franted in a glacial lake. Evi- 
dence of pre-Wisconsin glaciation i s  
obscure and lies either at high ek- 
vations or in areas north of the high- 
way; therefore it is not discussed 
here. 

In Late Wisconsin time the ex- 
panded glaciers from the Nelchina 
and Tazlina valleys in the Chugach 
Mountains were separated by low 
bedrock hills into three lobes; a lobe 
moved northward through the Little 
Nelchina valley, a lobe moved north- 
ward through the valley now occu- 
pied by Old Man Lakc east of SLide 
Mountain and west of the Lake 
Louise Road, and a lobe moved east- 
ward down the Tazlina valky below 
Tazlina Lake. Outwash from the 
Little Nelchina lobe was graded to 
deltas at about 2,650 feet (808 rn) 
above sea level. Successively young- 
er deltas, which can be traced back 
along outwash channels to reces- 
sionaI moraines, were formed at ver- 
tical irrtenrals of abwt 50 feet (I6 
m) as the lake Ievel lowered. One 
of these outwash d e d t s ,  which is 
graded to a delta at about 2,500 feet 
('760 m). is dated radiometrically as 

is between 10,250 and 13,280 years 
old, and it  is probably about 11,000 
to 12,000 gears old. 

As the glacier retreated it split 
into two individual valley glaciers, 
that from the Nelchina Valley, and 
that from the Tazlina Valley. About 
this time, probably about  10.250 
years ago, the Iake Ievel 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 
retreated back to within 8 or 10 
miles (13 to 16 km) of their present 
positions. This drop in lake Ierrel 
marks Ihe beginning of the disinte- 
gration of the ice dam bloc king 
drainage through the Chugach Moun- 
tains. Although there were halts in 
the lowering, and possibly some rises 
in lake level. the lowering of the 
lake was rapid, and according to 
evidence in the east-central part of 
the basin, the  lake level was below 
1,700 feet (520 rn) before 9,440*300 
Years IW-714) am. . - 

Since withdrawal of the glaciers, 
minor advances have taken place, 
and the major rivers have cut deep 
canyons through tbe glacial and gla- 
ciolacustrine deposits. Also, a minor 
amount of loess and some cliff-head 
dune sediments have been deposited 
along the northem edge of the river 
canyons. 

133.0. From here to Eureka Lodge, 
at mile 128, the highway follows a 
series of low till ridges that form 
a summit more than 3,900 feet (1,000 

&gh&'older than 13,280f400 years m) above sea level. 
(W-583). The lake Ievel had lowered 130.0. Right; an unsuccessful oil 
to about 2,450 feet (750 m) by the welt 8,546 feet (2,600 m) deep (fi- 
time the ice strongly readvacced, the reka No. 2) was drill& here. Shde 
Iast of the major readvances of Wis- of the Matanuska Formation is over- 
consin age. As the ice retreated from lain by glacial deposits. 



128.0. Eureka Lodge. For next 7 
miles (11.2 km] highway crosses Tah- 
neta Pass over an undulating surface 
tha t  has been scoured by overriding 
glaciers. Shale of the Matanuska 
Formation is very close to the sur- 
face, and the road fill is largely shale 
oblained from pits along the south- 
ern flank of Sheep Mountain and 
from side borrow. The shale is a poor 
aquifer, and attempts t o  obtain fresh 
water From it have failed. 

125.0. Right; site of Alaska Oil. and 
Gas Development Company well, 
Eureka No. 1. Well was drilled in 
1953-54 and reached a depth of 4,818 
feet (1,460 m) without obtaining pro- 
duction of oil, or gas. 

120.0. For the next 3 miles (4.8 
km). highway winds along the south- 
ern shoulder of Sheep Mountain. 
Roadcuts are alternately in ti& in 
gravel, or in sandstone 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 ice 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 m i l e s  (4.8 
km). 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 Iarge amounts of sulfuric 
acid in the water. The acid comes 
from oxidation of pyrite in rocks of 
the Talkeetna Formation which is of 
Early Jurassic age. Within some gul- 
lies of  the mountains, talus and al- 
luvia! deposits of Pleistocene age 

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

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

109.1- Right; major roadcut in toe 
of an inactive rock glacier consist- 
ing of boulders of Talkeetna Forma- 
tion in a matrix of fine-grained ma- 
terial. 

108.8. Right; roadcut. Radiometric 
date of organic material. collected at 
contact between outwash and over- 
lying talus indicates that the out- 
wash deposit is older than 3,620f 250 
years (W-573). 

108.0. Begin steep descent into can- 
yon of Caribou Creek. 

1D7.1. Caribou Creek. After cross- 
ing bridge, highway ascends S- 
bedrock slope. Bedrock is Talkeetna 
Formatian. 

106.1. Right; sand deposits. These 
deposits and others at similar eleva- 
tions across the valley of Caribou 
Creek are ice-contact deposits that 
bordered an advanced position of the 
Matanuska Glacier during late gla- 
cial time, sometime prior to 4.050 
yea-i-i ago. 

105.9. To the south, GIacier Paint, 
a steep glacier-scoured hill of por- 
phyritic intrusive rock of Tertiary 
age. The south face overlooking Ma- 
Eanuska Glacier is nearb vertical 
and is 1,400 feet (430 m) above the 
Matanuska River. 
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bain,  Alaska, in Geology of the radimarbon daies V: h. Jour. 
Arctic: Univ. Toronto Press, v. 2, Sci. Radiocarbon Su~v le~nent .  v. 2. 
sect. 2, p. 1063-1087. 

UPPER COOK INLET AREA AND MATANUSKA RIVER VALLEY 
by 

Thor N. V. Karlstrom 
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Washington, D.C. 
RESUME OF THE QUATERNARY GEOLOGY OF THE 

UPPER COOK INLET AREA AND MATANUSKA RIVER VALLEY 

Upper Cook Inlet is the most marsh vegetatio~~ of sedge, grass, 
densely populated region i n  Alaska, moss, low brush, and black spruce 
having in the metropolitan area of and birch. 
Anchorage and in the adjoining ~ u r a l  The e x t a n  s i v e  lowlands a t  the 
areas of Palmer and the Kenai Low- head of Cook Inlet occur at the in- 
land nearly half oi Ule total popula- tersection of three main va!ley sys- 
tjon of the state. The economy of the tems: The Susitna River valiey that 
region is principally based on federal lies between the Alaska Har.ge and 
support of large military installa- the TaJkeetna Mountains to the 
tjons, on expanding exploitation of north: the Matanuska Valley that 
oil and gas reserves found on the separates the Talkecha Mountains 
Kenai and adjoining lowlands, on from the coastal Chr~gach hcountains 
salmon fishing, and on agriculture. to the east; and the Turnagain Arm 
The region has a modified marine Fjord that separates the Chugach 
climate characterized by a moderate Mountains from the Kenai Rioun- 
range between summer and winter tains to the south and southeas t .  
temperatures and by relatively low Peak elevations of the coastal moun- 
precipitation A t  Anchorage  t h e  tains range in general from 3,000 feet 
mean annual temperature is 36°F t900 m) to more than 13,000 feet 
(2.2"C) and mean annual precipita- (4,000 m), those of t h e  interior Tal- 
tion js 14.5 inches (36.8 cm). keeinas from 3,000 feet (900 m) to 

Below treeline (between 2,000 and more than 8,000 feet (2,400 m), and 
3,000 feet [600 and 900 m] above sea those oI the Alaska Range from 4,000 
level) the better drained surfaces of feet (1,200 rn) to more than 20,000 
the region are covered by interior feet (6,000 m). 
type forest including white spruce, The region has been repeatedly 
birch, aspen, cottonwood, willow, and glaciated. The surrounding rugged 
alder. Vanguard coastal species of  mountains are alpine i n  character 
mountain hemlock and Sitka spruce and retain a n  their highcr portions 
occur locally along the eastern and numerous valley glaciers and exten- 
southern margins of  the region. A sjve ~ C E  fields. The existing glaciers 
significant part o f  the lowlands is are larger and occur at lower eleva- 
poorly drained and characterized by tions near the coast, reflecting a 
extens ive  areas of  muskeg and modern climatic snow line that is 
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steeply inc l ined  c o a s t w a r d  from 
more than 6,500 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 the Prince William Sound 
region. Climatic snow line in the 
intermediate Talkeetna Mountains 
lies as high as 6,000 feet (1,800 rn) 
elevaljan. The lowland areas are all 
underlain by thick sections of glacial 
deposit. and are characterized in 
most areas by hummocky morainal 
topogaphy. 

Five Pleistocene Glaciations 
During the earliest recognized and 

most e x t e n s i v e  g l a c i a t i o n s  (the 
Mount Susitna [oldest] and the Cari- 
bou Hills) expanding ice caps on the 
Chugach and Talkcetna Mountains 
completely filled the Matanuska Val- 
ley; largely, if not completely. cov- 
ered the bordering mountains; and 
pushed out to join other major gla- 
ciers to fill upper Cook Inlet to ele- 
vations of about 3,000 to more than 
4000 feet (900 to 1,200 m). Evidence 
for these glaciations is hgmentary,  
and is restricted to r e m n a n t s  of 
highly weathered glacial drift and 
erratic rnaterjai found at high eleva- 
tions only at great distances from 
the main algjne nourishment centers 
in the surrounding mountains. These 
deposjts have been mapped where 
they tie above less modified moraines 
of the younger Eklutna Glaciation, 
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 protected 
slopes, deposits of Caribou W s  age 
still retain crude morainal form; on 
higher slopes the evidence for b e  
Mount Susitna Glaciation is in the 
form of highly modified drift xcm- 
nants or scattered erratic material. 
During these and all succeeding gla- 
ciations, ice jn the Matanuska Valley 
was coextensive with ice that spilled 
into the Copper River basin in the 

vicinity of Tahneta Pass a t  the head 
of the valley. 

