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Anchorage and aidnits cover pa* ol: three quadrangles, the Bnchomge 8-8, 
dochomge B-8, and 'JCgonek 8-1. Knik Arm bounds the area on the nortb- 
w% Turnamin Arm bounds the area on the south. and the Chngach Moun- 
tains bound the area on the east. 

The high& point fn the area la 4,301 feet above mean Sea level, jm east 
of MCHugh Peak In the mutheastern pwt of the area The altitude of the 
lowlands math of anchorage r a n m  between 100 and 150 feet. Two areas ot  
higher altitudes are the highland b e t w e n  Point Campbe11 aad Polnt WoronroL 
where the altitude ranges bet- I50 and 3OD fed, and the Elmendori 
Moraine north of Anchorage where the altitude aver- between 256 and 300 
feet. 

hrglllite, mayWache, and chert, an well as altered acldic and Mstc lmeoua 
m& con&tnte the greater part of the g r ~ r n t f l o e o t l ~  ( 7 )  rocks In the Anchm- 
age area Metamorphosed Ilmmtane crops wt In rrev~ral mall areas along 
Turnagain Arm. 

SurflclaI deposits in the anchorage area are divMble into four main 
groups-pre-Wisconsin, Wimnain, Pleistmne or Recent, and Went. They 
represent deposits of at leagt 3 of the 6 gladera that invaded the Anchorage 
area, aa well as lamtrine and alluvial deposits conseg~nent with or mhe- 
quent b the advanma 

The old& pre-Wisconsin d m l t g  oondat of till, outwas4 and allt derwlted 
bg the Eklnhaa glacier, and are eatp~ered only in one area north of the Fag18 
River Flab along the b l f l  of KnIk A m  

Sort& and nnaorted drift of the gaugest pr&WWo&n gladatlon, the Kn& 
glaciation, form 8eposIts.of advance outwash, lateml moraine, ground moraltle. 
pltted outwash, and glacloflu~lal and i m n h c t  degoslk An extensive blue 
gray clay of laastrine or eertnarine origin, herefn namd the Bootlegger Cove 
day, and delta and prodelta depoesits of silt, sand, and gravel mnstftute pond& 
fluvlal-laWrlne deposits. The Bootlegger Cove clay Is extenrti~e along Knlk 
Arm where It wparatm the Knlk from the overlylug Naptowne glacial deposits. 
AlFnvial deposits form the Aoor of abandoned melt-water channels In the 
ground maraloe. 

sortea and unsorted drift at the glaciation of Wimnsin age, the Nagtowne 
glaciation, form advance ontwaah, ground moraine, end moralne, ice-contact 
d@mdtrr separated into quences of kame fields and kame terraces, wtwm& 
and pitted outwash Alluvial de-b cover the floor of abandoned melt-water 
channels that cnt Into Whconsin deposits and into gre-Wisconsh deposits ex- 
pos& mnth of the area covered by the Wlscowin d m i t s ,  %lien silt grob- 
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ably derived from the of Wiscolrrrin age c#em olaer depoQIta in the 
vIdnIty of the TnternatIonal 61- 
Varions ondlf?erentIated # l a m  depoaIts as weEi as dlavial-fan d-ts may 

be Plelatoeena or Recent d m i t s .  The nndLUemntiated moralnal deposits and 
nndiferentlnted glacial drift, for tbe must part mded t o  the mountah val- 
ley8 and drqnes, may Include d-ts that range from pmWismmh to m t  
fn age. FertaIn alluvial fans were formed during the late Pleistocene, whereas 
otbem were iomd during tbe Recent epoch. Deposits of a n e q u i ~ d  Recent 
age include peat and muskeg, wMch started to accnmnlate in awampa over 
6,000 year8 am nana are atill ammdatlng, dune wnd, madern-chamel and 
flood-plaln allnvim, estuarine rrilt, and thIn lorn (not mapped) that blankets 
moat other denoslte. 
Flve giaaiaationa am mgnM in the Anchorage area; (1) the Mount 

Soaltna glaciation that overrode Wnnt Susitna abnt 85 miles northwest d 
Anchorage and left scattered bonldem on mme of the hlgh-level miaces of 
the Ghngach Mannhlarr, (2) the Caribou H f l h  glaciation that moothed the 
mura of the Chngach Mountahs at altltndes ol about Z,!&M to !&8QO feet erarrt 
of Anchorage. 19) the Eklutna glaciation that covered the lowlana In the 
Anchorage a m ,  and (4) the KnIk and Matrmnuaka lobes of the glaclstion 
which covered the Anchorage area ; a warmer interval is Lnferm3 from the 
environmental reqoltermerita of  f c d h  Itl peat that aepmatea the Kntk glacial 
dqm1ts from (6) d@ts related to the NagCowne ~Iaclal advane of Wimn- 
rrfn age. Fluctnatlon of the Naptowne glacier Is s n w  by till that overlies 
the Bootlegger Cove day and underlies the Naptowne advance o u M  and 
till of the Naptome ground moraine, and by the pmmm of f w n t a c t  fea- 
turn In the Wisconsin ~lacial depoalts begond the end moraine of the Wiacon- 
Hin glacier. 

The on- on which hcborege ka hilt, and wbieh ltanhr the sonth ?.urmd- 
ary of the rmd momine. had its nonfce In the Eagle River valley. 

kge aad dewaitlonal relatlonsbipa of the moraines and other drift in me 
mountain valleye and ckrgnm are not establlahed. 

Padglacial actlvitlea Zn the Anchorage area are canfined to &on- 
as repr-ted by nndermtting of sea-bluila, landslides or slumps and aow& 
and domatting Into consolidated aa well an unconmlldated materfala along 
modern a tmm m-nd to toIlan deposltIon--as reprwwite8 by an overall 
thin cover of 1- and by mnd dunes. 

MaterlaIs witable for briclr, for mbbaae haw mume, mdadng, and 
coarse aggregate, for mshed aggregate nuable in bitnminons mat$ flI, and 
ballast for MU binder, and for agrlcultaral lime are fmnd In the ancharage 
area in vatging amonnC. 

Foundation conditions range from &lent to pgor. &me deposl.ts are sub- 
jwt to Parsing d e m  of frost heaving. In general, the h e r  gralnd tLIl, dlt, 
and glaciofln~M d&tS are mere suBceptibIe to heaving than am coarser 
grained outwash m d  alluvlal deposit$. 

The Cook Wet area was explored by Capk James Cook in Jme 
1778 when he sailed up what is today Cook Inlet. PortIock and 
Jeremiah Dixm visited Cook Inlet in 1786; George Vanmnver 
explored Knik and Turnagain Arm in 1794. 

Except for sporadic prospecting for gold (the h t  gold was 
mined in Alaska on the Kenai Peninsula in 184&60) the Hnik- 
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'Ikunagain region aroused little intarest nntil gold-bearing plsoer 
deposits were discovered muth of Turnagrrin A m  at  Anchor Point 
on the Kmai Peninmla. Betwem 1896 and 1898 many claims were 
staked along the north side of Turnagain Arm. W. C. Mendenhall, 
who was attached to an h y  expedition in 1898, first mentioned 
the Knik-Turnagain Arm area. in a U.S. Geological Sumey publi- 
cation (1900) but S. R. Capps (1916, 1940) made the earlieet geo- 
logical investigations ammd Anchorage. Martin (1906), Rmob 
{l9M, 19231, Park (1933), Smith 619391, and Tminer (1953) de- 
m r i M  the p E o g ~  of aress dose to or in p~rh overlapping the 
Anchorage area. Other mports that disrmss the geology of the 
hchomge area have bwn writtan by XarIstrom (1930) end by 
Pbw6 and &hem (1953). 

Anchorage was founded in 1915 9s a cmstmction eenter for We 
Mash Railroad. W a y  a modern city, Anchorage conhues to 
undergo the most rapid expamion of any mnununity in Alaska 
Exceptional population growth and industrial activity e r n  1940 
led to the mhxtion in 1949 of the Anchorage area for geoIogic stwdy. 

LOCATION AND ACCE88IBfLlTY 

The area mapped is bounded on the northwest by h i k  Arm, on 
the gonth by Turnagain Arm, and on the east by the Chagach 
Mounhins. The eastern boundary ooincidee with the 149°37'3Wp 
meridian. Almoat all of the Anchorage 8-8 quadmngle, all the 
area south of the Ibik Arru in the 27-8 quadrangle, and the land 
a m  in the Tyonek 8-1 quadrangle between Point Woronzof and 
Point Campbell are within the project. 

Anchorage is sewed by the Alaska Railroad and by deduled 
and charter airlines at the International Airport and Merrill FieEd. 
The principal paved highways traversing the area are the Glenn 
FIighwag. extending north from Anchorage snd the Seward- 
Anchorage Highway extending muth. Most of the maintained 
roads are graveled. Industrial and urban expansion is rapidly 
exhndiig outward fiom Anchorage, snd newly (1956) constructed 
section-line and homedead roads continuously increase accessibifity, 
Much of the area north of the Eada River and in the mountain 
area reached by trail or jeep road. 

In the wmmsr of 1949 mfficial deposits were examined along 
mads, streamp, excamtions, and sar cliffs, and in traverses through- 
out most of the lowland. Reconnaisssnce travams were made 
along the fmnt of the Chupch Mount~in Range, along bsdrbck 
ridges, along Potter, Little Rabbit, Rabbit, Campbell, N o d  Fork 



of Campbell, and Ship Cree?q in the eastern pa* of the a m ,  and 
dong the Eagle River in the northern part of the area. A brief 
description of the geology was released to open file in 1950 
(Dob~ovolny and Miller). h June 1954, the area was revigited 
briefly by R. D. Miller nnd J. M. Cattermole. Fieldwork was con- 
fmed mostly to studying road cuts t h ~ t  had been excavated since 
1949 ; additional well records were also obtained. In 1956, the authom 
and W. R. Ranen checked the map and geologic interpretation in 
the field. 

Steremoopic examination of aerial photographs helped to supple- 
ment field hhrpretation of physiography and gologg. Photoin- 
terpretation was most useful in the mountdn area and in the low- 
land near Eagle Bay where ground travems were limited by lnck 
of rods, marehy terrain, and artillery ranges. 
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The Anchorage area, as mapped in this repork (pl, I), includes 
the greater part of the Anchomge district of the Cook Inlet region 
(Smith, 1939, pl. 33. Plate 9 shows the phy&ograghic mlationship 



of the Anchorage area to the Cook Wet lowlands and the sdjam11t 
mountain valleys. The Anchorage area can lm separated into low- 
lands, which cover most of the area, and mountrtins alang the 
eastern boundary of the ama. The lowlmds in turn, can be Repa- 
rated into six smaller subdivisions: (1) smooth surfaced elongate 
hills and linear valleys that modify the pitted surface north of t h ~  
Elmendorf Moraine, (2) the southwest-trending ridges that form 
the Ehendorf Moraine, (3) a broad gurface of a sand and gmml 
plain that is parallel to  and southwest of the Ehendorf Mamine, 
(4) broad swamps which co:over the lowland south of Anchorage, 
modified by conical and rounded mounds and low sinuous hills, ( 5 )  
a Low hummocky termin that extends from the boundmy with the 
swamp area just west of the Seward to Anchorage Highway to the 
mountains, and (e) the Point Woronzof and Point Campbell high- 
land that extends dong the western boundary. 

The highest point in the m a  is a peak slightly more than 4,500 
feet & b e  rn lave1 on the ridge between Rabbit Creek and South 
Fork Campbell Creek. The lowImds range between 100 md 150 
feet in alhituda The vdleys of the mountain mass rtre U-shaped 
m d  the steep intervening ridges are almost b m  of mantle rock. 

Surface drainage of the area is modemtely well developed. Along 
the mountain fmnt low south-tmnding elongab ridges 1 to 8 miles 
long contml the orientation of small streams except where the streams 
turn and flow wedward through gaps. Eagle R i m ,  Ship, and 
Chester Creeks follow old melt-water channels. CampbIl Creek, 
the longest dream in the lowlands sonth of Anchorage, originates 
in a glaciated mountain valley. It flows in a deeply incised melt- 
water channel to the Iowhnds where it meanders through swampa 
Stream that cascade from the high valleys of the Chugsch Moun- 
tains m entrenched aa much as 110 feet into unconsolidated glacial 
deposits on the dopes of the mountain front; in placw they flow 
in steep-walled bedrock gorges almost 150 feet deep. 

Drainage is poorly integrated in the swamps south of Anchor* 
M a y  lakes in the swamps are connected by mall sluggish streams. 
Some swrwnps are undraind, such as those in sew. 32 and 83, T. 113 
K., R. 3 W., even though Campbell Creek and other stream have 
cut channels mom t h  5 feet below swamp level. 

Snbsurfam drainage in the lowlands is poor becam the clayey 
till that underlies much of the area is relatively impervious and 
restricts downward movement of tth water. For that same reason, 
small swamps  re common on hiIl tops. 

Drain,@ is even less developed in the melt north of the Elmen- 
dorf Moraine than in the lowlmds south of Anchor~ge. Along 
broad melt-water charnels small consequent streams connect swamps, 



6 ~~~ WMNX OF ANCHOI(A0B AND VI-, ALABU 

pcb, and I h *  Elsewhem mod of the lakm and ponds in the 
pound moraine are poorly drain& 

The mils in the Cook Inlet amti around Anchorqp nre podzol 
suib The procam of pdzolizatim and chamchristic pm&s of 
pddzol soils are dese.riM by Wilde (1946) , JoEe ( 19491, and othem. 
Well developed palm1 soils are typified by an ash-gray m l o d  
zone in the As horizon (the pdmf horizon) that d t a  from 
leaching of the soluble =Its and organic matter. Iaaching in- 
enough to remove the iron compounds causes a Iight color in the 
horizon; extreme l eachq  caum the white ashy appearance. The 
Russian word "zola.," meming ash, is the mot of the name podzol. 
Podzol soils dmdop in mnifemua, deciduous, or mixed Pareats in 
cool-temperah climates. So& of the Knik wries, of which ths 
Rnik l o w  is representative, are most extensive in the lowland 
(U.5. Dept. of Agr*, 1938, p. 1148). A characteristic palm1 mil pro- 
fils on the R~ptuwne outwash along &a Spenard h k e  road 1% miles 
muth of Anchorage was m e m d  by Kellogg and Nygard (1951, 
no. 4S1 p. 521, as f oUows : 

A&+J to 2% hebw very dark b m  fmnms ormukc mat contalnhg many 
MY - 

Al-O to % inch, dark-brawn to blaek hamw soLL 
As-% b 8 inEhm, Ught-grag ta reddl&-gray fFiab1e mndg loam, ilpedml 

Wtb yellmah brown; weakly developed h e  platy Btmctnm; maqy roo& 
(Light gray : 6 J TJL)1 
1 3 4  to 10 Inches. ~Uowlah-bmwn flae gandy loam ewblnhg w rootr. 

'The sol1 1s weakFy cemented and, In place& con-= atrongIy cemented trap 
men* of orbbin.* (10 PR 6/6.) 

Br10 to 34 Inctm, light-gellowieb-bm irlnble aanm loam; very fm 
mta (10 Z'R 6/4.) 

12-11 Inches+. loom? h e  and medium sands of mired compdtiou, but Mgh 
~n dark-colored mlnemh. 

Most of the biological pmwsm that enter into soil formation 
am limited ta the upper 6 ta 18 inches, so that the miIs am mid 
t o  have a sh~llow solurn (KeUogg and Nygard, 1951, p. 126). Pd- 
zolization is moderate, w that the ashy-colored layers are not well 
developed everywhere. 

Muskegs and marsha on tha Knik mib mdst more or 1- of 
decompmd Grown peat, Much of the peat is made np of sphagnum 
mma. 

1 Color m m e ~  mad ~gaatlwm Mer to the Rock CoEor @I the N 8 t l o ~ l -  
Counell, 1Q48. 

1 "Q+teln fr r form of eomcntlon that mnslrb oC rall p t r t k h  asmmtod 
with irou, alumlaam. mmganem, human mbrtannm * 1," (Joffe, 184% p, 68.) 



Qianm l.-Tamtmrattm mud preclpitatloa rangen at Anchorage, A l u h ,  108&18 WII- 
rive. MmpUed from cllmatologlcal data, baued by the Weather Bntslu, U.8, Wpart- 
meut of Commerce, Anchorage, A l a a h ,  for the  gear8 18884B lncloatva. 

Anchomp i~ iduenced more by the comparatively mild humid 
climate of the Qulf of Alaska than by the colder climate of the 
region north of the Alaska Range. Figure 1, compiled fmm the 
Weather Bamu files, shows the period 1938 to 1948 inclusive, 
Temperature and precipitation are factors that mntrol certain as- 
pects of construction mtivitiee such ss exctwhvation, laying bituminous 
mats, and setting concrete. 

Anchorage has a normalB annual precipitation of 14.27 inchea 
The normal of the wettest month is 2.71 inches, with an extreme 
of 5.91 inchea. (U.S. Weather Bureau, 1954, p. 36.) 
The mean annual tempersture is 85.aoli". The highest tempers- 

turn recorded in a 31 year period was 86'F and the lowest waa 
-31B°F, 

Formal rnlom a n  bswd on or ordbstr4 to the pert08 1921 to IWO. 



!lie p m -  wins ia about 6 milas per hour. lt blows from 
the northeast in winter, the north in the spring, the northwest in 
summer, and from the north in the fall. 

PRE-QUATERNARY ROCKS 

The mountains bordering the Anchorage lowlands on the east 
rrre cumposed of consolidated metamorphic rocks of pre-Greta- 
mow( ?) age. Poorly consolidated rocks of Tertiary age, exposed 
in a few places in the lmltknd, are thou& ta underlie most of the 
lowland. Unconsolidated deposits of Quaternary age effmtively 
bury all older mks in the lowland and mnntle parts of the lower 
slopes of the mountaim and some mountain valleys. 

The rocks thst $om the Chngach Mountains in the southamtarn 
parE of the ares are grouped as metamorphic mks, undifferentiated 
(p-) . The pressnt investiption touched but briefly upon areas 
conihining m k s  older than Pleidmme, and discussion of the older 
roclm is for t h e  an& part m n h e d  to a remm6 of previous work. 
Most of these rocks are described in detail by Capps (1916, 1940) 
and Park (1983). According to Park (1933, p. 389) they are of 
pre-Cretaceous age, and are sa considemd in this report. 

Capps (1916, p. 153) restricted the undifferentiated mehmorphic 
mks in the Knik-Tunapin area to a belt along the westam edge 
of the Chagach Mountains. The rocks are found in all or parts of 
the mountainous basins of Campbell, Rabbit, Chester, and Ship 
Cmks. 

Cspps (1916, p. 158) identified '(* * * basic: intrusive mcb, 
I m l l y  altered to mrpentines, and altered intrusi~e rocks of more 
acidic character, associated with much &wed and crushed mate- 
rials that am probably of sedimentary origin and some less altered 
slates." 
In addition, Capps (1916, p. 154) described "* * * alkxed igueona 

rocks of acidic composition that under the microscope prom to be 
altered andesites and andesite porphyries and basic rocks m&g 
of pwidotite, dunite, mrpentine, pyroxenite, altered gabbros, and 
tufi m d  agglomerates af igneous origin. They also include aZtered 
wgillites, gmywackas, and cherts of sedimentav origin. This whole 
assembIage has been cut by both basic and acidic dikes and prob- 
ably by the bsses of diorite that project through the nnconsoZidated 
deposits near the mouth of Knik River.'? Pmk (1833, p. 388) ageed 
with Capps a8 to the types and composition of the m k s .  

On the South Fork of Campbell Creek the bedrock coneista of 
pywacke, quartzite, and some greenstone with gray chert ban& 



and nodules. The gmpacke is easily mcugnized; it consists of 
angular fragments of quartz, feldspar, and other minerals. 

Metamorphosed hss tone  (pKl) is exposed in three places, in a 
large outcrop along Little Eabbit Cmk, and in two outcrops smith 
of Little Rabbit Creek along the Seward-Anchorage Highway. Bn 
outcrop a quarter of rr, mile south of Little Rabbit Creek was exam- 
ined in detaiL The- limestone outcrop ier appwKimtGCelg 40 feet wide 
and 25 feet high; it is separated on the north from the midifferen- 
tiated metamorphic rock, by a fault striking N. 22" E. md dipping 
6 2 O  TV. Its contact with the undifferentiated metamorphic rocks 
on the muth is concealed by till 50 to 100 feet thick; tha gradeha 
of the highway is about 70 feet ahve  the top of the limestone aut- 
crop. This limestone contains 46 p e m t  residue hsoTubIe in hydro- 
chIori~ acid, or 95.8 percent CaCOBm4 

Limes tone crops out for about one-fomth mile along Little Rabbit 
Creek from a point about 300 feet upstream from the Seward to 
Anchorage highway. The Ijrnestone is impure and contains iron. 
Three hundred feet upstmm shattered limestone and pywacke  
that dips about 80° NTlr. extends for 60 feet at stream l e d .  A 
shear zone strjkea N. 4 5 O  E. and dips 85O W. 

The exposures along Little Rabbit Creek are discmtinuona; three- 
fourths of a mile upstream the limestone b intexhdded with gray- 
w d e  and constitutes only a srnaIl percentage of the & 

Thm samples of limestone collected about 300 feet upstream from 
the highway bridge over Little Rabbit Greek range from 5Ll to 
64.0 percent residue insoluble in hydrochloric acid. 

The age of the undifferentiated metamorphic r& ttnd limestone 
is established relative to other mcks. The argillitas and graywackes, 
east of the undifferentiated metamorphic rocks, and east of the a m  
mapped, are dated by fragments and imprints of Imueramw ap. 
believed to be of Late Cretawovs age (Park, 1933, p. 393-394). 
Capps (1916, p. 155) considered the undifferentiated metamorphic 
rocks to lie nnconformably below the srgillites and graywackes nnd 
ta be older than late Bfesozoic. Parks (1933, p, 389) eonsidered the 
undifferentiated metamorphic rocks to be of probable pre-Cretaceous 
age even though the deformation at their contact with the argillites 
and grsywackes is so severe that the relationships between the two 
units are difficult to establish. Although i t  could not be determined 
which rock unit overlies the other, Park considers the undiffersn- 
tiated metamorphic rocks to  be older because of their more intense 
deformation and gxeater +eons intrusion. Payne (1955) shows 
Triassic and Jurassic rocks of the Seldovia gemticline extending 

4 Annllml by Joha J. d'ghta, amaye?, Terrlforhl Bnreau OF Mimu. Anchomge, AIwler. 



h g h  the hchonrge arss and appamtly inclnding the rock 
below the argi1lite.s and grspaekes.  

Rocks of T&ry age am not e m  in the ~ r a a  mapped, but 
they cmp oat jnst east of the urea along the Eagle River between 
the Maaka Railroad bri* md the bridge on the Glenn Highmy 
(Capps, 1940; Dabrovolny and Miller, 1050). Recur& of wellsl near 
the Power Plmt in Fort Richardson, near center sf sec. 6, T. 18 N., 
R, 2 W., at the Fire Contml Station, sac. 11, T. 38 N., R 3 W., and 
at the WE& P o w ~ r  Plant wen, sea. 8, T. 13 N., R, 8 W., indicate 
the upper d m  of the Tertiary rocka to be at depth of abut 230 
faeb 44'1 feet and '178 feet, respectively (U.S.G.S. No. 10, Ski Bow1 
Road, Corp~ of Engimrs, written communication February 1957; 
Cededrom and Trainer, 1963, Well No. 373; U.S. Corps of Engi- 
nmm, unpublished well m r d ,  West Power Plant well), n e  beds 
at the abandoned coal mine near th Ahh Railmad bridge ovsr 
the Eagle River strike N. 10' E. and dip 8' W. This cornpama 
with dips of &bout 2 O  to  4O, with local maxima of 10" to laa, Fe- 

ported elsawhere (Capps, 1940, p. 62). Such gentle dips could not 
alone mmunt for a 700 foot depth to the top of the Tertiary roclra 
from the surface outcrops. Eadley (1951, p 523) mentions mme 
omgenic momments in late Pliocene or Pleigtocena time. R. G. 
Gasti16 (Corps of Engineem, unpublished maps) inf8ra a fault be- 
tween the wrfsce outcraps and the well Iocations. 
Cod W, relatively camman in the Tertiary roc2rs, are comer- 

Icidly exploitad north of the mapped area along the Mahugka 
River valley. Once, ma1 was m i n d  dong the Eagle Riwr near 
the Alaska Raihad bride, but the workings are now abandoned. 
No deposits of coal are hown along Turnagain Arm, or within the 
mapped area. Coal maa at or near Point Campbell, reported by 
Martin (1906, p. 25), and coal 1 0 d p  3 Paint Woronzof, reported 
by Capps (1940, p. 621, proved to be m r k d  matmid. Blocks of 
fluvially transportad cod 6 feet long were f o d  partly buried by 
tidal silts at Point Woromf. b y e m  of fluvial coal with blocks 
as much a53 8 inches in diameter were interbedded with graves and,  
and silt layers at Point Campbell. Coal in seams was not found 

QUATERNARY DBP08mS 

According to H a r U  (195757) five major glacial Ifdw~llces can 
be mmgnized in the Cook Inlet region. Mthough the 2 earliest 

S C p r p n  oz -- smtn ~crrrin -t, .rr*tt~ commumlcltlm Aummt 81, 
$BE& 



glaciations may have caused smoothing of spnm in the Ancborsge 
area, depogita of only the last 3 glaciations have been m p i z e d .  
The oldest glaciation recognized by KssMmrn is the Mount Susitna 
glaciation, and id b a d  on mnndmg of summits and spura at alti- 
tudes up to 4,440 fmt above sea level on Mount Susitns, a mountain 
34 d e s  northwetrt of Anchorage, and et  other places within the 
Cook Inlet area (Rarlstmm, th Pew4 and athem, 1053, p. 3). "She 
m n d  oldest glaciation recognized by RarIsEram (in P6w6, and 
others, 1953, p. 4) is the Caribou Hills glaciation ( h l e y ,  in 
FBI&, and others, 1953, p. 5) ,  represented by glacial deposita at 
altitudes of 3,000 feet near Tustumena Lake, 75 milea S, 15O W. of 
Anchorage. Smoothed spurs and ridges at altitndw of about 2@U 
to 2,800 feet along the front of the Chugach Mountsins east of 
Anchorage, may be the result of the Caribou Hills glsciatiw. The 
oldest glacial deposits mapped in the Anchorage area are produd 
of the Eklutna glaciation of Karlstrom (1957, p. 74) and are ex- 
posed as till and outwash in the bluffs along Hnik Arm north of 
tba Eagle River Fl~ttts (table 1). 

P-OSITS OF THEl 5 - A  QL*CUSTION 

The oldest glacial deposits mapped in the knchorage area sre 
till and outwash exposed in the bluffs along Knik Arm north of 
the Eagle River Flats. The lowermost till is olive tm in color. 
It abuts to the gonth against a conto&d silt which in turn grades 
into gravel (pl. 3) .  Tha upper surfaces of the lowermost till, silt, 
d gravel, rrre truncated by an erosional surface that extends across 
them materials. Forty fmt of silt and gra~el  constitub Eha lower 
two-firths of the bluff in the 8EG set. 18, T. 15 N., R. 2 W. (PI. 3, 
observation point 8). The grave1 continues around the point almost 
to the Ewle River Flats. A cobble layer in the unwoonfomably 
overlying outwash and a vertical bre& in dope almost everywhere 
mark the upper Iimit of the silt and grad.  The lowermost till 
was deposited by s glacier that covered the lowland area. The ~ i l t  
and gravel abutting the till and extending southward probabIy are 
ontwash of the same glaciation. Examin~tion of isolated expa- 
sures along the & side of Kmik Ann merely suggests the possibla 
antiquity of the deposits: they may mrrespond with a deposit of 
contorted bd-colored silt, sand, and gravel, also oxidized over 40 
feet in depth, that is exposed beyond Point MacRenzie on the wsst 
sida of Knik A m  (Karlatrorn, oral communication Jdy 1956). 

Becaase the till, silt, and gravel are oxidized throughout their 
q m e d  thickness, indic~ting a long period of weathering, because 
they are the Iowemost deposits in the bIuff, h u m  they have an 
eroded surfaw that extends across all three materials, and bemuse 
they are overlain by a younger pre-Wimnsin till and outwash, thy 
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are mrrelahd tentativeEy with Rarlstrom's Eklutns glscirrtion of 
Illinoian ( !) age (1957, p. 733, (See fig. 2.) 

DEPOBETB OF TEE QLBU1:A'PXOK 

STEAlTQBdPHP OF T H E  DEPO- 

The advance outwash is the oldest deposit of the &ik glacier in 
the area The lateral moraine along the fmnt of the Ch~gach 
Mountains grades westward into the ground momhe that nnnderfies 
most of the lowland. The glaciofluvial iceantact deposits, the 
prodelta deposits, the pitted autwash deposits, and the Bootlegger 
Cove clay all overlie the ground moraine IocaUy. The delta is at 
lead in part contemporaneous with the BootIegger Cove clay. The 
alluvium in the abandoned melt-water channels also overlies the 
ground moraine, but was deposited at the later phase of the Rnik 
glaciation, 

Bata a b e  Q M U m  dsolotlo mlta 

Loem (not mappd) 
Alluvium 
Estuarine ailt 
Dune sand 
Swamp dqmita 
- 

Alluvial fan deposib 
Glacial drift, undifferentleted 
hlorainlrl deposits, undifferentiated 

Recent 

- 
Pleistocene 

or Recent 

I 

Pleistocene 

Naptowns 

Knik 

Eklutna 

Wiscansin 

he-Wiamnain 

Bit 
Abandoned-channel depmita 
Outwash 
Pitted outwaeh 
Kame field and kmie terrace de- 

posit~ 
Ground moraine 
End moraine 
Advance outwash 

Abandoned-channel depoaita 
Pitted outwmh 
Qlaoiofluvial ic&conteot depita 
Bootlegger Cove clay 
Prodelta, deposfta 
Delta depoaits 
Ground moraine 
Lateral moraine 
Advance outwash 

Till and outwaeh 
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The following genetic relationship of the Hnik deposits preclude 
the possibility that the ground moraine of the RnIk glaciation and 
the overlying ~1Cmti6ed drift are deposits of two different glacial 
stages: 1, the boundary between the g1;lttciofluvial ice-contact d e p -  
its south of Ship Creek and tha lateral moraine is gradational, rss is 
the contact between the lateral moraine and the ground moraine; 2, 
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anrfam e x p e o n ,  weathering, and the k t n r e  of the matmiah are 
similar in both morainal deposits; 3, the glaciofluvial i c w x n h t  
deposits and pitM outwaah, which locally overlie t h ~ s e  mominas, 
am cut by abandoned meltcwster channels that also h a d  in ~ n d  are 
incised inta Rnik ground morsine. 
The B d e g g e r  Cove day sepamtea the pm-Wisconsin Kdk de- 

positg from the overlying W ~ s c o n h  Naptome deposih on the east 
side of aniEr A m  The BootIeggex Cove clay is considerid to b a 
glacial de@t that shows interglacial wertthering. IIts upper 6 
inches ta 2 feet ia oxidized. Till and the advance outwash of the 
Knik glacier overlie the truncated surface of the EHutna till and 
outwash along Ilnik Axm north of the Eagle Rimr Flata. The 
BootIegger Cove clay locally ~epamtes the till of the Rnik ground 
moraine from the Wisconsin deposits. 

Pre-Wisconsin depo~its underlie the lowland sonth of Anchorage 
and extend along the Chngach Mountah front. The Hnik p n d  
morsine underlica the lovland and the stratified deposits locally 
blanket the elder ground moraine. The highland between Point 
Womnzof and Point Campbell is cornpod of delta deposits that 
at least in part are conhtemporaneous with the Bootlegger Cove clay, 
NorLh of the Ehendorf Moraine the Rnik deposits are axposed 
only along the bluff of Knik Arm and near the mouth of the Eagle 
River. 

m a m  

The topogsaphy of the pm-Wisconsin ghcial deposits of the low- 
land has been only slightly more modified by erosion than the 
topdgraphy of the Wisconsin glacial deposits; drainage still is 
poorly integrated. In the Knik stratified deposits, swamp-flld 
kettles more than I mile in diameter are bounded by h p  iee- 
contact slops. Overlying the ground moraine are h m t  compIets1 y 
lunmdified kames and eskers of the Knik glaciation. On the slopea 
of the mountains, especially between O'Malley Road and Potter, 
the topography of the ground moraine is sharp and well defmed. 
Emtic buldera locally cover the surf-. Glaciofluvid icecontact 
deposits, such as the kames and esksrs along the mountains: south 
of Ship Creek, and other stratified drift genetically related to the 
Rnik ground moraine have well presemed, verg youthful, topo- 
graphic f orma At tb junction of O'Mslley Road and the Sward- 
Anchorage Highway an exceptionally l a w  kame shows steep, 
smooth slopes unm&ed by erosion (pl. 7). The lateral moraine 
also has youthful kettles, ridges, and hobs. 
Ia the pre-Wisconsin pitted outwash and prdelta deposits, steep 

ice-contact slopes bound the large kettles in the lowhnd. The 
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topography of the older delta is distinct and relatively unmodi6ied. 
Kettles, for the most part unfilled with debris, and abandoned melt- 
water charnels have steep smooth slopes. 

The pre-Wisconsin deposits in the lowlandrr me probably oorre- 
lstive with the Swan Lake d a m &  of fiinslay (h PBw6, and 
others, 1953, p. 6 ) .  Re gave the name Swan Lake ta moraines in 
the southwest part of the Kenai bninada that wnsigt of 

* * * low, rounded Mlh, partry buried by onhwah. Borne kettle laIra stUl 
pemW but many of the orlglnal deprmlona are fl l ld with paat nnd organle 
mt. 
K~rlstmm (&a PQwB, and othem, 1953, p. 4) describes the drift of 
tbe Swan Tidm glaciation in the upper Cook 'Inlet as retaining- 

* * * I t s  hummmky asgect, bnt kettle deprenalonn are partly BUed wEth an 
fntermixtnm of organlc ailt and peat. 

These dewriptiom fit the older glacial deposits in the lowlmd mnth 
of Anchomga Karlstm's correlation of 1955 and 1957 mbdividea 
the Swan Lake into the Eklutna deposits of nlinoian(l) age, and 
the Hnik deposits of post-Mlinoian, pm-Wisconsin age (fig. 2). 

Near Chose Bay, almost dimtly across Rnik Arm from the 
Eagle River Flats, a 41-inch interglmial paat bed underlies; till 
and dratified mnd and gravel thnt ZCarlstrom considers ta be rep- 
mntstive of his Naptoma glaciation (oral communication, July 
1956). The peat bed appears to occur at the same stratipphia 
horizon as the Bmtl-r Cove clay, and the peat m y  cornlate 
with the weathering on the clay. In 1955, wood collectsd by T. N. V. 
3llsrlstrom from the npper 6 inches of this pmt bed was dated aa 
older than 38,000 radiocarbon years (Rnbjn and Suess, 1955, W-174, 
p. 486). The csrbon-14 methods of radiocarbon dehrminations are 
dimmed by Knlp, J. L. (l9$2), and Flint, R. F., and Rubin, Meyer 
(1955). Earlier radiocarbon dates for the same horizon but deter- 
mined by different procedures am 19,100&800 years (Kdp, and 
&hers, 1952, L-117 A, p. 412413) and greater than 32,000 radio- 
a r h n  years for wobd collected by Karhtmm from the base of the 
41-inch peat section (Suess, 1954, W-77, p. 471). The greater than 
38,000 radiocarbon years dah indicatm that the peat b d  near 
Goose Bay may be older than the earliest radimadmn dated Wis- 
consin age in the amtral Dnited States ( F h t  and Rubin, 1955, p. 
6491, but this docs not necessarily mmake it as old as Sangamon or 
lllinoisn. Karlstrom (1955, p. 1581) considers the Wisconsin gls- 
ciation in the Cook Met region to range in age from 5,450 to 48,950 
radiocarban years. In Jely 1956 Rarlstrorn (oral communication} 
considad the till underlying the peat to be a deposit of  his Rnik 
glaciation (Rubin and Suess, 1956, W-994, p. 444; Karlstrom, 1957). 



A p a t  bed e x p o d  along the Eagle River on the east side of the 
Ih ik  Arm underlies the Wisconsin ground moraine and advance 
mtwmh, and overlies gravel of ths pm-Wisconsin advance outwash. 
Sampled by the mthors in 1949, the peat was dated at 14,3002600 
radiocarbon years (Kulp, and others, 1951, IOIR, p. 668). & s m -  
pled by the authom and W. B. Hamen in 1956, the peat bed was 
dated at greater than 38,000 radiocarbon years (W-535). On the 
basis of this radiocarbon date and the similar sequence of the Goose 
Ray section, the depo~its below the peat bed are correlated with 
Karlstmm'a Knik glaciation (fig.  2). 

The pm-Wisconsin glacial deposits sonth of the Wisconsin end 
moraine show weathering protiles that extend 4 to 8 feet in depth 
in the till of the ground momine and 4 to 12 feet in depth on the 
lateral moraine; however, most exposnm are oxidized only about 5 
fee& Pre-Wisconsin stratified drift in the lowlwnds, although of 
greater prme~bility, shows a similar dagree of weathering that 
extends locally only dightly more than 6 feet. This is in contrast 
with the oxidation throughout the 211)-foot-thick EHutna drift of 
IlIinoian( P) age exposed along the bid of Knik Arm north of the 
Eagle Rivsr Flats, and the oxidation of about 2 to  3 feet common 
on the Wisconsin drift. 

Estimated ages for the Sangamon and Illinoian stages vary, but 
nevertheless indicate mnsidemble time available for post-IUinoian 
weathering and erosion, Ray (1931, p. 464) suggesbd, on the basis 
of depths of leaching, that the Sangmon lnsted about 120,000 years 
and ended about 75,000. years ago. One of the mare recent &i- 
mates (Hmgh, 1953, fig. 2) dates the Illinoian as ranghg from 
338,000 gears ago until 268,000 yetmi ago, and the Shngamon as 
ranging from 268,000 years ago until 64,000 years ago. Sues 
(1956, p. 357) stated thak a warm period about W,000 years ago 
may correlate with the Sangamon of Narbh America. Emiliani 
(1955, table 16, p. 665) suggests that the Srtagarnon ended about 
75,000 yeam ago, the Illinoian gtarted about 125,000 years ago and 
ended about '103,000 years ago. 

