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CWlRIBUmONS TO GENERAL GEOLOGY 
I 

EOLIAN DEPOSITS OF THE MATANUSKA VALLEY 
AGRICULTURAL AREA, ALASKA 

ABB- 

mm-blown eilc and sand in the B&tam&a V W  agrtculhml area of 
mtbcentml A m  constItnte widespread deposits that are BMI1 M n g  formed. 
me mdern eolian sediment: ia blown cbiefly from bare gglclal-ontwnsb flood 
platne, and Iocally from expnres of older eolian d e d t e  and sandy &&a1 
drift; it is depodted ln nearby vegetation, which is  largely ioreat. The for- 
mation of .ernate of cent in bark and on fallen leavea helps hold the 
h h  daat In place num I t  become8 Incorporated In the son; these rrnsts 
are form4 by alternate wetting and drying in summer and autamn and by 
the melting of dast-laden mow In shter  ant4 sprmg. Once clloered by v@ge 
tation, the materlal la stable mept in roads, excnvntlom, and cultivatd 
flelda, wbere 3t i s  ewded by wind. Rraslon by water is unimportant even in 
fieldn, probably became the &It and sand are poroul~l and permeable and 
becam rainfaU Intendty is low. In general the sandy eolian depoaib m r  
beside modern or lateglaeial f l d  plains; the ~ l l t  Is widely dlstrfbntd owr 
%he mare distant terrala In one part of the a m  ssmd in dunea and bod- 
kontal bedsl W d e  a bare flood plain and ant farther from the plain are 
facles of a bngle ~Aianeatnry unit I)epoiliMon of the eolian WIment began 
dnrlng or after ~ecesalon of the last glnchl Ice (probably of late W1wonrrln 
:kg#) that ~ v s F a d  tbie area. The character of the depodta shorn that the 
direction md Intengity of wlntls, tba 80- areaa, and the environment o f  
aepogitlon have been dmllar to thae of the preeent tbronghont the period 
of dewsition, and Btrongly uugffeata that there haa been no major Inter- 
ruption of depaaitton mince It bgan. Thin barled hmnns bands and ather stro- 
t@aphlc featwee In the deposits may indicate repeat& brief M e e  of flood- 
plain stability, bowevm. These Inferred gerl& of stabMtg are thought Po have 
followd & a m  in ontwaah-stream regimen. which in turn were related ta 
growth and abrinlam of tbc glaciers or to d a t l c  cbangm In wn level. The 
m t h l l y  conUntrons nature of the eolian deposition la believed to a h m  
'Chat the prldpal atreams have been glacial-ontwssh streams contlnnoaslp 
~Ime the h a t  gledntion and, hence, that the major mmce gInciern not 
melt comp1ereb a f k r  that gladstlon. 

E o l h  silt andsmd amwidely d h i b n t d  in the Bbtannaka Valley 
~ngsicuttumE m d m t h ~ t r a 1  anrE depition of h h d r  

CFlr 



blown sediment continnw at psent .  The depmitiwr and h b ' i a -  
tion of the mdern sediment, dimmtary facies in mme of the 
deposits, and the infemd histmrg of the deposite and their signs- 
carice in the interpretstion of the late Quahrnary b q  of the 
surromdhg region are the subject of this paper. 

The term ' W n s k a  Vdey agricultural areaq' h used for the low- 
land north and east of && Am, an estuary at the head of Cook 
Inlet (k. 1) .  It is one of mmml lowland areas of agricultural 

7 . , , . p  

Fram 1 A p  of tha HatmmU V W  Igslm1tnral am& hdg mrp h n m r  left 
corner. Bmed aten shown In dehU in BCPW- 4. 

demlopment in d lmh and is the site of the Matanuskta Vdey colony, 
established in 1935. The principal aommunities are Palmer and 
Waailla. Rnggsd mountaim flank the lowland on the north and 
muth, Two wide mountain valleys join at its eastern end; the &b 
musks and En& Rivem, modern glacialsutwa& etreams in these 
mUeytit, flow into the head uf Knik Am. To the we& this lowland 
merges with the main part of the Cook InleMnsitna lowland of 
Capp (1940, p. 28). 