During the next glaciatjon (the 
Eklutna) the upper part of Mata- 
nuska Valley was again buried be- 
neath a vast ice cap except perhaps 
for scattered nunataks along the Val- 
ley margins. Below the confluence 
of the Matanuska and Knik Valleys, 
however, many of the divides be- 
tween tributary glaciers flowing aut 
of the Chugach Mountains stood 
above the ice surface as well as 
above a large upland area on the 
southwest flank of the Ta lkee tna  
Mountains. As rn ar k e d by lateral 
moraines on both the Talkeetna and 
Chugach Valley walls, ice filled the 
valley up to clevations of about 3,000 
feet (400 m) near Palmer and about 
1,000 feet (300 rn) 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 valleys dra in ing  the 
Kenai Mountains and Alaska Range 
to completely cover the floor of Cook 
Inlet for the last time in the Pleisto- 
cene. 

During the last two glaciations 
(the Knik, older, and the Naptowne), 
the Matanuska-Knik ice lobe did not 
coalesce with ice flowing down the 
Susitna River and the Turnagain 
Arm Valleys. End moraines were de- 
posited in the lowlands surrounding 
Anchorage. The Elmendorf moraine 
lies just north of Anchorage and rep- 
resents the maximum Naptowne ex- 
tent of the Matanuska-Knjk ice lobe. 
As marked by remnants of end mo- 
raines partiaIly buried in the gravel 
plain bordering the Ehendorf mo- 
raine, and by buried drift exposed in 
sea bluffs at the lower end of Knik 
Arm. thc ice lobe of Knik age was 
from 3 Eo 6 miles (4.8 to 9.6 km) more 
extensive at its maximum than the 
ice lobe of Naptowne age. Proglacial 
lake deposits associated with these 
and correlative moraines along with 



i glacial recession; t h e  high lake  posited by mellwaters diverted along 
vague strandline features and corn- face boulders on moraines of Nap- phases reconstitution of effective ice- the retreating ice front. The more 

darn conditions during glacial ad- active Knik sublobe eroded a deep 
vances. trough that i s  now occupied by Knik 

me Mabnuska-Knik jce-lobe re- A m ,  whereas bedrock lies at much 
shallower depth beneath the deposits treated from the same regional lake, down by active and experienced the same sequence 

of Naptowne recessiond events. Cor- 
relations with the type deposits On Recession in Mafanuska River valley 
the Kenai lowland are based on Corn- 

a high ice dam that created the in- scanty, but it is believed that i t  was 
terior lake environments. Because at least as long as the shortest of the 
of the instability of the ice dam, lake preceding interglacial intervals. 
levels fluctuated drastically. Instead 
of one or several well-defined simple Napfowne advances and associafed 
strandlines, broad zones of poorly to proglacial lake phases 
fairly well defined terracettes, were ~ h ,  N~~~~~~~ through- 
characteristically developed in Cook out cook inlet region include OF of tributary glaciers that receded 

three belts of recessional moraines, 

possible to d e  t e r m i n  e depths of failures of the ice-dam in lower Cook mined a unjform series of proges- 8,000 years ago. The moraines de- 

leaching. Statistical studies of sur- Inlet during the periods o f  general sively lower marginal terraces de- posited by the Matanuska Glacier 
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Table 2. Cook Jnlct glacial record, chronalogy and continental correlations (sum- 
marized from Xarbtrom, 1956. 1961, and 1964: and for Siberia &om V. A. Zubakov, pers. 
comm. 1063). Deposits deflnhg the lnfonnally namd mafino transgressions Kotzebuan. 
Peluklan, Wmonzoflan and Kruxarsrernkn are described by Bapkrns (1965). T h e  Caok 
Inlet deposits deflnlni the Wotonzo~lan, K&lojfan and Cirdwodian transgressions 

art described In Karlstrom. 1964: the Wo?onzo$iun is defined Crom the middle marine 
horizon of the Rootlcgan Cove Clas new Pt. Woronzof. the K d o f i a n  from the ele- 
vated tidal Plats near the mouth of the Kasilof River. and the Girdwoodfan from the 
thick mlddle tidal silt section in the Glrdwmd Bog. The Middietmian transgression is 
defined by bedded sand deposits in unlt z0 of the thick conglomeratic glaciornarinr 
section d m i b e d  from Middleton Island by Miller (1953) and reexamined by the aathor 
in 1962. The kobpe dates applied ti, these inferred marine transg-ions are discussed 
in Blanchara (1963) ; Bopkins (1965) and Karlsttom (1964). The Middleton Bland iso- 
tope dates are incompatible urltb Hopktns' (1965) designation of the section as Pliocene 
In age but not wlth the interpretahon that the fossils on Middleton Island indicate 
that the upper part of the section i s  definitely Pletstocene, and probably prc-Yarmouth. 
in age (MacNeil and others. p e ~ ~ .  comm. 1964). The KasUof*rn and Cirdwo&n *e 
wents O f  the Knuensterniari transmession as this is broadh dated as oostnlacial by - - -  - 
Hopkins (1965). 
Note: The stratigraphic nomenclature used here t that ef the published sources and 
does not necessarily conform to that of the U. S. EeaXogical Survey. 

just prior to this late recession are 
ass~ciated with abandoned glacial 
spillways graded approximately to 
the present gradient of the postgla- 
cia1 Matanuska Rivver canyon. Estab- 
lishment of present grade this fat up 
the valley at this early time ernpha- 
sizes the general rapidity of ice re- 
cession out of the Matanuska VaUey 
and of the drainage adjustment 
down through Lhe stagnating ice 
plug following retreat from the Ski- 
lak maximum. 

Post-Naptowne sea level changes and 
i he Alas kaa Glaciafior~ 

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 LnXet 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 i s  recorded by 
elevated tidal flat deposits found 
near the head of Knik Arm and else- 
where through Caok Inlet. It is in- 
formally named the Kasilofian trans- 
gression from elevated tidal flats at 
the mouth of the Kasilof River on 
the Renai lowland. 

Radiocarbon dating of coastal bogs 
places the culmination of this high 
sea level phase at between 5,000 and 
6,000 years old or Altithemal in age. 
Low terraces just above the present 
flood plains of the Matanuska and 

Knik Rivers are graded to these 
elevated tidal flats, and thus appear 
to record agpadation of the Knik 
and Matanuska Rivers during the 
Altitherrnal and post-Mtitherrnal 
periods. The subsequent faUs in sea 
level were contemporaneous with 
general advances of glacjers through- 
out the rcgion. Two sets of moraines 
characterizd by slight differences 
in vegetation cover and soil devel- 
opment lie close to present glacier 
fronts. Radiocarbon dating of these 
moraines places the outeimost set 
(the Tustumena moraines) between 
3,500 B.C. and 500 A.D. and the in- 
nermost set (the Tunnel moraines) 
between 500 AD. and the present. 
As cross-dated with tidal bog records 
in Cook Inlet, these post-Altithermal 
Tusturnena 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 Cook Inlet chronology and 
continental correlations 

The glacial and marjne deposits 
of Cook Inlet are dated in part by 
the radiocarbon and ionium/uraniurn 
ratio dating methods, and in part 
by roughly quantitative relative ge- 
ologic data. The internally dated 
Cook Enlet chronology and pcovi- 
sional correlations with the North 
American and Eurasian continental 
glacial sequences are summarized in 



the accompanyisq chart (Table 2). fiords at the head of Prince William ', 

Road Log and LocaIity D d p i i o n s  Sound. 
101.7.1 Anchorage 10-3 Quadrangle. During the maximum of the Nan- : 

I I 
! The Matanuska Glacier is one of most completefi covered the border- 

! of the ~ h G a c h  Mountains. It drains nunabg.  Sheep Mountain may 
! 250 square miles (647 h 2 )  of the have been completely cwered by , 

i 
li 
I: Figure 9-46. Sketch map showing the present terminus of Malanuska Glacier 

i 
/i 
t and some former positions of the terminus. (From Williams and Fer- I i 

1 rjans, 1961, fig. 1) I ' 

' il highest part of the mounbins be- ice surface as suggested by remnant 
tween M t .  Witherspoon (12,023 ft; lateral moraines and lateral channel 
3,665 m, and Marcus Baker fealures concentrated between ele- ! 
(13,176 it: 4.016 m). Glaciers drain- ol 4,000 to 5,000 feet (1,219 

ital side the same high to 1.524 m). More work needs lo be j .each tidewater in deep 
ice, or may have jutted abve the done to determine whether this ice ; 

boundary represents the Naptowne i 
I j~ i l e s  from Anchorage on the maximum or a mssional  ice p s i -  

,1:1 
:I:) Glenn Highway. tion. The virtually continuous ice f 



Figure 9-47. Glaclal geology map of t h e  Upper Cook Inlet area, Alaska, showing Field Trlp Stops. 