The pre-Wisconsin glacial deposits south of knchorage have a 
youthful topogmphy tnified by well-defined ridges, smooth and 
undisected slopes, and poorly integrated drainage. The wenthering 
profile on the deposits is immature in comparison to the 
wenthering profile on the EIrIutns dr i f t  (JIlinoianP a p )  exposed 
north of Anehosage, It seems reasonable that deposits of 04,000 
to 103,000 years old would be more deeply weathered, as is the drift 
of the Eklutna glaciation north of Anchorage, and the topography 
modified dnring the ensuing long interval of weathering and ero- 
sion than nm the pre-TViscon~in deposits south of Anchorage. For 
these reasons the pm-Wisconsin deposits south of Anchorap are 
considered part of the Knik glaciation (table 1). 



ADVAHCE OVTWABB 

The stratifid drift that directly underlies till of the ground 
moraine deposited by the G k  glacier north of the Eagle River 
Flab and along h a g a i n  Arm is considered by the authors ta be 
~tn outwash that was deposited in front of and aubaequently over- 
ridden by the advancing Hnik glacier. To some workers the term 
proglacial, as applied to deposits, means those that were deposited 
in admnm of, or in front of, an advancing glacier, whemas to 
other workers, it means those that were Iaid down merely in front 
of a glacier, regardless of either the amount or direction of glacial 
movement. To avoid possible confusion by use of the word pro- 
glacial, and yet to separate this type of outwash from other out- 
wmhes rel~ted to the same glaciation, the term advance outwad is 
used in this mport for such deposits. The advance outwash ex- 
tends northward from the Eagle River Flats along the bluffs on 
the east side of Rnik A m  to the boundary of the area mapped. 
Cub along the Alaska Railroad, in the bluff along Turnagain Arm, 
show dratjfied sand and gravel below ti11 of the ground rnoraiaa 
Expo~ed from near Rabbit Creek northward for only about 1% 
miles, the sand and gravel probably extends farther along Turn- 
again A m .  

The advance outwash is gray snd unoxidixed where it underlies 
the till of the ground moraine, Locally hard and compact along 
Knik Arm, the advance outwash is predominantly a moderately 
loose pebble to cabbls gravel that cuntains alternating layers of g r ~ y  
medium to coam sand and pebble gravel. hasas md Jayem of 
coal fragments are common. Along Rnik Arm, near ta and south 
of the promontory north of the Eagle River Flats, the blue is 
cornpod of stratified drift of three ages; outwash of the pro- 
W h m i n  EHutna glaciation, advance outwash of the pre-Ti- 
cansin Knik glaciation, and advance outwash of the Wisconsin 
Naptame glaciation, A horizontal parhing m a M  by a cobble 
layer separates the advance outwash from the overlying Naptowne 
advance outwash. A similar cobble layer sparatas the Rnik ad- 
vrtnoe outwash from the underlying Ekllzkna outwash. This rela- 
tionship is best sesn in the NWXSWYa sec. 19, T. 15 N,, R. 2 W, 

Along the east shore of Knilr Arm, the e x p o d  thickness of the: 
advance outwash is generally about 15 feet. The maximum exposed 
thichess is about 30 feet. Along Turnagain Arm, the maximum 
exposed thickness is about 40 feet near Ealobibit Creek. The advance 
outwash is partly wnoealed by the grade of the Alaska R a i M  
that climbs the bluff weshard along the Arm. Examination of 
the gray stratified mnd and pebble gravel that constitutes the Knik 
advance outwash beneath the ground moraine along Turnagain Arm 



failed to reveal any a 1  fmgments either in lenw layem, or mat- 
tared thronghout the deposit ss individual grains. Depoaite of 
str~tified drift exposed in Turnagain Arm were checked almost to 
the town of Portage (out of the area) without hding any coal 
fragments. CDsZ deposits underlie the Su&tna Valley, the Mata- 
nuska VaIIey area, and ra t  depth the Anchor&ge lowland, and am 
the mum areas of ths coal fragments in the glacial deposits a m d  
Anchorage. The advance outwash along Turnagain Arm, which 
cantrains no coal, came from a glacier in Turnagain h. 

A silt layer (unit 4, meastared ~ d a n  1) associatd with the peat 
that overlies the Knik advance outwash in the SWXSEX SIC. 9, 
T. 14 N., R. 2 W . 4 a t d  as greater than 38,000 radimrbon para 
(Meyer Rubin, US. GeoIogiml Survey, sample No. W535)+ntain~ 
tho fresh water gastropods O p u &  p m  (Say) and L y m w  sp., 
identified by F. Steam MacNeil, of the GeologicaI Survey, and 14 
genera of diatoms, identified by Kenneth E. Lobman, of the GBoIogi- 
cal Survey. Them forms are representative of ml shallow fresh 
to somewhat brackish water in which pat  was being formed. The 
assemblage of diatoms is given below. Relative abundance : R= rare, 
B = frequent, C = common 

A m p h a  8p --,,,---,,,,-,,,,+d-d-,-,-, A - , , ,  R 
Caloneis obfersa (Wm. Bdth) GEeve, ,,,,,- -, ,,, ----,,, ---,,, --- -, F 
Coc- p h a ? d d u  E h n -  -,,,, ,,,,,,- -- - -- - ------ --- , - + -  F 
CymbtUa cf. C. cwpidabo Kfitaing ,,,,, ,,,,-----,,, --- --- --- --- ----* F 

qmbifmmis (Klltaing) Brebiason,, . .,,----,,------- P 
patva (Wm, Smith} Van Heurok ,,,-,--,------ ,-, ---, C 
wenlrieoaa var. obtldsa Grunow,, , , , , , , , , , , - - - - - - A  R 
s p - - - - , + , , , - , - , , , , , - - - - - - - - - - - , - - . - -  R 

iTpithsmia arpvre (Ehrenberg) Ktittalng-, - - - , , ,, , , hs , - , - ,-, - - - , - - - - - - , F 
tarrgida (Ehnberg) Kfitrlng .-,,.-,,,,,,,,,,-,,----- C 
trgida var. gronulata (Ehrenberg) Gmnow ,,-,-, - --,, B 
sabra (Ehrenberg) Ktlfeirig --,-,,,,,,,,-.IIIIIIIIIIIII1----- P 
sebru var. a m m i G a  Klitaing- -,-,,,,.,,,,,,,,,,, - --,, F 
wbra vat. parwllzcs Grunow ,,---,,,,,-,,--------, I? 
zebra var. prohm'dea Grunow -----,,----,,-A--- - -  F 

Ekrcacconsia J m e h  (Ktltaing) Cleve- - -- - -, , ,, - ,, - - - - - , - , ,, , - - , -- , R 
Elsnoiia ppso~rupta Ehrenberg--- ---,- - --- - ,- - - - - -- - - ,, , , , , , - - - , R 
Ctamphnsma intrkatum KQtzing_ --,,,,,,-----------,-----. C 

Sawtolaturn Ehrenberg- - -, , ,-- -- - - -- - - - - , - - A - - , , , - P - 

sp,,,,,--,,,,---,,,------~----------d~- R 
Masbgogloio d, M. anaitkii var. b h i  G m o w  -,--- -,,,-, -,-.,--- - C 
Naukula d. N. omphibola Cleve ,,,------,-----,-,,-----*,,,,, -.,,,, R 

ablonga Katsfnlq, ,,-,,,,,-- - -,,,------------ --- - - - -  C 
iwcula (Ehrenberg) Grunow -,--------,,,-,,,,,I--.- F 
sp ,,,,,---.,,.l,,,,--,-,----------41-- F 

Nihchia cf. N. omphibio Grunow- , , -, - -, , , ,-, - - - -, -, - - - - -, - - - - - R. 
pi?anulorio majm (KIltdng) Chve ,-,,,,,----,-------,,-,--ulo--ulo~ulo~uloulo F 

cl. P. viridia var. rupealrk Rantrsch -,,-,,-,-,,,-,-,, F 
RhopaMia p i b k  (Ebrenberg) 0. MbIler- -, , ,- - -, , , , ,- - - - - ,, R 
Sbuv-I cf. S. phoenicenterm Ehrenberg ,,,---,,,,111--,,-, F 



Thei dominma of lecnstrine diatoms indicates accmuIstion in 
lake or pond tht had no river In the h e d i a t a  vicinity, a eitua- 
tion M a r  ta most of Mays  muskegs, 

Nine samples of clay, silt, or peat were collechd from mlected 
beds in measurad mtion No. 1 for pollen analysis. The samples 
were demineralized, bleached, and examined by EsteUa B. Leapold 
and Helen Eanson, of the Geologicel Survey, who rsportd (written 
communication, March 1958) : 

* samples 1, 2, 3 and 9 fmm the aUt ar clay bed8 contained very small 
a m m h  of pollen, but the othem (esp. 5 dc 8) were verg rich indeed 

Frequencp of pollen i~ very low In the a r l y  inorganic Wlmenta, and con- 
almmt entlreIp of non-arboreal tppee. Tree pollen, whlch appeetra h i t  

in sample 4, becomes domlnant In samplea 5 aod 8. The preponderance of 
apruce pow In those aamplcs mggeats that apmm waa growlog in numbem 
at the site of depositlob. 

All of the plan& repwtea bere grow 0 the Anchorage rwlw W h y ;  the 
~ M B U  pollen m m b h g e  record& In your sample8 5 and 6 a p m r  t o  reflect 
a vegetation much I h  that of mdern spmce mu@- in the regiorr. 

The pollen counts from one-half Bqnara centimeter of slide ares of 
leach sample collected from measured geetion No. 1 (pollen Ioc. 
DIW, Anchorage, $ l a b )  are listed ag follows: 



20 BDaElCIAL QEOIdOP OF ANCHORAGE AND V f m ,  ALASKh 

The peat, pollen, spores, and fossils indicate that an interglacial 
climate produced the deposits that separate the advanm outwash of 
the G i k  glacier from the overlying d v m m  outwash of the Nap- 
tome glacier. A measured section of the pat and the advsnce out- 
washes in the blue dong tha Eagle River, is as foUom : 

1. SOdiQR Of 1At psd atid ilic advanc~ butawshea sn Sm8m rce. 8, T. 14 N., 
R. 2 W. 

E S G S  pnen  loc. No. Dl2431 

ra. 
9. 
8. 

Ground moraine of Napbwne age: Ft In 
Till, silty aand matrix; pebbles, cobbIes common, nome 

bouI$em present; slump covers most of slope; upper 12 . . 

feet well e ~ p o s e d - - - - - , , - , , ~ - ~ - - ~ ~ - ~ - ~ ~ ~ ~ ~ - ~ ~ ~ ~ ~ ~ ~  &46 0 
Advance outwash of Naptowne age 
Band, pebbles common, cobbles bcaUy preaent; iron-stained 

lower 3 ta 5 inches; slump covers upper phrt ,-,,----,,, & B  0 
WIlt, light-gray -------,-,----,----------,-,,-,,,,,,,,,, 2 
Peat, purplish-black, ailty ------- ---, - ,,-+- --------- --- - , .,, 1.5 
Silt, gresniah-gray; spongy when wet; upper 2 inches yellow; 

poIIen ~ampIe 9 from middle ---,-,,--,,-,------------- ,,,, 8 to 10 
Peat, hard, compact; blackish- purple; grades into under- 

lying silty clay: CIQsarnple A-56-1 (38,000 radiocarbon 
years, W-6351, and pollen sample S -,----,--+-,,-,--- - ---- 3 to 5 

Clay, silty, tan; pollen sample 7-- -------,-,----,------- 1 0 
Peat, compact, lignitelike lower 8 inch=; horizontal bed- 

ding; renges from 8 inches to 24 inches in thickness along 
bluff; pollen sample 4 from lower 6 inches, potlen sampIe 5 
from middle, and pollen sample 6 from upper 6 inches,,, ,,-, 20 

4. gilt, yellowish-tan to gray; 2-inch peat layers alternate with 
fornilifemus 1 layers; lower contact gradational aith unit 
3; pollen eamplc 3 from middle of horizon --------,--,-, ---, 8 

3. Bilt; hnmic zone(?); lacking in cmr'bon; pollen snmple 2,- ,- , ,,- 8 
2. Clay, blue-gray, compact; horizontal platy cleavage; clay 

f i b  between pebbles in upper layer of underlying gravel; 
poUensamplt I,--,-,--,--,------------------------ --,, 8 

Advance outwash of Knik age 
1. Gravel, locally sandy in lower 6 feet, stained brown; ce- 

mented layera alternate with uncemented zones, ledge 
former upper 3 Ipet; rounded pebbles 8s large as 3 inches, 
vein querls, greenstone, granite gneiss; a-ed by iron 
and manganm ,,-,,-,,,,----,-----*-,---------- 8 6 

Eagle River channel 

Total thIckneas ,,-,,,,-,,----,--- - - + - - - - - - - - , - - - -  f 65 8 
Dlatnmu md matmmda idsntiiled by F. 0. MaKun snd E $. h h r a s a  oolleceed &um tbb bbQ. 

T h e  advance outwash was &rind from rocks north of the h- 
chorag-e area, prob~bly the Matanuska and Knik Valleys, aa well a9 
mountain valleys tribubary to the ICnik A m  lowlands. Sand, peb- 
bles, cobbles, and boulders, far the most part carried in the lower 
part of the Knik glacier, were deposited by streams as advance out- 
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wash in front of the glacier as it moved into the Anchorage area. 
Advance outwash along Turnagain Arm probably was derived in a 
similar fashion from debris carried in a Turnqrtin Arm glacier. 

A ridgeliEre lateral moraine trends south-southwest more t h n  12 
miles along the lower slopes of the Chugach Mountain front in the 
sathaastern part of the area. 

The lateral moraine is a system of hummoclq composite linear 
ridges trending south-southwesterly. Two parallel ridges form the 
major features of the moraine. The bigher of the two rises con- 
spicuously about one-half mile east of L z h  Kdeaway. This ridge 
marks the eastern edge of the lateral moraine from the a m  just 
south of Little Rabbit Creek to Campbell Creek. Ice margin chan- 
nels form linear valleys in the moraine parallel to the trend of the 
lateral moraine, though locally some channels turn md tmnsect the 
ridges. Kettles are numerous; same contain ponds and lakes, some 
are Elled with swampy debris, whereas others are ufilIed. The ti11 
of the lateraI moraine is commonly smdy and stany with cobbles 
common. Pebbles and sand predominate although angular bouldem 
10 faat long are 5atkred throughout the moraine. The upper 4 to  
8 feet of till is loossr than the underlying till. This looseness may 
be m u d  by fmst arction on the upper part of the till, or it may 
mpmsent superglacid deposits over a more compact b a d  till that 
atmulaw under the ice. Silty till-like cobble grave1 is common 
throughout the lateral moraine ; in some exposures it shows collapae 
bedding. 

Along the South Fork of Campbell Creek above Campbell Air- 
strip, near the s h q  bend 09 the gorge, glacial drift that is part of 
the l a h d  momine is well exposed. About 85 feet of pebbly till 
containing numerow cobbles and boulders overlies bedrock. The 
till is overlain by about 30 feet of sand interlayered with compact 
d i y  p v e l  in the lower 15 feet. The sand is well &ratified and 
probably was deposited by water flowing in ice-rnsrgbal channel& 
TIM gravel d d s  in ra vertical blufl, md in part appears only 
slightly reworked by water. A nearly horizontal boulder layer that 
is as much as 8 feet thick grades into cobbles md pebble gravel and 
separates the gravel from the till. 
In a cut along Ihbbit C m k  nmr the swamp in see. 35, T. 12 N., 

R. 3 W., the upper 4 feet of till is brown @nd is loow than the 
lower 3 feet, which is light gray and stony. The rnkximum thick- 
ness of the drift in the lateral moraine is edimated to be about 150 
feet. About $5 feet of till overliw bedrock near tha sharp bend in 
the gorge along the South Fork of Campball Creek. This th ichws  



i~ probably @pica1 for the mskm margin of the moraine. The 
vnderlying bedrock snrfrrce slopes westward &per than the &ace 
of th0 marrtine, so the mamine is probably txcker along its west- 
ern margin than along its eastern ma*. Sand and gravel depos- 
its on the floor of ice-marginal channels in the moraine may be as 
much m 30 feet thick, but are m m o d y  thinner. 

The eastern margin of the lateral mmaine was deposited at alti- 
tudes fmm about 1,000 tm 1,200 feet. The highest altitudes (1950 
to 1,400 feet) along the e m  ridge of the lateral moraine are 
Between North Fork Campbell Creek and Rabbit Crwk; the lowed 
altitudes (about 1,000 feet) are near Ship Craek. Tho lateral mo- 
xaim slopes northwsrd. The mamn for this reversal of topography 
is that glacial debris from the glaciers in North Fork Campbell 
Craek, South Fork Campbell Creek, and Rsbbit Creek accumulated 
on the eaatarn ridge of the Iataral moraine. The high& r i d e  is 
not entirely lateral moraine but includas end moraines from the 
tributary moantmbin glaciers. Because the Mum, compaction, and 
oxidation on the higher snd lower ridges are &iIar, the drift8 can- 
not be -rated and the ridges am mapped as a part of the lateral 
moraine. 

Kmlstrom (h Pkd,  and 0th- 1953, p. 4) c o n s i d d  the lateral 
moraine and the materials that cover the Iower slay of the mom- 
him to altihdea of 1,000 to 2,000 feet to be deposits of tha Swan 
Lake glaciation of early Wisconsin a@. Tn his subdivision of the 
Swan h k ~  glwiation (fig* 2) into the Eklutna and IIhig: glaciations 
of pre-Wisconsin age, Klarlatmrn (written commnnication, Febru- 
ary 1957) regards the lateral moraine as part of the EHutna gb- 
ciakim, and considers it equivalent to the lataral mmomines south of 
-in h m  on the Kenai Peninsula that he designaka M 

Eklutna in age. 
In this report the lateral moraine is a i d e d  part of the Knik 

glaciation that depmited the lowland materials. A correlation be- 
tween the l a t e d  moraine and the alder ground moraine is indi- 
cated by (1) the relati~ely unmodified tapography of both nnits, 
(9) the gradational change in form from the lahral moraine to the 
ground momine and the glaciofl uvial ice-contact dep i t s ,  (8) the 
similarity of composition, texture, and oonpactams of the lateral 
moraine and the older ground moraine, and ( 4 )  the simihrity in 
local depths of oxidation of rnsteriak in both the lahnrl moraine 
and tha ground moraine; in most plam the depths of oddation 
ranges h m  4 to 7 feet. 

'She lateral moraine was derived from talus and avalanche debris 
that ~ccumulated on and along the margin of the ice ae the glacier 
mod doffn the Arm from the north. As tha glacier thinned, this 
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debria aammdaa  on the slope as mnspicuons ridges. The upper 
margin of the m o r h e  may have b n  reached when the ioe wss at 
ita maxhnm thickneas, or it may m p m t  a period of qdibrium 
in the glacier regimen during downwading of the ica f r ~ m  a greater 
thickness. If tba latter condition is the cam, the debrie an the 
slopes abom the Intern1 moraine and the smoothed spurs along the 
mountain may be, at lead in part, the m l t  of the Hnitr glaciation. 
As the t h i n g  pmgremd further and the ice margin moved 

downsIope, marginal streams deposited sand, pebbles, and cobbles in 
their channels along the edge of the glacier. 

Zlhe p u n d  moraine underlies moat of the lowland, as pmved by 
web, although it is overlain in plaaes by deposits of dif€emt mi- 
gjna md is largely covered west of R. 3 W. It has a wide surface 
distribution southwestward from Ship Creek parallal ta the moun- 
tain front. It covers the Iower slopes of the. Chugach Mountains 
betwen Huffman Road and Potter, and it is coextensive with the 
lowland sonth of Anchorage. East and southeast of Anchorage the 
p u n d  moraine protrudes though the overlying deposits, 

A blue-gray silty till beneath the Bootlegger Cove clay and over 
the advance ontwasb is expoaed discontinuously in the east bluff of 
Knik Arm. The till is best e x p o d  north of the Eagle River Flats 
(pl. 3) although locally it is exposed south of the Flats, and east of 
Knik Arm along the E q l e  River. The ground moraine has a gently 
undulating surfam in the area of Huffman and Dearnoun loa$s, 
The smells and troughs are pitted with small kettles. Rounded hills 
of till a n d  above the large swamp areas and pittad outwash de- 
positsl in the mntral part of the Iowlmd south of Anchoraga. 
Mounds of p m d  rnorain+m&p dmdim-risa above the 
gwamps and Wisconsin outwash 'between Ship Creek and CampbeU 
Airstrip. Tha crestlines of the drumlins are sham on plah 1. 

Adjacent to the lateral momine, Earp abandoned melt-water &an- 
nels, incised as much as 60 feet into the ground moraine, b& the 
continuity of the moraine surfam. North of O'MaIIey Road, smaller 
unmapped channels parallel the labrah momhe for most of their 
distance, but trend toward the lowland near th0 lower part of their 
courses. 

The ground moraine is predominantly compact till that rxlntab 

pebbles, cobbles, and boulders. Ridges and knobs of atmtSed or 
unsortad loma emd rand gravel rest on till of the groand moraine 
lady and in plam cover it. A small esker (not mapped) is 
p m d  in the NEX sec. 18, T. 13 N., R. 2 W. Almost every 
exposure mtains striated and sold oobblm and boulders [pl. 4) ; 



pmctimUy eveq bonlder on the surf= of the gwmd morsine is 
striated. The till rfiraries appraciably in taxture. In mme e q -  
mres it has a clayey matrix and a hetamgeneous mixture of k g -  
ment sizes. In other exposures it is more sorted, mch as along the 
access mad to the; Camphll Aimtrip in tbe hrwQPuWjl, sec, 10, 
T. 12 N., R. 3 W. where the tiU is predominantly silt, aand, maU 
lpebbles, and scat ted  bonlders. In a cut 12 feet deep along Rabbit 
Creek bad ,  a silty pebble till that has a platy cleavage ia inter- 
preted tw basal till. 
In mod exposures, the ti11 sf the p u n d  moraine is moderately 

bard and ampact, though the npper 2 to 6 feet mny be loose and 
unsorted. In general, the till of the ground momhe is mom com- 
pact than the till of the latera.1 moraine. Emtics 6 feet long are 
common. Hem and them mw lenses of dream-laid m d  and peb- 
bles. The till of the Rnik glacier north of the Eagle River Flats 
beneath the Rootlegpr Cove clay is dark blue grayl silty ta clayey, 
and contains pebbles, cobbles, and boulders. A buried weathered 
zone 20 i n c h  to 2 feet deep I X ~  the top of the till is tan in some 
exposurea and reddish brown in others. Along the E~gle  River in 
the NW+&NWg sec. 17, T. 14 N., R. 2 W., Knik till 12 feet thick 
consists of cobbles and pebbles in a silty clay mntrix. T h e  apper 4 
feet is oxidized brown, whereas the lower 8 feet ia blue gray. 

Tills of two possible ages lare exposed in a drumlin on the south 
side of the Glenn Highwny in sec. 12, T. 13 N., R. 3 WW Beneath 
2 feet of silty humus is a 3-foot thick horizmtaEIy plated gray silty 
till. Pebbles havn a sandy coating rand are stained purplish black. 
Relow is a bfoobthick section of a compwt gilQ till that also 
contains Mack-stained pebbh, and underlying this compact till is a 
more sandy gray pebble till. A time break in the till csequence con- 
ceivably could be placed at the top of the 4-foot compact silty till. 

One-half mile east of the Seward-Anchorage Highway, Etn &foot 
cut along O'MaUey &8d contains oxidized till. The upper 5 feet 
is reddish brown and hibs si nutlike structure. This is one of the 
thickest and most intensely oxidized sonas on the Knik ground 
moraine recognized in the arm. The thickest exposure of till in the 
ground moraine sean by the authors is in an old pit 100 yards north 
of Potter where it is 118 feet thick. About CIO feet of tiZl is 0-d 

in a gravel pit along t;he Ski Bowl Road in the HE%SEvS sec. 8, 
T. 13 N., R. 2 W. In cuts in the sen cliff along the Maska Rail- 
r o d  in secs. 28 and 32, T. 12 N., R. 3 W., gray till m g e s  from 22 
to 38 feet in thickness. A dug well in the SE% m. 29, T. 153 N., 
R. 3 W., near the border of the p m d  momine and th0 pittad out- 
wash, penetrated 66 feet of silty tiIl with boulders. Si~ty clayey till 
45 feet thick is exposed in a hill of ground moraine north of Ship 
C m k  b the SW%SEs mc. 31, T. 14 N., R. 2 W. Published drill- 
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well records (Cederstrom and Trainer, 1953) are jnterpwtd by the 
authors as recarding a maximum thickness of ground-moraine de- 
posits of more than 130 feet. 

Blue-gay till overlies the Hnik advance outwash asd underlieg 
the Bootlegger Cove clay along the east shore of Knik Arm. That 
the ground moraine south of Anchorage also underlies the Bootleg- 
ger Cove day has been detarmined from well records (Cederstmm 
and Trainer, 1953, nos. 38, 46, 48, 69, 90). Because of the similar 
stratigraphic position, the till along Hnik Arm and the ground 
moraine are loonsidered as the same unit. 

Tbe position of the drumlins south of the Elmendorf Moraine, 
however, is not so clear cut. Exmination of the material that con- 
situtes the drumlins along the Glenn Righwwy in sea. 12, T. 13 
N., R. 8 W., suggests that they contain more than one till. The 
upper 3 feet of till is harizonirtlly plated and hw sandy coated pur- 
plish-black stained pebbles. The underlying 4 feet of mrnpact &lty 
till also contains purplish-black-stained pebbles. The horizontal 
cleavage in the uppermost till may indicate basal till that was de- 
posed over a preexisting till hill. The overriding by the later gla- 
cier may have formed the drumlins. A gray clay that can be in- 
terpreted as Bootlegger Cove cl%y underlies a drumlin in the NEx 
NWg sec. 12, T. 13 N., R. 3 W. (Corps of Engineers unpublished 
well remrds, No. 55, well 6, No. 62, weII 3). 

Samples of till from two exposures of ground moraine were col- 
lected for analysis of day minerals in an atkrnpt to determine any 
alteration of minemls owing to  weathering promma. Interpret&- 
tion by H. C. Staykey and Gillison Chloe (IWM7871) of the U.S. 
&ologiml Survey of fie results showed that ssctrnpl~ 8-21 (pl. 7) , 
till c0Uactsd from the 8-foot exposure of ground moraine ona-half 
mile east of the Seward to Anchorage Highway, contains mixed 
layered chlorite and montmodlonite (4 parts in 10) that sagged a 
longer interval of weathering than dws the analysis of till along 
the Ha% of Tnrnagltin Arm (sample 4-22] where only the upper 
18 inches of a 22- to 38-foot thickness of till is oxidized. Though 
only mgptive, the possibility exists that two tills are sepresentd, 
and the till along Turnagarin Arm may in reality be be m a n t  of 
an a d  moraine of Wigconsin rte from a Turnagain A m  glacier. 
A ridge that trends northwest from Potter to  the vicinity of Dear- 
moun Road may be the am of the end moraine lobe. The till hills 
in sec. 23, T. 28 N., R. 4 W., which rise above the swamp a m  south 
of Sand L&e Boad, may be remnants or outliers from this supposed 
moraine. 

Such relationship8 can not yet be explained mtisfactorily, and 
became of this incomplete understanding, the drumlins south of the 



Elmendorf Moraine, and the tiU along f i m g a i n  h are mapped 
as part of tbe gnvtlnd momhe of Kdk age. 

The ground moraine was derived from m k  particles of dl &e9 
thrtt zwmnulrrtsd north of the Anchorage area and t b t  were car- 
rid (I) in the lower pal*t of the glacier, (2) within the body of 
the glacier, and (3) on the surfam of the glacier. The ground 
morsine was deposited as basal till and s n p e r g l d  till as th6 gla- 
cier thinned md the area was deglaciatd. Widmpraad ice-eontd 
fewturn on the ground moraine and awociated. G k  age deposits 
indicate &gnation s the cause of deglaciation. 

D U T A  JIBFOBITS 

The high Tidm between Point Campbell and Point WQWILW)~, 
mapped by KarIstrom (1950) a moraine rm the basis of hpo- 
graphic form, is called a, delta in this repart and ie considered to 
be a glaciofluvid depogit loecauee (1) the body of the ridge ia not 
till but is: compomd a h &  entirely of fluvisl mnd and gravel, (2) 
iuth~teIy sssociahd silt, sand, gravel, and blocks of till indicate c l m  
proximity to a glacier, (2) the hdding is deltaic, and (4) the high 
plane surface of he ridge is covered with kames and kettles. 

The high ridge of the delta extends from Point Woronzof m 
Bjtig Arm to Point Campball on Tamagain h. It is about 4 
miles long and me fmrn t~ 3 miZw in width. Part of the 
&rn boundary f o m  Itha w-rn dore of Jewel Lake and the 
northern, wedem, and w u t h w ~  shorn of Sand Lake; near 
ICnik Arm, the boundary coincides with the mshrn border of a 
large m m p .  The delta, grades indefinitely into prodelta deposits, 
pitted outwash, and glacial dt near the International Airport. The 
eadeaa h d a r y  is marked by topographic diEemncea betwem the; 
higher ridge and the mare level surfam of Ule prodelta depos- 
its and the pitted ontwash a m .  

The delta depdts are well exposed along Turmagaiu Arm near 
Point Campbell and along Hnik A m  from Point Wotunmf east 
far &bout 1 mile to s point where t h y  disappear benmth the Boot- " 
legger Cam clay" The delta consids topographically of thee parts: 
the high l a d  tbrwnd Point Woronmf, the high land mound Point 
campbell, and MI m a  sloping east from the high Imd amund Point 
Campbell. 

The high land at Point Woroazof irr a ridge thnt south 
about 1% miIes. The west slop of the ridge is erosional and md- r.,r 

emtaly steep, the east slop is depositional and mom gentle. The 
d a c e  crast of the ridge, cowred with mall kames and pitted with + 

kettla, s l o p  wuthward toward a saddle that =pant& the Point 
CrunpbE ri.idge from the Point Wommof ridge. Tho saddle is 
marked by more numerous h m w ,  kettles, and owdow charnels. 



The topagraphic boundary is distinct betwean the Point W o m f  
ridge and the ovedow channel, and bt- the overnow channel 
and the high land at Point Campbell. Point Campbell is part of a 
reIatively flat tableland that slopes €a the north and east and grades 
intu tbe lo~land. T h e  tableland is covered with kames and pitted 
with kettles. One high mound covemd with kames standg above the 
genera1 level in the SWX see. 5,  T. 12 N., It. 4 W. 

The eastern slope af the high Jand at Point Campbell is pitted by 
large circular or elonmte httlw, a small percentage of which can- 
tain pnds OF m a l l  lakm, such as CampbelI Lake. Most of the 
kettles are not filled because the sand permits unrestricted down- 
ward movement of the wabr. One spectacular circular kettle with 
r a i d  edgm is at the end of s road in the NWr/aSw4 mc. 9, T. 12 
N., R. 4 W. The western slope of the tableland is staep and bounds 
the east side of a flnt surfaq about 4 miles long and ranging in 
width from abut  450 feet to a b u t  1,800 feet, that parallels the 
-ward side of the delta. The surfme slopes from more than 50 
feet above sen level near Point Woromof to abut  30 feet above rsea 
level near Point Campball. A low scarp on the sast side of tho 
surface separates it from the pre-Wisconsin abandoned-chsmel de- 
posits. A eimilar flat surface is evident on th0 emtern end of Fire 
Island. 

The mahrials in the delta are almost continuonsly e@ in the 
sea cliffs from the east line of see 8, T. 12 N., R. 4 W. tm Paint 
Campbell along Tnrnsgain Arm, and from n e s ~  the esst Eine of sw. 
21, T. 13 N., R, 4 W. ta Point Wommf along Knik Arm. To de- 
=rib the depasits better, the Point Campbell and Point Womnzof 
areas are discussed sepamtely. 
In geneml, stratified deposits of cobbIe9, pebbles, mmd, silt, day, 

and, in places, blacks of till corn- the delta along Turnagain 
Arm. Sand and silt alternate in layers that dip ~Eghtly out of the 
bluff. The smd ia gray, h e  to medium, well sortad, and contains 
mattered m d  Q subrounded pebbles and cobbles. Slightly silty, 
the sand locally Btands in almost vetticlrl breaks. Small chidnn~~ls or 
l e m  of marser sand that contain fragments of coal one9ixhenth 
of an inch to 8 inches in diameter are included in some of &the sand 
Iayem. In some exposures the lamina in the sand dip about 10° S. 
to SW* Tan to brown silt layers, intimately interlayered with gxay 
clay, pineh and swell. The sand layers commonly range in thick- 
ness from 1 inch to 2% feet and are generally thicker than the 
silt layera In places, the sand layers are ripple marked at the top, 
and differential erosion bstween the sand and the overlying sift 
results in overhanging molds of the ripple marh on the undersides 
of projecting silt ledges. Though thin in most p l w ,  the silt lay- 



em l d y  may be ss much as 6 feet thick. Some gilt lagera Itfiat 
mnhh lenses of medium sand from one-half to 1- inch thick show 
contemporaneous deformation. 

some expmres along Turnagain Arm do not fit this d d p t i o n .  
h example of the varitrble composition of the delta deposits is 
shown in a scar that extends from the top of the Bea cliffs down ta 
the beach in the NExSEs mc. 8, T. 12 N., R 4 W. The lower 40 
feet is covered by slopswash and slump, but above that, 38 feet o f  
gray silty till is exprrsed that conbins oobblm and boulders and is 
probably an older predelta deposit. A p y  crossbedded pebble and 
cobbIB gravel which ranges from 44 tn 68 feet thick over2iw the till 
and is overlain in turn by p y  medium sand fmm 58 to  73 feet 
thick which shows tangential crossbedding that dips in general 
about 15O SE, Coal fragmenks are concentrated in layers within 
gilt, sand, and gravel layers. Abrupt truncation of the I8~9r8 are 
eommon. A h t  3 feet of dune #and tops the bluff. 

About 1,000 feet from Point Campbell southeast along Tunagain 
Arm, and, pebble and cobble gravel, and till are intimately asm- 
dated in an exposure t h ~ t  extends from the beach to  the top of the 
Muff. The till is in two large blocks, one enclosed in the gravel, 
the other in the upper part of the grml and overlain by dune sand 
at the top of tho bluff* The gravel wntaim silt lanaes and is 
slightly contorted near the till. A section msssured from high tids 
follows : 

2 #=taw, a t w  I F w g a l n  Ann h NN?4 NWX sea, 7, 9'. IM 1Y, R, # W. 

6. Band, flue to very ff ne, tan; bddlng dipa into hill from 300 to 40'; 
mntaina numerous f 0.1-foot pat-humus lnyers; wind-blown FC 

mad: act-lve dune -,,,,,,,-,,,- -,,---- *------ ,- - - ~ - - -  f 45 
4. Till, silty, contains pebblas and cobblee; tan; compact; umrted, 

with pebbles, cobbles, and bouldem common. leasea of silt, 
mnd, and pebble gravel dontorted; part of t l U  covered bp 
vegetation, Lower part covered by slump, w&ern part of till 
bounded by sand of unIC 5 ,-,,--,,-- ,,, . ---- ,- ------------ Q to 62 

3. Gmvel, pebble to cobble, about 10 percent is larger t b n  3 iaahes 
in d f  meter; pay: lower part slumped; pebbles and wbblea 
subengllar to round; o k u t e d  bedding appears to dip south- 
areat; gzlvel near till only slightly contorted; uppr  part has 
silt and mnd lenreee ,,-,,,,-,,,--,,---------~~----d---- 55 to 131 

2. #and, very fine, some dlt; m y ;  tan where more Rilty; d b  l @ m s ~  
common; cod fragments scattered throughout; more or Ieas 
evenly bedded with aome beds truncated, may be deltaic with 
foreset-bottom& contact; average dip of sand lamina a h t  
10'; aontsins & few l e n m  1 foot thick of pebble gravel and 
reworked coal; upper part more silty and mutact with grave1 
sppeara gradatfond-, ,,,,----- ,,, - - - - - - - - - + - - - -  56 to 78 

1. Beach, sand, pebbles end wbblea 



h o s t  continuous exposures from Point Woronzof southeast 
dong Knik Arm provide a cross section three-gnarbm of a mile 
long through the delta deposits. In geneml, the depo~its range 
from coarse sobbls gravel at Point Woroozof to  and and silty sand 
where the delta underlies the Bootlegger Cove clay. The lower 
&pe of the 8ea cliff (1956) is about 50' ta 5 5 O ,  At several places 
along the bluff, beds of silt, sand, and p v e l  in the delta, inti- 
mabIy interlayered and apparently in place, have apparent dips 
that range between 40' and 60' SE. In the NWXNEy! sec. 29, T. 13 
N., R. 4 W., 22 feet of moderately well-SOW sand and grad,  
which dips east about 30' and displays smrtll displacements from 
slump or consolidation, overlies a hulder lsyer 2.5 feet thick that 
interfingers with a h e  sand. Overlying the sand and gravel is 
about 10 feet of c m b d d e d  sand that dips about 30" E., and 
contains lenses of black-stained gravel. 'She mpper 3 feet of the 
expasure is a well-sorted, horizontally M d e d  fine to medium grsvsl. 
The lower 18 feet of th0 bluff is covend by slump. Abont 300 feet 
southwest of Point Woronzof, pebble to cobble gravel has silt lay- 
ers 10 inch= to  3 feet thick in the lower 30 feet. The p v e I  thins 
to the north or northeast, which suggests a western or southwestern 
clource for material. At 150 feet southwest from Point Womnzof, 
the lower part of the bluff has a northeastward steeply dipping 
cobble gravd tht is overlain by 6- to 10-inch silt layers in the upper- 
pa* A lees steeply dipping (abut  25') silty sand truncates the 
gravel. At Point Woronzof, a medium sand mnstitutRs the lower 
20 feet of the bluf. Qravel overlies the sand. 