The emtire Cook Intet.Susitna pro* has hem gIscietd, and drift 
mderliee most of the land surface. Although b d m k  is expmad at 
only a few p h  in the lowland, availnb1.e d a h  ~ u g @  that in the 
agricultural area it is IwgeIy C m m  and Tertiary ~mdstone and 



shale. The m b  in the nearby momfains am of i gnm and sedi- 
mentary origin, l a ~ l y  metamorphmx$ snd are dGdy of %ic 
age, 

During the last major glaciation im covered the entire Matanwka 
Valley agricuItttural aea, extending westwad past Big Lab (Bg. If 
in a broad tongue formed by the coslemsn*~ of the Matanuska and 
Rnik Glmiera, During the deglaciation, melt-water stregms gmatly 
modified the ground moraine on the valley floor. Numems drainage 
m u m  warn formed and then abandoned. Them changes sra most 
evident in the central and southern parts of the area, whem broad 
t a m  am p m e d  along former c o w  of the Makanuska River, 
but changes are also shown elsewhere by smaller tern md ahn- 
doned dminage conree& I K k  Arm occupi~ part of the lowest Mat- 
mush-Knik hinage conrsa For the purpose of this pper the 
landscape of the valley floor may be considered to cons& of three 
elements : (1) gently d i n g  to flat tamin-gmund moraine, tammm, 
and abandoned chmu~ls-mostly forested, which is an area of eolian 
deposition; (2) Bat termin-flo~d plains of tha Mahnuska and En& 
Rive-bt is bare and provides most of the madern eolian sedi- 
ment; turd (3) flat terrai-rfm of estuarine deposition bordsr- 
ing Knik Arm-whom eolian wdiment is deposited but either is 
eroded or is maskmi by other deposit& Windbme silt generally 
mew the termin of elmeat Z and e x h d s  to altitudee of 2,000 feet 
and higher on some of the rrdjaoent monntuh dopes. 'She sand 
occum locally in duma and in horizontaT beds. 

Thme deposits of silt and sand have h n  d i s d  by Tuck (1938), 
Rockie (1946), Black (1851), 'Srainer (1953), Stump, m d y ,  DaPid- 
son, and Roy (1956), Stump* Handy, Davidson, Ray, and Thoma9 
(1856), md Stump and Roy ( 1956). Tuck gives a concise statement 
of their eolian origin. He describes the pmlleEism of the sarfam 
of the eolian mantle and the surf- on which the mantle rests, the 
gmater thiclmw and coarser tmhm of the sediment near the bare 
flood plains from which dust is now blown, and the presence in the 
d m m t  of buried woody material and old plant rook H e  d w r i b  
mind transport of dust and concludes that the older deposits m u -  
latad under conditions similar ta those of the present. Stnmp, Handy, 
Dsvidson, Roy, and Thomm (1956) doubt that the hypothesis of 
eolian origin adequately explains the deposits. THe author follows 
Tuck in considering them to be of eolian origin. 

The ohsepp&tions on which this paper i b a d  wsm made during 
the ~aurse of an invwkigation of the geology and groand--tar re- 
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-80- of the lhtwn& vanw agridtaral ares by the U.S. QmIog- 
- id Surpey* D. J. ~ ~ ~ m ,  D. hL Hophim, T+ NN. V. Earlstmn, 
Clyde Wd~haf t ig~  G. W. Whetstone, md J. E. W i  all of the 
G9ol~p;icd Sumy, dimssed mmy pmblem with the author and 
made many belpf ul mgpstions ; R. E. Wilcox examined samples of 
~olcanic ash h m  the E d z  Arm region; and D. J. Gasq drafted the 
jllnstrations. 'She author p te fnUy  acknowldgag the encourage- 
ment snd Icriticigm of the late Kirk Bryan and H. 0. Stetson, md of 
M. P. Billings, K F. M&m, ma J. P. Miller of Ha& Unier- 
sitg, aad of C. E. S h m  of Tnfh University; the opportunity of 
disc* the h h n u s k a  Valley silk deposits with 0. J. Rbg, R. W. 
8tamp, and L. A. Thornas of Iowa Stah College during their inve&i- 
gation of t h e  deposits ; and. dimmion with and crit id &ew by 
k 33. Mick, W. M. kughlin, and N. E, Michmhn of the A l h  
Agridtural Faperiment Station and H. T. 17. Smitlb of the Univer- 
sity of Maasllohnwth 