cap that formed at the head of Mata- intermediate set pLmbably greater 
nuska Valley and drained into Cook than several bundred years; and the 
Inlet was coextensive with ice that. youngest set prior to 1898 when the 
flowed into the Copper River basin first photographs of the glacier were 
from an ice divide in the vicinity of taken. Since 1899 the glacier front 
Tahneta Pass. has retreated little, but considerable 

Williams and Ferrians have de- thinning fias occurred. 
Iineated the  following late Naptowne The history of Matanuska Glacier 
and ~ s t - N a ~ t o w n e  .history of appears to be comparable in inten- 
nuska Glacier (fig. 9-46). sity of advance and sequence to that 

( 1 )  Rapid retreat from extended recorded by the morainal and coastal 
positions into the upper reaches of deposits in Cook Inlet. 
the valley accompanied by canyon F~~~ this point to Pal- 
cutting by meltwater streams. mer the road crosses the drift-man- 
(2) Readvance 2.5 to 5 miles (4 to tled, irregular bedrock floor of Mat- 

8 km) from the present glacier front anusb Valley and, in places, dc- 
the Matanuska River and scends h t o  the proglacial Matanuska 

diverting Caribou and  Glacier River and tributary canyons incised 
Creeks as reoorded by moraines On 200 to 500 feet (60 to 152 km) below lower valley slopes and by lake de- the gtaciakd floor. The glaciated posifs in the floor of the upper Part valley floor is underlain by p l a -  
Of the Matanuska east the tively soft sandstone and shale of glacier. During recession from this Ma tanu ka a Chickalmn 
advance 'pinway Formations of Cretaceous and early was cut and g*ded approximately Tertiary age, respectively. Both of 
to or below present level of the Mat- these formations have been intmded 
anuska River flood plain. Radiocar- by diabasic rodcs of Tertiary age. 

dat* of peat in a bog Owing to superior hardness, the in- overlying moraines deposited during trusive rocks rise - =idges and cliffs this late Naptowne recession indi- above the general floor level. The 
that the readvance to glacial topomaphy of the valley floor 

Creek spillway predates 8,000 years is only in part constructiona~ 
ago. Most of the local relief reflects 

(3) Continued r€-ceSSion to an ice- glacial erosional forms scoured into 
front position perhaps upvauey from the thinly mantled bedrock. Mod& 
the present terminus prior to the fication of these glacial forms has 
Past several thousand Years- Culmi- been slight except where they are 
nation of this recession is correlated transectd by canyons and mflies or 
wjth the buried soil (MtiUlemial?) buried beneath colluvial and alluv*l 
overlab by talus and dated 3,620 2 deposits on deeper slopes, ~ e f l m t -  
250 years (W-573). ing their relative youthfulness, the 

(4)  Readvance into the canyon cut surface drift deposits of Naptowne 
during deglaciation and formation of age throughout the valley have shal- 
outwash and associated moraines that low soil profiles with depths of 
are located 1 mile (1.6 km), 1/4 mile oxidation generally between 1 and 3 
(-4 km). and less than a quarter of a feet (0.3 and 1 m). Younger deposits 
mile from the glacier front. From such as recent end moraines. rock 
analysis of soils, vegetation cover, glaciers, and alluvial and colluvial 
and historical records the recent mo- deposits are correspondingly less 
rrtines are dated as follows: the old- weathered, and have oxidation pro- 
est set a few thousand years, but files generally less than 6 to 12 
probably less thzn 4,000 years; the  inches (153 to 30.4 cm). 
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101 to 98. Moraines deposi tcd dur- Packsaddle Creeks may bc of Tanya 85 to 82. On drift-covered bench which is located King Mountain 1 
ing retreat oP Matanuska Glacier age; if  Pinochle Creek represents a I along margin of Matanuska River Lodge and public campground. 
from ~ts  sland near the Pinochle separate advance, then the drift be- 1 canyon. h f t ;  braided gravel flood 76.5. Enter Anchomgc D-5 Quad- 

> plain and low forested tel-races of rangle. i 
Creek. Roadcuts are largely in till tween Pinochle and Packsaddle 
and Jocally in lacustrine deposits. Creeks is probably of late Skilak i the River. Across the 76.5 to 74.4. Base of bedrock ridge 
Underlying bedrmk is shale and age. That the spillways are closely 
sandstone of the Cretaceous Mata- related in time is suggested by the 
nuska Formation. fact that both arc graded close to 

100. iiundrcd Milc Lakc tu the present gradient of the Mala- 
uccupics basin d a m m d  by laces- nuska River flood plain. To right, 
siun31 lateraI moraines On which the large double-pronged rock glacier of 
road i s  built. Ahead; rock glacier of Alaskan age on upper and 
Alaskan age on steep mountain sI0pe of Stretshia Mounlajn. 
slope. 94.5. On upper slope of largc 3llu- 

98. Top of Pinochle Creck grade. vial fan deposited by Muddy Creek 
Pinocl~le Crcck is an underfit sircam in the Packsaddle Creek spill way. 
tllat occupies the glacial spillway Roadcuts are in stratified alluvia1 
(fig. 9-46)  iorrned during thc Inst deposits over glacial drift of latc 
recognized Naptowne readvance or Naptowne age. 
stillstand position of the h'latanuska 94-5 to $9.2. Road traverses broad, ~~~~~~~~. Bedrock in the valley walls thinly drift-mantled valley floor un- 
of Pinochle Creek and in Ihe road- derlajn by sandstone and shake of 
Cuts in shale of the Matanuska For- the Tertiary ChicIraloon Formation. 
malion. The shale is very susceptible More resistant djabasjc skills: and 
to landsliding. dikes cut the Chickaloan and form 

96.8 to 95.1. Hicks Creck Inn. On partly talus-covered cliffs on the 
low tcrraces just above the flood slopes of A n t h r a c i t e  R i d g c  l o  
plain of the Matanuska River can- right. Vegetation i s  mainly graas 
yon, and at approximately the same and brush (alder and willow) with 
lcvel as the Pinochle Creek spillway scattered stands of white sprucc and 
floor. Ascend wall of Matanuska birch. 
River canyon cut in the Matanuska 89.2. Enter nit  r r 0 t v  g l a c 1 n l l y 
Fornlalion. Roadcuts of llljn drift trough ct,i jn Tertiary 
and ~0lluviaI deposits On bedrock. betwecn intrusive rocks and occu- 
Left; good vjew of Matanuska River pjcd by purjnton creek. I 
canyon and of the glaciated valley 89.6- Anchorage D-4 
floor flanking the Chugach Moun- 

rangle. tains. 
95.3. Location of buried con~act 88.5 to 85.8- Along margin of large, 

between the matanuska and the irregularly floored glacial trough cut 
Chickalmn Formations. in Tertiary shale and sandstone bc- 

tween intrusive rock on right and 
95.1. Packsaddle Creek. Creek oc- tllc ridge of Matanuskrt sand.;tone cupics a broad-f loored spillway cut and shale on left. into Tertiary shale and marks a still- 

stand of readvance position of the 88. Wcincr Lake and beautiful 
Matanuska Glacier. The Pinochle Long Lake at  87-86 occupy elongate 
Crcek spillway upvalley m a y  repre- depressions scoured in the trough 
sent a rccessianal phase during re- floor. 
treat Irom Packsaddle Crcek or a 85.3. Road passcs I l l  r i \ug  h ero- 
clislinctly scparotc ndva~>cc. If both sional gap in ridge c r f  Matar.r~~ska 
represent recessionals then the mo- Formation onto the Matanuska Riv- 
rajnal drift between Pinochle and er canyon side. 
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river large alluvial fans are devel- undedain by Chickaloon and M ~ ~ ~ -  I 
oped along the lower courses of nuska Formations intruded by dia- ; streams draining the steep Chugach base and types of jnlrusive ' 
Mountain front which is underlain rocks- 
by resistant rocks of  Jurassic and 74.3 to 72-6. Rise law terraces 

i 
C ~ C  laceous age intruded by granite onto hummocky with deep 
of Mesozoic or Tertiary age. 

I 
kettle depressions and eskerlike 

79 to 78.3. Descend into mouth. of =idges. These coarse gravelly ice- 
Chickaloon River canyon. Chicks- contact deposits form a plug in the 
loon 'River is One of the major trjbu- mouth of a largely drift-filled than- 
tary streams draining the Talkeetna that probably l.epresents a pre- 
Mountains to the right. Roadcut. Naptowne segmeut of the Chicks- 

I 
exFose 2 to 10 feet (.61 to 3 m )  of loon River Valley. 
laminated silt containing 3 discon- 92.6 to 65.3. L~~ terrace remnants 
tjnuous ash layers; over 0 to 20 feet at bast of steep bedrock canyon 
(0 to 6 rn) of sand and gravel; over walls. 
o to l 5  feet I0 to 4-5 m, of 71.2. &-,ter Anchorage C-5 ~ ~ ~ d -  Till on sandstone of the Chickaloon rangle. Formation of early Tertiary age. 
~h~ ~ h i ~ b l ~ ~ ~  ~i~~~ flows in a 69-3 67- Edge 1 
broad terraced valley bottom inciscd River plain at base Of bedrock I 

to 500 feet to m) below r~dge underlain by Matanuska For- 
the level of the glaciated valley floor. The ridge forms a 

trending divide between the Mata- 
78.3. Chickaloon River enters the nuska ~i~~~ and the ~ i , , ~  R ; ~ ~ ~ .  a 

Matanuska River just above a re- major tributaw stream of the ~ ~ 1 -  
striction i n  the Matanuska River keetna Mountains that enters the i I 
canyon, the King Mountain Gorge- Matanuska River se 1 11, iles I 
The narrow gof'ge i s  confined to the downvalley. The drift-cavcred ridge 
l e f t  b?r a large intrusive body of is f ~ ~ ~ k ~ d  by remnanh of gravel 
diabase and to t h e  right by the mas- terraces up to elevations of 1,100 
sive granite i n l r u s i  v e  underlying Ieet (335 m). It is transecled by a 
King Mountain. gravel-filled channel recording a 

78.3 b 744. Margin of Mntanuska previous course of the Matanuska or 
River flood plain below high terrace King Mountain River. 
gravels and steep rock walls. 68.8. Gravel pit in channel gravels. 