Alkmating silt and sand layers in the lower 90 feet have the 
appearance of f o m t  beds to the observer looking W0 SW. from 
the direction of deposition (SE.). Abut  1,200 feet southeast of 
Point Woronzof, the grsvel h w  more pebbles but fewer cobbles, has 
a lower dip, and ia slightly ~ t b e d d e d .  Silty sand overlim the 
g r a d  along the entire horizontal distance. The amoont of pebble 
grave1 deerewes still further southeast along the A m  nntil about 
2,600 feet from Point Woronzaf, the bluff is composed of sand con- 
taining %- to l-?~'~-inch-thick lenses of pebbles high in the section 
(pl. 4). Apparent warping of layers mrty ba a curvature of tha 
surface of deltaic beds. Some of the sand becis ham shep dips, axe 
crossbedded, locally contain alluvial coal, and are truncated by 
evenly bedded sand. Interfingered with the even-bedded sand are 
lenses of fluvial coal about 1 foot thick and 10 feet Iong. About 
six-buthe of a mile from Point Woronmf, the blu$ is composed 
almost entirely of p y  w d  that has some tan silt layers. Coal 
fragments, in layers in the sand, are iron atained. Further mst 
along the 61u&, beyond the high ridge toward the lowland area, the 
Bootlagger Cove clay interfingers with mnd and sift of the delta, 



mat appears to be a blue-gray clayey till dong the bluff, is on 
-&tion, only slump material from the Bootlager 

clay mixd with m d ,  Siltt and a few pebbles. Ahut 30 fmt of 
brown sand and m d y  silt at the baser of the bluff underlies 1g t~ 
20 feet of the Bootlegger five clay that in turn is overlain by tan 
sandy silt that extends to the surface. 'She lower silt and aand is 
inclined and passes bensath the Bootlegger Cove clay m that abont 
B mile from Point Womnzof, only the Bootlegger Cove clay is ex- 
m d  in the bluff. The easternmost expmre of the sand and taa 
sandy Bilt below the BootIegger Cove clay is nmr the outlet of the 
drainage ditch in the NWJ/4SWy4 sw. 22, T. 13 N., R, 4 W. 

Exposures between Point Campbell and Point W o m o f  are not 
common. One of the better exposures is in s small p v e l  pit in 
the SWXMWX sec. 33, T. 13 N., R 4 W., near the Masks Corn- 
munimtiona System Station where silt layers in pebble and cobble 
gravel lenses are  contarted. The log of a ater  well 240 feet deep, 
the collar of which is 140 feet above sea level, near this &ation 
(Gederstmrn and Trainer, 1953, No. 97) lists a clayey sand in the 
upper 30 fmt of the delta at that point. Deposits logged above the 
140-foot depth are for the most part sand containing Borne coal. 
Deposits logged blow 140 feet are predominantly sand and gravel 
to  the 187-foot depth and below that depth the rnahrial is gravel. 
Till was indicated from 40 to 50 feet, and probable till from 30 ta 
40 feet. Below 140 feet, 1 foot of till is recorded htwesn 141 and 
142 feet, 9 feet of till between 200 and 599 feet, and four other pos- 
sible ti& in the lower 31 feet, each of which range h m  2 to 1 feet 
in t h i c h m .  Reinterprstation of the well log by Csdemtmm and 
Trainer (written communication, January 1957) plsces tiU between 
80 and 61 feet, and between 160 and 235 feet. T h e  high ridge m y  
be composed of interlayered silt, sand, and gravel mntaining till. 
This wmpams favorably with the exposum in the IXB cliffs near 
Point Campbell and Point Worommf. 

Varied materials are exposed by pits and road cub in the eastern 
part of the delta deposits. A pit in the SEIIxSWy4 wc. 4, T. 12 N., 
R. 4 W., contains deeply dipping gravel that appears deltaic in 
ofi.igin and is similar in bedding, sorting, and degree of disturbance, 
to tho prodelta gravel in the pit west of the road in the SEXSEX 
sea 9, T. 19 N., R. 4 W. The gravel also appeam to extand we&- 
w ~ f d  under a hill west of mother gram1 pit located in the SW, 
wrmr of gec. 4. The hill, a ridge on the delta, is cut by Kincaid 
Road, where gray crossbedded medium m d  contains silt layem and 
sng&r cobbles and boulders. P ~ r t  of the sand is distorted, crenu- 
late& and faulted. The crossbedded sand is trunmttd by other 
sand layem 
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A 230-foot bluff Paint Campbell conhim the maximum ex- 
p o d  thicJm85~ of the delta deposits. !Them is no indication in the 
record of well 97 (Cederstrum and Tminer, 19531, which extends 100 
feet below sea 'level, of m y  change in matm-ials t h a h  would establish 
the lower limit of the deltaic de@k Thus the maximum t3lichess 
is mom than 330 feet. 

The Point Woronzof and f oint Campbell highland area rises 125 
to 150 feet above the lower lying glacial deposits on the lowland 
around Lake Spenard and Sand and Jewel h h s .  The bighlmd 
is different both topographic~lly and stratigraphicdly from the low- 
land around it. The highland appears from its geogmphic and topo- 
p p h i c  position to be a segment of a morainal ridge ddeposited by a 
glacier from Turnagain Arm and to be continnous with Fire Island, 
however, far geologic masons this origin doss not seem to fitrn 

Stratified deposits dip &aptward from Point Woromf and hhr- 
hger With the Bootlegger Cove clay. Along Tunapin  Arm, the 
layers dip southeastw~rd in the sea cliff, so that deposition pmb- 
ably was from the west or northwest. Coal fragments are either 
scattered throughout the stmtified deposits, or, in places, are con- 
cfentmtd in lenses and layers along both Turnamin md Eaik Arms, 
The only h o w n  coal exposures are on the west side of Cook Inlet 
mutbwest of the area, up the Susitna River vdley to the northwest, 
or up Knik Arm snd the Matanuh Valley to  the north No coal 
deposits are known along Turnagain A m .  

The lack of coal, either in the advance tmtwash near Potbr, or 
in the stwtified deposits up 'Tarnagain Arm, suggests that nabrials 
derived fmrn Turnagain Arm are coal fme. This interpretation 
coupled with the muthe&ward d i p  of the layers in tho delta de- 
posits, and with the similarity between the stratifid depositst en 
Fire Island and on the Point Wamnzaf and Point Campbell high- 
Imd, indicates that the delta deposits were derived from either the 
west or northwest aide of Cook Idet or t h e  Snsitna Valley, and not 
from Knik Arm. 

Fire Zsland, in tba middle of Turnagain Arm off Point Cmpbell, 
is important in the inhrpmtation of the origin of the older delta 
deposits. The mior author and W. R. Ransen %tad Fire Island 
in June 1956 to exmine the deposits that form the island. Corn- 
pact silty till, l d y  hard and stony, foms the surface of the 
island, except for sand dunes ~Iong the east md southmt bluff, 
and a grav~l-covemd flat surface at the northeast end of the island. 
Underlying the till on the west side of Fire Island, near Race Point, 
is a medium sand with me-fourth to one-half inch fragments of c o d  
scattered throughont. The appearance of the stratified deposlih on 
Fire Island is the same as the rnsterials exposed near Point Camp- 



bell. On the aa& side of the Tsland inbmixd ti11, &It, m d ,  and 
gm~e1 compose the moraine, A 5-foot layer of pt overlieg till on 
the muth b l d  about 1 mile eagt from the Fire Idand light. A 
radiocarbon determination of a sample collected at the base of the 
peat section gave an age of 9,20O=t=250 radiocarbon ymrs (Rubin, 
Msyer, U.S. Geological Survey, w r i t h  mmmunication April 2,1957, 
7V-536). Thus, the minimum age of the moraine i~ ~ b o n t  9,000 
radiocarbon yeam, but the maximum or absolute agea are nut h a m .  
The following hypothesis is presented although no one theory of 
deposition h o r n  to the authors is comp1etely sat idactory in ail 
details. 

A lobe of either the Susitna Valley glacier or r glacier from the 
Alseka Range on the west sjde of Cook Inlet e x h d d  into the area 
south of bnchomge. Melt water from at least the M % b d a -  
Knik lobe and possibly the Susitna lobe appamntly was ponded 
behind this ice barrier a m m  what is now Cook Inlet. Melt water 
from ths "barrier" glacier deposited its load in  pa^ as a delta into 
the panded watara, and in part as an end moraine. Mmt of the 
crasbedding in the delta deposits exposed along Knik Arm is con- 
fined within thin miB that are dipping about lo0 to  30" E, The 
c m b d d i n g  within a unit is steeper than the overall dip of the 
unit, and commonJy mngas b e e n  20° and 40° to the eeast. If 
the depogita were built forward as a, delh into standing water the 
embedding would likely extend the entire height of the delta, 
nrther than be con611ed mithin thin $eds. One. condition of dep6si- 
tion that c d d  acmmt for the lack of long deItaic c ~ ~ s b d s  is that 
the level of the Iske increased continuaus3y as the sediments were 
deposited, but stayed barely above the level of the topmost layer of 
sediment. In thia manner, thin cmssbsdded layers muId be piled 
up on top of each other. 

The delta extended from a point we& of Fire Island tu the Point 
Campbell and Point W o m o f  we& Farther advance by the lobe 
from the -stward-moving glacier over its delta, resulted in degosi- 
tion of the till, in part deposited in the ponded water, that forms 
the moraine at Fire Island. Tha ice front stood between Fire f sland 
and Point Campbell. Evidence that the glscier wss near Point 
Campbell and that blocks of ice probably were raftad into the delta 
deposits is : (1) the &~(:umulation of till over the &ti fwd deposits 
on Fim Ishnd; (2) the pressnm of tilted blocla of till above the 
stratified deposits near Point Campbell ; and (8) the and kt- 
tles on the mrface of the delta. Thus the delta is a proglacial fea- 
turn, and may ba eqnivalent to an end m o d s .  

Fire Island and the Point Campbell-Point Wommof highland 
were connected after degladation. Subsequent erosion the wa- 
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Oem of a mbined f i t a n u s h  and Rnik River, mupled with the 
wafers of Turnagain Arm and Cook Inlet, separ~tad the n m .  At 
fad tide, boulders as mnch m 30 feet in the ion@ dimemion, 
cover the tidal flats between Point Campbell and Fire Island. They 
am probably reanants of the momha that originally extended al- 
most to Point Campbell. 

The flat sadace along the western side of the ddta ariginabd 
either before or during erosion of the delta deposits. Amuming 
that the formation of the surfam was contemporaneons with the 
erosion of the delta, wave action at ma level probably cut the flat 
aurflace. The thin cover of reworked smd and grape1 was deposited 
on tha underlying depogits of the delta. Rebound of the surface in 
h n t  time, or perhaps lowering of the sea level, raised the beveled 
surface relative t.a the ma and fesultsd in s wave-cut bench ele- 
vated above modern sea level. 

An alternative origin ia favored by the suthom Prior to erosion 
of either the moraine mpporting the delk, or the delta itself, the 
lake in which the delta, and Bootlegger Cove clay sccwnulated may 
have o d o w e d  along sveml channels. The channel in the saddle 
betwen Point Campbell and Point Noronxof is one such channel. 
Overflow wabm subsequently scoured a channel, somewhere west of 
Point Woronzof, through which the lake drained southward, aa 
mg-d by the gradient of the flat mrfrace. The overflow chan- 
neI in the saddle between Point Campbell and Point Woronzof wss 
eroded, and a scarp marks the boundary between the two cham&. 
Erosion by the waters of Cook Inlet rsmwed mucb of the delta and 
the owrflow channel deposits. The flat surfnnce dong the delta and 
along tho esd, end of Fire Island could be considered rsmnants of 
either one large or several smsller ovarflow channab. T h e  gradient 
of the flat mrfm ang- that the lake was not yat drained before 
the delta was eroded by the waters of Caok Inlet, 

The silts- in the bluffs near Point Campbell and Point Wommf 
are pradorninantly tan to  brown. Silty a n d  and gravel also are tan 
to brown. Silt and sand layers adjacent to layers of coal fmgm~nta 
are an intense brown. The color is considered to be mcondary rather 
than primary and carted by oxidation. The oxidation extends from 
the top of the bluff to the beach level, a thickness of ns much ss 
1'15 feet. Karlstmm (oral communic~tion, July 1958) considered 
the oxidation to be relahd to a weathering profile, and in Mmch 
195'1 (writbn oommunication) he reiterakd his belief that the delta 
is part of the E k l u h s  gladation rather than pad of the Hnik 
glaciation. Three methods of oxidation, howe~er, geem plausible 
ta the authors ; oxidation aa part of n meatheriTlg profile, oxidation 
that a&n& inward from the &am for several feet, and that is 



canthing at the present, and oxidation by p a d  water moving 
along perme$.bIe layers. Tha authors favor oxidation by circulating 
ground water for the following m m :  

(1) h y e m  of g m y  clay and silty day f to 10 inches thick am 
tmaxidized awn though layers of oxidized tan silt or silty smd 
overlie and underlie the clay. If weathering produced the oxida- 
tion, the clays wonld either be oxidized along with the ather n a b -  
riab, or else the clays would act as a barrier and pm~ent oxidation 
of the underlying mahrials. 

(2) h y e r s  of ~snd  and h e  g r a d  t h ~ t  contain ma1 fmgments 
me oxidized. 'She c o d  f w e n t s  have a brown rim, and the color 
continues into the mrmunding sand or gmvel. The lloloration ie 
cawed by oxidation of the pyrite, in the coal fragment,& 

(3) Uxidation of the bluff is not uniform from the top to bottom, 
instaad, layers of tran to brown silt, sand, and p v e l ,  alternate with 
layers of gray clay, siIQ and, and silty gravel. Oxidation pro- 
ceding inward at the present time would alm include these layers. 
Thna, the apparent thickness of oxidation is relstive neither to the 
length of time amtilabla for weathering* nor to the age of the 
deposits. 

Deposib of the delta underlie, and inte&nger with, the Bootleg- 
~r Cove clay dong IInik Arm. The delta, thm, is eith~r contern- 
poraneous with, or alder than, the Bootlegger Cove clsy, The tan 
d t 9  that underlie the Bootlegger Cove clay are beLieved to ha* 
h oxidized by c id8t ing  g m n d  water and not by d a m  
weathering. The delta, the prodelta deposits, md the pitted out- 
wash deposita that show im-contact features am intimately dated .  
Z%m delta thu is cansidered to b psrt of the pm-W~sconsin ICniIc 
glaciation, 

3EODELTA D P m m  

Stretified s d  and pebble and cobb1e gravel with l d  steep d i p  
from the west m d  northwest flank the emtern margin of the delta. 
Northdr1y or &rIy d i p  am not compatible with the dominant 
direction of dip of materials in the pitted outwaeh, which appears 
to originat@ from the narth. Though part of the delta, it is here 
called a prodelta deposit because the flatter mrfm expraesion i~ 
distinct from the steeper delta deposits. 

The surface of the southem part of the prodelta deposit n%ar 
Jewel and Sundi Lakes is mooth and nearly level, though sloping 
gently toward Jewel hh North of Jewel and Snndi LaHes, 
rounded hills s lop gently hward Jewel Lake, and rise above the 
generally level surface to the south. Steep slopes of ice-contact 
deposits bonnd the east margin of tha prodelta de@t around the 
shores of Sand, Sundi, and Jewel Lakes. 



Sand, pebble and cobble grtfvel, olive gray (5 Y 3/11 when dry 
and darker olive gray (5 Y 4/21 when moist, camtitub the mate- 
rials in the prodelts deposits. Smd and gravel are commonly at 
the surface. The prodelta deposits contain sand and gravel layem 
that range from horizontally bedded to steeply dipping or cross- 
bedded; from well sorted to  poorly sorted; from undisturbed to 
contorted. A 61-foot section measured along the east side of the 
mad in the NE4lp sw. 9, T. 12 N., R. 4 W., mmi8ts of ol ive-py 
cro8$bedded medium sand in which a deep red-brown oxidation is 
noticeable dong same of the layers. Pebble; gravel is interlead 
with the sand, and ma1 fragments are scattered throughout the sec- 
tion. The upper 10 fwt contain8 Ienses of coamr angular mabwial. 
Ths apparent dip of the laminations in the sand ranges from hori- 
zontaI to about 'lOD fmm the weat. 
In a p v e l  pit in the SW. cor. set 10, Tm 12 N., R 4 W. the dip 

of layered sand and gravel n m p  from horizontd near the surfam 
to 3Q0 from the northwest at shallow depth. Coal layers am 
Oommon. 

The prodelta deposit accumulated in a glacial lake aa a frontal 
part of tha delta. The lake waters surrounded stranded blmh of 
glacial ice, mme of which e x d e d  1 mile in Ion* dimension. As 
the ddta encroached into the lake, mnd and p v e l  were d e p i b d  
over some of the smaller blocks and around some of the larger 
blocks. The pdeI ta  depmit wm laid down by stre~ms flowing 
&ward nnd southeastward, as shown by the gradient of its surfma 
and the dips of the foreset beds. 

The Bootlegger Cove clay is here named for the lighbgmy silty 
clay, locaISy called the "blue clay,'' that is compirmously expomd 
in the bluff a along Enik A m .  Typiml &ions of the Bootlegger 
Cove clay rtre in the SWSNEr/4 sec. 23, T. 13 N., It. 4 W. near 
Bootlegger Cove for which the unit is named. The Bootlegger Cove 
clay is e x p d  continuously from a pint  about three-fourth 
of a mire south& of Point VlTomnzof northward to a point about 
half a mile southwest of the Eagle River Flats. North of the 
Flats it is e x p o d  dimntinuously in the bluffs. In s m e  p l m ,  
stream erosion has removed the clay to blow sea level. The Bmt- 
legger Cow clay underlies sand and w e 1  in the bnks along the 
lower marses of Ship, Chester, snd Fish Creaks. Wall logs record 
blue d ~ y ,  interpreted by the authors as Bootlegger Cove clay, be- 
neath outwash sand and gravel at Anchorage, beyond the Seward- 
Anchorage Highway in sec. 20, T. 13 N., B. 3 W., under Mountain 
View, and under most of Elmendorf Air Force Base (p l  5 ) .  The 
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extent of the Bootlegger Cove clay in the northern part of tba Brea 
is not h u m ,  but the clay is a m e d  to  extend under the Wisconsin 
advance outwrrsh and ground moraine for at lea& me-fourth miIe 
east of W Arm, and probably farther. 

South of Anchorage, s clay correlaM by the nuthers tl9 the Bmt- 
legger Covs clay underlies the Hood and Spenard Lakes area 
{Cederstrorn and Trainer, 1853, well lo@ 73, 80, 81, and 88) and 
the International Airport, and appears ta extend beneath the G i k  
pitted outwah and the prodelta deposits in the vicinity of Sand 
Lake. Blue clay reporbd in well records near Sand Lake (Ceder- 
strom 8nd Trainer, 1968, well loge 46, 69, 80, 83, 98, and 101) is 
interpreted by the authors as the Bootlegger Cove clay because of 
apparent continuity with, and ~imihr altitude of, the surface of 
clay to the surface of the Bootlegger Cove clay. 'Zb extends under, 
md perhaps interfingers TNI, the delta and prodelta deposits (PI. 6). 
The Bootlegger Cove clay is rs-exposed 5011th of Jewel L&e, 
whem it covers parts of sees. 11, 13, 14, 15, and 25 in T. 12 N., R, 
4 W. in the lowland adjamt to  Turnaein Arm. The clay prob- 
ably extmded muthwestward before erosion along the A m  tm- 
catad the southweshm edge of the d ~ y .  Two hills of p u n d  mo- 
raine, flanked by &ratified sand and p v e 1  mapped as part of the 
glaciofluvial ice-contad, deposits, stand above the level of the thy; 
the clay may overlap the till, and may be overlapped by the sand 
~ n d  gravel, but these relationships were not seen in the field. The 
till hills may be part of the marine of NapEowne age from Turn- 
w i n  Arm, as discussed under the section on the Rnik p u n d  
moraine, and overlie the Bootlegger Cove day. T h e  lack of a coat- 
ing of Bootlegger Cove clay over the surface of the t iU  hill% which 
are below the Z e d  af the lake necem8try for the deposition of the 
delta deposits, may be explained if the till hilla are younger than 
the BootIeggw Cove clay. The clay is covered by swamp deposits 
t o  the etlst of the hiUa of till, but abut  three-fourths of e mile eagt 
of the till hill at the west md of Eaatt B o d  an auger hole pena- 
tratd the clay. 

A light-gray clay exposed dong the Ssward to Anchomga Egh- 
way, about three-fourths of a mile soathe& of Little Rabbit Cmk, 
is mapped M Bootlegger Cave clay. Another expornre of clay ua- 
derlies 73 faet of till in the bluE about one-fourth mile north of 
%thr, This oxpornre is in s nearly vertical bid and is not s h m  
on plette 1; it may not be part of the Bootlegger Cove clay. 

The Bootlegger Cove clay apparently ove~lapa or interfmgem with 
the ddta deposits beneath p e ~ t  atand muskeg along a h a  that ia 
more or Iem paranel ta the rise of the highland between POW 
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Womnzof and Point Campbell, as shown along HniB A m  near the 
drainage outlet in sec, 22, T. 13 N., R. 4 W. The upper surf am of 
the Bootlegger Cove clay extends almost horizonhlly dong most of 
the bluff of Knik Am. The materials that overlie the Bootlegger 
Cove clay ran@ from peat near Point Woronzof, Naptowne out- 
wash mnd and gravel thnt extends northward from a point about 
1% miles east of Point Waronzof to the Elmendorf Moraine, to  
gand and gravel of the Naptoma advance outwash, and gravelly 
till of the Naptome ground moraine north of the Ehendorf Mo- 
mine. Springs and seeps along the uppar surface of the Bootlegger 
Cove day causa slumps and earthflaws (Varnes, D. J., 1958) 
along &ik h. Scarps with slickensided wrfaces are common on 
the Boatlegger Cave clay near the top of the bluff; humc-clq 
earthflows are abundant rst; the foot of the bluff along Knik Arm 
The memured glop on the Bootlegpr Gave clay in most pIacea 
along the bluff is about 30° to 3 5 O .  

South of Jewel Lake, the surface of the Roatlegger Cow day 
farms a relatively Atrt bench from Camphll Creek south to Torn- 
again Arm, A kettle and mall. lake interrupt the evenneEts of the 
generally horizontal mrface. At the east end of the deposit, the 
d a c e  grrtdually slopes beneath s swamp. Moderably steep h b  
confine Campbe11 Creek through the day. 

The Bwtlegger Cove clay is a light-gray to dark-pnish-gray 
silty day that contains layers or b n w  of medium sand. The clay 
is bard and compact, breaks with a conchoidnt fracture whm dry* 
and is soft and sticky when wet. Bsds one-fourth inch lo 2 inches 
thick are ~ s i b l e  in undisturbed samples, find laminatiom ranging 
from 035 mm to 1.0 mm thick commonly show within the larger 
Imk The laminations as well as the beds appear to 'be cyclic and 
to consist of alternating light-gray and dark-gray laminae and 
wpmsent differences in the ratio of silt-size particles to  clay-size 
partides in individual lamina. The particle-size similarity between 
the Bootlegger Cove clay and other samples is shown in f i p  3. 

T h e  upper 12 inches commonly is a yellowish-gray ailt that be- 
cornea more sandy in the upper 6 ta 8 inchesr. Sand grains are 
srcattemd throughout the clay and angular pebbles 1 inch In diame- 
ter are common 

The Bootlegger Cow day is best e x p o d  alang R X k  Arm west 
of Bootlegger Cove and Chester kt A typical &ion of the 
Bootlegger Cove clay was prepared from mtions expmd &long the 
blaff of &ik Arm. In addition, an axceptionally thick raxposura of the 
day was measured near Cairn Point. 
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DIAMETER OF PARTICLE. SlZE IN MllLlMETWS 

F~ounm 8.-Compantlvr crvver &owing grain rlPe of varlonr c l s y ~  



8. Cmposite sdtm #Jon$ the bFw# ot Rb%db A m  dn the mx Ni79 @a g8, TI3 
N., R. 4 w. 

miegnwa Outwa~h of Napbwne age: ~t la . 
9. Sand, ~i l ty  with humus; oxidized yelladsb g a y  (5 l' 612)- --- ---- 1 6 
8. Sand, fine fo medium, contains fine gravel in lenses; way, some 

layem oxidized brown; fluviel crossbedding, beds 1 foot think; 
me1 fragments scattered throughout, looally concentrated into 
layera. Contact with Bootlegger Cove eltry k sharp and hori- 
zontal - - - - - - - - - - - - - , - - - - - - - - - - - - , - - - - - , - - - - - -+-- , - - - - , - - -  18 0 

Bootlegger Cove clay: 
7. Clay, $lty, Ifght-gray (N 7) dry to dark-meenish-gmy (5 GY 411) 

moist; upper 12 inches oxidized yellowish gray (5 Y 6/2), lower 
limit oxidation even and diatinet, no mottling below upper 12 
inchea; upper 6 to 8 inches more sandy; phtio when wet, compaot 
when dry; breaks with uneven hackly fracture -------,-,------ 14 6 

6. Sand, medium, dark-greenish-gray (5 GY 411) moist--- ------- -- S 
5. Clay, lightrgray (N 7) when dry to dark greenish gray (5 8Y 411) 

when moist; compact, breaks with uneven fracture- - ,, - , - , - - - - 2 0 
4. #and, medium, dark greenish-gray (5 GY 411) when moist- --- -,-- ,- 10 
3. Clay, a t y ,  dwk greenish-gray (5 G Y 4/11 when moist; grades into 

underlying olay --,------------- -- -------- - - - - - + - - - -  1 0 
2. Clay, silty, light-gray (N 7) when dry to dark greenish gray (6 GY 

4/11 when moist; compact when dry, pla~tiu when wet- -, - - -- 6 Q 
I .  SIurnp end flow debris to beach level, - -- ---- ---,-,-,--- -- - - - -  10 O 

4. mzkk asdim of Bootlegger Cove day rn~mred along r a w ~ e  mar Cairn Point, 
a;L the NW)&mSIT$$ sec. $1, T. I$ N,, R.  8 W. 

E't 
4. Silt, mdy, pale-bmwn (5 YR 6/21, humic ----,-,,,-,,,-,,,, 0 to 7 

Ghoial till: 
3. Silt, sandy t o  grarelIy, yellowish-gray (5 Y 612); mmpact; 

nantaina irregular lenses of  and and gravd, somewhat 
distorted; large erratica looally --,---- ,,-,-,,,,,,-,,,,, 110 

Baotlegger Cove clay: 
2. Clay,siItyrlight-gray (N7) whendry,todarkgree~shpy 

(5 G Y 4/11 when moist; p ldic  when wet, compaot when dry; 
horison~lly banded and laminated in 0.25 mm to %inch 
Isyem; angular pebbleel scathed throughout; upper surface 
not well expoaed, but alinement of mepage and wrings 5ng- 
gesC irregular conbat-- -,,,,,,,,,--,-,-,,,gu---,, ,, 12% 

Tidal beach: 
1. Clay, gilty to d y ,  dark+nish-grsy (5 BY 411); etielry, 

plastic: surface oovmed by erratis boulders eP graywecke 
and greenstone that range from 1 to 6 feet in the longest di- 
memaion. OverIaps BootIeggm cave clay-- ,-,--,-,,,,,,, 0 to 10 

Total thhh- ,----------- ---- ------ - - - - - - -  - -  236 ta 268 



Fteam 4.-Erratlc boulder In B o o t I e n ~ r ~  Cove cInr mouth of Rand taka Wd, mar 
nntsr o i  mec 14, T. 12  N., R. I W. Bketchad from n photograph. 

The 186-foot thickness of clay is inwnsistent with thichmws 
o b d  in other expowmq and an attempt to recover the exposure 
in 1958 failed. Trash and debris 811ed the ravine and covered the 
swr bluff at Cairn Paint so that the till and clay wem obscured, 
E-ms north and south of Cairn Point contain the Bootlegger 
Cove clay that extends about 30 to 50 feet above high tide. 

Blue-gray silt and fine sand in the SEX sea 21, T. 13 N., R. 4 W., 
overlies tan silt and sand of the delta, T h e  blue-gray silt snd fbs 
sand is considered to be a coarse phase of the Bootlegger Cove clay 
and the two intergrade eastwtrrd along the blue. 
In 'the area south of Jewel Lake the Bootlegpr Cove clay is light 

gray when dry and a dark greenish grag when wet. Compact and 
herd when dry, the clay is sticky and soft when wet. The upper 4 
to 6 feet is oxidized to a yellowish gray (5 Y 7/21 when dry, and 
light olive gmy ( 5  Y 5/91 when wet. Angular pebbles rare seat- 
kred throughout the clay, but cobbles and bouldars rare rara In 
1955, an excavation near the center of sec. 14, T. 12 N., R. 4 Wm 
expomd oxidized clay that had rt weak grnnular structure and dig- 
played no layering that could indicate cyclic deposition. An erratic 
in the center of the excavation measured roughly 14 by 10 by 8 feet 
(fig. 4). This erratic boulder is the largest seen by the authora in 
the Bootlegger Cove clay, and must have been rafted an glacial ice. 
Near the edge of the bluff along Turnaffrtin Arm, the lower 4 feat 



of excavations exmind  in 1856 show 4 to 6-inch layens of greem- 
ish-gray h a  smd alternating with 1-inch I s p  of a tight plastic 
clay, Two feet of plastic dark-pnish-gray clay overlies the 4 
feet of sand and clay* No asidation was notad at this excavation. 

One-half of a mile sou# from the Sand Lake b a d  dong the 
west mction line of m c  14, T. 12 N., R. 4 W., s road cut e x p o d  n 
block of yellowish-gray silty clay fau1te.d donward  inta a poorly 
~orted p v s L  Drag along normal faults was well developed. The 
silty Bay shows laminae approximately horizontal, and contains 
pebbles, especially in the lower part near the underlying gravel. 
The clay in this exposure looks very much Lib an ice-contact do- 
posit. The nnderlying gravel is very poorly sorted and consists of 
silt to boulder-eke particles. 
In the exposure three-fourths of a mile southeast of Little Rabbit 

Creek the Bdegger  G v e  day is a compact light-gr~y (dry) to 
plastic dark-greenish-py (moist) silty clny. The clay ia about 20 
feet thick; tha lower 11 fnet is B plastic "blue" silty day, the upper 
9.5 feet is a gandy clay that becomes increasingly sandy near the 
top. The contact between the two parts of the clay ia gradational. 

Sample 8-6 was collected at this exposure, and the similarity 
between the clay in this exposure and the Rootlegpx Cove clay 
elsewhere can be swn by capsring sample A 4  with aample 6-2 
in tsble 2. The similarity in particle ~ i z e  is shown in the particle 
sim curve on iigvre 3. 
Atong the bluff in the middle of see. 25, T. 13 N., R. 4 W., the 

Bootlegger Cove day is 58 feet thick, the right order of thickness 
for most exposures. 'She maximum ohemad thickness is at Cairn 
F oint, where 126 feet of light-pp silty clay is exposed. A well 
drilled in T m a e i n  Heights (Cederstrorn and Tminer, 1953, No. 
50) near the sea cliff where the Bmtlegpr Cove clay is exposed ta 
beach level penetrated I17 feet. of the clay. The maximnm thiclmess 
of the Bootlegger Cove day in the Anchorage area may b in 
excess of 250 feet. A well near tha mad f o r b  near h k e  Spenard 
(Cedemtm and Trainer, 1953, No. 80) penetrated 269 feet of silt 
and elay-interpreted by the ~uthors as the Bootlegger Cove chy- 
beforo reaching the underlying graveI. The Bootlegger Cove clay 
was daposited blanketlike in all directions from the type area. M o w  
its eastern and ~outhern margins it appears to thjn out or abut 
agrrinst the edge of the bsin of the Susitna Valley. The fine a i l b  
and clay-size particles that comprise the Bootleger b e  clay were 
derived from rock flow transporhd by glacial melt water. The 
loads probably were similar ta thorn carried by modern glacid 
streams. The Matanuskn, Rnik, and Eagle Rivera carry silty clay 
{rock flour) from the g l a c i s  at their murw t o  Knik Arm. At low 



TAB- %.-X-ray analysis o j  doy samplu showing maberiala in ail4 and cloy jradiom o j  each sample 
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tide this blue-gmy estuarine silty cIsy ia exposed from bZud to bluR 
ncmm the Ann. Whether the Bootlegger Cove clay was deposited 
in an estrrav or in a h b - w a t e r  lake is not conclrtsi~eIy known. 
Facts that support a lacustrine or an estuarine environment are dia- 
cussed below- 
The Bootlegger Cum clay overlies deposit9 of the d e h ,  and in 

the SE1/4 s a  21, T. 13 N., R. 4 W., a blua-gray silt and sand phase 
of the Bootlegger Cove clay overlias and appeam to interfinger with 
the delta deposits. If these two deposib are contemporaneous, as 
the authors believe, the Bootlegger Cove clay mast be a glacial de- 
posit; if the deposits are not contmnparaneoas, tha Bootlegger Cwe 
cIny may be, but must not necessarily bs, an interglacial, depodt. 

The Bootlegger Cove day and the delta may have b n  deposited 
contemporaneously from the s m e  source into a glacial lake. The 
Bootlegger Cove clay then would have accumulahd aa bottomeet 
beds of the delta. This explanation is not acceptable becaase the 
lateral extent of the clay, north and east from the margin of the 
delta, the horizontal surface of the clay, the constancy of percent- 
ages of particle sizes in the clay, and the Bimilar altitude of the 
clay above sea level combine to suggest that the day is not a bot- 
tomset deposit. 

Another possibility is that the delta formed in a glacis1 Ish that 
was drained prior to deposition of the Bootlegger Cove clay, which 
nccumulated either in a later lake that reoccupied the basin, or in 
an estuarg that formed as the geeb encroached on the dmined-lake 
area. Drsinaga and refilling of s lake basin is reguimd by this 
explanation. The ice-c0ntac.t features in the clay along Campbell 
C~wek, the weathered upper surface of the clay, and the large ice- 
rafted boulder, all discussed earlier, suggest deposition af the Boot- 
legger Cove day in a glwial environment. The delta and prodelta 
deposits am asmiahd with features that necessitate stagnant blocks 
in the area during deposition and indic~ta a late phme glacial de- 
posit, Drainage of the lake basin prior to  deposition of the Boot- 
legger Cove clay requirw reoccupation by a mond lake during the 
Rame part of a glacinl substage. To m ~ k e  these events possible, the 
%lacier blmking the Inlet had to retreat ; deltaic deposition ceased; 
the delttb was eroded, the lake drained, and the basin was refilled. 
Such refilling by another lake in the same glacial s e e  in vhich 
the Bootlegger Cove clay was deposited is inmmi*nt with the 
authors' interpretation of late-stage glacial sctivitim 

The B~tlegger Cove clay was accepted as sn estuarine dopkt  
far many years. In 1960, the authors wem of this opinion md b d  
their decision on fmgils that have similar pprmt-day forms col- 



1ect.d by W e r  and Coofey along the bluff in seca. 22 and 28, T. 
13 N., R. 4 W. F. Stearns MwNeil identified them as: 

Bumhum d. 3. physemstum DaU 
O&rtmia (Eualeaa;) ag. 
N~~ loasa Bainl 
Cardium fliokm Fabrleiw 
Mucwtsa el. M. rabrloaa Omelln 
Bazdcam pholndis Linab 
Hpra tmtwata LfnnP 

Collecting records in the Distributional list; of the Wsst American 
Marine Mollusks, the Conchological Club of Southern Calif omia, 
indicate that N& j o ~ ~ a  Brtird, C d k m  d&twm Fabricium, 
&&wa pitalad& Limb, and Mya tmmda LinnB have been dredged 
from relatively shallow watsrs ; that is, 10-75 fathoms. M p  tmmata 
has been collectad from intertidal mud flak (F. Stearns MacNeil, o d  
communication, January 195'1.) The bluf£ line is tm area of almost 
continuous slump and although utmost cam waa taken in collecting 
the fossils, the authors doubt if the fossila were in undisturbed 
materials and in plam. In July 1956 khe authors and W. R. Ransen 
revisited the locality and although many individual shells wem 
found in the slumps and earthflows that extend along the bluff of 
Knik Arm, no specimens conld be found in material that was un- 
qnestionsb1y undisturbed, or was even high enough to ba unaffected 
by  tom WLPW or winter shore ice. 
F. W, Trainer (written communications, dated Sept. 10,1956, and 

Jan. 17, 1957) of the U.S. Geological Survey, however, does con- 
sider shells he collected h m  the same bluff line to  have been in 
place in undisturbed material and that the Bootlegger Cove day 
is at least in part estuarine in origin. The height of the mrface 
of the Bootlegger Cove clay a h  modern sea level is sxpl~ined if 
the waters of the Cook hEet were higher during the interval of 
deposition. If, however, the sea level was no higher than the pres- 
ent leveI, rebound of the d a c e  in post-Wisconsin time muld have 
raised the Bootlegger C o ~ e  clay to  its pnesent position. Recent 
differential uplift has hen reported at different places along the 
Alaskan coast (Smith, P. S., 1909, p. 278; Buddington, A. F., 1927, 
p. 52; and Twenhofel, TV. S., 1952). 

Deposition sf the Bootlegjqer Cove clay in an estularg q u i m  
retreat of the glacier blocking Cook Inlet, erosion of the glacial 
lake, and encroachment of the basin by the sea. I f  the BootIegger 
Cove clay was an estuarine deposit, sea water covered the lowland 
behind the delta. During this time, the glaciers to the north re- 
mained cIm and provided the ice-rafts for banlders, such ss the 
one south of Je-1 hake. Rack %our in the melt water was depos- 
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ited in slack water much as rock flour is being deposited in the 
modern Hnik and Tarnagain Arms. Raworking of the delta by 
waters of Cook Inlet wouId result in apparent interfingering be- 
tween the Bootlegger Cove clay and the delta deposits. 

The differential glacial retreat, erosion, lake drainage, and en- 
croachment by the sea, all taking place during the last p ~ r t  of the 
ICnik glaciation does not seem feasible. If the Bootlegger G v e  
clay is considered to  be an interglacial deposit mther t h ~ n  s late- 
glacial deposit, the ice-contact features and large ice-rafted boulders 
that suggest a glmial environment can not be explained by accurnn- 
lation as either a lacustrine or estuarine deposit. 

Beds md lamintttiana in the BootIegger Cove clay expmd near 
Cairn Point may be v~bms, or annual I~minations, The beds ap- 
peared to be graded within each unit during field examination, but 
no detailed analysis was made. If vanes, they would almost news- 
sitate rs fresh-water environment inasmuch as days flocculate in sea 
water ~ n d  are deposited as a massive deposit (Twenhofel, 1939, p. 
499). 