MODERN EO'LTAN IJEDIIMENTATION 

On windy daye dust is blown dong tbe flood pIains of the M a b w k a  
md Kn& Rivem and into the adjacent f o m k  Stronger winds and 
storms mom the dust farther and form conds thBt &and o m  much 
or all of the ~ c d ~  area. Afbr some of thw s t o m  fresh 
sand and silt (Q. 2 )  may €m found in the fomt s e d  hundred 
y d s  from the edges of the f b d  plains. Tuch (1938, p. 649) notes 
ht certain m y  markers were burid by mwml inches of wind- 
blown mdimer1.t between 1913 and 1035. Thew markam am near the 
Matmusk8 River (3). L. Irwin, Alaska Agr. Expt Sta., oral corn- 
mnnication, 1949). The author has found freshly depcsited dust on 
tma and fallen Ieam at &tancm of mera1 milas fmm the nett- 
iwurm. 

E~ents that follawed a fall of volcanic ash in July 1958 at Anchor- * and ia the C h q p h  Mountaing muth of lbik Amn, am of in- 
for their bearing on tbe dewtion of windblown dust. The I& 
13ektItJed from a cloud formed by the eruption of Mount Spnrr, in the 
Alaska Rmga about 80 miles west of Anchomg~+ on July 9,1953 
(Jme and M b r ,  1966). The resulting layer was an aighth to s 
qn&rter of an hoh thick near Anchorage, and the quantity of mh TR&S 

therefore sdcient to permit ready obsewation of the processes that 
followed deposition. The fresh, drg ash waa mworkd by wind aftm 
ita initid deposition, but the fmt rain &led it and left it IH a cmt  
on $he pmd, on fallen leavas, and in tha bark of treerEl. Little of 



PARTICLE DIAMETER. IN MILLIM€ERS 
E'IOuBI  ~.-Partlde-afle djntr4lmtion in earnplea of eollan scdMmt from the hfatanu&a Valley agIimlbra3 WIL 8ampler from Mthin the eoliro 

mantle (eee Eg. 6) are: 1. locnllty 1 6 ;  2, locality 10; 8, l od l ty  8;  4, mldway betwean f o ~ t i e s  8 and 9 ;  6, lo call^ 8;  6. 1 o d l W  8; 7. 
lafallt~ LI. Earnglee of modem solinn sand and rut are: 8, duet in hollow trea 400 feet north of Xnlk River Bobd phla, ball A mtle mat of the 
hlghww briam; 9, dnut from fallen leaveo MH) feet from Mathnueb. Elver flood ptnin near the month of Woherhe CTM~;  10, dust from fa2len 
160- 240 feet north-~ortbaut of locaLltg j (fig. 6) ; 12 *eat from mow dune on the rlgbt dde of the Mstanuuha R i m  flood plain. 2 r i l lW 
mrth Oi'PnImer, 1PM). VI 
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the ash was disturbed in the fad thEm&er untiI the f0IIowing 
spring1 when ash was men for B feTR days in moff fmm melthg 
snow. During the summer of 1954 a thin must of ah could stiU be 
f o n d  in crevim in the bark of depsd trees and on old, m y  caw&, 
falIen leaveg. Part of this ash is now Kmg added to tbe sail; more 
will be added as the dead trex~ Z d  to  the for& floor. 
In the M h u b  Valley agriadltm1 a m  the author has found 

similar crusts of dt on fallen laves and in bark in the forests near 
the p m t  f lod  plains. The formation of &BSB c& by albmate 
wetting and drging of the dust &r its deposition appears to be a 
significant factor in the deposition of eolian dust in the agricultural 
arela (The mumulation of blown dust in the bark of trees has been 
notad in other a- See, for exmp1e, Uddan, 18@ p. 48, 60; and 
Lutz, 1941, p. EX).) The mcmted material m a i n s  in place except 
when thomnghly wetted by rain or s n o d t ,  or when the fallen 
leaves are blown, Deposition of dnst in tbe forest is thus retsdily f 01- 
lowed by its addition to toe litter of rotting plant debris on the 
ground and its inmrpomtion in the soil. 

The whhr  mow mver is also signifiwt in the deposition of eolian 
mdiment, at least near the source of the mitarid where enough is 
deposited to affect the manner in which the mow melts The dust, 
warned by tha sun, melts its way hi% the snow and is thus protaeted 
from being mworkd as long as the mow remains. 