78.3 to 76.4. Canyon walls expos@ 67.3, Sharp bend in the Matanuska 
contorted i ce  -co n lac t sand and River where i t  passes through a nar- 
gravel underlying a pitted, cham row gorge. The g o r g e  t r a n s e c t s  
neled terrace surface about 200 feet structure and resulted from postgla- 
(60 m) above flood plain and at an cia1 superposition of the Matanuska 
elevation between 900 and 1,000 fw?et River down from the aggradation 
(274 to 304 m). T h e  ice-contact de- levels marked by the high level ter- 
posits overlie a thick section of race gravels. Here such gravels oc- I 
Naptowne Till on sandstone and cur at an elevation of ca. 2.000 feet 
shale of the Chickaloon Formation. (304 m) on both sidcs of the canyon. 

77 l o  76.5. Low terrace, 5 to 15 feet 67.0. Good exposures of folded and 
(1.5 to 4.5 rn) above flood plain, on  faulted shale and sandstone of the 

I - 123 - 



Matanuska Formation in the gorge U-shaped valleys in the Talkeeha 
walls. Mountains la the right. The alluvial 

66.9. Low terraces at the rnoua of 
King River. King River flows h a 
broad, terraced, flat-floored canyon 
excavated along the contact of the 
Matanuska and Chickaloon Forma- 
tions. Remnants of high terrace 
gravels present on both sides of the 
canyon are graded to an end mo- 
raine deposited at the mountain 
front 5 miles (8 km) upvalley and 
to the high terrace gravels present 
jn the Matanuska River canyon be- 
hind us. Ahead; good view of high 
level terrace remnant ( c a  1,000 feet 
C309 ml elevation) cut below till- 
covered ridge top. 

66.9 to 63.8- h w  terraces built be- 
low the confluence of the Matanuska 
and King Rivers. Right; steep 400- 
foot (122 m) scarp cut in drift-cov- 
ered bedrock ridge underlain by 
Chicliaioon Formation. 'End moraines 
in Little Granite Creek valley be- 
hind the ridge record a recessional 
position of the Matanuska Glacier in 
Skilak time just prior to retreat of 
the trunk glacier upvaIIey and of 
tributary glaciers back into the 
bordering mountains. The morahes 
in Little Granite Creek valley ex- 
tend downvalley to about mile 65. 
Beyond this point the deposits man- 

fans record a sequence of deposition- 
al intervals, and are cut below bum- 
mocky, kett le-pitted ice-contact 
deposits of Skfiak age locally charac- 
terized by Iong, sinuous crevasse- 
fill 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 d e s  (16 
krn). They occur up to elevations of 
1,000 feet (304 m). 
The field relations 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- 
level terraces near Chickaloon River 
(1,200 feet 1365 m3 elevation) and 
near King River (ca. 1,000 feet 1300 
ml elevation). Progressive down- 
cut thg though the stagnating ice 
plug by meltwaters trapped upvalley 
is recorded by a series of kettle- 
pitted terraces that will be crossed 
ahead. 

61. Enter Anchorage C-6 Quad- 
rangle. New milepost numbers be- 

tling the ridge in front of the mo- @. 
raines are finely laminated sand and 60.5B. m e  from Eska Creek valley 
silt. Deposition of such f he-grained onto terraced ice-contact deposits. 
material adlacent to an ice front Six crude terrace sudaca are 
strongly suggests that during this crossed. The higher terraces are 
phase of valley deglaciation the re- ,ore pitted and jme@lar in tope- 
ceding glaciers were fronted a graphic relief than the lower ones, 
lake or an outwash pbin of a- progressive melting of 
tremely low gradient. These rela- burid ice blocks. The ice-contact 
tions virtually require that an ice deposits a d  associated ter- 
dam or other drainage obsi.xuction races fie uupvalley from the Skilak 
p e r s k u  downvalley after this part maximum moraines dated ca 12,000 
of the valley became partially ice- years old, and above s t m a  gra- 
free. dients developed in the valley prior 

63.8 to 60. Toe of coarse, cobble to 8,000 years ago and associated 
coalescent gravel fans deposited in with the Pinochle Creek and Pack- 
the lower reaches of Granite and saddle spillways. The recorded se- 
E&a Creeks that drain broad, quence of ice-stagnation, aggrada- 
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tion, and dissection must therefore 
have taken place in less than, and 
probably much less than, 4,000 years. 

58 to 55. On hummocky kettle- 
pilted ice-contact deposits charac- 
terized by numerous oval lo kettle- 
hole depressions and eskerlike ridges 
of contorted coarse gravel, 

55 to 54. On low terraces and 
coarse cobble flood plain of Moose 
Creek. 

5 4  lo 49.5. Rise to terraced and 
pitted surface of ice-contact deposits 

surrounding Palmer (fig. 9-47). The 
deposits are predominantly coarse 
cobbly gravel overlain by from 4 to 
10 feet (1.2 to 3 rn) of loess and 
locally by thick sections of dune 
sand. This ubiquitous mantle of 
windblown silt provides the agri- 
cultural 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. 

Figure 9-49. Percentage of sand Cpaficies coarser than 0.074 rnm diameter) 
in eojian sedjment near Palmer, Alaska. (From Trainer, 1961. fig. 3) 

i h e  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 
Ule Palmer area (f ig. 9-48). More 
than 30 feet (9.1 m) of dune sand 
overlies 36 feet (10.9 rn) of loess. 
Nine 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 
deposltlon in which vegetation sta- 
bilized the 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 downvaIley and 
across the bare flood plains of both 
the Matanuska and Knik Rivers 
(figs. 9-49, 9-50). These relations 
combined with the observations that 
present-day storms generate dust 
clouds of f ine-grained materials 
picked up from the nearby flood 
plains led Trainer (1961) to con- 
clude (1) lhat the glacial stream 
flood plains were the dominant 
source of wind-transported materi- 
ak in the past; and (2) that changes 
in flood plain regimen, due either lo 
changes affected by glacial advances 
and retreats in the valley head or to 
sea-levd changes at  the river 
mouths, or to both, probably explain 
the cyclical sequence recorded by 
the buried soils in the deposits. Ac- 
cording to this interpretation dune 
and Ioess deposition was accelerated 
during periods of flood plain aggra- 
dation, and diminished during peri- 
ods of degradation. 

process on fled plain aggradation 
and degradation. If true 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 soils are pending C-14 
analysis. Their dating should pro- 
vide a direct test of this thesis. From 
present regional relations it is be- 
lkved that most of the loess in the 
Palmer area was deposited during 
and following Altilhermal timc be- 
cause only in this t ime interval alter 
ice retreat were sea levels high 
enough to determine appreciable ag- 
gradation in the lower courses of the 
Knik and ihe Matanuska Rivers. 

49.2 to 48. Terraced ice-contact de- 
posits. As exposed in roadcuts the 
thick loess mantle maintains ap- 
proximately consthnt thickness on 
all terrace levels and on intci.~c:~ing 
terrace scarps. This suggcsts that the 
dominant period of loess deposition 
began only aftcr the lower tr!races 
had been constructed by meltwakr 
streams cutting down through the 
stagnating ice blwk. What appear 
to be good terraces here, when traced 
to the right of f  the road, disappear 
into the spectacular eskerlike com- 
plex southwest of Palmer, indicating 
terrace formation at a time when 
largc buried masses of glacial ice 
still persisted in the area. 