Seven samples were tested for s imi l~~t i e s  or diffemc~ that might 
be diagnostic of the depositional environment (table 2). Hathaway 
and Psrker of U.S.G.S. (written communication, September 1954), 
report that "* * * All of the samples except 136856 (A-3) show 
mentially the same composition. T h e  presenw of chlorite may in- 
dicnte an environment with relative high pH. This together with 
the genernl scarcity of kaoliiite g~oup minerals suggests a marine 
environment, althongh as glacial materiaIs, the clnys s ~ ~ y  ham 
undergone little change fmm their original composition and there- 
fore not refied their environment adequately. * * * The presence 
of rnontmorillonite interstratified with chlorite in sample 135856 
(8-3) sugpsts an environment of rehti~dy Iower p1-I." A h r  
analyzing sample A-7, they reportd (written communication, June 
1955) "* Samples A-1 through A d  all show interstratification 
of chlorite und rnontrnorillonitic layers which in sample A 3  reaches 
a d e p  that gives the X-ray pattmn an appearance similar to that 
of v~miculita. The samples could be grouped as follows an the 
basin of the chlorite characteriststics": 

Irrore~hg mixed layering fol ohlorite and montmorillonite] 
r 

16R-W(A-17) [fresh watar lake clay] 
A-(3 tQk1 

A-1 IQW 
A-2 iQbel 
64 [Iteah water Lake nlay] 

A-5 [fresh water lake clay] 
A-3 [Qbtl 



The samples are p p e d  above to  show the trend toward interstrati- 
fication of chloritic and montmorillonitic layers. Indications of the 
t y p ~  of materials have been inserted for clarity. E g h  chlorite 
content m l d  indicate a marine environment, and high m i x 4  lay- 
ered mineral cronknt (s~mple 8-3) a fresh-mtax environment At 
the chloritic end of the sample grouping, however, as well as at the 
mixed layered end, are samples of fresh-water deposits; that is, 
smples 8-7, A-4, and 8-5, and a trend toward a marine environ- 
ment of m m p l ~ ~  8-1, A-2, and A 4  must bs discounted to a large 
extent. Hathaway and Parker t r h  emphasize th& surface weather- 
ing of the source roek hfore redeposition as m k  flmr muId pro- 
duce the montmorillonite lagers in the mineral particles. In addi- 
tian, the silty clay in all the samples was derived from chlorite-rich 
rocks-greembne and graywack-nd the presenm of chlorite in 
the samples would not necmmrily indicate a marine environment, 
Of interest is the thesis by R. W. Stump, on file at Iowa Sate Col- 
lege, in which he concludes that the clay mineral in the Mabnuska 
Valley loess is dominantly chlorite derived from parent rocks and 
was uninfluenced by soil-forming processes (written mmrnunicstion, 
1956). 

Additional clay sampbs collected in 1956 ware analyzed by J. C. 
Hathaway, H. C. Starkey, and Gillison Chloe, in tt further attempt 
to determine the depositional environment of the Bwtlegger Cove 
clay. Samples of known estuarine silt were cumpared to the Boot- 
legger Cove day (table 2). The differenom between the estuarins 
samples 16-23, A-24), the fresh-water clays (8-4, A-5, A-7), and 
the Bootlegger Clove clay (A-1, A-2, A-3, A+, A-25, A-26, A-27) 
am too mall  to verify the environment of the Bootlegger Cove clap. 
The montmorillonite and mixed-lay ered minerals in the Bootlegger 
Cove clay are only traces and, according to the rtnalysh, could have 
developed through weathering of the material ttt its souroe rather 
than through marine diagenesis. 

Angular pebbles nnd occasional boulders scattered throughout the 
cIay indicate deposition by glacial ice rafting. Lake ice transport 
of a 10 by 14 foot boulder does not aeem feasible. Further support 
for a glacial environment during deposition of the Bootlegger Cove 
clay is in sac. 14, T. 12 N., R. 4 W. Bootlegger Cove clay, exposad 
in a road cut along the south bank of Campbell Creek, is down- 
faulted into a poorly sorted gravel. It appears that at this point 
the Bootlegger Cove clay was in contact with glacial im. North of 
Anchorage, a clay interpreted as the Bootlegger Cove clay 3 i f l -  

corded in the log of the West Power Plant well (Corps of Engi- 
neers, unpnblished well logs) with sand, gravel, and till interlayered 
with the clay between the depths of 208 and 236 feet. In addition, 



oxidation of the upper 18 to 24 i n c h  of the Bootlegger Cove clay 
gtrongly suggests deposition during a glacial gtage and weathering 
durjng m jnterglmi~l stage. Ever_pwhere the Bootlegger Cove day 
was o~~ t~ be oxidized the clay was overlain by daposita of 
the Naptome glaciation; that is, the outwash, pitted outwash, end 
moraine, advance outwash, or p u n d  moraine. A sufficient time. 
internal apparently was available for oxidation between the depo- 
sition of the Bootlegger  COP^ clay and the subsequent deposition of 
the Wisconsin glacial deposits. 
In the absence of conclusive evidence, the depositional envimn- 

ment of the Bootlegger Cove clay is not established, but the anthorn 
favor the view that the day was deposited in a £re&-water glacial 
lake. The following hypothesi~ that fits most of the fmte available 
is presented with the realization that no one theory of deposition 
known to  the authora is completely satisfactory in all details. Pafi 
of the pre- Wiscbnsin Mabnuska-HRik Valley glacier apparently 
~tagnated and covered the area with Moch of ice as large as 1 mile 
in diameter. The active ice of thia glacier was north of the area. 
The glacier blocking the Cook Inlet south of hchorage dammed 
the southward flowing melt water and formed the lake into which 
the delta and prodelta deposits accumulated from the sonthwest, 
and the rmk flour sccumalated from the north. The silt, sand, and 
gravel of the delta and the day of the Bootlegger Cove clay en- 
croached toward each other. TWO separate source areas would ex- 
plain the separation in grain size where the Bootlegger Cove day 
overlaps or intefigera with the delta. The thickness of the clay 
depended on the proximity of the delta as well as the position of 
t he  margin of the depositional basin, The thinness of the clay 
south of Jewel lwke suggests that deaper water lay off what is now 
Point Wornmof, and shaUow water lay off what is now the Jam1 
Lake area. The lake probnbly extended up Turnsgain Arm for an 
w h o m  distance, bat the depat$ts warn eroded except for the rem- 
nants near Little Rabbit Creek and Potter. 

HiUs and f i d p  stand above the level of the ground moraine and 
display in mction stratified and crowbedded modemtely dipping 
beds of silt, sand, pebbles, and cobbles. The hilla and riw have 
shep depositional ics-contact slopes. All of the ice-conbet features 
have similar depositional ch~racteristics; the deposits are sorted and 
usually stratified, they shew flnvial deposition, they show abrupt 
changes in grain s i m  in adjacent layers, and they are deformed. 
The knobs, hills, and ridges-kames ltnd eskem-am prominent con- 
tdmctional featms, but they are not mapped sepamtdy. They are 



grouped instead, a9 gIaciofluvia1 ice-con- deposits. The boundary 
between this group of deposits and the ground moraine is approxi- 
mately located in the area around OIMalley and Hnffmsn Roads, 
where the gray sand and gravel of the glaciofluPiai ice-mntsct de- 
posits overlie the ground moraine in sufficient thickness (4-4 feet) 
or in knobs snd ridges numerous enough to warrant differentiation 
from the underIJring till of the ground moraine. 

Two major areas of accumulation of the gladoffnvial ice-contact 
deposits are muth of Ship Creek adjacent to the I s h 1  moraine, 
and between O'Mslley and Huffman Roads east of the Seward- 
Anchorage Highway. Other deposits are along Tudor Road near 
Otis Road, from Goose Lake northeast to Waltan Road, near the 
Campbell Airstrip, and near the edga of the bluff along !hrnae;ain 
Arm south of the Sand M e  Road. Smaller kames and eskem are 
scattered throughout the lowland, but because of the map wale 
they are not shown, 

The glaciofluvial ice-contact deposits consist almost entirely of 
conical or h o b l i h  kames md 8 few sharply terminatad sinuous 
eskers. The slopes of the h o l f s  are mooth and in places are as 
steep as 30'. Between O'Mslley and Hn%man Roads the glacio- 
fluvial icecontact deposits form a low hummocky terrain compowd 
of smaU ridges and mounds 4 to  10 feet high, and a general form- 
less cover of fluvial debris. The glaciofluvial ice-cmtact deposits 
consist of rock rnmbble, fluvial, lwustrina; or deltaic deposits. Piles 
of rock rubble, stratified deposits with horizontal or steeply dipping 
layers, silt and clay with ripple marks overlying coarse sand and 
pebble gravel, and contorted beds of interlayered silt, sand, and 
gravel corn p r i ~ p a r a t e l y  or in combination-man y of the hiIIs 
in the lowland. Mrang mall ridges or hills similar in shape t o  kames 
and eskfirs are composed of tiu of the p u n d  moraine. In the Lake 
Otis &ad-Tudor Road arsa, mad cub expose contarted stratified 
silt and ssnd and some pebble gravel. Steep slopes =pa& the 
glaciofluvial im-cwtact deposits from the swamp nrea. Road cub 
&wise provide most of the exposures in the r idw between Goose 
Lake and Walton Road, where the ridges are composed of poorly 
sorted silky sand and gra~al. A deposit at Bragow Road and 
&Ban &ad is a tight silty brown pebbIe md cobble gravel. 

A kame field is on the eastern edge of the glacioflurial ioe-can- 
tact deposits south of Ship Creek.  many circular, elongate, and 
ridgelike tree-covered kames form a, knob and b i n  tupopaphy. 
The kames here consist of contorted interlayered silt, sand, 
and gravel. Extending intn the NEX sec. 3.5, T. 13 N., R. 3 W. from 
the SWX m. 19 and t h ~  Nmx sec. 30, T. 13 N., R 9 W. (un- 
a m y d ) ,  this small kame field rises above the swamp that arf- 
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joins it on the north and south sidm. The hundttry with the 
glaciofluvial ice-contact deposits on the wed i~ distinct and steep, 
whereaa n low hill of gpound moraine abuts it on the east. 

The materials in the O'MaUey and Huffman Raads area range 
from moderahly wel l -sow sand and cobble gravel to poorly mrhd 
sand m d  cobble gravel with horizontal to deep dip.  In the NWg 
NW1/4 sec. 16, T. 12 N., R. 3 W., a mad cut in a south-tmnding 
kame exposes concave bedding in sand interlayered with aift and 
gravel. The slight ooncsvig of the layers s u g w  that only slight 
differential settling mompanied ice melting. Any p a t  amount of 
settling would have contorted the bedding more than is seen in 
exposum9 

Glacioflnvi~~ ice-contact deposita in the area around O'Mdey snd 
Huffman Roada overlie the ground moraine, are bounded by swamps 
and pithd outwssh, and, in sddition, are lcally cut and bunded 
by abandoned malt-water channels. Cuts along; O'Malley Road 
show poorly sortad medium to coarse sand with stringers of gravel. 
The sand layers one-half to 3 inches thick aIternate with silt layers 
one-eighth inch to one-fourth inch thick. A cut along the Alaska 
Railroad in the sac. 20, T. 12 N., R. 3 W. exposes gray cross- 
laminated ripple-marked ssnd and layers of silt. Zayers of &mi- 
Iarly crw-laminated md ripple-marked silt and [sand am exposed 
along a cut in a, side road that exknds south from Huffmen Raad 
into the game deposit. GtmveP. lenses 6 inchw below the surfam over- 
Jis the ripple-marked and cross-laminated silt and sand, Twenty 
feet south along the road cut the rand i~ cross-laminated and cut 
and filled by additional layers of sand. Such features suggesb 
changes in depositional environments that range from rapid flowing 
streams to glow moving streams or pondad wahm 

One of the better exposures of kame structure ia in a pit the 
Tvest end of 03Malley Road. The Seward-Anchorage Highway 
tm&s a kame of silt and sand interlayered with pebble and mb- 
ble gravel that dips from 2C1° to 35' STV, Some of the layem are 
truncated by less .deeply dipping layers of smd and p v e t .  Wn- 
derlying the northem part of the kame is clayey ti31 14 feet thick, 
exposed along the ditch line downslope toward a swamp. A block 
of till that overlies the &ratified drift in the sonthwest park of the 
p v e I  pit points up the close association with the ice during depo- 
sition. A 1.5-foot layer of cobbles and mall boulders, exposed sonth 
of the gravel pit during construction of the Seward-Anchorrtge 
Highway, show imbrimte structure with an inclination of 85' to  
the northwest. The cobbles and boulders overlie 14 feet of gmy 
sand and pebble gmval, which contains ocm~ional cobbles, that dips 
25O to the southeast. The dip and imbrication indicah stteamflow 
from the northwest. 



In 1956, examination of o gravel pit in the kame on the eaet dde 
of the sward-Anchorage Righway, in the N W ? @ l w ~  sec. 20, 
T. 12 N., B 8 W., revealed beds dipping about go0. b y e m  of and 
and pebble and cobble p - 1  parallel the mrface slope of the kame 
ridge (pl. 7A). Overlying the sand and gravel is a tan 8iIty sand 
that shows little evidence of slopewash or modification of the topog- 
raphy of the h e .  
In the SE%NE$ sec. 18, T. 12 N., R. 3 W., a low sinuous kame 

ridge (not mapped) about 800 feet Jong tmnds southward and over- 
lies the ground moraine. A gravel pit in the south end of the ridge 
exposes (1956) eilty pebble and cobble gravel (pZ. 7 B ) .  Gravel 
layers alternate with hyem of mehum to c o a m  pand; lenses of 
dlty fine sand and silt interhger with the coarser materids. The 
silt and gravel layers m contorted with mndy silt layers h d i g  
upward into the p w l .  Where this happens, the stratification of 
t h ~  gravel garallols the contartions. Such feature6 are d i s c u d  
under the Naptowne pitted outwash. Two m a l l  normal faults sug- 
gcsat defomat,ion due to collapse as the mpporting ice melted. Part 
of the pebble and cobble gravel is unsorted and silty, and appears b 
grade htn till. In this pit the bedding is not parallel to the dopa 
of the kame surface. 

A pit at the w e  end of matt R d  ex- ho&nblI~ layered 
silt, m d ,  and p m l ,  which contains satttered cobbles ovarlying 
dlty bouldar tE1I. In general, the grave1 i s  sorted ;so that the coarser 
material, near the contact with the till, &es upward into pebble 
gravel containing some cobbles. Abut  18 inches below the surf ace, 
there ie rs sharp change in mrting; the upper 18 inches is a gray 
sandy pebble p v e l  and hm fewer cobbles, The gravel mvam the 
flanks of the till mounds and perhaps accumulated aa slopewash 
from the till of the ground moraine. The deposit may not, there- 
fom, be a true kame. Nevertheless, the gravel is included as part of 
the glaciofluvisl i m n t a c t  deposits. 
In moa p l m  road cuts expose only the upper 8; to 12 feat of 

the glaciofluvial im-contact deposits. In tha southwest comer of 
the hTY,NW% m. 20, T. 12 N., R. 3 W. a drilled well was still 
in sand at the dqth of 45 feet. The gram1 pit in the kame ridge 
in the NPP%NW% sm. 2Q, T. 18 N., R. 3 W. exposes a thickness of 
&hut 50 feet. E m  thicknwses of the glaciofluoial depo~ts  
greater than 50 feet a m  not h o r n  elmwhere in the lowland. Many 
of the deposits over the ground moraine along O'Malley %ad are 
thinner, mnging from a featheredge to about 30 feet in thickness. 
T b  ghiofluvial ice-contact deposits accumul%ted on the surface of 
the active ice or smund blocks of stagnant ice that  covered the low- 
land. Some of the, glacis1 debris was deposited as unsorted to 



dightly sorted lvbbla in crevasses. Streams flowing on and be- 
tween blocks of stagnmt ice left fluvial deposits in crevasses and 
t b w  depremions in the ice or older ground menhe.  Not all the 
fluvial deposition was by streams of similar or &ant velocities 
The ripple-marked sand and dt and the conm~e-bedded sand indi- 
cata a shallow stream or slack-water environment, whereas deposits 
that have steep dips md rapid change of texture suggegt fluvial or 
deltaic depositioa, 

As the Anchamp area w w  deglwiated, the gl~iofl~~vial im- 
a o n b t  materials were depmited over the ground momhe. Streams 
flowing under the ice or between the ice and the lateral moraine 
deposited kames and eshm south of Ship Cmk. In the lowland, 
streams flowing partly on the ice md parbly on the ground mamine 
deposited the ghciofluvid im-contact deposita as kames, &m, m d  
mvitsse fillings, or merely as a covering of m d  or pebble and 
cobble gravel over the till of the g m d  moraine. Mdt water$ 
from ice in the lowlands incised chsrmele into both the p u n d  
mofaine and the glscioduviaZ ice-conbct deposits, indicating that 
the glaeiofl uvial i c e - c o n ~  depositg are products of the same gIaci- 
ation %hat deposited the ground moraine; that is, the pre-Wiseon- 
sin Rnik glwiatian. 

The g~aciofiupial iceantact depdta were deriPd from debria 
that accumulated. on the surfam of the glacier and WBET carried from 
the north into the Anchorage arm. As the glacier thinned, tbis 
debris covered the surface of the glacier, and waa mworked a d  
redeposited bg strmms flowing partly on tlre ice and partly on the 
p u n d  moraine. 

PrmEn 0-dBB 

Overlying the pund rnor&be in the lowland hion# of Anchorage 
are deposits of sand and gravel that nre hoxhtally stratified, 
cmers-laminated, and locally distort&, The &e is generally 
horizontd, but it is modified by swamp-fUed kettles and low hills 
Though many gradients probably controUed deposition, two qclm 
or quence.s af deposition are mapped based on relative altitades of 
the depositional mrfaces; the older cycle has ss higher dapositiond 
d a c e ,  and the younger cycle has a lower depositional surface. 
Deposits of the older cycle of deposition are &rid& to a m  south 
of S p e n d  and sou& of Lakes Hood and Spenrsrd, Exbnding from 
Lakes Hod and Spenard the pitted outwash, sequence 1, continues 
almost to the Sand Lake Road east of Jewel Lake. One other area 
af the pitted outwash, mqumce 1, &ends from south of Spenard 
to  beyond Tina Lake. The pitted outwash locally bounds the delta, 
Naphwne silt, and the prodelta depmits south of Lakes Hood and 
Spmd. 



South of Spenard the pitted outwash, sequence 1, locdly aadjoim 
the Nttptawne outwash, Nq~towna pitted outwash, and the pitted 
antwash, qnenee 2. The greater part of the pitted outwash, w- 
quenm 1, is banded by areas of peat and muskeg-filled swamps. 

Deposits of the yo-r cycle, pitted outwash, sequence 2, cover 
parts of the lowland south of Anchorage from nemr Ship Greek to 
Turnagain Arm. The prepondemm of deposita of the pitted out- 
wash, equence 9, pamlld Campbell Creak and extend imm the 
Campbell Airstrip to Turnaffain Arm. 

Th e  surfaces of the pitted outwash graduaUy elope to the south- 
west. Kettles and low hills 1ocaIEy disrupt the continuity of the 
surfaces. The pittad outwash, sequence 2, foms low mounds that 
locally abut again& till of the ground mmine  in the swamp areaa, 
North along the road from Campbell a seriea of four ternwelike 
surfaces are developed. The higheat d m  is at the top of the 
hill north of the crossing on the Alaska &had, In the ares 
east of Roger5 Park, erosion by waters that depogited the Naptswne 
pitted outwash cut straig'llt smooth scarps into most of the d e p -  
its of pitted antwash, In the a m  south from Spenard t.n Turn- 
agtbin Am, deposits of the pitted outwash display steep smooth im- 
contact slopes around the swamp-filled kettles. Ths pitted outwash 
censistg of ~uvially atratified sand and gravel that is olive gray 
(8 F 3/11 when dry  md a deap hue of olive gmm ( 5  Y 4/21 when 
wet. Medim sand to pbble grave1 comprise. the p i W  outwash, 
althmgh h e  sand and coarse gravel comprise the deposits locally. 
Dips in excess of 20° and contorted bedding are common near the 
kettles that pit th8 mrfaca of the outwasl~. Oxidation is eonhed 
to the upper 18 inch- in most sxpmum. 

The pitted otltwash, sequenoe I, is typically exposad in a pit in 
the  NEX m 36, T, 13 N., R. 4 W. Twenty feet of fine gravel and 
medium stand are inkfingered with coarse gravd. Fragments as 
large as 12 inches in diameter are inclnded in the deposits. An 
oxidized brown silty mil one foot thick overlies the gra~ei. Mong 
the Sand Lske Road east of Jewel Lake the pitted outwash con- 
sists of m b m d  to subangular medium to cmm olive-gray a n d  
in which pebbles are scattered. Oxidation extands down about 8 
inches from the mrfaca h pm1. pit south of the cemetary in hhe 
SEV4 m. 19, T. 12 N., 32. 3 W. expased a sandy pebbla gra.veI. 
EIevem to 14 feet of msbadded gravel beneath about 4 feet of 
wel2-sort0a fine sand is exposed in s, pit in the mx m. 8, T. 12 N., 
R. 3 W. Soma distortion snd collapse suggest close proximity of 
ice during deposition. Distortion in the sand and ailt layera in the 
pitted outwash, sequence 2, in an exposure along Jllatt Road also 
is sttribabd to collapse, 



D i B e m t ? ~ ~  in maximum altitudw of the upper aurfaces of the 
pitted outwash dewits  mggest a changing gradient of deposition. 
From Campbell Station northward, four well-dehed surfaces are 
developed and indicate at least, four gradients of the outwssh stream. 
Near the west end of Owalley Ruad, the upper surface of the krune 
in the NW%P?W% mc. 20, T. 12 N., R. 3 W., the surfme of the 
pitted outwash south of the cemetery in the SEIJ, sec. 19, T. 12 N., 
R. 3 W., and the surface of the pitted outwash north of the ceme- 
hry pug@ at least three gradients or base levels during deposi- 
tion of the &ratified drift in the lowland. A closer or more detaiIed 
stnay of the levels of deposition cannot be made from the topo- 
graphic mapping available (50-f oot contours), but changing gradi- 
ents would be expected where I) channels extended around blmks 
of ice and were of d i f f m t  lengths, 2 )  the amaunt of flow of the 
melt water fluctuated abruptly, or 3) the source of *he melt water 
slowly moved northward behind a zone of stagnant ice and thereby 
i n c m d  the length md lowered the gradient of the melt-water 
channel, 

Steep welldeveloped ice-contact slopes resulted from collapse of 
the depdtrr dtmg the conk&, between the outwash and the ice in 
the NE%SW$/4 see. 24, T. 12 R., R. 4 W., and in the eastern part 
of ma 2 and ill, T. 12 IT,, R, 4 W. Small lakes such as S ~ n d  Lake, 
Sun& Lake, Jewel Lrtlre, Connors h k e ,  Campbell Lake, and othem, 
am remnants of largplr Ialres partly filled by p a t  and muskeg. 

The waters that depodted the pitted outwash may have modified 
the, prodetta deposits. The horizontal bedding in the upper few 
feet of the prodelta deposits exposed near Jewel h k e  suggests mch 
a reworking. The blocks of ice against the prodelta deposits still 
m a i n d ,  although they were perhrsps somewhst reduced in size 
when the pitted wtwmh was deposited, as indicated by a continu- 
ous im-contact s lop in both deposits around a swamp-aIed kettle, 
in MYL 10, T. 12 N., R. 4 W. The pitted outwash deposits warn 
derivd from debris carried in and on the Knik glacier. Melt wahr 
from the zone of ice actively retreating to the north and the lesser 
amount from the blwb of stqgnant ice in the Anchorage wrea 
deposited the ontwash over earlier deposits and around blmks of ice. 
After deglaciation, Wtlm pitted the surfwe of the outwaah. 

Melt-water &earns deposited stratified sand, pebbIes, and cobbles 
along wide channels incised into the Hnik glacial deposits. The 
sand and pebble and cobble gravel in the channels am mapped aa 
abandoned-channel deposits. The p u n d  morning the gIwio3uviaZ 
ice-contact deposits, and sequence 2 of the pitted outwash am cut by 
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the abmdmd channels in the area between Campbell Airstrip and 
Huffman &ad. Most of tbe chame1s originate in depressjlom in 
the p u n d  moreine, although a few of them originate in the glacio- 
fluvial ice-contmt deposits and pitM outwash depositam 

Ahmdonecf-channel deposits are also at the mouth of Rabbit 
Creek. 

The. upper Snrfacm of the channel deposits are @ed and bml. 
The abandoned ehmnels ranp from a, few tens of feet to over 2,000 
feet in width, and from 80 feet to over 50 feet in depth. They are 
~Snuoua and indirect, and contain mall modern streams. 

Most of the chatme1 deposits are well sorted, but Some are not. 
Where the melt-water stream flowed on or near blocks of ice, slump- 
ing or sliding has didorted the sand and gravel. h places, till is 
exposed whem later emion has cut into the abmdmed-channel 
deposit*; till associated with stratified sand, for example, is egposed 
along Rabbit Creak a few hundred feet upstream from the highway 
bridge in a cut along the old Anchorage-Potter Road. Some of the 
channel deposits are pebble and cobble gravel (pl. 8 A ) ,  whereas 
others are chiefly gand. The particla size of the rnatarirtl deposited 
along each channel depends on the composition of the ground mo- 
mine along the melt-water stream, the gradient of the stream, and 
the distance from the sourn. Thus, the size of the partides in the 
nbandonsd channel deposits vary from phce to plm.  
In most plabes the deposits- are & i n 4  to  12 fwt tbick-4though 

cbmel deposits at the mouth of Rabbit Cmk are abnt 28 feet 
thick. During atrtgnation of the ice the melt-water streams fiowd 
partly on the ice and partly on the recently deglaciated ground 
moraine. The amount of debris c ~ r r i d  by stmans was m a l l  and 
probably did not decreasa their cutting power as they left the stag- 
nant ice. Downcutting by the atfeams i n d  their I d ,  so that 
mast of fie abandoned-charnel deposits were reworked from mate- 
xiab on which the &rems flowed. The deposits on the floors of the 
scoured channeIs am TenBern that were left as the discharge de- 
creas%d. 

The channels rn8-9. have beem cut by melt-water streams that origi- 
nated from either the melting ice in the lowland, or from the melting 
ice of the retreating mlley glaciers in tha mountains. 'She authom 
believe that in mast cases, the melt water cams from a combinatioa 
of tho sources. Between Campbell Airstrip and O'Mdley Road are 
examples of channels probabIy formed fram &pant ica in the law- 
Iand. An dlnvial fan and abandoned-channel deposits of Wiscon- 
sin age ohcure m e  of the relationships of these chsnnels to the 
ground moraine. 

The stratified sand and gravel in the abandaned-chrtnnel deposita 
at the mouth of Rabbit Creek ware deposited by melt water from 
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vdey glaciers in Rabbit Cmk.  The h d  width of the depogit 
at the mouth of the cmk may be due merely to 8 widening of the 
channel, or t h ~  deposit may be the of rn sllnvial fan that waa 
later emded by the waters of Turnagain Arm. Horizontally bedded 
mnd and h e  gravel that overlie deposits of ground moraine in the 
road cut at the mouth of Rabbit C m k  (PI. 881, and along the 
bluff of Turnagain Arm, suggest deposition as an alluvial fan at  
the end of a melt-water channel, 

b mmappad b lue -py  pebble and boulder till t h a t  overliw the 
Bootleger Cove clay and underlias the younger Naptowne advance 
outwash exposed in the bluff along Hnik Arm in the 8 W S  gec. 29, 
T. 14 X., R. 3 W, is the oldest Wisconsin glacial deposit in the area. 
The advance outwmh is stratigraphically the lowest Naptowne gla- 
cis1 deposit mapped Am end moraine extending through the Elmen- 
dorf Air Fom Base was deposited next. It grades into the ground 
moraine that coven most of the area north of the end momine. 
Kame fields and b e  temrces snd alluvium in abandoned channels 
overlie the Naptowne ground moraine. In front of the end mo- 
n i n e  are stwtXed deposits of outwash and pithi  outwash, as well 
aa a deposit of silt, all of which loally overlie the Baotlegpx Cwe 
clay. 

rn@adSW 

Topography of the ground modne,  kame fields and h e  tar- 
races, and the end moraine, all of Wisconsin age, is young in ap- 
pearmce. The pitted surfam of the ground moraine is geutIy un- 
dulating, with low rounded hilh and mounik Most of the kettles 
are unfilled, or contain lakes or swamps. The kettles are not eon- 
n&d by modern stream channels, Drainage is not well integrated 
except along abandoned channels where small s tmms flow in large 
valleys. The channels trend southwe&rIy through the p n n d  rno- 
mine and ernpha~im the striatad appearance established by south- 
west-trending drumIinm. 

The kame fields and lrame temum behind the end moraine have r 
humockg knob and kettle topography. Some kettles contain lakes* 
athers contain swamps, and still others are unKlld. The ice-contact 
slopes are m p ,  smooth, and unmodified by erosion. 

The end moreine is unmodified by glaei~l emsion. Kettles and 
kames cover its mrfaca but it is modified locally by incised chan- 
nels of absndond melt-water drainages. 
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Topographically, the deposits of the pre-Wismmh Knik glacia- 
tion and the Wisconsin Naptowne glaciation am clasaly similar. 
Physiographic evidence does not indicate a long perid of erosion 
or weathering betwmn the deposition of the two drift sheek 

AaE M D  OOaSEZATIOW 

That an interglacial interval mparates the Naptowne gIacial de- 
posits fmm the Enik glacial deposits, however, is indicakd by the 
weathering rsnd oxidation on the Bootlegger Cove clay, the peat 
development on the pre-Wisconsin 1Enik advance outwash, and the 
ecology of fresh-water gastropods from c l a p  asso~iated with the 
peat. The peat underlies the Naptowna advance autwash in an 
exposure in the math bank of the Eagle River in the SWgSF,% 
sec. 9, T. 14 N., R. 4 W. The peat was dated as being mom than 
38,000 radiocarbon pears old (W-535). Karlgtmm (1950, h PBwb? 
1958, p 4) considered the rnorninal belt at  the mouth of the Mata- 
nuska Valley as deposits of the Naptome glaciation of late Wiscon- 
sin age, The Ehendorf Moraine is part of this Nsptome morainal 
belt. In 1957 he recarrelatad the Naptowne to mpraaent aI1 of 
Wisonsin time. Becaw of the evidence fo r  an interglaci~l &age 
or BUM*, and the carbon-14 date, the Naptome glacial deposita 
are considemd younger than 38,000 years old, part of the Wisconsin 
glaciation (table I), and are correlated with the Naptome glacia- 
tion of Karlstrom (fig. 2). The relationships of the deposits of the 
Eklutna, Knik, and Naptome glaciations, are shown in plate 9. 

bDVblPCk O V I W A m  

me atratified sand and pebble and cobble gmve'S that overlies the 
Bootlegger Cove clay md underlies the grwnd moraine along Knik 
Arm is cansidered to be an outwash deposited in front of the ad- 
vancing Wisconsin gIacier and subsequently overriden by the gla- 
cier. The advanm autwash is exposed ah& continuoously north- 
eastward from Cairn Point in tha bluff along the east &ore of 
Knik Arm, where it overlies the Bootlegger Cove clay. This out- 
wash appears to hrmintlte in the disturbed area near Cairn Point. 
Sand and gravel that may be the advance outwash are exposed 
beneath the Ehendorf Momine and overlie the Bootlege;er Cove 
clay. The outwash extends eastward at leisst to  the Eagle River. 
It nnderlies the till. in the bluff on the west side of Eagle R h r ,  
SW$/,SW1J4 sec. 9, T. 14 N., It. 2 W., and overlies peat and pre- 
Wisconsin gravel in the Muff just north of the Eagle River station, 
in the SW+&SEr/, SXL 9. The total extent of the outwaah in the 
area is not known, but the pebble and cobble gravel that underlie 
till and overlie the peat ibed one-fourth m'ile gast of Gome Bay on 
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the we& side of Knii Arm (Trainer, 1953, p. 10) probably corn- 
lam with &e advance ontwash, 

Xia the bluff along the =st side of Hnik Arm, the Naptme 
admm outwash con&ta either of current m b e d d d  stratified 
sand, pebbh, and cobbles that are h n c a h d  by other be&, or of 
nearly horizon~lly bedded I~yers with occasional cut and fill struc- 
tures. Few beds are continuous for more than 200 feet. Wiom of 
small channals are repwsented by catenary sand Imses witbin sorted 
beds of pebble gravel. The sand lenses IocaIly display an inclined 
current bedding. Elsewhere along the Arm the outwash consists of 
horizontally bedded silt intarlayered with coame to medium sand 
Less commonly the advance outwash is distorted and deformed by 
Recent dumps md earthflows. 

North of the Eagle River Flats in the SEX m. 18, T. 15 N., R. 2 
W., the advance outwash ranges in thibsss  from 4 tu 25 feet. A 
cobble layer at the base of the outwash separatm it from the mder- 
lying advance outwmh of the E k  glaciation. This cobble layer 
can be t m d ,  as cm the cobble layer tat the base of the &ik 
advance outwash, northeastward where it overlies the till of the 
ICnik glaciation. The cobble layer is used to separate the Naptome 
advance outwash from the Knik advance outwash. The Naptome 
advance outwash is well stratified in this laxera, and in most expo- 
mres is a pebble to cobble gravel interbedded with medium mnd in 
layers about 5 feet thick. hcally, the gravel is iron stained in 6- 
to 18-inch layem. 

Near the mouth of Simile Creek, tbe lower part of the advance 
outwash directly overlies the Boatlogger Cove clay and is cemented 
by iron oxide into massive layers of hard, compact wnglomerate 
that extend for about 1 mile south of the cmk %ps and spring 
along the upper surface of the Bootlegger Cove day deposited iron 
oxidea to cement the conglomerate. The conglornsrate resists weath- 
ering and wave action but blocks of conglomerate over 5 feet in the 
loagest dimension are separated from the layers and are common 
along the beach in thia area. 

T h e  exposed thickness of the Naptowne advsnoe ontwerh ranges 
from 5 feet to 30 feet along Hnik Arm. Along the bluff on the 
west side of the Eagle River in sec. 9, T. 14 N., 33.2 W., 42 feat of 
outwash is errposed beneath the ground moraine. The lower prrrt 
of the dope is cavered by wash and damp, MI that the total thick- 
ness of outwash is not known. The upper surfam of the autwwh 
is n e d y  horizontal in most expomzm where the contact is exposed. 
As interpmted in this report, the advanm outwash was deposited 
in front of an actively moving glacier. 'Thus the advance outwash 
was deposited by melt-water dreams flowing in front of the Wis- 



eonsin glacier as i t  advanced to the poaition marked by the a d  
mombe. The outwash wns deposited over the Bootleggar Cove 
clay, and in turn was mvered by the g w n d  moraine deposited by 
the ommidling glacier. Most of the advance outwash south of the 
end moraine apparently was r e m o d  by the stmams that formed 
the oatwash plain that parallels the south Aank of the end moraine. 
Sand and graoel of the advance outwash that overliea the Boob 
leggex Cove clay, underlies the end moraine nnd cads under the 
Naptome pitted outwash. Slump obscures ita rnlationebip to the 
outwash, but the dvmca outwash m y  underlie the Naptome out- 
wash in the vicinity of the Elmendorf Air Force Barn. 

The ~inuous ridge that  crosses the northern part of the area, re- 
ferred to hereafter as the Elmendorf Moraine, is mapped as an md 
moraine. The Ehendorf Moraine extends beyond the arest mapped 
on both sidw of Knik Arm toward the Matanuska Valley (pl. 2). 

The Elmendorf Moraine ranges in width from 1h to mom than 
1 mile. North of Anchorage and the Elmendorf Air Force Bltse 
runways, it cmssas the m a  diagonally b the southwast, a dis- 
tance of about 10 miles. It continues north along the mountains 
and we& across Knik Arm from Cairn Point. It is bounded along 
most of its southern d g e  by outwash, and its northern dge by 
ground moraine, kame fields, kame bmces, and abandoned chan- 
nels, all features of the Naptowne glaciation Near the extreme east- 
ern boundary of the area, the end moraine is cut by the Eagle River. 
Though the end moraine has a maximum altitude of over 450 feet 
in the NWsNWI/e sec. 23, T. 14 N., R. 2 W., its maximum relief is 
in the SE4/4SEx sec. 32, T* 14 N., IE. 3 W., where it stands 100 
feet above the N I ~ ~ ~ ~ R D B  oatwash. The surface of the moraine 
drops 250 feet below the outwash in a, kettle trough north of the 
morainal ~ i r n  that stands bebehind the- Kermit Roosevelt Memorial 
Cemetery. 

In rn& places the muth slope of the Elmendd Momine is W p  
md the north slope is gentle, but locally the converse is h e  b g c a u ~  
the sharp crest.,Iine is not eveqywhem t u w ~ d  tb southm edge of 
the rnorains. The narrow linear crestline sweeps in a pntls S-curve 
from the m t h  edge of the momine in the Nl?J,@3~ sec. 6, T. 13 
N., R. 3 W., to the north er& of the moraine in the NTP4/4NW2//4 sea 
26, T, 14 N., R. 3 3. where tho ridge gives way to an area of kames 
and kettles. East of this gap, the ridge conthuee as a dimntinuous 
an: along the south edge of the mamine from the KW,,NF& sec 85, 
T. 14 N., R. 3 W., te Fossil Creek F k 1  Creek transects the moraine 
in a deep mine .  

1071 
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Most of the surface of the moraine is mvered by kames snd get- 
tles. Many of the kettle contain ponds or lakes, others contain 
swamp deposits, and still others are wtmed. Small drainageways 
locally modify the h o b  and kettle topography. The till in the end 
moraine consists of round ta subround pebbles, cobbles, and boulders 
in a tan or light-gray silt and clay matrix. Emties 4 feet in the 
longed dimension are mmmon. Although most of the pebbles and 
cobbles are dark gray, the overall color is light gmy or tan, de- 
pending on the color of the matrix. In most expuma the till is 
compact, but in some exposures it ia less oampct in the upper few 
feet and may grade into a loose pebble or cobble rubble. The end 
montine contains thick deposits of stratified drift as well as the 
unstratiAed till. htratiI1 fluvial mnd and gravel, and the sand and 
gravel of ice--tact deposit cumpose part of the end moraine. 

A cross section of the momine is well exposed in the bluff near 
Cairn Point. Camped of sand and gravel in a siIt matrix, the till 
ia hard and compact but contains discontinuous lenses of somewhat 
distorted shmtified sand and gravel. The till locally is crudely 
sow. 

The thiclrest obsemed section of the Ehendorf Moraine is near 
Cairn Point ( rnemmd section. 4, p. 39) where an exposure 
from the Bootlegger Cove c l ~ y  to the top of the morainal ridge 
B ~ O W S  110 feet of till. About 4,000 feet to the east, the top of the 
morainal ridge 5s 100 feet higher in altitnde than at the measured 
section, so it may be assumed that if the basal eontact here lies on 
the BootIemer Cove clay--although the Naptome advance out- 
w a ~ h  may separate the two deposits--the maximum thickness of the 
moraine is about 200 feet. 