W l y ,  downwind from long reaches of barn flood plain, winds 
ma strong just abm p m d  Jevel in the f o d  The snow cover 
is sorneth~s m o v e d  by a combation of p m :  blowing, if the 
mow is loose; erosion by blown sand and snow, if it is hard; and 
sublimation. The first two pmmsm move the sand and silt with 
the snow. The blowing of sediment and snow t.og$her has been con- 
sidered an important p m e ~  in the inhrpmtation of certain Plsiato- 
cene deposits in E v l  It is genertllly noE important in this a m  
except locally near cultivated fields and beside bare flood plains. A 
dnne built of mixed sand, silt, mry~h1Iimd snow, and plant debris 
rand covered by a pmktive layer of md, wm found b&de the Mat- 
mudm River 8 miles north of Palmer daring the summer of 1950. 
Sample 11, 2, was mvered by melting "dirLy i3now'"mm 
this dune. 

mwxcBI ARP.*PI 

O ~ t i o n s  made dnring windrstorms indicate that the bare flood 
phhs of ths bhhnnsktc and K d c  Rivsns am the chief sotma of the 

*Vlnk, k P. L, 1849, Bljdra$a tot da mio van 3- #n 6ebanBad in het b m d e r  
vnu de aaid~~~telljhe Velawe [Contributions to the knowledge of 1- nnd sarflclal sad, 
rrtth m n w  to tbe sontheautern VduweE :me& Wagenhgd I@" PPIY.. 141 p. 
(ln Dutch, with E u i s h  numararg.). 



dust blown over tbe agsIdtara1 srsa. (Weathered smd and 
ailt are l a d y  blown from road$ bomw pits, and cultivated fieI&) 
Sand frrnn e d e d  dnnes is redeposited by wind, both near Jim C& 
(fg. 1) and on the west bluff of the Metanuska River. Abont 1% - 
miles north of Palmer, where the dunas on the bluff am being remwed 
most ~spidly, erosion is mnspicuous whem road cntn and bomw pita 
have been opened; however, other dun= 'nearby are being emdd, 
eeemingly as part of the natnral retreat of t h e  blufl, Sandy glacial 
drift e x p o d  in the fm of the bluff provided part of the sediment 
blown up over this part of the bluff and is probably the chief source 
of m a l l  pebbles found in the dune sand. 

Winds jn the agricultural arm ham bem dwribed by Dale (1956), 
on whoem discussion this paragraph iEt b a d .  The dominant win&. 
ill this s m  are from the northeast, down the valley of the Matanuska* 
River, and hvnn the aontheast down that of the Knik River. The 
"Matanuska wind? as it is known locally, ia charaehristicalIy a winter 
mind. During occasional storms, it blom continuoasly for mverrrl 
days. The LLRnik windy7 blows most fquemtly during spring and 
snmmer. These strong winds are preseure-&ient winds, moving 
from a region of high pressure to one of low p m m .  T h e  wind' 
&ream in a typical nodeast  gtom is deeper and more turbulent, 
and the wind dronger and mom gusty, than in a muthesat durn. 
Th e  m h u m  wind velocity at Palmer has not hen recorded instnr- 
mentally. On April 4,1945 s totalizing aaemomehr in the Matanuska 
Valley recornled s total of 601 miles in 24 hours at a position abut  2 
feet above the gsonnd. A peak gust of I00 milea per hour ww 
obmrmd near Anchorage during this storm. Similar velocities are 
undoubtedly ettained or surpassed in the agricuItura1 area during 
many northest and a few southeast Weaker winds that are 
common in late spring, m e r ,  and early a n h q  particularly from 
the muthesst, may be "glacier winds'' formed by the down-valley 
drsinqp of cool air from nearby glaciers (Geiger, 1950, p. 213). 