48.3. Enter PaImer. The town of 
Palmer is at the apex of the low~est 
terrace Jcvel of late Naptowne age. 
The Palmer terrace is in the form 
of an aUuvial fan deposited by rnelt- 
water flowing out of t h e  Matanuska 
Valley. At the time of its construc- 
lion, buried glacial ice blocks had 

Proximjty of the P a h e r  area to mclted out except for a few scattered 
tidewater at the head of Knik Arm, blocks that d e  terrnine the kettle 
and the known record of past glacio- lakes and drained pits in its distal 
eusiatic sea level oscillations, favor pad to the south. The terrace gradi- 
sea Ievd changes as the conkoiling ent is greater than that of present 



, , drainage. The terrace lies about 100 formally named the Hadlofian trans- 
feet (30 m) above the Mahuska gression CTable 4). The Farm is along 

j 61?4Cr River flood plain near here and about the edge of the crevasse-fill complex 
50 feet (15 m) above the flood plain of sinuous gravel ridges and inter- 
5 miles (8 km) to the south. A few vening h e a r  kettle depressions. 

i 
bedrock bilk pmject above the fan Loess bere ranges in thickness from 

\ surface, and with the ice-block de- less than I. foot (0-3 m) to more than 
! pressions, provide h a 1  relief of a 3 feet (.9 m). The cultivated fields to 

few feet to a few tens of feet. The the right are on t h e  flatter crest- 
terrace is underlain by Coarse gravel lines of the crevasse-fill ridges; those 
and sand averaging 30 to 50 feet (9 to  the lef t  are on pitted gravel ter- 
to 15 m) thick overlying a thick: sand races developed along the margins 
section. Some welIs in the area pene- of the retreating Knik ice sublobe 
irate what appears to be an under- after the stagnating ice of the Mata- 
lying tiU, others terminate in bed- nuska sublobe had been buried by 
rock directly overlain by sand. The coarse gravels deposited by marginal 

) '  loessmanflermgesiT1thiche~from drainage. Between Experimental 
I about 2 feet (.6 m) to more than 10 Farm and Four Comers, cross edge 
k feet (3 m) with the thickest sectjons of crevasse-fiU complex to ~ g h t  and 

present near the Matanuska River onto terraces developed slow the 
flood p h h .  Wasilla Creek drainage line. Be- 

tween Four Corners and Palmer 
Sfop 949: Experimental fa- loop cross hummocky topography of the 

road. crudely terraced portion of  the cre- 
Though Palmm and south on the vas"e-fifi complex. The topography 

I terrace level of the City of Palmer. ~ ~ " , ' ~ ~ ~ ~ : ~  L",t&re :Ti;; On the xq the inner that jt k e n  jmpossibie to cdtic 
edge of the terrace is cut below vak, snd thus retains a mually 'I pitted terrace depodk associated wldisturbed foRst cover of mature 

I 
with an extensive crevasse-fill corn- white spruce, whik bir&, with as- 
plex- Near M a a n  Lake, a sociated aspen, alder, wilIo.ow, and 
lake, enter transition zone between some cottonwood. Loess thichess 
terrace and h u m m o c w  ridge top%- ranges from less than 3 feet [.9 m) 
raphy of crevasse-fiil complex. Near near Four Corners to more than 5 

I Keplex Lake enter nevase-fi i l  corn- feet (1.5 rn) near Palmer [fig. 9-50). 
PIex' gep'ff Lake and 47.8 to 46.6. Cross apex of Palmer lakes occupy long Iinear kettle de- Tenace. On right, the I~ss-coveted pressions, 50 to 100 feet (15 to 30 hills are underlain by bedrock of 

A__- 
b D u h  Ihn 

m) deep between long, narrow, sinu- 
ous ridges. on left; probably Jurassic age. A-head: Lazy 
forested low terraces and dd flood Mountain. The lateral  moraines 
plain level of Matanuska Xiver which around 2,000 feet elevation (610 m) 

t am graded to elevated tidal flats On the 'lopes thL 
borderinK Knik Arm. These maximum height of Naptowne ice in 
comparable elevated tidal flats the area. 

throughout the upper Cook Inlet 46.6. Matanuska a v e r  bridge. COTI- 
t area record a post-Naptowne sea striction of the river here to a nar- 

level stand 5 t o  10 feet (1.5 to 3 rn) row gorge resulted horn postglacial 
bigher than present sea level, and superposition from the terrace level 
are radiocarbon dated between 5,000 at the City of Palmer through a 

-Figure 9-50. Contours showing the thickness, in inches, of the e o W  silt and i 
j, and 6,000 years in age. This. maxi- buried bedrock ridge. Subsurface 

sand near Paher,  Alaska (From Trainer, 1961, fig. 4) mum post-glacial transgression i s  in- data indicate a buried bedrock chan- 

- 128 - - 129 - 
t 



nel just north of Palmer that prob- 
ably marked the pre-Naptowne 
course of the Matanuska River into 
Knik Arm. 

46.6 to 38.5. Bodenburg Terrace. 
Area underlain by stream-deposited 
silt, sand, and sand gravel of post- 
Naptowne age. Bodenburg Butte 
and smaller hills of bedrock and a 
few hiUs of ti11 profrude through the 
stream deposits. The terraced sur- 
face lies just above present flood 
plain leveh and records a sequence 
of aggradational and degradational 

from 41,500 cfs (1,180 rns see-I), 
when no lakc f o r m 4  in the Lake 
George basin in 1963, to 359,000 cfs 
(10,200 m3 sec-1) in 1958. Lake dis- 
charge has begun as early as June 
26, 1962, and as late as August 13 
in 1949. The duration of augmented 
discharge from the lake has ranged 
from 8 to 18 days. 

intervals accompanying Altithermal 
and mst-Altithermal sea level fluc- 
tuatibn, T h e  general gradient of the 
low-lying surface is to the south and 
southwest indicating that supply was 
predominantly from the Matanuska 
Valley. The forest cover consists of 
white spruce, white birch, aspen, 
alder, willow, and cottonwood. 

45.2. Left;  remnant of Iate Nap- 
towne moraines. 

465. Ahead; good view of Boden- 
burg Butte, an ice-rounded loess- 
covered bedrock hill of Jurassic 
greenstone. 

43.7. To right and ahead, clearwa- 
ter road ditch used by spawning sal- 
mon mjgrating up spring-fed Palmer 
Creek. During salmon runs numer- Figure 9-51. Lake George area,  
ous &ng, Red, Humpy, and Dog Sal- Alaska. 
rnon may be observed in the deeper 
pools along the road. The existence and the capacity of 
39.6. Ahead; view of steep slopes the ice-dammed lake basin depend 

of Pioneer Peak, elevation 6,398 feel on a very delicate balance between 
(1,950.1 rnl. the position of the Knik Glacier 

385.  Knik River bridge. The Knik front and those of the other glaciers 
River floods annually in dune, July, extending into the basin. The lake 
or August when Lake George, im- basin could not have come into ex- 
pounded upvalley by the front of istence until late Tanya time when 
Knik Glacier, overtops the ice and the lake basin glaciers had retreated 
erodes a gorge along the valley wall out of ihe valley prior to retreat of 
(fig. 9-51). The discharge of the Knik the master Knik Glacier from a posi- 
River prior to flooding is on the tion atbwart the valley mouth. In all 
order of 5,000 to 6,000 cfs (142-170 probability during the ensuing Alti- 
my set-1). Since the beginning of thermal time, centered around 3,500 
U.S. Geological Survey gage record- years B.C., Knik Glacier retreated 
ing at the bridge in 1949, peak dk- upvalley from the valley mouth and 
charges of f looding have ranged no lake existed. During the e x k n d d  
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phases of the Tustumena advances of closely spaced but inconspicuously 
dated between 2,500 B.C. an& A.D. developed tercacettes refkcting re- 
500, the tributary glarier appears to peated changes in lake levels result- 
have coalesced with f i i k  Glacier, ing from unstable ice-dam ehreshold 
and the lake basin was completely conditions. Despite repeated partial 
filled with ice except possibly dur- or complete submergence of Lhe mo- 
ing the recessional periods between raines durirrg high lake phises no 
extended advance phases. Lake deposits mantle morainal, crests 

The lxt  cycle of h k e  George be- OP slopes. Instead the predominant 
gan with the nnnel I advance dated process involved is one of erosion, 
ca. a- 1000. ~uring ~~~l I maxi- as recorded by a discontinuous lag 
mum, colony Glaeiercaalescedwi& veneer of pebbles, cobbles ,  and 
~ ~ i k  ~ h ~ i ~ ~ ,  forming a ice boulders concentrated by removal of 
dam for the upper part of the valley me fin=-grained of fie 
that remained ice-free. Whether till matrix. This veneer apparently 
not water rose high enough in this serves as an armor retarding further 
upper lake to periditally overtop erosion. The vast quantities of silt 
the ice dam is not certairS but likely, deposited in the lake are virtually 
Retreat from a e  Tunnd I moraines restr icted to the deeper parts of the 
reestablished, at least for a short lake basin. Silt f ia t  may be temp-  
tirne, me same conditions rarily deposited on the moraine 
today in the basin. nuring the ~ u f i -  slopes during higher lake phases is 
riel maximum dated AD. .I600 to apparently swept a w w  along 
1700 fie ,-D~ony and ~ ~ i k  ~ b ~ i ~ ~ ~  the finer-grained constituents of the 
did not codesCe and a lower lake underlying till by vigorous wave ac- 
and an upper lake were in tion or current action during periods 
the ice-free portions of the valley. drahage- 
The middle lake portion was created 37.5. Enter Anchorage B-6 Quad- 
during retreat of the Colony Glacier rangle. 
from its Tunnel I'I moraines that to- 38.0 to 35.7. Along -gin of 
day form ul arcuate island chain River flood plain at base of steep 
during but the highest  lake Chugach Mountain front. Road main- 
phases. tenance problems in this sector are 
The future of the lake is uncer- caused by avalanches off the steep 

tain. If Knik Glacier continues to  mountain face, and by periodic 
reheat, the ice will. be de- flooding of the Krrik Ever. D ~ r i n g  
stroycd and the lake will go out of the 1964 eadhquake a snow and de- 
existence such as happened in 1963. bris avalanche swept away a house 
IfEf, however, climatic changes cause near mile 37.7 a d  deposited debris 
Knik Glacier to advance, a stronger way the flood plain T h e  
lake environment.wil1 be generated sand and gravel bars fie flood 
that will per&t until the time the plain were exknsively fractured. 
Lake George valley is completely During late spring and early s ~ ~ m m e r  
fined with glacial ice or until gnik floods,  OW points of the road, S u c h  
Glacier again retreats upvalley from " a t  Goat Creek are h n d a t e d  for 
the tributary valley mouth. short periods of time. 
The Recent moraines in the Lake 353 to 34-6 Low, vegetated Knik 

George basin - instructive in River terrace surface coveted by al- 
showing fie nature of moraine moa -  luvial fan deposits at the mouths of 
fitation a hanging pro@- gullies along the mountain front 
cid lake environment. The moraine 31.0. Right; bedrock knob of Suras- 
slopes are characterized by a series sic greenstone. 
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30-1. Enter Anchorage 3-7 Quad- 
rangle. 