The exposure of Dill, over the Bootlegger Cove clay and under 
the advance outwash, along Rnik Atm in the SWX /4 29? T. 14 N, 
R. 3 W. suggests that a glacier of Wisconsin age preceded the 
h'aptowne glacier, and extended beyond the end moraine deposib. 
The EZrnendorf Moraine probably overlies the advance outwmsh (p?- 
1) although such outwash, if present, was covered h e n  the section 
at Cairn Point was measured ( m e m u d  ffi 4, p. 39). Rarlstram 
(1957, p 73) correlate% the Napbwne glaciation in the Cook Jnlet 
as representing all of Wisconsin time. He ppreviously (1850) in- 
cluded what is here called the Elmmdorf Moraine aa part of the 
Naptowne morainal belt. The Elmendor£ Moraine, however, may 
not r e p m t  the earliest advance of rt Wisconsin glacier; a post- 
Knik and pre-Naptome glaciation may be recorded by the till at 
this locality. Such a suggested pre-Naptame advance is further 
indicated by the drumlin in the NEJ/4PlWs sec. 12, T. 13 N., R. 3 
W.-mappdl as ground moraine of the Ih ik  glaciation-that over- 
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lies a blue clay that may be the Bootlegger Cdve clay, Ice-amtact 
s l a p  in rr pitted phase of the Naptowna outwash alse support the 
conjecture of this advance. Whether this advance beyond the Eb 
mmdorf Momhe Is a pm-Naphwna Wisconsin or is merely s fluc- 
tuation of the Naptome glacier that deposited the end moraine is 
unclear. The Naptome glacier ttdvanced into the area from the 
north over outwash d a p i t e d  in advance of tha glacier. The gla- 
cier remained at the position marked by the Ehendorf Moraine 
long enough ta deposit the moraine. 

The deposits of the end moraine were derived from north of tha 
Anchorage area a d  carried in the lower part of, within, or on top 
of the Naptowne glacier as it advanced into the Anchorage area, 
Accumulating directly from the melting ice front as a hetmogeneous 
mixture or from melt-water strmms flowing from the glacier, debrig 
mrried by the glacier formed the ridges of the end moraine. Be- 
cause the end moraine marks the pobibion of farthest recorded ad- 
vance of the Naphme glacier, subsequent fluctuations did not 
obliterate the moraine. 

The ground momine is coextensive with the lowland north of the 
end moraine. Although the ground morsine underlies this area, later 
deposits of diflerent origins locally blanket the moraine, Near the 
center of the lowland, the Eagle River hns eroded the ground ma- 
raine and other deposits t , ~  form the Eagle River Flats, a silt-filled 
reentrant of the Arm. Along f i i k  Arm, northward from the El- 
mendorf Moraine, the ground moraine is almost continuously ex- 
posed. Esposums are infrequent elsewhere in the arm covered by 
the ground moraine. The ground moraine forms steep bluffs along 
Hnik drm; slopes range from 2fi0 ta 90°, Back from the Arm the 
mrfaca is pitted with kettles. Many drumlins trend muthwesfe~ly 
psmLJd to groovelike depresions in the ground moraine. h l l y ,  
the drumlins am closely spsced and form an en echelon wries of 
ridges. The gmmd moraine is an a m  of relative low relief that 
seldom exceeds 50 to 76 feet. The maximum altitude of nbout 300 
feet in sec. 9, T. 14 N., R. IZ W., provides about 100 feet of d i a f .  

Drainage in the ground moraine is not well integrated, Jthough 
small streams m p y  abandoned channels entrenched in the surface. 
Some of the streams, like Sixmile Creek and Clunie Creek, occupy 
channels as mnch as 125 feet deep. Most of the chnnnels trend 
southwesterly and give the area a distinctive striated appearnee 
that differs markedly h m  the appearance of G i k  ground moraine 
south of Anchomge. 

Most of the kettles throughout the area are shallow d e p d o n s  
that are unfilled in places, or contain lakes or swamps. They are not 



c~~~ streams, except in the abandoned channels where mod- 
ern streams flow along previously established courses. The p u n d  
lnoraine is -posed prdominantly of tan to light-gray compact, 
stony till that contains rounded cobbles in rr silt ~ n d  clay matrix. 
In some axposures: between the Eagle River and Simile Creek3 the 
contact betwen the till and the underlying stratified sand and 
mvel of the advance outwssh is distinct and deady defined, but 
in other expsures it is obscure snd appears to be gradational. 

A 1-s mmpnct till and poorly sorted sand and gravel Iwl3y 
overlie compact till along Knik Arm. The contact between them 
is gradational in aome expmmg, distinct in others. Dmpness ia 
common in the more permeable looser masrials Ioc~lly, and springs 
flow in places along the contact betweon the looser materials and 
$he m p a c t  till. 

Naptowne till is dimntinuous along tho bluff of Hnik Arm. 
%ratified sand and granl, which extends h tha tap of the bluff, 
locaUy overlies the Bootlegger Cove clay. This relationship is true 
in the NEXSElh sec. 20, T- 14 N., R. 3 W., whem the Bootlegger 
Cove clrny is overlain by about 44 feet of sand and graveL Some of this 
stmtified sand and gravel is advance outwash. deposited in front of 
the advancing Wisconsin glacier. Other deposits are later outwssh 
related to the withdrawal of ths glacier. One such deposit is tha 
12 feet of stratified sand and p v e l  overlying 40 f e t  of till that 
f oms the point of land south of the Eagle River Flats in the SWy4 
SWj/, sec, 2, T. 14 R., R. 3 W. 

The ground rnomine is exposed in two places along the Eagle 
River in sw. 9, T. 14 N., R. 2 W. On the west side of the river, in 
the SWX SIX 0, about 42 feet. of compact cobbb till that has a 
silt and clay matrix overlies abont EOO feet of poorly bedded gand 
and gravel. In the SW%SE1/4 SBC. 8, ~pproximately 20 feet of 
silty till is e x p o d  just below the grade of the Alaska Railroad. 
Mom than 25 feet of slump material mvew the s lop below the till, 
and about 6 fwt of sand and pael--outwash deposited in fmnt of 
the advancing Wisconsin glacier-is exposed below the dump and 
overlies a peat deposit. In the H V %  sec. 17, T. 14 N., R. 2 W., 
about 19 to 15 feet of brown till containing artnd asd gmvel layers 
is exposed along the river bluff and in m d  cuts. 

Till is exposed in the south end of s dmrnlin in a 15-foot cuk 
along a jeep m d  in the NEXNFIV~ sw. 5, 14 N-3 R. 2 W- The 
till is gray, composed of pebbles and cobbles in a sir@ to ~ m d p  
matrix, is mmpct and bas a platy cleavage that mom or 1- pamE- 
lels the surface of the drumlin. The uppm 2 to 8 fmt 'is crudely 
stratifid, hnd may be ablation debris, a soMuctian deposit, or 
slopewebsh. 
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Till is not the only material at tha s a ~ ~  east of &ik h. 
Strratifmd sand and gravel along small melt-water streams mver the 
till localIy. Poorly sorted smd and gravel deposited in part d m  
k g  ablation of the iw, but without distortion of badding, covers 
much of the moraine. The maximum thickness of this poorly sortad 
sand md gravel is not known, ht as much as 15 feet of it is ex- 
posed in many cuts dong the roads north of the Elmendorf 
Moraine. 

The exposed thicHne98 of the ground moraine ranges from about 
6 feet ta about 40 feet along Knik Arm and the Eagle River. If 
the lower contact surface of the ground moraine with the underly- 
ing deposits i a  genemllg horizontal, the hills and hummdw of the 
moraine east of the Arm may indicate a tk i ches  as much as 100 
fwt. 

After the 'Maptome glacier was d a t i o n a ~  long enough to deposit 
the end moraine, the ice lobe retreated laving detached and isohfed 
blocks of st~gnmt ice. The mmpwt basal till in the ice waa de- 
posited aver the advance outwslsh th& mumulatedl in frant of the 
advancing glacier. The drumlins probably formed from till lodged 
beneath the advancing ice, Suprg1acial till was laid down on top 
of the baa1 till IocaUy, and streams flowing on the ice and on the 
ground moraine reworked some of the ti11 into deposits of stratified 
sand and gravel. 

Most of the kettles in the ground moraine are shaIIow rather than 
deep depressions. Many are in areas where sand and p v e l  overlie 
till; they were probably formed by the melting of buried ice rather 
than by deposition of material mound blocks of ice projecting 
through the surface. 

Deposits of the kame fields and kame terraces, sequence I, pwal- 
lel the northern edge of the Elmendorf Moraine southwest from 
Fossil Creek to byond Otter h k e .  Sequence I ranges fmm about 
onequarter mile to  about six-tenths of a mile in width, and is about 
234 milea long. The kame fields are at the north and south ends of 
the kame terrace. Extending f rem north of Fossil C m k  south to  
Otter Lake, the deposits of the kame fields and kame t e m e ,  se- 
quence 2, parallel the western edge of sequence 1 of the kame fields 
and kame terrace deposits but stand lower. The deposits of IM- 
quence 2 mge from one-fourth mile to six-tenths of a mile in width 
and are about 2Y2 miles long. 

The flat ~surface of the kame hmce, sequence 1, gives way up- 
stream and downdream into h o b  and kettle topography in the 
Bame field& A continuation of the grade of the kame Parraw not 
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only approximatas the altitude of the tops of the kames in the h m e  
field at the norkh end of the ternme, but projects to the upper rem- 
nant of the channel of the ancient Fossil Cmk. A Earp sepamtm 
this kame 6dd and terrace sequenca from topographically lower 
kame field of sequence 2. As in quenee 1, the fll~t surface of the 
kame terrace, sequence 2, gives way both upstream and downstream 
into the knob and kettle topogmphy of the kame fields, The kames 
and kettles, however, are not as well developed in this sequence aas 
in sequenm 1. The surface af the kame terrace slopes southward 
into tho swamp and abandoned channel around 0 t h  Lrtke. Ex- 
tending the surface of the kame temce and kame fields northwad, 
the surface projects into the tern- supface of the abandoned than- 
nel mapped along the Eagle River. Ice-contact deposits related to 
the Naptowne glacier mere deposited by streams flowing on or adja- 
cent to the ice, Typically, the deposits am aortad and strati6eci but 
show abrupt changes sf grain gizes between adjacent layers, have 
extremes of grain sizes interbedded in the same stratified layer, show 
local deformation of layers, and contain bloch of till. Two cyclea 
or 'Lquenms" of alluviation are s u g w  by the levels of surfaces 
that extend south from Fossil Creek beyond Otter Lake. The first 
cycle of alluviation resulted in a kame t s m  (&ktl) ,  which gave 
way into kame fields ( Q k l )  st both ends, and the second cycle of 
alluviation resulted in a kame te- (&Kt2) that also gave way 
inta h m e  fields ( Q k p ) .  
In the SWX sec. 19, T. 14 IT., R 2 W., a gravel pit in the kame 

terrace, sequence 1, displays layers sf fiuvid bedded sand. The up- 
per 18 inches of the kame terrace is oxidized. Pebble and cobble 
p v e l ,  localIy with collapsed bedding overlies the sand. Layers of 
e v e 1  pamIIeZ the edges of included blocks of  silt. Blocks of till 
am exposed in the lower part of tho pit. A cut through the b e  
field, sequence 8, along the road in the SW% w. 11, T. 24 N., R. B 
7V., shows a silty cobble and boulder gravel that locally has col- 
lapse structure. 

While the melt water flowing along the south side of the Eagle 
Elver valley cut a trench into the outwash and moritine at Fossil 
Creek, ice still lay along the north side of the and moraine. Di- 
wrtd by the ice barrier, the waters from F o ~ i l  Creek flowed be- 
tween the ice and the moraine md deposited the kame termq 
quence 1, that extends west from Fossil Creek beyond Otter Ldm 
Subsequent melting of the ice left the b m e  terram and the kame 
fields. Some of the kettles probably formed from blocks of ica that 
projected through the surf we, whereas others probably formed when 
burisd blmh of ice melM md the overlying deposits collapsed. 

Meltrw~k-r s t m m s  that %owed from the =tire ice front to the 
north through channels in the ground moraine and from the north- 
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east in channels along the Aank of the mountains converged and 
formed the wide melt-water channel now occupied by the modern 
Eagle River. This channel extends southwest past the Eagle River 
Flats to form the vdley of Sixmile C d .  When it was cut, the 
channel of sequence 1 was abandoned. The averflow from the E"g1e 
River valley mrty h e  continued to flow in the channel of Fmil 
Cmlq md may haw joined the waters flowing in the new channel 
of Sixmila Creek. The kame fields and kame temce of sequence 2 
were deposited in this drainage. Stagnant blocks of ice that formed 
part of one wall probably were buried under the t emm in p b w  
and Ieft ice-contact slopes as the west scarp of the sequence 2 kame 
field and k m e  terrace on the eashm shore of Otter Lake. 

mTmm OVTWhHE 

Stratified send and pebble gravel with a surface that slopes south- 
emt from the front of the Elmendorf Moraine is mapped as pitted 
outwmh. It covera pmts of sees. 5,  6, and 7, T. 13 W., R. 3 W. It 
elrtends from the south edge of the Ehendorf Moraine along Knik 
Arm for &bout 1 mile, and it ranges in width from two-tenths of a 
mile to about three-fourths of a mile. The w e h n  and eastern 
boundaries of the outwash LI"B erosional contmts. The pitted out- 
wash apparently overlies the Bootlegger Cave clay in front of the 
Elrnendorf Moraine. The advance outwash underlies the moraine 
in the bluff but its relationship to deposits in front of the roomine 
is obscured by slump. Possibly the lower part of the pitted outwash 
merges with the advance outwash. 

The pitted outwash is bounded on the west by the bluff along 
Knik Arm, where slump blocks form a hummocky landslide area. 
The surface of the outwash slopes southeast from the front of the 
Elmendorf Moraine. The large~t kettle in the pitted ontwagh isl 
about 400 feet wide, at the widest pkce, about 2,000 feet long, and 
about 30 feet deep. These dimensions are estimated, as the original 
landform has h n  modified by earthmoving equipment. Seveml 
short incised chmneIs cut thraugh a scarp that bounds the pitted 
outwash on the muth. 

The pitted ontwash Imb uniformity in particle size and strati- 
fication. Where it overlies the Bootlegger Cove clay in the land- 
slide ttres dong Rni  Arm, the pitted outwash is camposed of p y  
fine to medium sand. Fine sand overlies the Bootlegger Cove clay 
near the I m p  Road in the SEXSEX sgc. 6, T. 13 N., R. 3 W. A 
pit adjacent to the east side of the large kettIe near the west. end 
of the east-west m w a y  in Elrnendorf Air Form Base, displays 
festoon crossbedding that indicates deposition from the north before 
mlXapse due to melting ice. Fifteen feet of coarse sand containing 



hgem of medium sand are expased. in the pit. Bmwn d t  layem 
one-half to 6 inch- thick are interbedded with gray m d .  Coal 
.hgments am scattered throughout the sand ; pebbles are commonly 
in layers; s few cobbles am intermixed with the pebbles. 

The maximum exposed thicbess is near the h o p  R o d  in the 
SE5/4SE4/4 sac. 6, T. 13 N., R. 3 W., where approximately 20 feet 
of h e  mnd overlies the Bootlegger Cove day. The thickness of the 
pitted outwash along Knik A m  is obscured by the many slump 
blocks and by slopewash, It is the authors opinion that the pitted 
outwash Uzichng toward the end moraine. 
Contorted beds of silt, sand, and pebble and cobble g~avel are 

exposed in a ditch about 780 feet of the &-west runway and 
about 300 to 500 feet north of the edge of the runway. Along this 
ditch a h e  sand that contains layers and lenses of smaU pebblm is 
overlain by a clayey silt layer about 18 inches thick, The d i p  of 
the sand layers me variable end range from s h u t  30' to neurly 
vertical depending on the amount of distortion of tha beds. h 
places the sand mnhins distorted Jayem of silt. 

PebbIe gravel overlies the sand and silt layers and t m c a k  the 
 teep per dipping sand beds in most places along the ditch. Small 
vertical fauIts in the sand and silt have diaptmments of 18 inches 
to  3 feet. The pebble gravel i s  fanltd down into the sand md silt 
in some plsca, but the displacement in the p v e l  is obscure. The 
gmvel is drawn into the silt and s n d  in bulbus fingerlike involu- 
tions ( p l .  823). Stratification of the gravel tends to pamllel the 
walls of the enclosing silt to the extent that in circalar invoIutions 
the distorted gravel shows concentric arrangements. 

T h e  involutions in the silt, mad, and pebble p v e l  in the ditch 
eqosure can be explained by several processes: (1) they may have 
resulted from deformation owing to the weight 09 the gavel  overly- 
ing saturated silt and sand whereby the sand and p v e l  mttled into 
the silt as stringers and fingers; (2 )  overriding of the mdiments by 
ice may h ~ v e  compressed, sheared, and faulted the deposits and 
contorted the bedding; (3)  ice-show may have contmted the mdi- 
rnenta in front of an advancing glacier; ( 4 )  melting of buried ioe 
blocks nay hwbve collapsed the rsediments and may have promoted 
flowing that  oontarted tha beds; and (5) fmst aetion may have 
formed involutions and other contortions in the sedimenh 

The sediments are considemd part of ontmsh deposition, and do 
not suggest aturntian that would allow peneconternporanmus def- 
o m t i o n  (Shrock, 1948, p. 156). For that reason, possibility (1) 
ia not considered a major muse of deformation. Because the in- 
voluted deposits are in front of the end moraine nnd were not over- 
ridden by ice, p i b i l i t i w  (2) and (3) can be dimmted. Either 







possibility (4) m (5) csuld individually canm the displacement and 
involutions q m e d  along the ditch, but a, combination of them, 
probably not contemporaneous in aozurrence, are believed to have 
a u d  these features. The mall faults, slumpe, m d  displscemenh 
in the txmd and gravel likely msulhl from collapse of the sediments 
when buried blocks of ice melted. Frost action would most Iikely 
destroy any fault tram. Because the w l l ~ p  features zrre in the 
upper part of the e~posura they would indicate frozen ground at  
depth. I t  may be inferred t h ~ t  the collapse and fsulting am later 
features than &ose caused by tha frost action. 

Involutions caused by frost action have been described by Denny 
(1938), Sharp (1942), Shmck (19481, and Schafer (2949). An 
asmmption that the invoIutions am freeze and thaw features would 
q n i r e  frozen p u n d  near the surface, perhaps within 15 feet of 
the, surface (Shmp, 1942, p. 128), in order to form a barrier that 
would form water to saturate the upper psrta Schafer (lM9, p. 
163) quotes Zuener (1945, p. 12) as stating that involutions f o m  
only on perennially frozen ground. 

Streams flowing to thesoutheast from the end moraine west of Cairn 
Point, as suggested by the slope of the surface of the outwash, and 
confirmed by the east and aontl~east dip of the beds, deposited the out- 
wash and burid blocks of ice in front of the glaciar. The outwash 
subsequently collapxd where tbe ice M w h  m e l t  and surf me m a  
pi tkd. 

ODT1RASET 

The ff at mrfw that adjoins the Elmendorf Moraine on the south, 
i~ an outwash plain related to the Naptame glaciation. It extends 
about 12% miles southwest from the eastern boundary of the project 
sonth of the Elmandorf Moraine, It ranges in an undis-d width 
from about onequarter of a mile north of Hood m d  Spensrd Lakes 
to  about 2 miles in width near the Elmendorf Air Forcs Base. At 
its widest point it is about 41,4 miles wide. It underlies parts of the 
Elmendorf Air Force Base, Fort Richardson, and most of Anchoraga. 

The ,surface of the outwash plain slopes muthwest about 32 feet 
per mile. The even continuity of the pI~in is l d l y  disraptd by 
ridges sad drumlins of ground moraine of the Rnik glaciation that 
project through the outwash, by Wisdonsin deposits that overlie 
the outwash, and by erosion of the outwash. Although stream 
chmels are entmched into the outwash, the overall level surface 
of the outwash continues without any pronounced break in slope 
until it disappears beneath the m a m p  deposits around Lake Spenard, 
Lake O'Connell, as well as east of Bunjbrook. Kettles pit the gen- 
erally e e n  surface of the outwrlsh near h k e  Spenard. Stmp 
ice-conhct  lopes bound the kettles, some of which are partly filed 



with peat ma muskeg. The pitted surface gradas into the unpittd 
outwash surface and dso egtends gradually under the peat of the 
swamps that h d  Connors Lake and Lake Spenard, 

The mtwash; grades northeastward from stratified fine mnd along 
the bluff near Turnagain Heights into coarae sand, cobblm, snd 
boulders b w n d  the Eagle Xiver. Lenses of alluvisl coal mnge in 
thickness from 2 to 6 inches and in length from 3 to 15 feet; in- 
dividual fragments are as large as 4 inch= in diameter, Len- 
of detrital ma1 have been interpreted emneoasly as coal seams 
where exposed in excavations or mrscorded in wells. 

Toward the Eagle River valley (off the map) and near Fossil 
Creek the outwash contains many boulders mom than a foot in 
diameter. The surface of the outwash is in fact ah& a boulder 
pavement, but cantains negligible amonnts of pebblw and less sand 
than toward Rnik Am. Zn this area, where the outwash is coarse, 
weak Tertiary sandstone constitutes part of the smaller fmtion. 
Beneath Anchornge, pebble p v e l  in lenses 2 to 6 inches thick and 
20 to 50 feet long alhmrttes 114th lenses of c m e  em$. This 
contmta with the grain size of the deposit southwest of Anchorage 
toward Rnik Ann where pebble gravel is almost absent. A few 
mexpum in tha pitted area around Lake Spenard  how xb fluvial 
bedding in h e -  to medium-gray sand. This sand compams in grain 
size to the m d  of the younger outwash exposed dong the bluffs 
of the Knik h near Turnagain Heights, and along the banks of 
Fish and Chester Creek. Along the north side of the road to 
Radio Station KF&n 35 feet of parkly crossbdded gray m d  
overlies the Bootlegger Cove clay in the SWXSKVX sec. 24, T. I3 N., 
R. 4 W. The smd contains about 1 percent of pebbles larger tbm 
I inch in diameter, about 5 to 10 percent of pebblas larger than 
4/2 inch in diameter, md about 60 percent fine sand. In the bluff 
along Hnik h, in the middle of m. 23, T. 13 PJ., R. 4 W., about 
75 percent of the outwah is crcissbedded h a  to very fine sand that 
contains &out 1 percent of pebbles larger than 1 inch in diameter, 

Southwest of kncl~orap along Knik Arm about 400 fBst west of 
the east saction line into sec. 21, T. 13 N., R. 4 TV., 12 feet of outmash 
overlies the Bootlegger Cwe clay. The lower 8 feet of tho outwash 
is a gray medium sand and the upper 4 dset is a p y  dlt to silty 
sand. h peat layer &out 6 inches thick extends laterally about 
12 ta 18 inch- from the top of the o~itwash. Eight feet of p a t  
overlies tho outwash to the surfam. The 6-inch peat layer was 
sampled and a carbon-14 determination dated the peat at 11,600 
k300 radiocart30n years (Rubin, Meyer, U.S. Ge01oF;ical Suwey, 
writhn communication, April 2, 1957, W-544). Conaidered a part 
of the last pham depition of the ?3aptowne outwash tlm peat; layer 
places s minimurn age on the deposition of the outwash. 



Some of the ranges of e x p o d  thickneses along Rnik A m  ara, 
6 feet in the N W s S W x  sec. 23, T. 15 N., R 4 W., 30 feet between 
FYsh Creek and Chester Creek, and over 10 feet in the bluff a b m  the 
A l h  Railroad in sec. 13, Tm 13 N., R. 4 W. The depasit thickens 
away from Rnik Am, so that whem the mad to Radio Station 
KFQD crosses Fish Creek, sand 88 feet thick overlies the Baotlegger 
Cove day. The outwgsh r a n p  in thickness from a0 to 40 feet in 
secs. 16 and 21, T. 13 N., R 3 W, In tLhe SEX gee. 8, T. 13 N., 
R 3 W., over 50 feet of outwash ia expasea in the bluff along Ship 
chwik 

Well-Iog records (Cederstrorn and Trainer, 1953; W.S. Corps of 
Engineers, unpublished well records) indicate that, the outwrush is 
about 60 feet thick in most places under Fort Richardson and the 
Ehendorf Air Force Bm, but the th ichw is not everywhere 
constant. Wemtrom (1952, p. 21) m i d e r s  the ontwash depmits 
to be as much as 300 feet thick snd mom than 100 feet bdow sea 
level near Anchorage, but he included the Bootlegger Cove clay ss 
part of the outwash. In a pit in the m/o sec. 34 T. I4 N., R. 3 W., 
91 feet of grsvel is e x p a d  against a till hill, 68 feet of which 
extends above the outwash surface. Part of the t h i c h a  hem, how- 
ever, could be caused by mall fans deposited by latar &reams 
flowing from the end moraine. Channels cut in the surface of the 
BmtIegger Cove clay, as dong Chester Creek, increase the thickness 
of the outwash. The outwmh under Anchorage is shown on plat8 6. 

An outwash plain that oxtends out of the a m  mapped md up 
the Eagle River vdley for several miles (DobrovoJny and 3liller, 
1950, Knik quadrangle map) is considered by the authors tb be a 
continuation of the younger ontwmh. hcmnraissance up the Eagle 
River valley indicates that the source of the outwrtsh was a glacier 
in the Eagla River v~lley. 

The Naptome glacier and ~ F L M  morainal deposits dammed the 
mouth of the Esgle River valley. T h e  Eagle River glwjer had s 
mall supply area, and retreated up its motlntain valley leaving s 
gap between it and the morainal dam. Melt water accumulated as 
n lake behind this morainal barrier. Acting as a settling basin, 
the lake mas completely filled by clay and outwash deposits of sand, 
pebbles, and cobbles. The clear water overflowing from the lake 
probably cut some of the channels into the Bootlegger Cove clay- 
though water from Ship C m k  probably helped erode the clay 
(see pl. 5, nmr Spenard h a d  along Chester Creek)-* well as 
channels in the till and bedrock along the south flank af the Eagle 
River ~alIey (Dobrovolny rtnd Miller, 1950), The onhash started 
to deposit from the overflow waters and covered the area in front 
of the Elmendorl Moraine and filled the depressions between hills 
of ground moraine of the G i k  glaciation. T h e  outwash channel 
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R a m  P.-B8htlomlb~p d ouZlrrsh of Naptawmu am to tm of #round mclmims of m k  
am In BW?&B1# rcc, 81, X. 14 N., & 2 W, w erpusad Ln arcsntlw. 

in sec. 4, T. 13 N., R. 2 W. originally was mtiauona with the 
chamel in sec. la, a". 13 N,, R. 3 W. Ship Creek occupied the channel 
when il built gn a1lnGal fan a c m  the outwash deposits. Excava- 
tions in the SWXSEX am. 31, T. 14 N., R. 2 W. (fig. 5 )  showed 
outwash overlspping ground moraine on flank of a tiu I d L  W n g  
a shorhr route ta to3Cnik Am, the Eagle River flowed in s westerIy 
direction as g o o n  as the ice retreatad far enough north of the 
EJmendoFE Moraine. The charnel of Fossil Creek, eroded into the 
outwash and the Elmendorf Moraine, prohbly is f i e  shortened 
course of the Eagle River. Restriction and chmneling of flow 
from the Eagle River along the shamed mum stopped dewtion 
of the outwash. 

The outwash from the Eagle River covered bl& of stagnant ioe 
in the lowland iaolakd after mtreat by the Naptome glacier to thq 
po&tion marked by the end moraine fm an advance or fluctnation. 
Such a block of ica apparently formed the deprearion containing 
Lake Otis. Many such stagnant bl& remained in fie area amund 
Lake Spennrd and left kottles after they melted. 

A B d l P W m u n m L D E P O W T I I  

Broad channels topographically higher than the Eagle River are 
incised into the ground moraine and Ehendod Moraine, md the 
deposits that cover their level floors are mapped as abandoned- 
channel deposits. T h w  deposits are restricted m&Iy to the ground 
moraine north of the Elmendorf Momine, but a short channel is 
incised inta the Ehmdorf Moraine north of Whitney. In addition, 
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the brge abandond channels at F&l Creak and at fitbe Ertgle 
River station of the Alaska Railroad tram& the end moraine. 

Eagle River, Sixmile Cmk, and Clunk C d ,  all flow ss eon- 
aequence st~eama in wide abandoned melt-wahr chmels that or@- 
nab in the gmund mornin~ Sixmile C m k  and Clunie &ekf aa 
we11 as other stratum that flow En channels starting abruptly in the 
ground rnoralne, extend to Knik Arm or the Eagle River Flab 
where the channels are truncated by the MufEs. 

South af the Elmendorf Moraine, abandoned-channel deposits a m  
mapped along Ship Creek, Cheder Creek, the South Fork of Camp- 
be31 Creek, Campbell C&, Rabbit Cmk, Potter Cmk, the nn- 
named creek between Potter and Little Rabbit Creeks, and Rainbow 
Cmk. Abandoned-channel deposits along the North Fork of Camp- 
bell Creek am not mappable at the acale of the map. 

Tha audacm of the stratified deposits covering the floora of the 
ehmels am graded and level. The channels range in width from 
about 180 feet in tho smaller tributury channels to abut  1 mile 
along the larger channels. These deposits are striking in appear- 
ance, as viewed through a stereoscope, whem tha channels pass 
through, tbe Iskern1 momins. The bottom of the cbamd appears 
as B b m d  tarrace that cub throngh the hill tupogmphy. Most 
of the ch~bnn~ts: north of the Elmendorf Moraine end abruptly as 
hanging valleys in wrps along the sea cliffs or along the Eagk 
Ever. 
Tha abmdoned-chanxlel deposits extend f m  the month of Ship 

Creek more than 6 miles epstmm where they grsde into the sllnvial 
fan. T h e  flat surfaces of the abandoned-channel depasita =nth of 
Ship Cmk slope southwest abut 36 feet a mile to Chester Creek. 
The northward contach with t 3 1 ~  alluvial fan is gradational; no 
prominent warps aaparata the two deposits. The channels range 
in width from a b t  tw+tenths tb about f our-tenths of s mile. 
In most place- in the p u n d  moraine area, the d e m t a  in the 

abandoned channels consist of cobble p v e l  and boulders with 
thin but w i d e s p d  lenm of sand and pebble p v e l .  The dominant 
paticle dm varies from place to  place depnding on the local com- 
position of ththa materials from which the deposib were derived. 
Most of the abandoned-channel deposits are veneers only 4 to 12 feet 
thick At the month of Sixmile C w k ,  I0 fmt of abnndoned-channel 
sand mrlierr a b u t  t O  feet of eoamr advance outwmh. Channel 
8urfa.m~ are m r e d  lmdiy by a veneer of silt which in placlas m&w 
the land usable for agrlcdtum. 

Swth of the Ehendorf Moraine abandoned channels were eroded 
into the Naptome outwash. T h e  abandoned-channel deposlite here 
are genemIly m m r  thsn the enclosing outwash inmmuch as the 
watars a c o u d  and reworked the outwash leaving only the mamar 



material. Additional coam mahial  waa brought in from the ant- 
wash upstream. Abandoned-channel deposits along Ship Creek are 
c o m ~ d  of sfmtified coarse sand and pebble gravel that contains 
mme cobbles. In the NWX3w4 sec, 9, T. 13 N., R. 3 W., the 
deposit wages in thickness from 11 fmt at the edge of the valley 
to s h t  35 feat near Ship Creek about 800 feet away, Medium to 
coarse Band with pebbles constitutes the abandoned-channel deposit 
dong Chester C m k  and veneers the Bootbgger Cove clay where 
the Sewad to hchomge nighway crams Chester Creek The 
channel de-t is a thin veneer overlapped at the east end by swamp 
depDsits. Along the South Fork of Campbell Creek east of the 
Campbll Aimtrip tha abandoned-channel deposits am 18 feet thick, 
and overlie till of the Jateml morsine of the rCnik glaciation. Along 
Campbdl Creek, however, the abandoned-channel deposits are mostly 
composed of h a  to medium ssnd and silt. 

Cuts along tha Seward tn hncl~onrge Eghwtrgr through the 
abmdoned-channel deposits at the lower end of the s t m m  between 
Potter and Little Rabbit Creek expo= more than 11 feet of brown 
pebble to  cobble gravel. 

The length and parallelism of the channels north of the Ehendarf 
Moraine suggest that wasting im north of the mapped area supplied 
vast amounts of melt water. The channels may have formed, how- 
emr, as lateral draina during melting of the ica at  the margin of 
the Naptome glacier. That stagnant ice was in the area mapped ia 
indicated by abrupt ice-contactlike s l o p  at the beginninp of soma 
of the channels. The deposits of the abandoned channels am related, 
therefom, to the melt-water streams that flowed in park on the ice and 
in part on the g r o d  moraine. The atmama scoured their chameIs 
into the ground moraine. 

Abandoned channels that am tributary to the Eagle River were 
cut by melt water h r n  the Eagle River valley. They ~ w p r e n t  
cwm of the sncestmd Esgle River. The surfaces of the abandoned- 
channel deposits along the Eagle River and Fossil Creek correspond 
in overall altitude with the surfaces of the depogits of the kame 
fields and kame terraces. Such similar levels implies the coincident 
deposition of the abandoned-channel d e p i t s  with the kame fields 
and kame terraces. 

Along the mountah ffont south of the Elmendorf Momha, other 
abandoned channels were also mmd by melt waters from the valley 
glaciers. The abandoned-channel d e p i t s  of Ship Crwk, South 
Fork of Campbell Creek, and of North Fork of Campbell Creek 
(not mapped), merge into alluvial-fan depdts. me channels have 
hen inciwd hta all low-lying glacial d e p i t a  in the mountain 
wlllegs. 



Ship Creak7 which carried an increM volume of water during 
deglaciation, is the probable m u m  of water that eroded the channels 
in the Naptowno outwash. The water dropped most of its load and 
f m e d  an alluvial fan, so tbt the water t h k  flowed over the outi 
wash carried little load and channels w e e  incised into the outwash 
surface. During the increased flow, Ship Creek probgbly flowed 
westward and southwestwad along the channels of the modern 
Chester and Ship Creeks. As the volume of water decreased, the 
flow was concentrated along what is now Ship Cmk The steeper 
gradients of the chnnel deposits along Chester and Ship Creeks 
suggests t h t  erosion widened an existing Knik Arm ehereby shorten- 
ing the stream courses and steepening the grdents, or reduction 
of the load carried by the mates  permitted entrenchment of the 
channels into the outwash, or a channel of the combined Matanuak* 
Knik River entrenched into the outwash and lowered the base level 
of the Ship Cmk wahrs flowing along what is now C h W r  and 
Ship Creeks. In addition, isostatic adjustment, as the glaciers 
melted, may have raied the surface of the land and rejuvenated 
dream erosion. The authors favor a combination of mnditioas, 
cutting cgused by a decreased load, and a lowered base-level mntrol 
caused by entranchment of the combined Mtttanuska-Rnik River 
into the oukwash WES of Anchorage. 

S n T  

A silt deposit underlies the Tntemtionntt Airport, extends south 
of the k C . S .  road, and extends to the Alaska Communicrttion Stsr 
tion. It co~ers  part of SEW. 32,33,34, T. 13 N., R. 4 W., sew 8 ttnd 
4, T. I4 W., R. 4 W., and imperceptibly grades into the surrounding 
deposits in these and other sections, Light t ~ n  to gray, the silt is 
even grained, horhontally laminated, and interlayered with thin 
sand stringera. Pebbles one-fourth to one inch in diameter are 
scattered throughout the d t .  About 300 yards north of t h  A.C,S, 
mad, along the road that passes west of DeLong Lake, the silt is 
even more sandy. A m d  cut in the silt shows distorted layers and 
bands of mlt with sand. The silt is well exposed in the SEY4NW$ 
sec. 3, T. 12 N., R. 4 W., where the A.C.S. road cuts through a ridge. 

The exposed thickness of the silt is mom than 6 feet. A well at 
the National Guard Air Station penetrated 13 feet of silt and the 
well at the Alasks Communication Station (Corps of Engineers, 
mpublished well logs, Point Camp'Lsall A.C.S. Receiver Station well, 
International Airport, National Guard facilities water well) pene- 
trated about 30 feet of sandy silt and silt. No thickner~s of silt in 
the Intsrnational Airport aroa greater than 17 feet is h w n  to  the 
authors. The silt appears to  mantle older ghciral deposits. 



Topographic mlief within the gilt area is about 40 feet near 
%Long Lake. h g n l ~ . r  hills and kettles extend beyond the bound- 
ary of &he gilt, 

The. silt is considmd to be a deposit of the Naptowne glaciation. 
WeU records (Gorp of Engineem, unpublished well records, I n b -  
national BjrporE, National Guard f wilitiea water wel ; Cederstmm 
and Tminer, 1953, Nos. 86, 90) show that it overlies the Bootlegger 
Cove clay. Othemise, the relationship of the silt to the adjacent 
deposits is not hown, but two possibilities exist wgarding its on- 
gin. TBe fir& possibility i s  that t h ~  silt repmnts a lacustrine 
deposit t h t  mBy be part of the cycle of deposition of the Bootlegger 
C o ~ e  clay or a later lake episode. Laminations, pebbles, and sand 
string~m suggest such a lacustrine depositional environment. If the 
deposit is lacustrbe, it is probably part of the Hnik glacial se- 
quence instead of the Naptome glacial quence, m d  mas deposited 
in the same basin as the Bootlegger Cove clay. 

The eecond possibility is that the silt is s. mdatively thin loess 
blanket over preexisting topogmphy. Seventaen feet of the silt around 
the Internationd Airport as comparecE to 30 feet at the Alaska 
Communication Station on the border of the delta, mems to the 
authors to be the reverse of  what would be expected of a lake de- 
posit; the Alaska Communication Station is near the edge of the 
deposits of the silt and the silt should be thinner. 

Zamjnations in 1- can be explained by slopewash action or 
stratification in puddles, perhaps during relatively quiet periods of 
deposition. The sand stringers, likewise, can be explained aa part 
of slopawash or small stream accnmulations. Stratification and smd 
&ringem have been men in loess in bIufFs dong the Missouri and 
e l~~whare,  PebbIes in loem have been obsemd in the central b t  
Plains. It is possible that the pebbles in tha silt were blown in 
from a short distance, or were carried in by &at W S B ~  or slope- 
wash from upslop exposures of t h ~  wind and gravel that were 
either not as yet covered by silt or that temporarily were r e e x p d  
by wind action. The considerable arm of Naptowne outwash is an 
ample muzvse for the silt; winds blowing across the outwash may 
have picked up the h e r  fraction. 