29.5 to  27.0. On elevated tidal flat 
underlain by thick section of stra~- 
fied estuarine silt and sand. Muskeg 
and marsh vegetation refleck poor 
surface drainage conditions. Grass, 
reed, and sedge cover the wetter 
p a t s  of the ELat; heath moss with 
scattered black spruce, willow, and 
birch cover the drier parts. During 
the 1964 earthquake the tidal flat 
surface differentiaw subsided be- 
tween 2 and 4 feet  (.6 and 1.2 m). AS 
a r e d  during periods of high tides, 
parts of the road were inundated by 
1 to 3 feet (0.3 to 0.9 m) of water. 
&me of the subsidence resulted 
from differential compaction of the 
fine-grained silt. Measurements on 
bedrock in 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 Mountaias, whereas the 
axial part of ihe mountains 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 
Eklutna River accompanying and 
following Naptowne recession. The 
coarse gravd is mantled by 1 to 3 
feet (0.3 to 0.9 m) af loess and pro- 
vides a well-drained stable surface 
for settlement. The nearby native 
village of Eklutna is one of the 
larger native villages remaining in 
Cook Inlet, and has a history that 
extends back to pre-Russian days. 

26.6. Sfop 9-60: Ekiutna VaUey. 

Eklutna Valley was occupied by 
a hanging tributary glacier during 
Naptowne h e ,  and reconnaissance 
observations indicate that the valley 
fill. includes deposits recordi 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 laid down in a proglacial lake 
dammed by persisting ice in the low- 
land. Subdued ridges near the valley 
mouth and at the outlet of  EWuba 
Lake are provisionally correlated 
with the: Killey and Skihk moraines, 
pending more detailed studies in the 
valley. At the head of the valley 
there are three sets of moraines, 
which on the basis of position, vege- 
tation cover, and weathering pm- 
files are correlated with the Tanya 
moraines of late Naptowne age and 
with the Tustumena and b e 1  mo- 
raines of Alaska age (fig. 9-47). T h e  
remnants of the Tanya moraines lie 
above outwash graded to the two 
younger moraine sets that Iie upval- 
ley within 2 miles (3 km) of the pres- 
ent front of Eklutna Glacier. A ma- 
ture c h a x  forest of white spruce 
and birch covers the moraines that 
are oxidized through a vertical in- 
terval of 2 to 5 feet (-6 t o  1.5 m). In 
contrast the Tustumena moraines are 
covered largely by a mature cotton- 
wood forest and are weathered 
through a depth generally less than 
1 foot (0.3 m). The Tunnel. moraines 
show incipient soil development be- 
neath an immature forest cover. 

?he type section of EMutna drift 
is exposed in the Eklutna River can- 
yon below the mouth of Eklutna 
Lake. The section is as follows: (1) 
at the base, 44 to 60 feet (I2 to 18 m) 
of yelIow-buff, weathered, cobbly 
gravel and sand of EHutna age un- 
conformably overlain by (2) 30 to 
50 feet (9 to 15 ml of blue-gray lami- 
nated sfit and sand (progIacia1 lake 
deposits) under buff-wealhered tilI 
of Knik age unmnformably overlain 
by (3) 10 to 30 feet (3 to 9 rn) 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 Naptowne 
Till is overlain by a variable thick- 
ness of lake, outwash, terrace and 
colluvial. deposits capped generally 
by 2 to 4 feet (-6 to 1.2 m) of loess. 

During the 1964 earthquake, delta 
deposits at the head of the lake 
slumped and fractured. Near the 
head of the valley, a zone of frac- 
turing developed in the valley fik 
The fracture pattern transects out- 
wash and the moraine topography, 
and i s  aligned with shear zones in 
the adjacent valley walls. Unusual 
avalanche act iv i ty  continued 
throughout the entire summer with- 
in these shear zones that were ap- 
parently activated during and fol- 
lowing the main earthquake. 

Bedrock in the valley below the 
head of EMutna Lake is of Jurassic 
greenstone. The rocks exposed in 
the valley head are brecciated vol- 
canic tuffs and lavas mappeel as 
Tertiary or Quaternary in age. 

25.4 to 14.0. On hummocky, dis- 
sected, and, in part, alluvial-faa- 
covered lateral moraines of Nap- 
towne age. The upper boundary of 
Haptowne ice in this sector is  marked 
by moraine remnants and marginal 
channels that lie as high as 1,500 
feet (457 m) and 1,000 feet (305 m) 
in elevation near E M u h  and Eagle 
River. respectiveb. Roadcuts expose 
gravelly Naptowne Till overlain by 
1 to 3 feet (0.3 to 0.9 m) loess and 
l w U y  by stratified alluvial fan de- 
posits. 

22.2 Pass from lateral moraines of 
Slrilak age onto moraines of KiUey 
age. The Wey-Skihk boundary is 
apparently marked by the broad la- 
teral channel occupied by Edmonds 
and Mirror Lakes and i s  crossed be- 
tween mile 22.2 and Peters Creek 
Accompanying and f oUowing retreat 
of Naptome ice from the l o w h d  
large alluvial fan complexes were 
deposited at the mouth of Peters 
Creek: and other tributary valleys 
along the mountain front. The most 
extensively developed complex of 
fans, outwash channels, and terraces 
formed during the Naptowne reces- 
sion i s  at the mouth of Eagle River 
valley at Milepost 13.2. 

13.2 to 11.5. Ascend Naptowne end 
moraines deposited by Eagle River 
Glacier when it was in coduence 
with the lowland ice lobe. Rwdcuts 
expose little weathered graveby till 
overlain by from 1 to 4 feet (0.3 to 
1.2 m) of loess a d  in places by ex- 
tensive deposits of stratified reces- 
sional gravel. Two morainal belts, 
attributed to the Mmsehorrl (outer- 
most) and Kiliey advances, are sep- 
arated by a tenaced and channeled 
gravel plain graded to the inner Ril- 
ley moraines. Fossil Creek, an aban- 
doned spillway, originates within the 
Killey moraines and apparenfly was 
formed during recession from the 
Killey m-um {fig. 9-47). 

11.2. Stop 9-61: Apex of gravel plain. 

Behind and to the right i s  the for- 
ested Ehendorf end moraine that 
represents the maximum extension 
of the Matanuska-Knik ice lobe dur- 
ing the Naptowne Glaciation (fig. 
9-47). To  fie left on the Chugach 
Mountain front are older lakral mo- 
raines of gnik and Eklutna age. The 
Knik boundary lies at about 1,500 
feet (457 m) elevation here at the 
)noufi of Eagle River valley and 
fa- rapidly in elevation in line wifi 
a discontinuous series of Subdud, 
gravel-capped moraine ridges par- 
tially buried in the gravel p b .  
These XI.& end moraines can be 
traced in an arc towards mik 
south of Anchorage (fig. 9-47). The 
upper boundary of the Eklutna mo- 
raines descends in elevation from 
about 2,000 f e t  (610 m) at the mouth 
of Eagle Kiver valley to less than 
1,000 feet (305 m) 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 fie zone of coalescence of the 
Matanuska-Knik 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 



area and can be traced nearly con- 
tinuously along the flanks of the Td- 
keetna Mountains ,  to the north. 
around the flanks of Mt. Susitna, and 
along the front of the Kenai Moun- 
tains to the south. EMutna moraines 
form reentrant embankments in the 
mouths of tributary valleys and gul- 
lies cut in drift o f  older age, sug- 
gesting a -major period of erosion 
and weathering prior to Eklutna 
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 tine Naptowne end mo- 
raines (the Eknendorf moraine). The 
gravel is in erosional contact with 
the Naptowne Till and the surface 
gradient of the plain jn general 
parallels the till contact. The bound- 
ary of the plain aIong the Chugach 
Mountain front is much more irregu- 
lar and characterjzed by a complex 
pattern of partly buried and isolated 
moraine remnants and by terraced 
alluvjal fa-shaped deposits that are 
in part coextensive with and in part 
overlap the margins of the plain. Al- 
though gross spatial relations to the 
Elmendorf end moraine s w &  a 
simple subaerial outwash origin for 
the plain, and it is  so deserikd in 
the literature, regional relations re- 
quire formation and modfiation 
within a rapidly changing proglacial 
3ake environment, 

11.0 to b3. On Anchorage gravel 
plain. This upper part of the plain 
has a subdued alluvial fan shape 
and i s  highest where axis* drained 

the north fork of Ship Creek. 
The grave1 i s  extremely coarse, re- 
flecting proximity to the source area 
near the mouth of Eagle -River val- 
ley, and is mantled by 1 to 3 feet 
(0.3 to 0.9 rn) of loess. 

10.2. Enter Anchorage B-7 Quad- 
rangle. 

8.3 to 6.9. On subdued gmvel- 
capped remnant of Knik end mo- 

raine partly buried in the gravel 
plain. The morajne remnant is rnade 
up of two parallel ridges separated 
and crossed by broad-floored, gravel- 
filled channels. At mile 8.3 the ma- 
raine remnant i s  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: 
(I )  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 d e m i h  
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 al luvial  fan- 
shaped deposit, eiher contempwane- 
ous with item 4 or later. 

6.9 to 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 valley. Remnants of older 
fan gravels mcur above and within 
the canyon. To the right the distal 
edge of the fan form terminates 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 mt into 
the Anchorage gravel plain is be- 
headed. These geomorphic relations 
strongly suggest burial of the heads 
d preexisting channels by fan devel- 
opment. Insofar as the regiond evi- 
dence i s  for a high lake phase at an 

elevation of 250 to 300 feet (76 to 91 
rn) during the Skilak maximum, it 
is believed that this fan-shaped de- 
posit, as it terminates just below th is  
critical, elevation, is actually a fan 
delta deposit laid down by Ship 
Creek along the margins of this lake. 
If t h i s  is true it should be expected 
that similar deposits were laid down 
at  about the same elevation by the 
other streams flowing out of the 
Chugach Mountains. S imi  1 ax 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 elevatjon of 
I00 to 150 feet (30 to 48 m). 

Older gravel deposits perched 
along the mountain front above Ship 
Creek and the other tributary 
stnams are concentrated at about 
the same elevations as hanging del- 
tas mapped to the south on the 
Xenai Peninsula, and therefore 
would appear to record the same 
high proglacial lake phases estab- 
lished for the Moosettorn maximum 
(cam 755 feet C229 rnl or higher ele- 
vation) and the Killey maximurn (ca. 
500 to 600 feet 1152 to I83 ml eleva- 
tion). 

6.9. Left; turnoff to Ski Bowl Road- 
Rise from Ship Creek fan delta onto 
lateral moraines of Eklutna age. 

Step 9-62: Roadcut in Eklutna lateral 
moraines. (Ski Bowl  Road. 2.7 
miles from GIenn Highway junc- 
tion. Anchorage A-8 Quadrangle.) 
The section e x p d  is as follows 

(fmm bottom to top): (1) 15 feet (5 
m) plus of buff to brownish-buff, 
fractured and jointed. laminated 
silt-proglacial lake deposits laid 
down during Eklutna advance; (2) 
15 feet (5 rn) of buff to brownish, 
coarse, bouldery Ekiutna Till-a Zag 

concentration of cobbles. pebble S, 
and bouIders suggests erosion and 
removal of finegrained materials 
p~jor to deposition of overlying lami- 
nakd si l t  unit; (3) 2 to 6 feet (-5 t o  
2 m) of blue-gray finely laminated 
siltproglacial lake deposits of Nap- 
towne age; and (4) 2 to 3 feet (5 to 
.9 m) d loess with podzolic soil pro- 
file extending locally below base 
into underlying sediments. 

The deep weathering extending 
through the Eklutna Till h t o  the 
underlying proglacial Iake sediments 
is typical of the Eklutna deposits 
where they are exposed elsewhere 
in the region. Oxidation profiles of 
grea.ter than 40 feet (I2 m) are com- 
mon. This may be contrasted with 
maximum oxidation profiles of 30 
to 20 feet (3 to 6 m) Pound on buried 
Knik drift, and of generally less 
than 10 feet (3 m) found on sudicial 
Naptowne drift. 

The roadcut is exposed between 
an elevation of 700 and 760 feet I213 
to 232 m), indicating that the surfi- 
cia3 proglacial Iake sediments  of 
Naptowne age were probably de- 
posited during the Msosehorn maxi- 
mum, or around 18,000 to 20,000 
years ago. 

Sfop 9-63: Panoramic view. (Ski 
Bowl Road, 3.9 m i l s  from Glenn 
Highway junction. Anchorage A-7 
Quadtangle.) 

Anchorage in the near distance is 
located on the distal end of the 
Anchorage gravel plain between 
Turnagain Arm and Knik Ann (fig. 
9-47). The tidal range in nrnagajn 
Arm is more than 30 feet (9 m) and 
i s  second only to that of the Bay of 
Fundy. During low tides, extensive 
flats of tidal silt are exposed in both 
Knik and Turnagain Arms, and Fire 
Island is nearly joined to the rnain- 
land. 
The forested Elmendorf end mo- 

raine of Naptowne age Lies just north 



of Anchorage and can k traced as ing Mount Susitna time the entire 
a part of a series of morainal belts upper Cook Lnlet region was covered 
across the Susitna lowlands on the by ice whose surface stood well 
other side of RniB: Ann (fig. 9-47), above the altitude of 4,000 feet (1,220 
Although presumably the same age m). Highly modified remnant mo- 
as the Donnelly moraines observed raines of Caribou Hills age and less 
in the Delta River area, the Nap- modified lateral moraines of Eldutna 
towne moraines in .the 1owIands dif- age occur on the middle and lower 
fer appreciably in topographic as- slopes of the Mountain. Below an 
pect. Sharp secondary ridges and elevation of 1,000 feet (305 m), the 
circular kettle depressions typical of Eklutna moraines are cut by a series 
the Donnew moraines are rare or of proglacial lake terraces. The c a  
absent on the Naptowne moraines. 500- to 600-foot (152 to 183 m) and 

? 
Only the gross morainc ridge forms 250- t o  300-foot (76 to 91 m) terrace 

, plain surface, suggesting similar en- Ulrough subsurface data, from near 
vironrnents of deposition. Thus, the sea level in the sea bluffs near Point 
gravel cap on the- Knik moraines is McKenzie (the type section of f i e  
bdieved to record an older and Knik Glaciation), beneath Ule An- 
higher depositional level in Glacial chorage area at greater depths, to the 
Lake Cook. This older surface was surface in We Knik moraines we 
Iagely destroyed during develop- crossed upvalley. The subsurface 
ment of the younger surface, except data from wells indicate a 400- to 
for remnants preserved on the crests 700foot (122 to 213 rn) thick Quater- 
of exhumed moraines, and on other nary section near Anchorage depos- 
higher ground. ited in a deep depositional basin and 

4.2 to 29. Channeled part of #e including at least three tills older 
Anchorage gravel plain do-v;LUey than the Knik. These older tills are 
from the Ship Creek f a n  delta. me also associated with quiescent-water 

I remain, and the associated lakes are levels are particularly well devel- i shal low,  f lat  -f  loored abandoned deposits and are separated by weath- 
largely restricted to the interridge oped. channel crossed between 3.4 and 2.8 e~im profiles ~ c o d j n g  interglacial 

i depressions that are commonly 6.5 to 5.6. Rise from surface is 1,000 to 1,500 feet (305 to 457 m) subaerial intervals- Toward the 
floored with fine-Dained pro&lacjal ship Creek fa deBa deposit onto wide and 10 t o  25 feet (3 to 8 m) mountain front the Quaternary set- 

1 : lake deposits. Insofar as the Nap- gravel-capped moraine of a* a&=. deep. If Ule interpretation of fie fan ti0n tbhs and coarsens, with the as- 

t o m  moraines that were deposited delta deposits is correct these chan- sociated quiescent-water deposits 
above proglacial lake levels are corn- 5.6 4.2- On ~ v e l - c a ~ ~ d  mo- neb  must have formed during or grading into sand or gravel, or re- 
parable in topographic asp& to the of G i k  age- prior to the proglacial lake drainage placed by unconforrnities separating 

! D o m e w  moraine& it is concluded 5.5. Enter Anchorage A-8 Quad- that preceded regeneration of .the till units. These lateral changes re- 
! that the differing topographic form c w l e .  proglacial lake during the Skilak ad- cord shallower water or subaerial 
! of the Maptowne lowland moraines vance. Peat intercalated in progla- deposition and erosion along the up- 
! is not a fuottion of age or lithologic 9-64: pit in Knik m"- 
I differences. but principally reflects raineh 
! deposition and subsequent rework- me gravel pit section exposes 

i ing within the proglacial lake en- (from bottom to top): (1) I0 to 15 
vironment. feet (3 to 5 m) of buff to b&-graY 

- i Mount Susitna in the middle ~ a v d y  Of 
age with a 

rises from fie susitna B~~~ a c a t e d  weathering profile; (2) 5 i 
lowland to e peak altitude of 4,349 to 10 feet (1 to 3 m) of cobbb' 
feet (1,325.5 m) va 9-47). me and gravel of Naptome age; and (3) 
mgged mom% range in the &- 2 to 3 feet (.a to .9 m) of loess with 

i tance is the Afaska Range. dear a podzofic soil profile- 
days, Mt. McKinley, the highest The section is typical of the 

cia1 lake sediments recording this per margins of the depositional 
late Killey lake drainage of the basin. T h i s  subsurface analysis is 
Kenai lowland dates between 11,000 particularly pertinent in providing 
and 10,000 B.C. The preservation of stratigraphic evidence for at least 
the abandoned channel as a tow- four major pre-Naptome glaciations 
graphic form despite resubmergence in the Anchorage area, and in em- 
beneath proglacial lake waters re- phasizing the repetition of the same 
quires fiat either i t  mcupied a zone proglacial lake environmentd ,-on- 
Of little deposition within the lake, ditiom during all fie gladatjons. 
or, more likely, that the fine-grained ~h~ tffro youngest drift are the 
deposits that were deposited in the eq~vdent of the ~ ~ i k  and E W ~ ~ ~  

were largely flushed Out deposits. as these are defined from 
mountah on the North ridges m g h m t  the low- d"ng the mbrequent surfieial ex-m near Anchorage. 
Continent, can be seen from h- land in ilIustra.ting burial of the 
borage. Knik moraines beneath glaci0~aCUs- 