The many kettles in the Bilt can be explained nndar either hypothe- 
sis. If the silt accumulfihd in standing water, the deposit was prob- 
ably evenly bedded and of relrttively constant thicknass, e 
deposition on a level surface. The kettles may have resulted from 
thawing of perennially f r o m  ground, or the silt may bsve ban 
deposited as a loess bl~nket on an existing knob and kettle hpog- 
rsphy. Limited field evidence suggests that the silt is a. lmss man- 
tle over pitted outwash, prodefta and delta deposits. 
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Two of the glacial deposits-morainal depwits, unditTemtiahd 
and glacial drift, undiffemtiated-n not be restrictad to sither 
the &ik or the Naptowne glaciations, but they asre glacial deposits 
that may range f ram early Pleistocene to Recent in age. Additional 
deposits that could be either Pleistocene or b n t  in age are the 
allu~itll-fan dewits.  Deposition of the units could have started in 
the Pleistmme epoch and continued through the Recent epoch 

Ridges and hiRa that m interpreted as mominea, but fox which 
the q-e  or depositional mlationship to other depaits is not h o r n ,  
am mapped as momins1 deposits, undi~erentiatsd. These deposits 
were deliaeatd by photogeologic methods and were checked in the 
field. 

Marrrineg in the mountain valleys at a highar altitude than the 
l ~ h r a l  moraine are mapped near the mouth of Ship C m k  valley 
along McHugh Creek, across Potter Creek, near the heads of Little 
Rabbit and Rabbit C&, along the South Fork of Campbell Creek, 
along an unnamed tributary ta the South Fork of C m p b l l  Creek, 
and along the tributary valley north of Campbell C m k  Canyon 
1 .  I). Smdler moraine@ in the valleys m d  cirques have not been 
mapped. The valley moraines typically form arcuate ridges across 
mountain valleys; the slopes of the moraines a m  more gentle down- 
valley than upvalley. A series of parallel north-south ridgas, extend 
eastwwd from the mouth of Ship Cmk d l e y .  S t m  erosion 
cut steepsided modern valleys through the moraines. 
T h e  mataials in these undiflerentiated morainal deposits were 

examined only a h g  the Ski Bowl Road where over 40 feat of 
brownish oxidized( t ) till overlies stratified tan l dm silt in the NE4/4 
sec. 9, T. 13 N., R. 2 W. T h e  lake silt may ba the 8om of the 
brown color of the titill. Elmwhere they should be s i d a r  physically 
to  those in the later&E morainal and end moraine such re p b b l q  
cobblm, and boulders. Stratification from reworking of the till by 
mlt water, though ~ 1 ,  wiB be scam. Valley moraines were 
derived f rota ortlley glaciers. Debris carried by the glacier was dde- 
pasited at the front9 of the glaciers either at the maximum sdvmms 
or at stiWnds dufing glacial =treats. The moraine across Ship 
hdt probably represents the Naptome Ship Creek glaciers. Be- 
c a m  the parallel ridgw blmking the valley were examined only in 
~ ~ i s s ~ n c a ,  their relationship to the other depcisits can only be 
surmised. The other moraines are probably late Wisconsin or Recent 
in a p .  

6071g9--gO--.g 
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k l l  of the glacial deposits & of the lateral moraine that, do not 
have mordn~l  topography axe grouped into one map 5 t ,  glacial 
drift, undifferentiated. The s l o p  of the mounbina am covered 
with glacial drift from about 1,500 feet d t i t d e  to 2,000 feet, though 
the upper bo~mdary of the drift is not well defined. The dz4f-t ex- 
tan& along the sides of the mountain valleys up to dtit.udde of 
2,000 or SPOO feet and higher beyond the map boundary. Tlw 
ghcid drift that mIed the valleys, slopes toward the laterd or un- 
diflerentiated moraines along the front of the mountains. 

The glacial-drift deposits were examined only briefly in the field 
The drift on the mountain slope along the rmd that p d l e l s  Little 
Rabbit Creek is a bouldary till, which sug- that the drift along 
the whole mountain front may be similar. The drift that flls the 
valley bottom may bbe partly till and partly outwash composed of 
stratified sand and pebble and cobble gravel, m d  locally may be pond 
deposits of silt md p a t .  

Several of the bedrcck spnm between valleys show smooth surfaces 
e a u d  by overriding glacial ice, perhap of the Caribou Hills glacia- 
tion of K a m n  age. Some of these spurs, such as the spur that 
separates the Swth Fork of Campbell Creek from Rabbit Creek, 
have thin deposits of unmapped glacial drj f t. The thicknem of the 
drift is not hown bnt must be extremely variable. 

Though the ages of the drift along the mountain front is not 
h o r n ,  the deposits couM mpresant several glacial ages; for ex- 
ample, Caribou Hills glaciation upward through Recent glaciatiom. 
The drift in the valleys probably is no alder thm the mminepl 
(Wigconsin?) in the lower parts of the mountain vall~ys, but may 
be older than the srtrly Recent mornine~ toward the heads of the 
valleys or the late Recent moraines in the cirqum. "fhe stratified or 
unaratified drift probably mas derived h r n  the valley gIaciers or 
by pmibly one or more of the pre-Wisconsin ice sheets. 

Some of the alluvial-fm deposits grade upstream into deposits 
of the Nsphwne ab~ndoned channels, The ~ p s  of mme of the 
alEnvial fane are not known, because of obscured relation~hip of the 
fm to other units, and are grouped as one unit on the map. The 
IRP@ alluvial fm are at the foat of the mountains where Ship 
Creek and the South Fork of CttmploeU Creek enter the lowland. 
Other conspicuous fan deposits are at the mouths of the mountain 
valleys of the North Fork of Campbell Cmk, Rabbit Creek, and 
Little Rabbit Cmek, One alluvial fan is mapped along the southern 
sfope of the end moraine. Smaller alluvial fans are north of the 
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Elmendo14 Mmine  at the mouths of C l d e  Cmk and S h l a  
Creek, and along the north side of Chester Crack in Anchors* 
Many small alluvial fans at the months of small streams are not 
mappable at the scale of the map that accompanies thia report, 
Undissected alIuvial fans in the area have a characteristic ddtoid 
shape, a smooth upper sudm, and an upsIope apex. Although 
the stmams that flow *row the larger fans am well entrenched, 
most of the streams that flow across the smaller fans am but dightly 
entrenched. Most of the fan deposits grade dmmt imperceptibly 
into the materials along their perimehr. 

ha is typical of most alluvial d a p i t a ,  the rnatmials in the 
alluvial fans vary in size from plrsca to plaee and in composition from 
sand to pebbles, cobbles, and boulders. T ~ Q  bedding may be ir- 
regular, continnoas or h c a t e d ,  horizontal or stesply dipping. 
Badding is more cuntinuous and uniform at the surface 02 the fan 
than m i  pithin the f a  Bedding is exposed in steep valley walls along 
entrenched stream where mctiona show cut and fill structureg that 
probably developed as the stream meandered across the mrface of 
the fan. Clay layem within fan deposits support perched-wahr 
tables at different depth. 

The material in the large alluvial fan of Ship Creek is h e r  than 
the Naptowne arutwash in the sama area. The fan deposit ia corn- 
pmd of silty sand, medium-fine sand with pebbles, and gravelly 
sand (Corps of Engineers, unpublished drill records, Dn-3, DR-4, 
DH-) , whereas the outwash m p  from sandy p v s l  to pebble 
gravel with cobble. 

The fans on the tidal beach at the mouth of stream are predom- 
inantly d u r n  sand with pebble lenses. 

Fm deposits differ in thickness from p lm to p h e  rind from fan 
to fan. Those along Ship Creek trttqp in h o r n  thickness from 
about 10 feet to a h t  35 feat (Corps of Engineem, unpublished 
drill mFds ,  DH-3, and D H 4 ) .  

De@ts of the fans along the monntains apparently am related 
fa glacial melt-water streams. 'RI~ fan along Ship Creek is mpmted 
fmm the abandoned-channel deposits at the mouth of the valley 
by a scarp about 10 feet high in places. Such a scarp could indicate 
that the fan is yoanpr than the ab~ndoned melt-water channel, or, 
mom likely, that the fan was deposited by melt-water and headward 
smutnulation of d e p i t s  at a, gradient different from that of the 
melt-water channel resulted in erosion of the scarp separating the 
higher standing channel deposits from the fan. Fans along the 
North Fork of Campbell and South Fork of Campbll Craeks are 
contemporaneous with and grade upstream into the Naptowna 
abandoned-channel deposits. AB the melt-wabm from the valley 
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glsciem emptied onto the Iowlmds, they deposited their lm& and 
braided their channele. The conternporaneity of the abandoned- 
chmal  deposits with the alluvial fans Jong the mountain fronts 
dates some of the fans as probably late Wisconsin in age. 

The fan deposit at the front of the Elmendorf Moraine wws de- 
posited when the glacier front was s shark distance behind the 
moraine. The source stream flowed through the abandoned channel 
is sec. 28, 'f. 14 N., R 3 W. Additiond melt water flowed through 
the smaller channel in m. 27. 

me alluial fans on the titidal beaches am madem fans deposited 
where the modern streams chanp gradient st the beach level. 

Swamp are widqread  tbroughont the lowlmd~, dong d e y  
stmama, and dong e d g ~ ~  of lakes and ponds. Closed swampy a&- 
pmsiona am abundant on most glaeid deposits in the area, and 
some swamps, ia addition, axe even fomd on low rounded hills and 
ridgen of p o n d  moraine of the JET& gIaciestim. The largest 
swamp am in the lowland m a  south of hchorsge.  Smaller 
swamps, common everywhere, are most conspimow along the ter- 
races entrenched into the Naptowne outwtwh, Jong the Naptome 
abandoned channels, and in the Ni~ptowne ground moraine north of 
the Elmendorf Moraine. Both the lowland and valley swamps and 
muskegs have a flat or concave d c e  that is bounded by upward 
doping ground. Ihpmions within this surface contain amall lakes 
or ponds. Even though irregularly shaped with indentations and 
crenulations along their margin% the lowlmd swamps tend to have 
an overall d m l a r  outline. 

Smaller mamp in kettlw in the surfwe of the latend moraine and 
gmwd momhe of the Knik glaciation, and the end moraine and 
ground moraine of the Naptowne glaciation tend ta lx more or less, 
slonpta or circular in outline. 

Swamp deposits .in the a m  are predominmtlg s brown, locally 
peaty, organic accnmdation. Woody tissues, silt, and clay combine 
irr p l m  to make slime. Some peat deposits conbin volcanic ash 
layers; two light-gray layers thrse-eighths to one-half inch tkick 
wem exposad as the peat was removed from a kettle during construc- 
tion of the Ilntemationd Airport. The first layer w&s 18 inches 
below the top of the peat deposit, the second layer 6 i n c h  below 
the fimt. Vol&c ash is dm d e d  in the profi2es of maskegs 
by D~chnowski-Stokes (1941). 

Dachnowski-Stokes (1941, p. 3-5) classified Alaskan muskegs- into 
three categories: s lop mnskegs, ra id  muskegs, and flat or valley 



muskegs. His classSmtion is based on topographic, structural, and 
developmental diffemncm. Slope muskem have doping surfm, 
develop on gently undulating sloping h d  only slightly above sea 
Iwel, on slopes of mountain islmds. Cool summew, high pmipih- 
tion, md high humidity are requid.  R a i d  muskegs have convex. 
surfma and contain hummocks of sphagnum m w  that continuously 
grow upward until they am several feet thick. Though 
muskegs develop in lesa wet cunditions than the slope muskegs, high 
humidity, strong acid reaction of the waters, and lack of mineral 
mlts are required. Fht or valley muskegs have flat or cuncave 
surf acm. The height to which the surface of any muskeg can grow 
is dependent on the ground-water level mnpled with the inability 
of the vegetation to grow above the local water table. Though 
similar to slope muskegs, environmental requirements of flat muskegs 
differ in that, they am limited to lowlands, stream valleys, and the 
edges of slightly acid lakes or ponds. 

The musk* and swamps in the Anchorage lowlands am cI&ssifid 
as part of the flat or valley-pup muskqs (D~hnowski-Stokes, 
lMl, p. 5). T w o  muskeg loedities in the Anchorage area, one near 
M e  Hood and Lake S p a r d ,  the other on the abmdoned-channel 
deposits b o w  Merrill Field are described in detail by Dachnowdri- 
Stokes. The swamp around M e  Hood and Zake Spenard (Daeh- 
nowski-Stoh, 1941, lmality no. 33, p. 54) is over 11.5 feet deep 
and consists of partly decomposed hypnum peat (70 inches), sedge 
pat (52 inches), plus sphagnum moss at the surface. The pmfle 
through the center of a muskeg near Merrill Field gave an amrage 
thickness of 6 feat of peat over a sandy gravel (Dachnowski-Stokes, 
1941, p. 55) .  General dewriptions of other muskeg soundings near 
Merrill Field Cop. cit. p. 55 )  indicate that  the swamp deposits along 
s t m m  valleys, though shallower than them in kettles and other 
pond depressions, consist principally of spl~agnurn moss, perat, and 
sedge peat. The marginal parts are about 30 inchm deep as corn- 
pared to the 140 inches around L a k ~  Spanard. 

Dachnowski-Stokes (1941, p. 66, footnote) mentions J least &me 
m m s  of volcanic ash in the p a t  along Knik Arm near Point 
Womllzof. 

The profiles listad by Dachnowski-Stokes (1941, p. 5&55) show 
at hast one muskeg to  be I1 feet thick (Merrill Field No. a). A 
rod driven by the pmmt authors into muskeg along the %ward 
to  Anchorage Highway in sec. 30, T. 13 N., R. 3 W., penetrated 
more than 12 feet without reaching the underlying gTwial materials, 
whemas in mc. 24, T. 12 N., R. 3 W., the muskeg is about 4 fe& 
thick. Near Point Woronzof, 14 feet of peat overlies the BootIegg~r 
Cove clay. The th.ickne%s, of the swamp deposit depends on the type 
of depmion or surfam on which the swamp formed. As a general 



d e ,  the valley muskegs are thinner thm the lake or pond muslregs. 
The lowland muskegs that overlie the oldsr ground moraine am 
also thinner thm t h ~  pond muskegs. A clarbon-14 determination of 
a peat m p b  taken from the lower foot of an 8-foot peat exposure 
at the International Airport was measured as 5,340*300 years 
(Rulp, and others, 1951, 1018, p. 568). Tbe sample was taken from 
the drainaga ditch through a muskeg on the east mda of the north 
end of the north-south runway. Plant growth and encroachment by 
swamp deposits are still in p r o m  in other swmps.  Thus, the 
carbon-14 date indicates the m i n i m  radiocarbon age of the peat 
in that particular depmsion. It doas not indicate the age of the 
depression in which the p a t  mumulrrted, or the age of the entire 
thickness of peat. The ages of the swamp deposits probably are 
restricted to the Recent epoch. 

Most swamps form by encroachment of aquatic and wmiaquatic 
vegetation onto lakes snd pwds t h ~ t  were formed in mall md 
large kettles and in depressions along stream valleys where the 
water table is shallo~. In time, the water b m e s  slightly acid 
with a law contmt of soluble mineral salts. Plane encroach and 
spread across Ism ridges in the lowland and move toward the center 
of the deptession, filIing it  until only a small lake or pond remains 
a vestige of a larger lake {Dschnowld-Stokes, 1941, p 53). The 
muskeg is restricted in height and Iateal extent by an apparent 
inability to grow ahve  the l m l  water table. He shbbtes (1951, 
p. 4) : 

The normal m ~ t m  Is from aquattc petre-formtag plant commnnltbs to 
transitional s t a m  dominatd by W C . ~  m h e s ,  and grass= The later a g e %  

begin wlth the  appearance of characterlstlc 8pttugnurn m m  and their asscr 
ciatea. Thla Is correlated wlth marginal co~onlzntbn by heaths and conlfera 
An Incieasing density In shrubs or trees may eveot~~t~llg kill oot the rjpbagnum 
mossehi in the ground cover. 

D m  S A m  

h e a  extend dimntinuously along the blud of Turnsgain Arm 
from Point Campbell to a position about a mile southeast of Furrow 
C&. The only other dune mapped is one on the bluff north of 
the Eagle River Flats near Clunie Creek, In most plws, the dunw 
am grass covered and stabilized. Where exposed in blow-outs or in 
sersdiffs, they are c o m m d  of light-tan fine silty snnd. The beds 
am inclined into the hill at about 30" to 4-0' and parallel the surface 
of the leeward side of the dune. Rooklets extend throughout and 
thin layers of peatlike material are commonly interbedded in the 
sand. 

Along the b l d  of Turnagain A m ,  just ea~t  of the till hill in m 
23, '5.12 N., R. 4 W., a layer of volcanic ash was expo& in a shal- 
low hole in the upper 18 inches of the sand dune. Another mh layer 
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about 44 h t  above baach level in the bluff along Turnwin h 
Jn the middle of em. 7, T. 12 N,, R, 4 W. ia e q d  in the dune sand 
8 fsst above the base of the dune and 6 feet ahve a carbon zone. 

A narrow sbepsidd ridge parallel t.a the e d g  of the sea, cliff is 
Qpicd of the topography of the most recent sand dunes. The duns 
sand mries in thickness ; on the ma-cliff along Turnagain Arm they 
range from 3 feet in thichasa near the west side of sec. 9, T. I9 N,, 
R. 4 W., to a h t  45 feet near Point Campbell. Winds carry sand 
from the fact of the blufl to the top. The sand drops and accumu- 
lates a9 dunes when the velocity diminishes. Near Point Campbell 
silty sand derived from the underlying delta deposits is being added 
to the dune at the present time, On t h ~  lee side the dune is en- 
croaching on trees and shrubbery. 

Tidd dsposits of estuarine siIh are expmd almost from bluff tu 
blu$ along Turnagain A m  at low tide, exwpt for the channel of 
the river that drains Turnagain Am.  Tidal deposits extend along 
Knik Arm as well, although their width at low tide is less than 
along Turnagain Arm. At high tide the estauarine silt is covered 
and only narrow beaches derivod from ma-bltzff materials axtend 
along the shorn of the arms. At low tide it is uncovered to Fire 
Island exmpt, for the n a m w  channels of streams draining Xnik Arm, 

The longest expanse of estuarine silt above high tide level is  
dong Tunagain A m  from Potter t~ about lYz miles beyond the 
mouth of Campbell Creek. The m n d  largest expanse underljes the- 
Eagle River Flats. A narrow band pamlEeIs the shoreline for about 
three-fourths of the distance from Point Campbell to Point Woron- 
zof. T h e  flak at the mouth of Fish Creek and Chester Creek, and 
btween Ship Creek and the Ehendorf 32omine alm are composed 
of estuarine silt that is not c a v e d  by high tides. The estuarine 
silts above and Mow high tide level is similar In appearance to the  
Bdegger Cove clay. They rtre dark greenish gray and clayey with 
sand grains scattered thmughont. They am plastic and sticky when 
wet. 
The surfaces of the estumine gilts slop toward the center of thb 

Rnik and Turnapin Arms. &cords of wells in the silt above high 
tide level indicatte that peat or maskeg locally as much as 10 feet 
thick, overlies the estuarine silt; the silt, which is abut 50 feet thick, 
overlies the Bootlegger Coae clay (Corps of Engineers, unpubli~hed 
weU records Nos. DH42, DE-7). !Ll~e esturtcine siIt accumulated 
from the glacial flour arried into Knik and Turnagain Arms by 
the waters from the melting glaciers. This process of deposition is. 
still continuing. The estuarine silt above high-tide level probably 



waa depkted by tides when the waters of the arms of &ok Inlet 
were higher. 

A I I L m W M  

Alluvium is mapped atlong Clnnie Creek, along the Eagle River, 
betwm Otter Lake and the Eagle River FIats, and along Sixmile, 
Ship, C h a r ,  Cmpbll,  Rabbit, and Little Rabbit Greek me 
debmining facbr in mapping alluvium wtas the male of the map. 
Other dreams in the area, ias well as the upper reaches of the 
stmms mentioned a h e ,  have thin nmmw depogita of alluvium 
that are not mapped. As a generality, th8 particle she of tha 
aEIuvium ~t m y  one placle in the area is mamr than the mahrjal 
inte which the &warn charmel ia entrenched. When the entrenched 
material waa reworked by ths stream, the finer frwtion wm removed 
and carried downstmm. The coarser particles remained in the 
channel alluvium. Seasonal incream in stmam volume could accel- 
erate such sa&g as well as transport large particleg dommtmm 
where they commonly are surrounded by deposits of smaller particle 
size. A 2-foot thick pebble to cobble gravel layer near Spenard Road 
and Chesbr Creek overlies sand where the outmash is mnd or pebbly 
sand (Cederstmm and Trainer, 1958, No. 1'1). Similarly, pebble 4bnd 
cobbl~ gravel is irt the surface of s sandy grave1 alluvium along Ship 
Creak that overlies a sand blanketing the Boatleggm Cove clay 
(Corps of Engineers, unpublished well log DH-28), The outw~sb 
'in this area is a sandy pebble gravel. 

Sandy pebble gravel constitutes the alluvium where Campbell 
Creek flows parallel to the Sand Lake Rod. The wlluviam is 
coarser where the creek flows through the lowlands e& of the 
Sward to  Anchorage Highway, and it is predominantly a cobble 
.gravel where the strewn flows on the Campbell Airstrip alluvial fan. 

The alluvium varies in thicknw from p I m  to place ; near Spenard 
B o d  it is 19 feet thick, along Ship Creek in the S E % m  set. 9, 
T. 13 N., R 3 W., it is 17 feet thick. The s u d e  of the alluvium 
along Ship Greek is flat and slopes from about 38 feet per mila be- 
twaen Walfen Road and the Glann Highway to  a b u t  41 feet per 
mile nearer Knik Arm. This slope is for a line distance parallel b 
the chmnel between two points on the alluvium and is not the gra- 
dient of the stream cbannel. It compams with at slope of 32 feet 
per mile for the Naptome outwitah, and a dope of abut 36 faet 
per mile for the Naptome abmdmed-chamel deposits south of Ship 
C d .  

Streams am slightly entrenched inta the p m w k n s i n  dewi t s  
in the lowland area south of Anchorage, especially along Campbell 
k k  north of Dowling Road where the alluvium is below swamp 
Jed. Alluvium fills modern st- chmmeIs cut in underlying 



depbaib- Even though buried channels eroded into the ht legger  
Cove clay locally coincide in part with fie courses of the modern 
stream, the alluvium is primarily a thin fdI deposit that cavern a 
Burface cut on older materials. The &ream cutting and deposition 
probably redted from srua-level fluctuations since altithermal time. 

LMS ia dep6sibd over most of the ghid depaita in the Anchor- 
age area, however, sins it s a n p  in thicknem from 0 to only about 
3 feet it is not mapped. The mum probably was the En.& and 
Naptowne oatwash dewsib. Today, clouds of silt can be seen along 
the 0 d  plain of the Matanuska River as the winds pick up the 
fine fraction from the dry surface of the river bars. A similar origin 
is envisioned for the lbess in #a ama. 

OEOLOQXC HISTORY 

Tha Cook met area probsbfp appead different at the bghbg 
of Pleishcana time than it does today. Capps (1940) concluded that 
the Met wss narrower, had well-drained border lowlmds probably 
marked by more or less equally spa& stream valleys separated by 
low hilb and riw Turnagain Arm was likely a mountain vnlley, 
and Knik Arm was, in all likelihood, a stream valley that wrss above 
high tide. The north end of Cook M e t  mag have exbnded north- 
ward over the ama now mupied by the Switna lowland delta. 

Little is known abont possible pre-Eklutna glaciations of the 
Anchomge area. Romdd summits and spurs at altitudm up tm 4,400. 
feet on Mount Snsitm, west of Anchorage, and at othar places in 
fhe %k Wet ama, and glacial deposits at altitudes of 3,000 feat 
near Tustnmeua Me, sonth of An~horage have been attributad by 
Karlstrom (in P6d, and others, 1953) t~ two early Pleistocene 
glaciation& Smoothed spurs and ridgea at altitudes of about 2,200 
ta 2,800 k t  along the front of the Chugach Mountains east of 
Anchorage md depasits of the glacial dfift, undiflenentiahd, mny 
be related to one or both of these proposed adnncas, bnt they alw 
may be related to the EkIutna glacier. 

The Matenuaka lobe of the Eklutna glacier of IUinoiian( 1 )  a p  
d v a m d  down &ik A m  through the Anchomp lowland and in 
dl likelihood coaEe8ced blow hcharlage with lobas of the Susitna 
Valley and 'Pnmagain Arm glaciem. Tfie oldest glacial deposits: 
sxpomd in the Anchorage ares were deposited by this glacier. 
Wrathe* that followed, oxidized the Eklutna drift to depths of 
at least 40 feet. Emion locally truncated the Ekfutna till and out- 
masir and left bmehlike remnants. 



The Matanuska and Knik l o b  of the Sasitna Valley glacier 
.of Hnik (post-Sangamon ? , pre-Wisconsin l ) age later advanced 
through the Anchorage lowland and app~mntly coalesced with tha 
Turnagain lobe. The Matanuskw-mk and Turnttgain loha prob- 
ably b e c m  separated from the larger Susitna Valley lobe as they 
retreated up Cook Inlet from their point of farthest adwnm; the 
Matanuskit rand Rnik lobe moved to a position north of Anchorage, 
whereas the Turnagain lobe m o d  an unknown distanca up Turn- 
a g ~ n  h. The supply a m  to the Turnagain Arm glwier is 
:smaller than that to the Mahnnslra md Knik glaciem, and the Turn- 
win glacier probably retreatad faster and had IittIe or no bfluence 
.on the preserved features in the Anchorage area. 

Accumulations of talus and rubble carried by the glacier, and sand 
and gravel carried by stream along t h ~  flanks of the Chugitch 
Mountains, fornod tke lateral moraine. Melt water %owing along 
the margins of the ica reworked some of the glacial matefials in the 
lataral rnor~ine. T h e  lower slopes of the Chugach Monntrtina were 
-cowred by the debris of the lateral moraine &s the Knik glacier 
-thinned, The mdt-water stmrtms eroded channeIs into the lateral 
moraine, and stratified deposits covemd the bottoms of the short 
+channel segments preserved in the lateral moraine. The Knik gla- 
-tier probably withdrew gr~dually up Jhik Arm, but such features 
as kames, eskera, and pitted outwash axe numerous enough to indi- 
a t e  considerable stagnation in the Anchorage area. 
B d  till waz uncovered along the lower slope of the mountain 

front west of the lateral moraine as the glacier w a d  away. Thin 
ablation moraine was depmited on the basal till as the area wa 
deglaciatad. Stagnation left mscattemd blocb of ice in the ground 
moraine. Meltrwafer streams were partly controlled by the im in 
-the area as they cut charma11 in the till; where the streasls flowed 
.on ice their channels are discontinuous, and segments of chanfleh 
:are all that remain in the pund moraine of the Knik ghiration, 

Gkclal m~terials of different Iithoogiss and landforms were de- 
+ted or formed mncomihntly. At this atage of deglwiation, 
much of %he debris carried on the surfam of the glacier was re- 
worked into etratified drift by glacial streams $owing on the ice. 
-Mn& of this stratifid ddft $ccumulatd over the ground mombe 
,of Knik age as ice-contact, deposits. Some of the crevfww and 
.depressions in the ice were filled with stre~m deposits, and otheps 
-were filled by vnaorted glacid debris that tumbled into the open- 
"bgs. Small lakes and ponds on the ice wcm i l l 4  with fluvial, 
ddhtia, or lacmtrine deposits. !The end mu1ta were bills, r idge 
and stratified drift in the f o m  of gl~cioflnvial ice-contact deposits- 
that cuver pa* of the Hnik ground moraine. Melt-water dreams 
.that flowed over the lowland Iatef eroded these deposits. 
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A glmier from the WE& or northwest dammed the water& corning 
from the Matanwka, Rnik, rand Turnagain glaciers. The water3 
aecumulatsd in a bwin and covered part of the ground moraine 
toward the centar of what is now Knik Arm. Debris from tha 
glscier deposited as ai delta, and rock flour carried into the lake by 
rivers from tha M a b w k a  and Rsik glaciers formed the Bootlegger 
Cove clay, 

The lake either mled and omdowed the delta, or a dight with- 
drawal of the lobe prmit td  the lake to overtIow along depressions 
in the delta. The lake first overflowed between Point Campbell and 
Point Woronzof, but waters o~erflowing wtst of Point Woromf 
cut into the delta faster and the lake drained along that channel. 
The lake drained parallel to the west edgs of the delta deposits, cut 
the flat overflow chamel surface, and trtmcabd the earliar overllow 
channel deposits from the lake leaving a scarp separating the two 
channeb. Whether waten from the Matanuska Rinr  eroded the 
Bootlegger Cove clay along the old preglacial valley b reform an 
ancestral Knik Arm la not known. 

Though isoIakd blocks of glacier ica remained in the  owla and 
m a  during deglaciation, the Knik glacier melted back to tbe north, 
Glacial streams that flowed into the Anchorage area covered parts 
of the ground moraine with outwash. A pittad surfam m l t e d  
where outwash w w  deposited around ice knobs and blocks. Them 
were at least four periods of outwash deposition north of the area. 
Oatwash at the highest altitude was deposited when the suum of 
tha melt wakr was close to the m a ;  two intermediate temcelike 
levels indicate base-level controls as the glacier melted northward, 
and the ontwash at the lomest altitude was deposited when the 
source waa further north of the Anchorage ama. 

During the intergEacis4. period that followed, mrne of the fmh- 
water I d a  and ponds an the pre-Wisconsin glacial deposiB became 
b m h h  amd were Mled with day and peat. Also during this inter- 
val, diatomaceous d a y  (p. 18) was deposited in some of the shallow 
lakes and pmds on the glaciaI deposits. The surface of the Boot- 
legger Cove day was weathered and oxidized. 

A pm-Naptome Wisconsin glwier occupied the Anchorage area 
and depsited till between the Bootlegger Cove clay and the Nap- 
tame advance outwtwh. As the Matanusk8rKnik lobe of the Nap- 
tome glacier moved toward the Anchorage ama, melt water depm- 
ited the advance m t m h  in front of the moving glacier and buried 
the Bootlegger Cove day and till deposited by the earlier Wisconsin 
glacier, The Naptowne glacier then overrode the advanee outwash 
and moved ta about the psition marked by the EImendorf Moraine. 
T h e  ice front fluctuated, but it was stationary for a sufficient time 



to ds@t tbe end moraine. It then mtmated, l m ~ n g  detached 
s twant  blocks. As thm even& were taking place, melt water 
flowed through or over the end moraine fmm a point 6 of Cairn 
Point and depited the pitted outwash in front of the end moraine. 
The MatanusbKnik l o b  and its end moraine blocked the drainage 
of the Esgla River so that a lake formed in the lower part of the 
Eagle River valley. 'JChe Iaks overflowed and cut channels along 
the south side of the Eagle Rimr valley. The lake water flowed 
tewafd the modern &ik Arm along the south side of the Elmendorf 
Moraine and cut channel3 into the Bootlegger Cove clay. The over- 
flow chme1s along the south side of the Eagle River valley eventu- 
ally were mt deep enough ta drain the lake, md the Naptome out- 
wash was depositad BS a flat plain parallel to the wnth side of the 
end moraine. The southweskrn and western estsnts of the oatwash 
beyond the Anchomp plain am not h o r n .  The outslrash is graded 
either to a mrfam higher than modern wa leveI on Rnik Arm, per- 
haps the northeast sIope of the Point Campbell and Point Woromof 
highland, or to gas. Iovel at mme distance down the A m .  Abut 
the same time, the fan on the outwash plain in front of the end 
moraine was deposited by melt waters f m  the glacier. Conbmpo- 
rrtneous with the deposition of the onhash, the me1 t water flowing 
from the smaller vdley glaciers in the mountains cut channels 
through and reworked the gI&al depsits along the w&m edge 
of tbe mounEsins. Tile alluvial fans at Ship, North Fork of Camp- 
bel2, and South Fork of CtrmpbeU. Creeks were f o m d  as stmam 
loads m m  dropped at  the mountain front. fEelieved of their loads, 
tJle stream wars capable of cutting charnels. Ship Creek or some 
other melt-water gtrearn flowed across the outwash and cut channels 
m d  de@M the alluvium of the abandoned-channel deposits of 
Naptowna age. Silt and h e  smd were a~ailable from the brad 
autwash plain, and winds carried the h e  fiacion southward and 
covered parts of the prodelta, delts, and pitted outwash dopasib of 
the Knik glaciation with the windblown silt, 

When the melt water flowing from the valley of tbe Eagle R i w ~  
cut a channel along what is now Fossil Creek, the major deposition 
of the Naptowne outwash from tha Eagle River was stopped. Flow 
h m  Fc&1 Creek along the muthen margin of ths glmial ice  XI 
the west d e p i t e d  the kame rtemm, sequence I. 
The Eagle River changed its course periodially, st sama time 

flowing along each of the abandoned channels that am tributary to 
the course of the modern Eagle River. These ehannels axso had ice 
on one wall whem the k m a  terrace, seqaenca 2, was formed. "flze 
ch-61 of sequence I mas abandoned when the vdley of Simnile 
C m k  was mt. Unevan m t m t  and wasting of the Wisconsin glacier 



left bl& of ice interspemd with p m d  moraine, snd while the 
Eagle River was changing its mum, mall melt-water channels wen 
incisd into the p n n d  moraine by stmams flowing from the ice 
blmks. Mom or less parallel channels in the p m d  moraine north 
sf the Eagle River mre cut eiher by melt water from wasting ice 
north of tho area or by melt water flowing in channels bounding the 
ice as the glacier retreated. Thwe melt-wabr streams apparently 
joined w&r from the E&gl.la River v&Iley and Bowed westward into 
the area now wmmd by Hnik A m  The lowland at this junction 
waa latar (ptg1aciat time) ewded to the- smbayment that is now 
the Eagle River Flab. 

When moat of the ice had wasted sway, the stmadlow from the 
Eagle River valley became integrated into s ~ingle streatrn with the 
mull; that the Eagh River entrenched itself throagh its melt-water 
channel and into the p u n d  moraine and the underlying p e l s  
of Rnik age. 

Complete wwting of t b e  ice left the barn1 till of the Napfmm~ 
gr~tmd moraine covemd by unwrted superglacid till. Stream flow 
became eoncent~kd along the modem coum~.  

Thme morainal deposits and glacial drift deposits, undiff emnti- 
ated, that am refated to the Wisconsin glaciation in the mountaim, 
mere deposited as outwash and end moraines from d e y  glac ie~  
Stagnation or retreat of the glaciers deposited the glacial drift in 
the valley botbm. 

mmauCfdL 

The maximum advance of the Wisoowin glacier in the Anchorage 
t t m ~  left much of the area south of the Elmendorf Moraine mmv- 
ered by jm "She glacial deposits of Naptome age either were ax- 
p o d  after the Wisconsin glacier retmated or ttt ~arious internah 
during deglsciation, at which timw the glacial deposib wem sub- 
j d  to modification of their original forms by weathering, eolian 
depition, plant gmwth, and erosion. Vegetation startad tn accumu- 
lste in kettles and other depressions. The depmition of loess, which 
darted during thg Wisconsin glaciation, for the mmt part covered 
the glacial deposits in postglacial timas. Where this 1- mumu- 
rated slowly, moderate podml mils formed on the loess as we11 as 
on the upper part of the glacial deposits, 

Erosion in postglacacid time is confined, for the m& part, to Turn- 
again and Hnik Arms, and to the channels of the modern etream. 
The age of the emion that formed the modern Rnik and Turnagain 
Arms is not =established, but the ml~tionship of Rnik A m  to the 
N~ptowne outwash and the abandoned-channel de'posits permits cer- 
tain inf~rences. Knik A m  farmed after deposition of the Raptmme 



88 8URFICrAL QEOtOQY OF ANCHORAGE AND VICINTTY, ALASKA 

outwash, which was depited about 11,000 years ago {p. 681, and 
apparently formed after the ahndoned channels were cut into the 
outwash. The waters of the mmbimd MatanusIra and Rnik River 
ercded an evewidening charnel into the outwash during degluia- 
tian, or soon aftar. The wahm of Cook Inlet probably eroded the 
sonthern limits of the outwash, and shortened the course and steep- 
sned the gradient of the river channel, which msuItd in downcut- 
ting into the outwash. Ishatic adjustment of the surf- inerewed 
downcutting by the Mahnska-Rnik River. The wahm of Cook 
Inlet eventually rose, flooded the valley of the combined Matmugka- 
Knik Ri~er ,  and tidal waters widened the valley to form the modern 
Rnik Arm. Similarly, erosion by river and tidd waters formed 
Turngain Am. Streams in the mountains are incissd into the 
pm-Wisconsin glacial deposits of E k  age along the flanks of the 
mountains, and into the glsteial drift and morainal deposits, undif- 
ferentiated. In adjusting to their new gradients, the postglacial 
streams eroded Mrock at several places in and nmr the Anchorage 
area. T h e  postglacial South Fork of Campbell Cmk cut through 
the overlying abandoned-channel deposits, through the till of the 
lateral moraine, and into the underlying rock to form a, steepsided 
bedrock gorge about 160 feet deep that is, as far as can be deter- 
mined, north of its preglncid chmel. Likewise, the Eagle River 
has cut into a preglacial bedrock spur that forms the ~bntment of 
the Bridge along the old Anchorage to Palmer Righway (Dobra- 
v o w  and Miller, 1950). 

S t w m s  in the lowland area have incised their channels slightly 
into the ground moraine, abandoned-channel deposits, outwash d ~ -  
posits, and locally into the muskegs. Streams that originate in the 
lowlmds south of th8 end moraine have slightly integrated dmimge 
in areas of Iarp swamp and muskags. KO& of the end moraine 
the drainage in the lowlands is not yet inhegrated. Kettles and 
depressions are undnined, and the only p d e d  flow is by modern 
w q u e n t  streams that use M their m u m  the channe1s abandoned 
by the glacial melt waters. 

Along Turnagain and Hnik A m  s k p  sea cliffs are being cut ws 
the waters of Knik and Turnagain Amns erode the north, south, and 
west sides of Point Woronzuf md Point Campbell highlands. The 
rate of m m t  erosion at Point Woronwf is recorded indirectly in the 
descriptions of the U.S. Comt and Geodetic Survey0 t ~ ~ l a t i o n  
&&ions. The Woromof station waB first establi~hed on Point 
Woronmf about 32 feet south of the edge af tha bluff in 1909. In 
1918 the bluff hrtd receded to the station md a second station, 

sU.8. m e t  and CfeoBetlc S m e g ,  De~~rigt i0~'a  of trrkngulation ubstion#, Cook Inlet, 
soufiwert dl-. 