Ghcial erratic material has been trbe and glaciofluvial depo~ts of 
found within 100 feet (30 m) of the N a p m e  age after an interval of 
ice-rounded summit ~3 ~ t .  Susitna, subaerial weathering of the Knik 
which js underlain by coarse-grained drift. me mantling deposits @ade 
quartz diorite. The erratic material from coarse grzvel here to finer- 
includes rock types that could only grained gravel and stratified sand 
have been derived from formations and silt to the southwest and at 
exposed in the Ahska Range to the lower elevations. Likewise over the 

lake drainages. The two oldest drift units may or 
23 to O- Undissected part Of An- may not be fhe precise equivalents 

chorage gravel confined by of the Caribou Rills a d  Mount Su- 
Creek to the right and siha Ghciatjom, as ddined by de- 

b~ Campbell. vafley t o  fie left. posits elsewhere in Caok Inlet, de- 
This part of the plain is pending on tile completenes of the 
by 50 to TO feet (I5 to 21 m, of sand two types of records invoked. and gravel and as much as 200 feet 
(61 rn) of the Bootlegga Cove Clay, LO, Downtown hchorage. Ship 
which consists of finely laminated Creek valley i s  indsed 60 to 80 feet 

north. Mt. Susitna is the tgpe locality same transect there is a comparable to massive silt and clay with minor (18 to 24 m) below the Anchorage 

of the Mount Susitna glaciation. The progressive change from gravel t o  
amounts of sand and gravel. The gravel plain. Ship Creek valley was 

presence of ancient drift on the sand and silt in the materials under- Bootlegger Cove Clay overlies the trenched as much as 9 feet (3 m) be- 

mountain crestline indicates that dur- lying the Iower Anchorage gravel 
Knik Till unit that is now traceable, low present sea level after final 
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drainage of the Naptowne progkcial 
lake, but before rising postglacial. 
sea levels reversed the downcutting 
trend. During the Kasilofian trans- 
gression. cu l rn ina t  ing about 5,500 
years ago, sea level rose about 5 to 
10 feet (1.5 to 3 m) higher than pres- 
ent datum, entered the mouth of the 
valley, and deposited a relatively 
ihin clay upon the trenched older 
clay and alluvial deposits in the val- 
ley bottom. 

Stop 9-65: Cairn Point. 

of 400 feet (129 m), it was deposited 
at least jn part below lake level. 
During the succeeding Rilley maxi- 
mum when maximum lake IeveIs at- 
tained elevations between 500 and 
600 feet (152 to 183 m), the Elmen- 
dorf moraine was completely sub- 
merged and subject to additional 
subaqueous modification. During the 
Skilak maximum high lake phase, 
only the lower parts of the moraine 
were submerged, while the higher 
parts s t o d  as islands in the lake. 
T h i s  partial submergence is appar- 

The channeled surface bordering ently recorded in the-change in-siope 
characteristics above and below an E1mendorf end moraine and above flevalion d 250 to 300 feet (76 t o  91 

the Of the Anchorage m). The slopes below this elevation 
plain i s  underlain by stratified CIaY, affected by the last epjsode of sub- 
silt. and sand (with minor amounts aqueous mdjfjcation are much more 
of gxavel) deposited in Glacial Lake subdued and than those 
Cook during and following the ad- above. - . - - . - . 
vance of Naplowne ice to the Elmen- Although the nnch  ge gravel dorf moraine. Along the sea bluffs plain has been mapped as outwash these deposits can be traced discon- laid down during the time ice was 
tinuously into the type section Of the E~mendorf moraine, 
Ihe Cove 'lay Of jt has peculiarifips atypical of out- 
Anchorages and the Nap- wash deposits subaerially deposited 
t o ~ ~ n e  deposits of the ''mendoFf mo- 

by streams marginal to a 
raine near Cairn Point. Near and a,,j,, front. The gravel plain is vir- 
beneath the moraine the proglacial t u a l ] ~  to the Anchorage 
lake deposits are and area and is absent along the front 
folded due to plowing and overrid- of the N a p t o w n e  end moraines 
ing by the advancing ice front. Ex- throughout most of the Upper Cook 
posures are available near here that 
show undeiormed silt. sand, and 
gravel. unconformably overlying the 
folded deposits, indicating continued 
lake deposition after deformation of 
the underlying sediments. The sur- 
face lies below the 250- to 300-foot- 
high (76 lo 91 rn) lake phase level; 
therefore, i t  was submerged inler- 
li~ittenlly during the Skilak as well 
as the older Kjlley and Moosehorn 
high lake phases. During the Moose- 
horn maximum, the ice that  depos- 
ited the moraine fronted a fluctuat- 
ing lake that rose, for short intervals 
of time, to elevations of 750 feel  
I220 m) or higher. Therefore, since 
the moraine crests below elevations 

Inlet iegion. ~ l s e w h e r e , - a s  here, 
these moraines are b o r d e r e d  by 
finely stratified, fine-grained pro- 
glscial lake sediments recording con- 
temporaneous sublacustrine r a the r  
than  fluvia! deposition. Further, the 
Anchorage gravel plain is not radi- 
ally graded to the Elmendorf mo- 
raine, as is characteristic of outwash 
aprons, but slopes parallel to the mo- 
raines and coarsens in  texture to- 
ward rnargnal source areas at the 
mouths of tributary valleys in the 
Chugach Mountains. These relali ons 
combined with the evidence that the 
gravel plain lies below the level of 
lacustrine deposition during and fol- 
lowing maximum extension of Nap- 

towne ice require that the Anchor- 
age gravel plain was formed after 
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, i t  is believed that 
the gravel plain commenced as fan 
deltas deposited at the mouths of 
Eagie 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. 

Drifts 01 Eklutna. Knik and Nap- 
towne age are exposed in the sea 
bluffs of Knik Arm (fig. 9-52). tfpval- 
ley from the Naptowne end moraines 
and near Goose Bay, the Naptowne 

I . ALASKA RANGE I 

Weat hered Knik Bootlegger Noptowne 
Eklutna drift till Gove clay t i l l  

Korlstrom, 1964 

Figure 9-52. Sea bluff stratigraphy along west shore Knik Arm, Cook Inlet 
region, Alaska. 

thc highest lake level stands and 
then extended southwestward into 
the Anchorage area as fluctuating 
lake Ievels 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 to 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 flush out 
the finer-grained sediments depos- 
ited during higher lake phases and 

Till at  thc top of the bluffs is ovcr- 
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 from the Naptowne end 
moraines, the basal Knik Till is over- 
lain by the Bootlegger Cove Clay 
that contains a middle marine ZOIIC 
recording a high sea level, stand dur-  
ing the Knik-Naptome Znterglacia- 
tion and just prior to the proglacial 
lake deposition b a t  accompanied 
and followed the Naptowne maxi- 



mwn advance. The buried Peat near Sfoe 9-68: Earthauake landslides. 
Goose Bay has been dated by radio- 
carbon as greater than 32.000 to 40,- 
000 years old. Peat from the same 
stratigraphic horizon on this side of 
h e  Arm exposed along Eagle River 
dates within the same time range. 
Shells from the marine beds of the 

- 
All the devastating slumps that 

occurred during the 1964 earthquake 
in the Anchorage area are restricted 
to bluff areas underIain by thick 
sections of the Bootlegger Cove Chy- 
Mapping by U. S. Geological Survey 
geoIogists Ernest Dobrovolny, Wd- 
lace Hansen, Qjiford Kay, &d Rob- ,.,.. Graben .i?ho, ert Milter indicates two main mech- 

, p . m .  p.O. * f l u - 0  4-en 

- -- .-&= = = =--- ridges 
anisms of failure. The Turnagain 

= = \;_; ,----c=r--:: Heights, E-Street, 4th Avenue, and 
--c dm- ,,, - - - -, ---=k- ------ S-L- Government Hill slides resulted 

- ----- - -_  __-_ - -_kr - -  principam from IateraI transla tion 
-_-#-I--- - A. Translotory tyw stlde of page bluff at depth blocks through with horizontal one or more slip- 

weak zones in the underIying clay 
(either quick clay beds or sand beds 
or both). Development of inner gra- 
ben zones resulted from this lateral 
displacement (fig. 9-53A). The slide 
that can be seen along the bluffs 
across Knik Arm near Point McKen- 
zie (fig. 9-52) is associated with the 
thickest exposed section of the Boot- 
legger Cove Clay that failed by ro- 
iationaI slippage on concave fradure 
planes (fig. 9-53B). 

Stabilization of the slide areas has 
3. Rotations! type sllbe- largely been accomplished, but some 

of the main features of failure still 
sand nnd grovel remain. 
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