Womnzofn, was estabIished about 41 feet south* of the W m w f  
StPbtion. By 1941 erosion had removed the 1809 station and the bluff 
had d e d  to a position about 13 feet north of the Woronzoft 
station. Two reference marks, Womnzof* 1918-41, 1 and 2, were 
establiehd about 75 feet southwest and 65 feet south-southwest of 
Woronzof 2, respectively. By 1947 W~mnzofi had been removed and 
the bluff had r e d e d  dong a line a b u t  24 feet tlnd 30 feet, respe- 
tivaly, north of reference marks 1 and 2. In 1943 station mark 
IVomnaofa was astablished about 67 feet east-southeast of the posi- 
tion of W o r o n ~ ~ f ~ .  Womnmf* was about 21 feet south of the edge 
of the bluff. By 19.54 Woronzofs had hen removed by erosion of 
the blulTy reference marks 1 and 2 were recovered. In 1955 reference 
mark 1 could not be found, but reference mark 2 wws recovered in 
position. 

From its position in 1905 the bluff d e d  southward a total 
of about 95 fee(; by 1947 (fig. 6) , or about 2 feet per year. Bscaum 
the 1909 position of the bluff line north of Womzof8 is not known, 
the amount of emion since 1947 i a  not estimated. 

A trunk of a tree, 0.6 of a mile from the Fire Island trirtngdatian 
&&ion northeast along the sea blufl forming the southeast shore of 
Fire Island fscing Turnagain A m ,  was buried in an upright posi- 
tion by dune sand. Sampled for a radiocarbon analysis, the age of 
the tree was debmined to be 620k200 radiocarbon years (Rubin, 
&ley er, U.S. Geological Survey, wFittsn mmmunication, April 2, 
1957 W-541). Modem sand dune  e h n d  inland almost one-half 
mile nmr the Fire Islmd station. Dead trees extend through the 
sand abut  one-fourth mile inl~nd, but partly buried trees fi~rther 
inland still bear foliage. Thus, assuming conditions ware similar 
when the tree that was sampled died, the s m  bluff has receded 
about one-fourth mile in about 600 years, or about 2 feet a yerear. 

Constant undercutting of the sea blufls by the wakm of Knik 
and Turnagain Arms i s  slowly removing ther materials in the bluffs 
and reworking them into modern beach deposits below high tides. 
In addition, spring thaws pro~ide water that saturates the Naptome 
outwrtsh and the m r f m  of the Bootlegger Cove day along Knik 
A m .  Slumping and sliding of the ~atumtd materials onto the 
beach, where tide water mmoves them, dso  lowly modifies the 
~horeline each gem. 

Winds blowing winst the eroded blnffs, deposited, md am de- 
positing, m d  dunes along Tnrnlsgain A m  that parallel the tops 
of the sea bluff, and along the northhorn bluffs facing the Eagle 
River Flats. 

1nterpt.ehtion of radiocarbon dam of appamnt fluctuations in 
sea level, were made by T. N. V. Rarlstrom for the Cook Inlet 



EXPLANATION 

lbou €i.-Pdtlonm of Wing blaE UM at Point Wwonmf tmm 10M to 1W4. 
E6tabIlmhd br  patloas of bluff llns in relation to U.S, Count mud aeodstie Burwe$ 
trlangulatlon atatform Wornasof, Womnmf%, and WorunmQ. 



region and are hem b M y  s u m m a r i ~ .  Collections from tidal bog 
d o n s  am interpreted by Karlstrom to indicate at  leash  an^ Iow 
level of the sea about 5,000 yesrs ago (3000 R.C.) that componda 
to  the Tustnrnena glacintion (fig. 22). We dwribed a section (in 
Rubin and Suess, 1956, IT-299, p. 4453 from which he mlledd 
~ 0 Q d  &B ~ O ~ ~ O W S  : 

W d  Itom near base of for& peet unkt erpoM above low tlde level and 
overlaln in turn bg d to 6 feet of tidal sllt, 2 teet of forest and d g e  peat, 
0 to g inchea of ttdal, all& and 1.5 to 2 fwt of p a t  wlth t h m  dlstinct for& 
layers hecomhp dtrrtlnetlg arllty near top of section. The tldal bog stmtfgraphy 
recards a wqnence of lower and higher sea-level phases En the Cook Inlet. The 
lower pent 1s tnterpreterl as repr~sentlag the eustatk low sea-level pham dur- 
Ing the Fustarnenn glnclntton, whlch   RE been dated from other evldenae be- 
tween 3000 and 1 B.C. The new date trills wtthin the time boundaries of the 
Tustumeoa gladatlan, and rrnb~thntlatea the bellet that this glaciation was an 
lmportmnt cllmattc went daring the Reeent epoch. 

Another sample collected near Girdwood by Karlstmrn and de- 
m i n e d  by Rubin md S u m  (1055, w-175, p. 486) is dated as 
?OfOO*250 radiocarbon years. The description and Karlstrom7s inter- 
prctntrion (in It11,bin find S u e ,  1955, p. 486) of the sample m a d s :  
* * Wocd W a s  from a trlpartlte forest zane o v e r l y h ~  tidal ~Elta presumed 
to be from II glacial minimum. Tbe foreats are believed to record a relatively 
low sea-level atand that was termhated by a period of hIgher sea level, during 
whlch the overIylng tidal slits were dqwslted. 

Thus, about 700 years ago a rise in sea level killed the forest. 
Karl.stram (1955, p. 1682) dates threa k n t  glaciations in rdio- 
mrbn gears ns between 4,401, years ago (3500 B.C.) and 1,400 years 
ngo (A.D. 500) ,  betwwn 1,440 years ago (A.D. 500) and 400 years 
ago (A.D. 15001, and between 400 gears ago (A.D. 1500) and the 
prmnt. 

The shoreline of Cook Inlet probably has been influend by 
eustatia sea-level changw- (owing to an incwse or decrease of 
volume of water in the ocean), is&atic rebound (owing to changes 
in lond on the land), and tectanic chmps (from mountain building 
form). Any of these conditions or mmbinahiona of conditions 
could result in depasits m~ch as those described in the previous 
pnragmphs, 

Emion by waters of Rnik and Tunagain Arms have, for the 
most, part, oblitenrted beaches, stmnd lines, or other evidenctls of sea- 
level fluctuntions in the Anchorage area. Trainer (1953, p. 18) 
finds evidence in the gmdients of stream terraces at about the level 
of the Matmusks River and Knik A m  that the sea into which 
thme streams flowed was at a lower Ievel than now, In addition, 
he cites bars nrs evidence of a higher sea level than at present. 



ECONOMZC GEOLOGY 

The mineral m o n m  in the Anchowge area are nonmetallic nn4 
for the mmt pad, am related to the glacial deposits that covor most 
of the lowlands and the flanks of the mountaim. Though l d e  and 
plmr deposits of metallic minerals have bean worked along both 
sides of Turnsgain Arm, no such dsposita am known ta exist in tha 
a m  under investigation. 

COAL 

Coal wae mined juslt eaat of the mapped area near the Alaska 
Bailn#td bridge that crosses the Eagle River. The mine is now 
abandoned and caved. Coal-bearing Tertiary & are e@ 
along the river from the Alaska Railmd b d g e  to the Glenn 
Highway bridge (Dobrovolny and Miller, 1950), but the seam 
digappear under the glacial deposits before reaching the mapped 
arm. No coal beds am known to crop out in tho Anchomge area. 
Coal probably underlies, the area, though the depths to rocks of 
Tertiary age, as recorded in ~6119, range from about 230 feet near 
the month of the Ship Creek valley (U.S.G.S. No. lo, Ski Bowl 
&ad, Corps of Engineem, writtan communication, February 19571, 
to 447 and 766 feet (&derstram and Trainer, 1953, No. 173; Corps 
of Engineam, uapubIished well record, We& Power Plant well), 
toward Rnik A m  

Coal reported at Point Campbell and Point Womnzof and in 
excavations or shallow wells in and around Anchornge, is not in 
smms, but is either in l~yers of water-transportc(X coal fragments 
interbedded with s m d  rsnd p v e l  of Fleistucens age, or occum as 
large bEwb of m l ,  some pi- of which are a9 much as 6 feet in 
Ion@ dimension, that were likewise transported by water, or by 
glaciem. 

LIMrn'PONE 

Within the pre-Crebmus( 8 )  rocks, threa amss of limestone ex- 
p u m  &re map* along Turnagain Arm and Little Rabbit Creek. 
The expomres extend up to Little Rabbit Creek from a point 300 feet 
north of the Seward to Anchorap highway. Abut three-fourths of 
a mile fmm the road, the limestone is so interlayered with pywacke  
that it is difficult to moguim. 
In J u n ~  1949, one of the authors accompanied Mr. Thomas Mely 

to his 4 claim on Wttle Rabbit Creek where 3 tmorted samplaa 
were collected from the south side of the. creek. Mr. John J. O'Shea, 
wayer, Territorial Bureau of Mines, malped the samples and 
repoad 51.1, 64.0, and 63.0 percent regidus insoluble in hydro- 
chloric acid, 



Another msU outcrop of limesinn% metamorphd almost to 
marble, 3s s x p d  on the mountain TO feet below the Anchorage 
ta Seward Highway one-fourth of a mile suukh of Little Rabbit 
Creek. It was also sampled, and OShea mprhd 4.2 pemnt of 
insoluble midue md 95.8 percent calcium earbon~bk This exposure 
shows avidenm of being worked years ago, and the remains of an 
old Jim kiln near this outcrop suggests that this ia the exposum 
reported by Martin (1919, p. 27) as being used for t h ~  local pro- 
duction of quicklime. 

The limestone sample from this small e-w was badly h c -  
tumd and not satisfactory for building atone. 

A brief nxomaisance was made along the mountain a m  at en 
altitude higher than the glacial depi ts ,  ~ n d  although no other 
limestone M s  were seen, tho high quality limestone south of Little 
Rabbit Creek certainly suggests the pmibilfty that other high 
quality limesfmas may be in the area. 

P E A T  

%at deposits and muskegs are scattered ttlroughout the lowlands 
around Anchorage. Becausa the humic horizon of t,he soil on the 
glacial depmits is weakly developed, the addition of peat is bene- 
ficial. Sphagnum and sedge mow peat constitute most of the muskeg 
deposite- and can be removed from muskegs on hills and slopes with 
comparative w. Shallow ditches tllr ough the muskegs provide 
drainage. Tha pat  will settle as the water is removed, espxidly 
if the peat is coarse and fibrous and the ditches are deepened from 
gear to par. The %at muskeg, c a m o n  in the Anchomp a m ,  is 
more difficult and expensive to  drain than the raised or sloping 
type of muskeg becausa it is in a el& 'basin, and the outlet 
drains have to be trenched through the mmundinp high ground, 
Such drains slump and fill and regui* frequent maintenrsnw. 

Marl was mprted along the margins of Otter W e  by Martin 
(1919, p. H), and in 1918 (1920, p. 27) afiricultuml lime was dug 
from the marl deposit. The only mention by Moxham and Eckhmt 
(1958, p. 18) of marl in the Aachorage aroa i~ the deposit in Otter 
Lake. They show a measured section from the field note9 of Martin 
that indicaka 10 feet of marl over sand and p v e l .  No reserves 
were stimatad for the Otter Lake deposit. 

Anchorage obtains its water supply from Ship Creek9 aa do Elmen- 
dorf Air Force Ba%e, and Fort Richardson. A report by the 
Anchorage City Planning Commission (1955) states that the average 



daily cxlnsnmption of watsr in the area served by the Anchorw 
water system was 7.4 million gallons per day, with the maximum 
consumption at over 9.0 million gallons per day. Twelve million 
grrllons per day are taken from Ship Creek at the intake dam; 
however, in the winhr the availabla flow has been as low aa 6.7 
million gallons per day. 

Springs and seep63 &re abmrnon along Rnik Arm, but tha largsst 
spring in the h c h o m g  area is the Russian Jack Springs in the 
lowland mt of the Prism Farm. 'I'he flow frOm this spring is 
estimated at about 2.8 million gallons per day and haa bs maconstant 
tempemtm of from 3'1' to 38'F. (City Planning Cornmimion, 
1955, p. 14). 

The ggology in the Ancharage area is such that unconsolidatd 
glacial materials fill the Cook InJet trough to depths of over 500 
fmt. Not all of the unconsolidated material, however, is loose or 
permeable. Silty and compact glacial till, ponded depdts, and 
si1t.y and m p a c t  gram1 are a11 relatively impermeable. Con- 
versely, within the till, above and below ponded deposits, and intar- 
mixed with silty gravel, permeable beds am common. 
The U.H. Geological S u m y  has drilled test wells jn the a m  and 

has collected well-log data BS part of a study of the geology and 
ground-water mtwurces of the Anchorage sma. A 333-foot well put 
dawn in the till of tbe end momine (Elmendorf Moraine) near 
Elmendorf Air Fam Base penetrated little permeable material. 
Five feet of water-bearing mnd and gravel mas found between 
105 feet and 310 feet (Cederstmm, 1952, p. 21). 

At Mountain View, a well 154 feet deep through the Naptowne 
wtwmh and Bmtlegger Cove clay has a flow of 104 gallons per 
minute; a shlallow well, 61 feet deep, yi~lds 26 gallons per minute 
to a p m p ;  another well, 44 faat dmp, yields 30 gallone per minute 
(Memtmm, 1052, p. 21). TypicalIy, many wells drilled in the 
outwash for donlestie use are shallow-20 to 70 feet d a e y ( M e r -  
strom and Trainer, 1963, walls 26, 28, 29, 33, 34) and obtain their 
watar from the parched-water tab19 overlying the Bootlegpr Cove 
clay. The well near the junction of Spenard R o d  and the KFQD 
Road is m exception. It, passed through the Bootlegger Core clay 
and obtained mnter from a gravel apparently interlayered with the 
underlying till. The well yields 13 gallons per minute with n draw- 
down of water table of 40 feet (Merstrorn and Trainer, 1053, well 46, 
table I, p. 3). Another exception is the well aS a trailer court wetst 
of Fish C7reek where R well went t h u g b  the Bootlegger Cbve clay 
and yielded 10 gallons per minute, with a dmwdown of only 3% feet, 
from a sand and p v e l  beneath the clay (Cederatrom and Trainer, 
1953, well 78, table 1, p. 5 ) .  Another well in Turnagain Heights 
penetrated a sand and gravel below (or within) the Bootlegger Cam 
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clay that yielded 40 gallons per minuto of bmckish water with a 
drawdown of 12 feet (Gderstrorn nnd Trainer, 1953, well 50, 
table I, p. 4). 

The Spenard area is one of the largest arens bordering Anchorage 
that is not s e m d  (1956) by water or sewer m i c a  (City Planning 
Commission, 1955, p. 24). Much of the domestic water is obtained 
fmm grape1 in shallow welIs above the Bootlemr Cave clay. 
C!espm1s retnrn the wash rnltterials to the same aquifer. The 
waste percolatRs downward until the surftwo of tho Rootlegger 
Cove day deflech the material laterally nlong with tho ground 
water (fig. 7).  Thus, one domestic muter alpply may be another's 
waste. Same drilled wells obtain water from beneath the Bootlegger 
&ve clay. More such deep ~~sl ls ,  or water supplied by the City 
of Anchorage, would allcvinte this gitustion, nncl mrnove unsanitary 
m d i  tions. 

ANlK ARM 

** 

Paomn I.-DlsgrammaClc sketch s h o w l ~  relatfonehlp o t  ground-mter movement to 
upper aurhce of the Bootlegger CWP CIBS where clnl is oredaln by ontwarh. 

BRICK CLdY 

Ihs 1917, briclcs wew mado in Anchosage fmm local clay (Martin, 
1919, p. 27). It soems probable that the Bootlegger Cave clay waa 
used then for this purpw, as i t  wm in 1849 when the authors 
first visited thn area. A small brick plant dong Knik Arm then 
was manufacturing brick for locnl ns0. The brielrs had good color 
m d  had bearing strengtli suficien t for low buildings. 

Riprrtp is the term used for large rocks piled in n layer to protect 
slopes, fills, or other embaakmanrs from erosion. 
T110 undiifemntinhd metamorphic rocks nre a d  for riprap where 

the Seward t o  Anchorage XIighwny and the Masks Railroad 
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parallel Turnagain A m .  The ensase of accessibility makm the ma- 
terial an m o m i d  saum for ripmp, although EO b d y  fmctured 
that quaimens could not ba obtained for toughness or campmsion 
tests. 

A sample of the metamorphosed limestone expod 1% mil=  no^ 
of Potter was tested by the Bureau of Public Roads. Mr. E. F. 
KeIley, chief, PhysimI b a d  Branch, reported (written com- 
munication, May 15, 1950) that the sample was badly fiactnmd ~Ila 
notrmmmendedforriprap. (Saetable3.) 

Boulders in glacial tin are anather source of riprap. The boulders 
range from 1 to 6 feet in the longest dimension md can be nwd as 
is, or can bs broken into twgular fragments. 

The &iff erent jated metamorphic rocks and tl~s rnetamorphd 
lim-e me both satisfatory for use as cmhed aggregate. The 
cruehing operation would cause the m k  to fmtm along existing 
zones of wealmess, and the final aggregate would be wmptablo. 
E. F. Kelley reported (written communication, May 15, 1950) that 
both of thw materials tesbd were amptable as c~ncmte aggregata 
The glacially transported boulders should be equally suitable 

.sources for crushed aggregate i n m u c h  as they am commonly tom- 
posed of rssistmt srgillite, graywacke, greenatone, and other meta- 
morphic: rock. 

M a t  of the stratified deposib, rsgardless of hge, armbin a coarse 
fraction that can be crushed for use as aggregata. Tha primsry 
mmtituents of the abandoned-chtbnnel depmits near Goose L&e and 
of the outwash, of Naptowne age, and the delta of Knik age are 
quartzite, gwnstone, and vein quartz, (See tabla 4.) 

Though not tested, the following stratifid deposits- contain ma- 
terials suitable for use as crushed aggregate : the outwash and kame 
terraces of Nttptowne age, the. glwiofluvirnl ia-cant& depi ta ,  the 
delta deposits, nnd both cycles of the pitted outwash, al of Anik 
w* 
E. F. Kelley reported (written cammnnicatim, May 15, 1950) 

that the undifferentiated metamorphic rocks and the metamorphosed 
lim-e are suitable as aggmgate for bituminous construction if 
an antistripping additive is used with the uadiflsm~tirtted meta- 
morphic mcks. Tile abandoned-ch~nnel deposit expmd in the pit 
in the FfWx ssc. 28, T. 13 N., R. 3 W., was mmpled and hted by 
the A l a h  R o d  Commiwion. The crushed aggregate was repartad 
as satisfactory for uae in bituminous mnstrution (bble 3). 
No dditional k t 8  of materials for bi,ituminous cunstmction are 

available, but it is probable that de@b of th8 outwash and kame 
tmmce of Naptowne age, both sequences of the pitted outwash, the 
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TABLE 4.-Psreeatdge of rock typea, delerfnined by pebble counl, in obaadoneCc~nnel deposits near Ooose Lake and oulwarrh, bolh of 
Naptotune age, a d  in prodelta deposit8 of Knik age - 



glaciofluvial im-contact depits ,  the pmdelta and delta deposits, of 
Knik age would test m mitable for nm in bituminous mmtruction, 
though perhaps with the use of antistripping additive. 

$ A m  A N D  QEA- 

Deposits of sand and gravel (pebble sim or larpr) am abundant 
throughout the a m .  Thw deposits that contah h t i o n s  pm- 
dominantly smaller than 1 inch are chiefly dune sand, aid alluvium 
along the lower course of Campbell Creek, both of b n t  age; the 
outwash, especially west of Chester Creek, and pitted outwash, both 
of Naptowne age; and locally the outwash, prodelta depmit, delta, 
and the glaciofluvial ice-contact deposits of Knik nge. These de- 
posits am the mo& likely sources of blending sand, h e  aggregate 
for ooncrete, and mortar sand (table 5). 

Cmmr fractions are common in deposits of the Naptowne kame 
terrrtce, outwash, especially east of Chester Creek, rsnd locdy in 
the Hnik delta deposit, prdelta d e p i t ,  and glaciofluvial ice-wnwt 
deposits. These deposib are the most likely sourm for malerial 
for use in subbase course, base course, surfacing, coarse aggregate 
for concreteS and mad metal. 

F m  

Material used for highway fil2 in the Anchorage area canaiata of 
till of the end moraine, Naptowne ground moraine, Knik ground 
morain~, ~ n d  the undifferentiated metamorphic rocks. Tha till, 
where allowed to stand over winter before surfacing, settles and 
compacts. Alluvial fan deposits, and channel deposits in the Knik 
ground moraine are other p-ible sources of fill. 

The bsllask of the AI&a Railroad along Turnagebin Arm is 
broken undiffemtiatd metamorphic & The coarse fradion of 
the stmtifid drift in the a m  should p m e  satisfactory as ballast, 
especially when cru&d. 

Binder for r with agpgate in road surfacing materials must 
be predominantly silb and day-size materials. A possible though 
unhshd gource of binder is the silt in the vicinity of the Xnkr- 
national Airport. Some of the silt layers in the delta depmit may 
also be satisfactory. 

Most of Anchoragg is built on the smooth flat surfam of the 
outwash plain of Naptowne w. The residential nnd businws struc- 

50719- 
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turn built on and founded in the outwash ahow no failures. The 
outwit& is we11 sorted and stabilized, and is considered a good 
foundation material. In general, most of the stratified drift deposib 
can be considered as good foundation material for small structures. 

Underlying much of Anchorage beneath the outwash is the Boot- 
legger Cove clay (pE. 6) .  An undisturbed sample of the day {A-28) 
collected from the NE%NWX w. 23, T. 15 N., R. 4 W., by the 
authors in 1949 was tested by C. R. Fricke, Laboratory Soil En- 
gineer, Soils Laboratory of the State: IXighwrry Cammimion of 
K m w ,  for physical properties and triaxial compmersion. The re- 
sul t s are tabulated as follows : 

The relatively low cohesive st~ngkh sbwld be taken into considera- 
tion in the design of large structum that am to have footings in 
the Bootlegger Cove day. 

The Bootlegger Cove clay also underlies much of the Elmendo! 
Air Form Rase, the ama around the lnternationd Airport, and 
the outlying suburbs of Anchorage. South of Jewel h k e  it is com- 
psmtively thin, however, and can be penetrated so that footings 
of the Iarger structures could be placed in the underlying sand and 
gra~el. 

Two other materials that are potential troublemakers axe the tills 
of both the Knik rcnd Naptowne glaciations, and the windblown 
silt ~ m m d  the International Airport area. The till, thou& com- 
monly compact, locally contains Bn excess of silt that might causa 
settlement if wettad to extremes. No tests were made and inmuch  
as no fa i lnm of reeidential structures built on till were noted by 
the authors, the till may provide a satisfactory foundation for small 
stmctures. The silt is similar to 1- and, thoagh not tsted, would 
prnbabl y mttle if wetted exwssiaely. 

Small homes have been constructed succesfully rn the margin of 
s m p s  in the outlyhg amas around Anchorage. Rafts are used as 
a type of floating foundation and the residential stmctum am built 
on the raft. Thcwe structures seen by the authors appeared to be 
successful. In some c w  the muskegs can be h i m d  by ditches 
and the peat allowed to settle before constpnction is started. The 
foundations should still be placed on the msterial underlying the 
peat whemmr psibls .  Other muskegs have been excavfihd and 
backfilled where conventional mmtmction wirs planned. Complete 



removal of the peat depoeit is the only serkain way to safegaard the 
structure in such an are& 

AIl of the unconsolidated materiah in the Anchorage ama can be 
exeamted with the use of power equipment. The well-sorted and 
stratified deposits, snch as outwash, glaciofluvial im-contiwt &posh, 
kame fields, and kame terraces, can be excavated with a power 
shovel or bulldozer. The less well-sorted unptrati fid drift, such ss 
ths p u n d  moraine, and end moraine of the Naptome glacier, and 
the lateral moraine, and the gsound moraine of the Rnik glacier, 
may h mom compact, but can still h excwated with power shovels 
or bulldozers. Large boulders within the till may require breaking 
befom removal and loading by the power equipment. 

The Bootleggm Cove clay is tough and resistant to power shovela, 
but can be sxcavated by scrnping with a bulldmer, and, with 
more difficulty, with p w e r  &shovels. 'She clay is compact, and breaks 
with conchoidal fractures into chunks ~ n d  blocks when dry; when 
wet it is soft and sticky, adheres b the equipment, and is difficult 
to remove. Power equipment may bog down when the clay is wet 
and mturated. 

SLUMPS A m  FLOW8 

Conspicuous slump and ~ r t h f l o ~  (T7arnq D. J., 1858) arms are 
indicated on plate 1. Biovement of a mass is considered slump w h m  
the earth mass moves downslope, or rota& with little downward 
diding, as 8 mit or severs1 subsidiary units ; ths movement ie con- 
~idered an eadMow where the mas is predominantly he-grained 
material in which the moisture cuntent is sufficiently great to c a w  
viscous movgment downslope. Sewnal slumps, slidw, and flm, 
am aciw along Knik Arm from about Fish C m k  to the western 
limit of the Bmtleggsr Cove clay (pl. 10) and north of Anchorage. 
An old slide block, with recurring movement, form the L'bench'' 
dong Knik A m  between Chestsr Creek and Ship Creek. Other 
ancient slump blocks extend along the bluffs bordering Chester and 
Ship Creeks, along the bluff west of Fish Creek, along the bluff of 
RRik A m  where another "bench" extends from abut  the Gavarn- 
ment Dock to Wa Elmendorf Moraine. 
In each area mentioned, the Bootlegger CaPg clay- unstable 

material when wet, that can be dislodged by some triggering action- 
nnderlim straaed sand and gravel. Slumps md flows along Knik 
Arm are genera1ly caumd by semnal saturation of the k t l e g g e r  
Cove clay* The outer 3 to 5 feet of the day is hard and f r o m  
during the winter, but beemes mt and plastic dnring the spring 
thaw h a  the moisture within the clay. In addition, when the 



snow cover melts, mmach of the melt water moves downward through 
the sand aad p v e 1  to the eurface of the clay. Latam1 move-t 
of the water pmdncea -pa and springs in the bluff at the oontact 
btmm the sand and p ~ e l  and the Bootlegger Cove clay. This 
d&tionsl water completely mturates the almdy wet outer few feet 
of the clay. In 1949, one of t-he authors startad a slump and flow 
by memly w&hg along the edge of the blnff. Stabilization would 
emtualIg result an the d e b ~ s  accumulated along the tm of the bluff. 
Snch an accumulation would tend to prevent further slippage by 
acting a?- an opposite form, but unfartrtnahly, much of the slump 
md flow debris ia removed by the tidm in Hnik A* so that an 
mtable condition is maintained or aggravated. '12luq the pitioa 
of the bhfl  along the arm is slowly moving landward each ymr, 
slowly in m& plsm, but locally as much aa 3 fmt year. 

Some of the dumping and f l o w  could km fo~p;stalld, or p r h p  
preventad, by the installation of drab in the catchment ama behind 
the bluff. Snch drains mnld divert the flow of melt water, and 
much of the normal grwnd wahr, to mtmlled outlets along the 
bluff. This wodd reduce the &mount of wahr satur~ting the clay 
during the gpring thaw. 

Cfroins or pilings placed dong the bach line might aid in pm- 
venting the ~ m o v a E  of the slump and flow debris on the b b  by 
breaking the form of the tidal waters md changing the rmmts. 
Careful Btudy ~hould be msde before installation of groins or pilhga, 
however, as deposition might result on one gide of the p i n  whereas 
erosion might remove the beach on the other side. 

Shmb, such as &om a8sociated with earthquakes, will &art mov- 
ing material that under most conditions ia stable. Mild ghoch may 
lm d c i e n t  to h contained watar in a saturated or nearly mtu- 
mtad rnaEerial, thereby providing the necessary lubricant for the 
slida or slump surface. Stmnger ~ h &  may be wtfong mough to 
e x 4  the ahsar strength of d r y  mabrial and can- it to m m .  

hchofage is in an earthquake @on, and n a m e m  t m o m  and 
Aocks of varying intensity have been reported or recorded. (See 
table 8 ) .  Earthquakes are reported by the d e w  of intsnsity. One 
of the mmt used in tensity males is the Modified MemIfi Scala of Wobd 
and Neumann. ByerIy (1942, p. 57-58) abridges Wood and Nenmann 
(1931) as f i U m :  

I. Not felt e r a  by a very few under mpxWIy favurabIe ctrrmmatnnca 
lX Felt o n 4  by a few gemrim at rest, eapeclaUy on upper floora of buildlags. 

Z)ellmtely wspende4 object# mag ming. 
In. Felt qnlte notfceably Indoom, especially on npger i l o o ~  of bandlngu, but 

many pmpIe do not secognlse ft aa an earthquake. &tanBhlg motor a m  mar 
& dfghtly. Vibmtlon like passlng of track. DnratIon estimated 

IT. Dnrfng the day felt indoors by many, outdoors by Pew. At night soma 



sw~kened. Dhhe& rPlndowa diatuFbd; walIa made cracklag ~ouud. 8maatlon 
like heavy truck striking buildlug. Skiding motor cam w k e d  natlceably. 
V, Felt by nearly everyone; many awakened Some d h b ~ ,  window& and so 

forth broken; a few Instances of cracked plaster; unstable object8 overturned. 
DlstnrMtnce of tree8, polea, and other tall  object^ mnoetime~ notlced. Pendu- 
!ern clocks may stop. 
VI. Felt by all: many frightened and mn outdoom. Some heavy tnmltare 

moved ; a few instanw of fallen plaater or demagd chlmnepa. Damage r9Ught. 
TIT. Everybody mm rmtdoors. Damage negligible in bnlldLnga of ptd dmlgn 

and mstrnctlon ; alight to moderate la well-bulk ordfnary atmcturee ; &d- 
mbEs  Ln p r l y  built or badly designed stnrchrres; some chimneys broken. 
Notlced by persons drivkng motor cars. 

VIII. Damage slight in m i a l l y  d#Igned dmctum : ~ ~ b k f  in ordl- 
nary mbstantial bnUdlnga with partial collapse; p e u f  In p r l ~  bnllt stroc- 
t u r n  Panel walk thrown out of frame etmcturea Fall of cbJmoega, iaetory 
staph, columna, mournen@ walls. Heavy iurnf tn~e  avertnmml. S~md an8 
mud ejected in small amount& Changes In well water. Persons drivlng motor 
cam disturb4. 

XX. Damage ddemble  In specially dsefmed stmctum: well degigDed 
m m e  stractareg thrown out of plumb; great in subatantla1 buildings, with 
partial collappe. Buildlnlfs shifted off foundattons. Ground cracked mnsplm- 
ously= Uodergronnd p l w  broken. 

X. Some well-bum wooden structures dmtropd; most masonw and frame 
atruhres  destroyed with foundationrr: ground badly cracked. RaIb bent. 
tandalldea coasIderable from river bankti and dmp aIopm. Ehlfted iwnd and 
mud. Water splashed (slopped) over bcnks. 
XI. Few, fC any (masonry 1, structures remnln standing. Bridges deatroyd 

Broad fhnres In ground. Underground pipe lines mmpletelg out of serpfce. 
Enrth s l u m p  and land sllpe In mft m u n d .  IItafIn bent greatly. 

XIX. Damage total. We- seen on mound snriacea. Lines of gight arrd 
level distorted. Obj& thrown upwed Into the air. 

In October 1054, a arong earthquake dam@ atroctares in An- 
chorage. One of the buildings damaged was the hternetiond Air- 
prt R n i l h g ;  dm* was minor and consistad only of cracking 
of mcmta blocks, no etmtuml damage wss done to the load-bear- 
ing walls.7 In addition to damage to mssonr~r bnil*; ie., faIIen 
plaster and c m k d  concrete walls, &em we,m several slidea along 
the A2mka Railmad in the Anchomp ares. Slides in fdl at Ales 
102.8 and l03.Is a l o q  the steep t i l  b1uR of -in h left 140 
feet of track stlspended 15 to 20 k t Q  in air. Zn addition, part of 
the wbgrad~ slid out on the Bmtleggwr Cove clay between Chester 
Crestr and Ship Creek. 

Movement not related to earthqualm was noted h g  the msd 
in the UExSEs /A. 8, T. 18 N., R 4 W., where a timber rething 
wall wrs digplaced by a meombination of slumping of the Bootlegger 
Cave cl&y and dumping in the ovemhepened slope cut inta the aver- 
lying ontweeh. 

TAaebomr Dally Tlm* October 4, 1954. 
4 T. L. P B d ,  oral wmmaniestlon. * Antbra-  h i l l  T l m s .  Octolm 4 lQ8C 



1 D s t a m l ~ ~ t b e ~ s n d Q e o d e t l o S u r w g ~ a l u ~ ~ ~ b p a r l s s , t h s ~ s * s ~ ~ .  
1 Numedeal retGnm are ModtAed Maraallf S d a  tntamidm. 
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Within Anchorage, dumps and slop failures along Fifteenth Stregt 
bet- E and Lto caused a retaining waU to fd awing to the 
weight of the material moving outward from an owmtepned slop. 
Another mntribnhg factor here could ham besn the p m c e  of 
Bootlegger Cove day along the 8011th bluB af Ship C d ,  The day 
may have acted as a barrier to water moVBment and m~tmted the 
loww part of the sand and p w 1  as welI sa the upper part of the 
clay. 

D m d a E  

No t&a were msde to d e t e 6 0  prm88bili@ or &age Ghmw 
teridcs of the gldd deposits, but certain generalitia can b drawn 
from M d  obeemtians. 

The &ratified drift ia permeable in m& p l m ,  dthongh any dt 
content reduces the permeability to m e  extent Silty till, the IBootc 
I-r CQVB clagr, and the windblown silt am mmt d n t I j  im- 
permeable in the Anchomge area These depesits block the d m -  
ward migration of water and caa deflect the movement labrally 
dong the  s d a ~ e ,  as in the cma of the M e g g a r  Cave clay, or c m  
maintain s high water table and cause ponds or m a n y  to form in 
dep&ons, as is common on the mwfm of the ground moraine. 

The urn of c h i n a  in connwtion with the lahml movement of water 
dong the upper surface of the Bootlegger Cova clay, baa been mg- 
g & d  as 8 remedy for slumps azld flows. One of the most common 
dmbga problems in the area, however, involves swamps and mus- 
kegs. B m t ~  of the vegetative growth in the muskegs and lack 
of ofatma1 water movement through the peat, deep and widely mpa- 
mted ditch88 will not prove compleky mtisfactorg. 'X)achnowaki- 
Shkm (1941, p. 7'1) describes drainage ditches that have been EUC- 
c e d d l y  used in muskegs. 

A good dr~fna- outlet and ahdow open dltehee u d  am m i l r i B  and htmb 
or mom drainzl,are preiemble to a few deep on=, the &ects of a dmln 
extend only a short dtstance frm the walls of the ditch, The flbtance 
between parallel llaea of dltcbea depend8 on rainfall and on the typ? and tex- 
ture of peat materials, the thicknew and nature of the underlying peat layem, 
and the bottom relief of the mineral substr~tum. Peat a m  with a mnvex 
or ralseiI surface and tbme with a slmlng BurfaCe can be drained as deep as 
the fibmnn lapem are found. mat and valley deposits, however, whfch He In 
water basins, can be drained only nt great erpense. 

The deepening of the ditch@ from year b year will clam out m y  
slump, and lower the level of the w ~ h r  tabla BQ that the pent will 
rattle as the muakeg is drained. 

Cam &ould be taken in till amas during comtruction of m& 
Betwaem the coarse-pined sub@ and the silty till, watm ~811 
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accumulate and may mdt in b&g of the surface as the moisture 
fi+em- and thawa with th change in masons. Bmkfilljng and in- 
stallation of sabdmins may alleviate problems where cuts are ~ e -  

quired in silty till. 
XRO8T g[EBTE 

Senaonal frost d o n  is detrimental whem abrupt differential 
having takes plrsce. T%B upward displacement is cansed by the 
growth and &ccumulation of ice crystals into l e m  or layem of im. 
Homogeneous h m n  soil, ia which the water is ~ Z B R  within tba 
natural apww and voi& with no visible ica segregation, does not 
normally have npward displmmmt. Stratified or noahamogeneous 
frozen  oils, in which ice segregations visibly occupy s p m  grater 
in 61% than th6 original voids, c & e  hmping of the surface (John- 
em, 1962, p. 8). The actual process by which the ice amurndates 
in lenm ia not agreed upon by all authors, but Tahr (1929, p. 460) 
demonstr&ed, in part by the usa of materials that frseze with a 
d 8 ( : ~  in volume (be& tand nitrobenzine), that f m t  heraving 
was caused by p m u r e  which he attributes to growth of iae layera. 
He a h  BtaW (1929, p. 458) that molecular cohesion is mponsible 
for the upIift of the water through the capillary pasages and itsi 
concantration in itx layem. h 1953 he mtaM these view& Other 
workem (RuckZi, Robert, 1950; Jumikia, 1954; and Wmterkorn, 
1947, ,964) appIied the ooncepta of K'thermo-oamosis" and suction 
form in mih to c a w  an upward flow of soil moisturn and sccnmu- 
lation in lemm. 

Stadies over the y a m  have &awn that the deposits pahntially 
dangerous with meml to frost-heaving are t h m  with mal l  psrhicle 
b, such as h e  sands, silty sands, or silty clays (Burton and 
Benkehan, 1031, p. 262; Mortan, Trempr, Stdbtad, and Cwa- 
grande, 1838, p. 36%; Johnson, 1952, p. 108 mferring ta Watldna and 
Aaron%, 1981, Otis, 1952, g. 272; Shkskl, 1952, p. 278). As a re- 
sult, different workers have attarnptd to delimit by particle cdze 
materials swmptibb to frat-heaving from materials n o m p t i b l e  
to frost-heaving. Casagrmde (1931, p. 160) in a discussion that 
followed the 1932 paper by BenlreEman and Olmstead made early 
mention of the role particle ~ i z e  plap in fro&-heaving when he 
referred to a report By f i e  Massacl~us~tts fnstitute of Techn01ogy 
in which it was stated that ice segregation should be exexpectad in- 
* * * nonanlform mils contalnlng more than tthcee percent of grains smaller 
tban 0.02 mm, and in verg uniform 8011s containing more than ten percent 
smaller tban 0.02 mm. 

The Grps of Engineam Manual (1951, in Johnson, 1952, p. 170) 
agmw with Casagrande that inorganic materials containing 3 per- 
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oant or more of gaiw h e r  &an 0.02 mm in diameter by weight 
are consided frost-susceptible. Ruckli (1955, p. 656-5 to 65-1 
modifia this cI&fic&tion as follows: 
&ts performed In Zllrich and elmwhwe have ehom that It ie fiat m b 1 e  to 
trace an exart llmlt between froat-having and non---heaving mila or 
gam merely on a granulometdc bnsia. Solls, even those whleh aatw the 
famons criterion by k Casagrande, mn, under favorable mnditfoas. ahow tm 
-gation, * * * The experience of mans ymts lndimtes that %w?Il-gmded 
aggregate# mntalning more than 3% of p r t l c l e s  fher than 0.02 mm do not 
can= damage to roads by frost, regasdleaa of the fact that the aubsoi1 and me 
cIimatic conditions were favorable for the formation of ice Iensea Thls leads 
one to consider not only the technologtcal mmposltion of tbe aggregaw but 
also the hydrologIcaE and gmtechnlcal condition of the site in qneation. 

Johnson (1952, p. 171) refem to a list in which the seasonal ht 
susceptible soils are classified int4 four pupa, in ordeP of their 
increasing susc~ptfbility. Certain of the deposits in the hchomge 
area are placed opposite the groups in which they fall as determined 
from the percentage of the mall-particle size. Although this classi- 
fication does not taks into monnt Ruckli's hydrological and PO- 
h h i c a l  mndit,icins, the classification is suibble for the purposes 
of this report. (Sea table 7.) 

T~mm 7.-Relaliae miaceplMiI# of groloSLc r n h  in  the Alichomp6 m a  b frw 
adwn 

t L W  in ad- d sumptlbQlty. 
* ~ m  J O ~  1 1 ~ 2 ,  p. in) * corps oi En%neers MU (rwri. 
I Vswed clays mny mmbM the aadeshble pmpertlm of arlb and Bdt dm; vsrved olsya are Ilbdy 

to sottan mom nadtly than bornammous clam mrh Bqnal aversga l~ster mtents. 

amp 1 

P1 

Fa 

FJ 

- 
F4 

neecrtBtbnn 

h v ~ m  mils contehmp betlam 8 and 20 
peroent of matertal 13nw thm 0.m mm 
by weight. 

8andscontaiaIugbetweenB mod Id m t  
OK rnaklalfiaer than0.02 mm b walght. 

---- 
(a) QruveIlemOa crontalnIn(l mme than 20 

pemant of meterld finer than 0.02 mm 
by w&ht nnrl mda, except flne allty 
sa&, contabing more thon 16 pAment 
olmetwla1 flnw Zbanrl.R2mm by welpht. 
(h) Clayq wlth plltutlcfty hdoxea d 
mme than IZ,  cxapt v o r r d  clays. - 

(s) AII w&arng sandy ma. ib) 
Fhesllty m d s  matsblo~ mow than la 
m i s t  d materlel liner thsn 0.m mm 
by wewht. (c )  Lean c l m  wlth plw- 
treity mnexra OI than 12. (a) 
V a w d  clayx.3 

m ~ a w ~ t m i t l i n p u t w e n t i r e ~  

total pam dNnpbwm b a t e m w e  and 
kame fields locally tlll o t  Knil @dumF. 
morehe, tUl of Nap-a mound 
mornlne; part ol Nnptokne pitted out  
wwh. 

Duns Imd, laEBny h-cmht 
dmpmtts; local p b  of Knlk prttd cut  
w h :  lowrl pmn of Naptamma mtwasb, 

TU of KnIk m d  morains, tm of Nap 
t o w e  ground moraine, lacal gkaldnvral 
loscrmt%ct d-; parts of padeb 
demlls  

w t ~ a b l w p ~  sflt, U ~ W  s m  I-, 
wLs ofdelw, B w t l w  Cove clay. 



DetrimentaI effects from frost-heaving occur where abrupt dif- 
ferential heaving takes p h .  Dependant upon the mil texture, 
moisture in the so& and depth to ground water, all of which are 
variable, the fro& heaves are uniform in t y p e  or effecta. Damage 
to roads takes place in two ways; by actual heave, which can pm~+ 
nently fmcture the pavement, or by tha mcondarg ef lct  of soften- 
ing the roadbed and reducing the Ioad-cmrying capacity. Cracks 
in pavements, raised or tilted pvement slabs, bredchg of pavement 
edges, reduction in load-carrying capacity, flowwge of the saturated 
material with the resultant removal of support or the sliding of 
dopa are characteristics of frost hsavea and fmt boils. Explain- 
ing cart& failurn of pavements, Watkim (1945, p. 302) states that 
thawing pmgreac3es downward m that mtumtad silt ornrlim a frozen 
layer. The silt is nnat stable and gives away or flows beneath a 
flexible d a c e ,  and under light loads. If the s&tumtd silk is 
'(worked" by t d c ,  n free-flowing mud form frost boils that are 
f m d  out along edges of pavements or through the riding surface. 

Concrets pavements %urn or heave. owing to froat action in the 
winter month8 when the ground is h m n .  Skelton (1940, p. 464) 
considers the critical period for a concrete pavement to be when the 
subgrade and pavement am frozen solidly together. Any difierential 
heaving will fractura the pavement. Though have$ in the flexible 
pavement can h severe, and hke p h  in the winter, the greatest 
break-up of flexible pavements t a b  place during the spring thaw 
when the l o d  carrying capacity of the subgrade is low (Johnson, 
1952, p. 4). 
In a study of locations of haaves, Burton and B e n k e h  (1931, 

p. 263) reported that of 500 heavw, 76 pemnt were in cuts, 10 per- 
cent were in ms, and 14 percent wem in the tmdtion mne b e t w m  
cuts and fills. Of 141 heam in the cuts, 80 percant ware in cats 
4 or more feet deep. This seems to indicat~ that materials in cuts 
need to be examined cramfdlg.. Heam or frat boih seen by the 
authm in the Anchorage area were in outs or on the edp of cuts 
in the glacial silt or aiIty till of ground momine. 

Methods of preventing frost. heaving and the d t i n g  damag-e are 
dimmed by many workers (Burinn and Benkelman, 1931 ; Benkel- 
man and Olmstead, 1932; Bsskow, Gunnar, 1938; Morton, Tremper, 
Stuhtad, and Casqpnde, 1838 ; Winn, 1940 ; and many others), as 
well aa in "Frost Action in Soih, a Syrnposim" by K B. W d s ,  
Chairman, Highway Ikmmmh Bard (1952, spec. rept. no. 2). In 
his review of the literature Johnson (1952, p. 15%216) campiled the 
most n d  dmign methods for preventing or alleviating detrimental 
frost action, and the various comtruction practices dative to fro& 
action. Some of the common design prwtim included change in 
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mad location, changs in grade devstiw, snbsllhca b i n a g e ,  exca- 
vation and replacement-in some places with dmi-d the use 
of i d a t i o n .  Athmpts to counteract fro& action include the use 
of h b l e  admixtures, snch as mlcinm chloride, d i u m  chloride, 
suEfnric scid, sullite liquars, reginom materials, d a m  silicate, md 
liquid binders such as m d  oils and tar. 

ljl order to prevent fro& heaving in fine-pined materide thet 
contain capillsrg mkr, which can not be drained by artifidd 
method4 it is nec9ssary to mmove thm materials and replaw them 
with mabfials having gaod dr6uage. Coarser nateriaIs am im- 
proved by merely installing properly designed drainage  stem 
(Benkalman and Olmstsad, 1932, p. 182). Table 5 shows what sup 
ficial wits in the Anchorage area should Tbe considered potentiallg- 
mmptible to f h h e a v i n g .  

Well ft. CLabst Clwk m s d  m d  Boad: MueIlwmEanwt 

AJfi l lde.  la 

Wall 28, C Sf. am8 hemad km; Nni W t h  

AltIimde. lW l e d  

.............................................................. Top mil and mwt 
Bwd ............................................................................ 
Cl my day and gram! ............................................................ 
TI11 .............................................................................. 
OinveI: mter ................................................................... 

2 
I0 
7 
I7 
1 

Bnnd.. .......................................................................... 
...................................................... Plne gmvsl (tram almtsr) 

Blue dsy sad  POI ............................................................. 
ClrnWl md mud ...*............................................................. 

............................................ C- mvsl, der, d m d  (till?). 
Band nnd metllurn mml..... ................................................... 
Onvel; water ................................................................... 
Clay .................................................................................................... 

2 
12 
18 
88 
67 

I 

42 
2 
1 
2 
1 

13 
7 

42 
44 
46 
49 
52 
65 
n 
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Wen k o p  dted ha tw Monff  nued 

Wall a, Ius; Fskrrl 8- of I m v e d g a t l o a  

A l t l t~de.  100 Iwl 

12 
18 
JO 
ea 
I1 
;a 

8md .---.--.-,..--.--.---. * --*------- +---+--- -------------.------------------ 
amVal -..-,--2-.,--,-4---+----------- .................................... 
c m  mveL ------<-- *-+* ------.----+-<+---------- * -+-+--------+--- *-.- 
~ a n d  .......................................................................... 
CEesa - mmlm---.-------------------------.---------.---------------.---.- 
sand and m~el; wu&z -------.-------------------------------------------------- 

h n d  and mavel.--.-.---..-.------------------------.---------- -.----.----.-- +.- 
Blmday and wrsl Itmf) ..................................................... 
m EMVal.-_..-.-..---,....-. ................................................. 
Band and mval---, ,.---..-.-. ................................................ 
Qmml md cIny (MfE ........................................................... 
5-d md m ~ v e I  ...--,...........,.....-......----------..--...+-...~.-.-.--+-.. 

I2 
0 

$d 
a 

I 6  
I& 

B m d  and ma g . V d  ...................................................... .... ... 
Brae clay ,-...+._..-...,.*..--....--..+....- .................................... 
Blwk mud snd mvd ........................................................... 
Cosl ............................................................................. 
8nnd and Inn gawl...--.-...... .... ............................................ 

!t2 
32 
8 
1 

I6 
6 

BmnU .................................................................... ------- 
Blue c h f  m d  gmvd ............................................................. 
~ u ~ e h a n d  .................................................................... 
Hlue clay ........................................................................ 
Q u k b d  .......... .... ......................................................... 
Rlua CFRY ....................................................................... 

C)revell y mnn; mma mbar -.-..,.-..-,.---------------------.------------------- 
R m r d  mbmtap .................................................................. 
Conme m d  md amva 
Tlll . . . - . . . . . . . . . . - . . . - - - - - - - - - + - + + - + - -  ......... 

nrvel; m a  w a ~ a  ,..,-. ...................... .... --- .-...- 
TI11 ................................. ... 
Ifr~ved; WB* ..-- .-- ------------ ---- ----- +-----.--+- -+----++-.------------.---- 

P 
91 
42 
49 
M 
BP 

I9 
4a 
21 
3 
I 

18 
61 
73 
95 
7U 

33 
8 

l a  
1 
M 
8 
2 
0 
B 

80 
1 
6 
1 

I 
43 
Q 
59 
69 
i 7  
fB 
88 
go 
IBJ 
121 
127 
M 



ECONOMIC GIEOLIOQY 

Wen b 8  dt& $m b ~ # m - T I d  

Wall I& K W D  W . # r A b h  Wlrad: t HOE& Tkdkr Pawl 

AIMaads . & re* 

%and_ ........................................................................... 8 
8enci snd gravel ................................................................. 15 
crwl ............................................................................. E 

............... ..................... Bluo olay ................................... 111 
Annd nnd m v e l  .............-. ................................................. d 
Rlue clny ................-......++.............+..... ........................... 8 

Wdl lo. P 2 T  .ad Me& b&: Tdla Boor1 

Allihde . 4Y rsat 

Top mll d ................................................................ 
Gmml and clay. .. , ............................................................ 
8- m d y  clny ............................................................... 
Qmy sand; m e  v ~ t a  .............................*............................ 
Gmy clay ....................................................................... 

dlt ........................................................................ 
Qmy C ~ Y  ....................................................................... 
amalr @tad; dry ................................................................ 
Till.,. .......................... *.* ............................................. 
Oray slit ........................................................................ 
Till .............................................................................. 
8md a d  mVB1 ................................................................. 

Brown mud ......,.... ......................................................... 
tjnft blm thy, no 8- v*b thin by= d zand at bra ......................... 
SofL hlue clay with stonsa .................... ... ................................ 
Heavhg flne m y  sand .......................................................... 
Band ............. .............- ................................................ 
8 ~ n d  and -I& .pa ta .......................................................... 
RIW s l r i ~  CIW ....-........+..+.......+.. ...................................... 
Plmttttsghe m d  ............................................................... 

.................................................... C'mk m d  & 
Ftne ~ r s r  sand .................................................................. 
Rlue clay.. ..................................................................... 
Fine .und... .................................................................... 



114 BWRFICuL GEOLoQr OF AN(=AOfUGE AND VICINITY, ALhBKA 

Weld b p s  dted #n temt4!mtiaoed 

Top mll ......................................................................... 
Qmy smd ....................................................................... 
Oray clay ....................................................................... 
Orug msvsl-. ................................................................... 
Qrny clny ................................................................... .... ............................................................ R a v f n ~ ~ m d :  wntet 

................................................................. R ~ r d  sandy clay ............................................................ Rmvlna m d ;  water 
Qrny elny.. ..................................................................... .......................................................... Umvel and mild; lam* 

wan ax. nsu rut m w  e r ~ l b  waud; w. w. ~ l l ~ h  

AlUtrek  sl Ibst 

Ya1l4W a!md ............................................. ... ..................... ................................ &lt 911tY CZRY....--..-..........-...-...-.. 

T o u ~ h  a r s ~  day.. -...................-.......................................... 
Grsy allt ....................................................~.~................ 

....................................................................... Omy clay 
Dart gravel, rnnplng In ~ I g e  irmn amdl mlns up W ~ebhlm 3 b o b  In d13mMar. ..... About 71 mcmt o igm~e l  Is l a w  thnn one hall Inch dlamster. Water.. 

2 
l a  
14 
P 
1 
d 
4 

W 
a 
2 

1 
18 
82 
41 
46 
11 
IS 
78 
81 
83 

a 
120 

7 
~2 

4 

P 

a 
IS 
190 
2x4 
Fa 

nS 



ECONOMIC GEOLOGY 

WeU logs Otted in tm-thned 

Wall I, InltrmUond -1 mad &nd llrbc gads: Ia#emtb..l -la Park 

AIU1.dq 76 tevl 

BUt .*.--.**... * *..* --*---*-**-------*---- - - - - -  --.* - --.----. --...* ...*--- 

Blue plsy ..........-..... ....,....-... 
Bmdy lilt ................................................................... 
Cclvss md.-. ...-..*.. ..----,---...---------------- --..--..- ----.---.-,.... ... 
~ l u s  clay ....-,..,--.--.--------------+---------+.- ..+.. 

Rlutl clay ~d allt ................................................................ 
nDeaand ..........---------*--------+-.----------------- * ------ *--* ..---*... *.- 

Blue clay .-...............-+--..w-m-----------.--------------------+---. ....-.--. 
6and and mnm IA.~. .  ..------------------------------------------.-.---*+--.+. 

FLne md; n t w  ............................................................... 
hfedlum ooarm mud: w s t a  -lag .~...--L..-----------8---------8--88~~.~~~.~~ 

10 
10 
10 
10 
a ~ '  
go 

' m  
1)1) 

b 
85 
I A 

I, 

10 
20 
a 
I(I 

BO 
la2 
IKl 
BXl 
ZD5 
FJO 
308 

ha 
213 
air 
216 

Smd an8 gravel .-.......-...---.......--- - .......- --------------------+--------- 

Blue-grap mI8g md sU~, with 8tmm .-........---. PPPPPPPPPPPPPPPPPPPPP 

nard  lay^-. .-. . ... . .--.* -. . - - - - - -. . +-. . . -- -. . +-- - - ---- .--- ---- - - .--- --. - - --- - - - 
Grsvel;wata .--..,-.--,--.....-... + +-+.---.+.+ ----------- + ------------ 

Bwdprl5y * ..-----...-...* * **--..---------.. 

~mm-n ~PBW d .. ........................ 
01- rut .-.-.-----....------------ ....--.... .-.........-...-,..-.+.--.. ....--.. 
Till * ........................... 
Randy day ....--.-..---...--.-------+----+---..--------..................... 
otag nut ...-....---...-.....-------------------.-....-....-..................... 
Grsy clay ....---.......--...-.-...-..--------...,.+.....-...................-.. 
arny qul-d ....,,-._.,.------.------- ...--. ..... .... ..... ...... ............ 
GtaY O o l a p .  -...-........ .-...---...-...-------. .-..-.-.--..... ....... ........-. . 
QrapsHt ............................. ---.---------------------------- * ....,,..*. 
~ I R Y  ~ U I C M  .....-...,,.....-L..------..........-.....-........,............. 
Fins navel;  drJr .-.........-.--..-----------L-.-+-----------.--..+--+..-.----...- 
TIII - . . . . . . . . . . -. . . . *+ - - -. - - - - -- - - - - - - - - ----- - - - --- ---- - - --- - - - -- - - -. - - -. - * - -. - -. 
Dry mod ........................................................................ 
orsy c l g  ...................................................................... 
Till .... . . . . .-. . . . . .- --. - - - ---- - - --- - -. - ------- - ------ -- - - - - - .+. -. +. + -. . . . . . 
pukhmd .....-..... ... .....--. *.* ...- ---- -------- -- ----------+-------------.-- 

Till ...........*...--a.m- * --------- **** *--------.-----------------------+---*-+.. . 
8md nnd &raml: warn .-.....,.....-...--...._._..--.-------._...__............. 

m 
165 

1. 
2 

12 
"r' 
37 
12 

IS 
a4 

5 
28 

S 
2 
'a 
8 
m 
4 

an 
12 
6 

m 
1 

12 
34 
i t  
s3 
IM 

121 
128 
IM 
161 
184 
175 
lna 
~a 
247 
277 
289 
a4 
318 
817 
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wen logs o i t d  dm #mtContin1!ed 

m 
dB 
59 
70 

1 l R  
I?a 
138 
18'1 
p10 
26(1 

3151 
815 
at8 

8 e n d ~ ~ ~ Y  ............................................................... 
Bins dEY ........................................................................ 
h w l  and day (tm?F ................ ... ....................................... 
Blue clay ........................................................................ 
Sand and d t  .................................................................... 

....................................................................... QuIcband 
Qrsy c l n ~  ................................................................... 
Runniaa silt aad mud ........................................................... 

...................................................... Bard clay and rravel (tllt?) 
Paad ............................................................................ 
Bsrd olag md gravel (till?) ...................................................... 
Ur!3ve1; WBmT .................................................................... 
Sandy gravel; writer ............................................................. 

Yelbw elm 8and .............................................................. 
Qrscsl md clby (till9 ........................................................... 
Yellow claj md gavel ItW ..................................................... 

........................................ R a m l ~ l l d e 2 e d  saod with mal g m a h  
Herd ynllow s m d  ...........-...-.............................................. 

........................................................... Ycllow sand vlth d 
Yellow clay wlth d # - k s  .................................................+.. 
8 m d  with mme clay ............................................................ 
sandy W V ~ I  .................................................................... 
Sandy with ma l. ................................................................ 
Snnrly v s v e l ;  a Tittle w8w ...................................................... 
Gravel hardpm (tlll) ............................................................ 
Finn nantl ....................................................................... 
Annd and f~avel: s Uttle water ................................................... 
~ a r d  pecked Bsndy mel; a U#tIe water ......................................... 
Smd and navel ................................................................. 
Grey c l ~ y  wlth am811 ~raval (till0 ............................................... 
Hnrk peotmd Ann aand ........................................................... 

..................................................... Orsy clny wlth $revel (tUlt) 
Ormu mnd; a little WUW ........ 

.. Tough chy 
Snnd: a Iittle am .......... ........................................ ........... 
Clay ............................................................................ 
Gravel and mud .............. 
$me11 mvsl .................................+..........-....................... 
Hard mvsl md grwn w d :  a llttle water ....................................... 
Clayey tlll ....................................................................... 
(3mvelly till: allttla mtsr ....................................................... 
Hard clay and mvel wltb day (IUlV ........................................... 
Smell gavel: yItlds about 6 ~ . p . m  ............................................... 
Coarse mvel  wllh mbhlm ...................................................... 

............................................. remented -1, "mk-llka" (till?) 
Cosrsa rater ~errel  ............................................................. 

P 
24 
3 

11 
(I8 
I1 
7 

a8 
93 
7 

19 
1 
a 

50 
10 
50 
61 
8B 

100 
la0 
130 
134 
140 
141 
14% 
117 
151 
1M 
160 
1 BQ 
170 
1 i s  
1RO 
182 
1M 
1R7 
188 
191.5 
M[I 
ml . 6  
208 
218 
PZJ 
2x4 
Zg.5 
!A0 

80 
10 
10 
11 
27 
12 
Za 
10 
4 
8 
1 
I 
h 1  
4 
3 
I 
4 
6 
I 
5 
P 
4 
I 
2 
2.1 
8.8 
1.1 
7.6 
7 
6 

11 
2 
5 

1 '  



Blm day ........................................................................ 
Medturn &.- ........................................-......*................ 
C o w  m d  .-..--.-,-., .--.-.-+---+----- -+-.-. -. ---. . ---. -- .- -. ---.-- ----.-.--.- 
Very  mam Band ................................................................ 
Gravel; wnte. .................................................................. 

&~II..-,..-...--...-.-..- ........................................................ 
Orawl.. ........................................................................ 

................................................................. Bnuld- navel 
Clay. ........................................................................... 
Ctravel. ......................................................................... 
TI11 ....................................................-......................... 

....................................................... ~ u t y  medium wad; w a t ~  
soit tm ..........................*...................*........................... 
Sand, wates ..................................................................... 
Hard tHI,. ...................................................................... 
C)r~g' 0 1 ~  ..........-....-......................-.-.-..--...-.-.---.-....-.~...- 
Flne to medium mud; wmtm ..................................................... 
Bwd till. ....................................................................... 

..................................................... 81tty mgdfmu to ooarsa sand 
Hmdw m d l u m  to mars8 mod pumped 4 hm, lrom open end bob et 70 R.p.m. 

wl8h 1 R l t .  .of dmwdown. Static 8% It.  below surlace .......................... 
Cosr?rensndpgrerel. Sbortbnllw Wt yielded 14 g.p.m. Wltb Nit. ddrewdowrt.. 
Brown t131 (?I.. ................................................................. 
o m y  tlll, very hard. Bhorl pumping teat piplded 30 Ir.p,m, wlth Q ft, of  d m -  

.... clown. We* oomd inrm m d y  atreakn In Inlervel betwaaa 217 and 247 It ............................................................ R~VIVU tra, verp hard 
Rlicky m y  day .......................-......................................... ............................................................... Crml lapera in rJuy 
Btlcky prsy c l y  ................. ... ............................................. 
H ~ F Q  mud Y CEOY ................................................................. 
Sand.. .......................................................................... 
Orey amdy drip. Bottom of walng mt SQ7 lt. ................................... 
A m m  ahnlr with m8l a- end arganLa msttar. In aa 8 h o w  pulmpfng test 

yklfled 4Zp.g.m. with 17 It. of drawdown. Statlotevel I3 73ft. below wrtm..+ 
Orny to blwk shde wlth some mul s t m b :  blwk shale mntnina rnmh organlo 

matter: gt lctg when wat. I 1 t .  ) 8 9 ~  ot 1rSabls Awtnlued m u  mndabria at 
aaJ h.. ........................................*............................... 

Fdrly herd v y  nnr  to m4dbmqaIned sandstone ............................. 
Gray tn bleck shale, rn h Interval IMm $10 tn  602 It. Pump- k t  st el7 It. 

ylelddl 42 R.p.m. with 12 d, 01 drnwdoaa st end ot  8 bum' pumpin% staflc 
leas1 In 74 h, below m r f a  ..................................................... 

I 
2 
'2 
4 
a 

I 
Bf 
RB 
03 
gs 

a 
I5 
n 

2 

I 
28 
12 
11 
2 
B 
4 

18 
14 
f 9 

D 
B 

83 

88 
8~ 
M 

6 
55 
a 
2 

W 

83 

oa 
7 

8 

9 
IS 
45 
4r 
SB 
M 
88 

lag 
111 
I IS 
I 3  
138 
153 
168 

175 
I R L  
214 

ZSZ 
sa 
WQ 
873 
31Y) 
382 
$04 
447 

610 

602 
WW 

617 
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U.B. C b p a  oj Btoginwrs, Well 

W.t ACS Ek&w Btltbu, Drilled JmIr 1-18 I= b? J. C. M-. h. a 
T. 1s N.. R. 1 W. 

I By pmbIw of tha Dlslrlct EnRlneer, U.8. Cmps of Emhems, A b k e  Dhtrlot. 
I Dwwratlvq I@ mvtirtad from mphIclo&s by the authm. 

!a 
a0 
40 
61 

105 
1m 
133 
134 
I 4 1  
142 
347 
180 
161 
170 
175 
180 
183 
Is6 
187 
IS@ 
1@2 
200 
m2 
208 
ale 
222 
8 5  
240 

Bandy sllt 
811t . . - . - . . . , . . - - - . - - - -~~ . - -~ -~-~~~.~~~~- - - . - . - . - . .  
orsveuy nnt .-...--...---..-------------------------------------------.---------- 
~utfr asad -.-,... , .---.-.- ---..+ -+---... ---+ --.-..----- ----.----.+ + -.---+.-- + -.--- 
Medium-fh ~d ..---..---.-,-.----.------------------------------------------- 
811 t, hYdrmMUc mter l a d ,  1% leat ..--,-,......--U-U-U-UUU-.--UU.-UUU.U-.~~~-.~ 

Fine BBaal........---..----.------------.---------.------------------------------- 
Baorly a u v l  ...-.......--.---.kL-----++------.--+++-.----------+-------+-----*-.- 

Floe mud ........--,....-.------+--.-+------..-+.------*-+-+----+.------------+-+ 
Bil t~ @pal ..,.--..-.---.palpalpal.palpalpalpalpalpalpalpalpalpalpalpalpalpalpalpalpalpalpalpalpalpal.palpalpalpalpal.palpalpalpal.palpalpalpalpalpalpalpal.palpalpalpalpalpalpalpal- 

FInesnnd ....-...- + -+-----.*+ + ---*-.-....- + -.---....--.-- +-. ---+ - .--*.----. + --.-. +.- 

OmveIly mdd. -,......+....----.---.--.-.~+~..-+.---------d------~.+-~----. 
Clagey w d  -..--..---,..,------.--- + ---------..----------+------------ ---------- 
Bllt .-.-..,-.-...-.-----.-------------------.--- u --------...-..---..--..---.-- 
8endyclag .,...-...----..-----------*m-.-------.------------+-.--------..m-+..+b- 

Medhm+fta% mnd .-..---.. , -.... ..-.--...-...-.-.,.a%a%a%a%a%a%a%a%. . a % a % a % a % a % a % a % a % a %  a% 

Leanday ...............------.----.----- " ----.- - ---- - .-++.---- - .me- ---+-------*+ 

Bmd .....,....--.,---..+- *.-- .,-A..-,,..---..,-.---------..+---------- * -----..-+- 
BgodgChy T-.........-_T.TTTTTT + T T T T T T T T T T T T T T T T  --..-.....-..---..-,-.--.--- 
OravaUy sand ,-.,...,.,..,---w.-Lw~--.~--++.-.----+-~--++--------+.-+----.--~- 

Bladlum-flne mu& -...---. .. , . . --- - --*- - ---------.-----------. +-. - --. - - -+ - - --. - - 
Bsndg gravd ,,.-.... ....,..--..,....,-.-~-+L.-+---------+-.----u-*-~+-+--------- 
k d y  w ~ P ~ J E Y  slit. ..--...-.--..+t.t..t.t.-t.t.t.t.t.t.t.t.t.-.t.+t..t.t.t.t.t.t.t.t.--t.t.t..t.t.t.t.t.--t..t..t.t. 
811ty maw1 .......---..----+---.-.----+-.-.-------.+---------*-*+-------+-+-.---. 

6ut .---...,,...,-....*+*-a+.--+------+---+-a+--.-++..---+--+------+---+.---+-.--- 
osavelly saod ........--..--..m--------.-+- - --------------------.-.------.-.-+-.-- 
811 tJf mvel -~~.+.....+..velvelvel.velvelvelvelvelvelvelvel..velvel-vel-velvelvelvelvelvelvel.velvelvelvelvel.velvelvel--vel--.velvelvel.velvel-vel-vel-vel-~. 

Bandy gram1 ....-.....-...------.v++...--.----.-------..--+-.-----------+-------- 

BD 
lo 
10 
a1 
44 
25 
2 
a 
7 
1 
8 
13 

I 
6 
5 
6 
S 
8 
1 
2 
3 
8 
a 
7 
7 
I 

I& 
5 



0 t h - d  .................................................... + --.-------- 
B a u d ~  mW ,.,...........--...-..- - ----. ....-...-...... - ..------- - ------ 
C ) r u ~ ~ y  w d  ,,..,_..-.,...+-.-.-...-...++....-...-+..-.--..+.-..--.----.---+- 
Msdiam mud -..--..,.--....--..--------.-***..---..**...*--.**--.------------ 

clay .... .. . .-. ..-. . . ++-- - --- -. - --. . . * - -. . --. -. +. -. -. - - -. . . . . -- - --- - - --- - ---- 
Q u l c h d  ,.--.------ .- - - - --- - -+. . -. -- ---. . . . . . . - .. . . . . . . . .-... ... . .- - - -------- 
Gray clap ...............--*-.--.-.---M.+.--..-. ...+ ...-.-......... ..---..---. 
Oravellywd ..,.-.--...-+---.-----.+-.-+.-- .. ...-. ...,-........-.-.--.--------- 
Hard till wlth .-...,. ...-...-....,......-..-+..---...++.-.+-------+ 
8oflsfIdyclny ..-..--..-.++..+--.----..++....--... .- .-.-.....-....-... + ------ 
Blue wtwlns CW .-.,,--........+*.------.-.......................+..--------*- 
aravnl herdpea .,---........-------..*+-..------.+.-------...---.------+--.---- 

Anpulnr w d  1- .....-..-.,..-+-.------.-*...-...--...+--..-*+...----.---.--- 
Banrl media! inta clap she -...... ....-..--..-....... + ------..------+-..+.-------- 
Band pndos from arares Coho, -mve1Mlh C m W n  Inlmwta ..-....--- 
Olaeisl tlll, htgb -tam of flnm .........-..-+--.-.--.-.---...+*-----.-+------ 

nurd ~ m e a t ~ i h s  chmy tin ..,..--------..--.---+------..-+-..---------.---.----- 

CllecW till wlth a d  and @a'pdI- -.-...-----....'pd'pd'pd..'pd'pd...'pd'pd'pd..'pd'pd'pd.'pd 

~ ~ n s  ni ssnd and p m 1 1  w ~ t b  arms clay ....-.....--.--l.llll.lll ................. 
O W a l  tlll wmtmlng of rn clay und &t d t b  mhwmlml mbbku nrd mkn, 

s e v d  bhln 1- o l w d  a d  m v s l  ras mamW but no vatm ........... 
Otay sllt md clay v l tb  soms~bblca  ............................................ 
Omy silt. no rmh or psbbleq p h  dam! nt m t  6 I O a n d  646 feet ...........-. 
Blue nay clap ....-L..-.--..----.--------------.-..-.-..--.,.......+-..---..-+... 
Pletlsr mnl with -6IIt ..-.-.----..--++----------- - --------. - ---.--...-.-------- 
Q n y  smd clsy -..,---,.-.-,,-4+---------..+-.---------..--....+-..-.....+-.-- 
I T u d  ssrrd J clay (8 kale?l-,.,.----.--,~+--------+----.-------.----.-... ..... 
Contact btweslr Q m t m a y t m d  Tat- (tembtivs) -.-.-..--.-.-..----.-...+.. 
A d  mudstone ..,.......-+-+.-----+++--+-------+----------.-+..------.-.-.---.- 

Thin M*ls 01 uml and shah Wtth a few bsdr of d a m  ..-..-....--..--...++-.-+ 

lil.6 
11.1 
Z3 
4 

1 8  
4 

17 
IS 
19 
I 
9~ 
aa 
2 5 
L 6 

I1 
17.6 
as 

lOa 6 
1 B 

81 
UI 
Ba6 
11 
la 6 
7 
I ......-..... 
13 
T$ 

18 5 
2%0 
69 
67 

187 
191 
X E ~  
223 
238 
M 

, 331 
a s  
%B 
911.8 
3TL5 
340 
342 5 
151 
4Xl  

MO 
W4 
Biz 8 
8815  
5W 
703 
7$8 
7M 
Z ' B  
850 



r AS u d  by tha Cmps of En-. the -tsRe; ia t b  mount of thn rwlxmlw mslagl. or t b  mt- 
emtsge of tbs matertal thst the figura immsdlsraly foSloks . 

Bflf sama -la mstalsl. d l  ammC of m d  ..... 
oravd~p,  silty mudl ..............................+...............+........--- 

... Z88n clay, mmip1llsthE 
Finn m d  , ........................-...-..*....................+...-......... . 
Silty sand wlth pleosr ooak -tie wstm level, f8 leet 
R l l t  ..... .................................... ...................... .-. .......... 
Flna mud, 0 m l ~ d  h-ta al -1 ........................... ....,........... 
Madlum to fins mud, 11 m n t  gravel .......................................... 
5Uty sand ... .........................................++......................-.. 
LaRn clay prndln~ C snndp sUt lower 12 feat .................................... 
Fine annd, gradlug dowmrmard to marllom send . ................................. 
~~l ........................................................................... 
  rave lip mud ..... ............,.....,..........................+.......-........ 
Bnndy pnvel ..................................................................... 
Allty m d  ........................................................................ 
Alltp m d r  ~ l p ~ d ,  onmetltd tight ....................... 
Randy mvel (60  roea at) a ....................................................... 
Band .................................................................... -+*+--+- 

Ltrnvelly ~sad (87 peaceat) ..................................+...............-... 
Ssndg gmvwl(56 m t )  ... .....,..... .......................................... 
Qmvelly annd (78 permat) .................................................... .. 
Bandy mvel(84 mcentF ........................................................ 
Ctmv~lly sand (70 mmnt)  ....................................................... ........................................................ Bandy mvel  (64 pormt) 
Oravs11y n~nd (74 wcent)  ..... , ................................................. 
Rsndp mvel  (53 perant) ........................................................ 
Sand, medium UI coww (ga m t )  m $ l % ~ m ~ t  W V B ~  ........................ ................................................... Blltp gmvet, tight, Iml~wvlous 
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1Wl 
$IH 
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221 
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U.H. 0- d B f t Q i m ,  Well hgs--Contlnnad 

DH42, nmka. 27.1953, NW)q sk. 3. T. 13 N.. B. I W. (N lM,&WE W , W )  

Alllhrda 17.4 fmt 

~ n t  --.,..-.,-.,....--- - -.-- - .-.-.----.. +--- .-+.. ............................ 
Bfl ty  (18 m t )  ~ . d y  d Q1 m t ) ;  top ot perched mter table IS feet, 

$ottom 28 ~ t .  hpt. le,lw ................................................... 
(3raveUp mnd (52 j58tj . .rant). . ,  .................................................... .................................................. Ctraveny w d y  silt (51 w t )  
OmvelIp mndp clsp (81 psrermt) ................................................. 
Smdy gravel (3 wpeme) ........................................................ 

(1% m t )  mndy m v l  (IZ mi); water table 45.6 feet, Oct. 0,1W.-.. 
....................................................... Qravelly sand (33 percent) 

srrty (u percemt) mndy W Q ~  (I percant) ...................................... 
Bandy gravd (82 pwcnot) ........................................................ 
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t 1 
29 
M 
38 
4U 
45 
M 
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m 

a 
25 
n 
a7 
u 
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8andy grsv91. ................................................................... 
Medlum ilnn mad, w l o u a l  pebbled -........... 
B W ~ Y  grave4 .................................................................... 
Gravelly m d .  .................................................................. 
Bandy pw1; whim aammZasd at 87 fset ....................................... 
QrnIIelIY fmd ................................................................... 

a 
P 
2 

10 

0 
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Description 

NO. 55, Well No. 6, Drilled by Alaska District Engineers (no dateavailable). NW%NW%, aec. 12. T. I3 N. 
R. 3 W. 

Altitude a m x .  248.0 feet 

No. 62, Well No. 3. Drilled by Alaeka District Engineer. (no date available). NE56NW56 see. 12, T. 13 N., 
a. 3 w. 

Altitude approx. 247.0 feet 
- -- - - 

32.5 
52. 5 
76.5 

117.0 
121.5 
124.0 
160.0 

Tfll; probable high water level, 223.5 feet; probable low water level 216.5 feet---. 
Blue clay with dry gavel --...-------..---..---.--------.----.----.-.-..----.--- 
1 - -  
Till, Impervious .-.--------------------------*------------------.------.--------- 

Sandy silty gravel.- --.--.-.-..-------------------------------------------------- 
Gravelly sand. ...-.-..------....-.---------.-.-.-.------------------------------ 
Silt layers in saud and gravel -._-....---.-------.-...------------.--------------- 

REFERENCES CITED 

32.5 
20.0 
23.0 
41.5 
4. 5 
2.5 

36.0 

Fffl- . . . . . - - - . - - - _ - - - - - - -. - - - - - - - - . - - . . . -. - - - - - - - - - - - -. . -. - - - - - - - -. . - - - - - - - - - . - - - - 
Gravel - . . - - - - - - - - - - - - - -. . . . . - - - - - - - -. . . . . . -. - - - - -. - -. . . -. - - - - -. . . . - - - - - - - -. - -. - - 
,Till; probable high water level, 223.5; probable low water level, 216.5 ....--.-..--- 
B e  a with p e l  . . . . . . . . . .  

Coarse gravel -.-.--..-.-.------.--------.-------.--------...--------------------- 
Till.. ..- . - - - - - -. -. -. - - - - - - - - - .- - -. . - - - - - - - - - - -. - .- - -- - - ... - -- - - - - - - - *. . ---- -- -- -- 
r a v e  sand with a . . . . . . . .  

Blue clay with gravel -----.-------...-.-.-.--------------.-.-----------------.--- 
Gravely s a d  . .  

Sand with occasional gravel ----.----.----..-.-.-.------------------------------- 
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