At1 the 8tom winds blow dusE, and the anthor has observed many 
dast don& that extended over half to all of the agricuItura1 area. 
The northeast (winter) winds appear ta carry considerably more 
dust, in single storm and in total, than tho88 from the south* 
despits the fact that sonroe areas for dust are in la~ge  park flooded 
and frozen in minter. From interpmtation of elimatoJogirn1 data 
Dda (1966, fig, 18 and p. 20) concludes that the part of the lowland 
a c m  which the north& winds blow most frequently is fan-shaped, 
wid&g ~ n t h w W ~ a r c l ,  with the great& wind f m q m q  along the 



ahsln of elongate I&& that extends through Waaills (fig, 1). Dde 
also eonclndes (1956, fig. !XI and p. 24) that the aontheast winds do 
mot blow nearly a6 f sr out aver the agricnl tural a m  as do those f ram. 
~ E I  northeast. %ing southeast storms the author has o h d  dnsk 
don& being blown over one segment m another of the entire 90° 
ltrc between the two mountain fronts muth and esat of the @cd- 
t m l  area. It ie not nammmon to see fairly distinct dust cloud% ona 
to semml miles wide, shift to wveml different pitions in this am 
during s ~ b g 1 e  day. The am over which the northe& winds blow 
dm on the other hand, is relatively narrow and the winds blow mom 
c o m ~ t l y .  
It is impo&ble to estimate with as8uranc.e the rate at which the 

dast is blown and deposited. The quantity of dust in the air dur- 
ing a given storm is probably much less than it appeam upan c m d  
okmation Depition is most rapid near the bare flood plains, 
snd aR, one, place, ras noted by Tuck (IS%), amomted to several 

in 22 years. Pemptible depdtian Q C C U ~  as far aa 2 mile8 
from the Knik f l d  plain at tho  southeast corner of thi~ area, 
and probably 6 or 6 miles from the Matmusks flood plain west of 
Paher, although the si@~&~ca of deposition there is diEcult to 
judge h u m  at least mme of the newlydeposited dnst was blown 
from nearby roads and fields. The nature of the mils in ths mrn 
part of the agricdtnral area, within 8 to 10 rniIes of the flood plain 
near Palmer, mgpts that the deposition of dust hlts kept pace with 
mil fomstian Farther west depasition is mdoubttdly vergr alow. 

The environment in this a m  providw an example of the t h m  
mnditions neceswy for the formation of exkmsive eolian deposits 
(Bryan, 1%5, p. 2-45; Hack, 1941, p. 243) : a source of dust, wind 
t~ move it, and an tws suitable for its dep~sitiorr and presewktion. 
Thw conditions, ao well developed near some Pleistooene glacial, 
ontwssh f l d  plains, lad b the formation of many of the irnporbnt 
loess de@B of the world. 

a- -TEE A3m mRrm FOR= 

The most gtriking ehamderkti~ of these eolian dapaeita is their 
ocenrrputce m s tontinnous m t l e  &at covers the older land eurfm 
and generally conforms tm ita t a p p h y .  Thia m t I e  ia pmnk 
throughout the a m  except an recent flood plsins and tidal flats, mme8 
young temes, and steep slopes an a few bedmk hilI~. In most 
of the a m  tb mantle consists of d t  ; near major flood-phin mumd 
a m  it is made up of sand in tbe form of danes aEEd .horimntal- 
Ms.. 



a'he thihem of the dt is mlatidy conskit on level ground 
within 1-1 areas bat appeerrs gemerall J ta ba &reabr in depmsions 
thanon adjacentdopasandhilltops. Itatmpgraphiceffect is them- 
fore to produce .s more gently rounded land surface than that formed 
by the mderlyiag glacial drift before the dilt covered it. 

Unlike the silt layer the dunes have conspicuous topcpsphic firm, 
rising a h =  the surrounding terrain as low hills that b a r  no d a -  
tion to the upper surface of the underlying driR TAe horlznntally 
bedded  and thickens toward the m u m  of the sand and in gome 
placea has topographic expression. One to  two d a s  north of Palmer 
it f o m  a low ridge along the upper dge of the r i ~ e r  blnfT; half 
a mile matheast of Palmer, however, h i l a r  bedded sand rests on 
a sarfam that d o p  t o w a d  the river (Stump, Handy, Davidson, 
Roy, and Thomq 1956, p. 84.45, fig, 201, and the preflent land 
sarface is -tially flat. 

The important dunes are in three places (fig. 1) : Getwean Fiah 
G w k  and Goose Bay; north of the Enik River, especially & 
of the highway bridgs; and on the west bluff of the Matannska 
River, 1 to 2 miles north of Paher. Small dunes have a1w been 
found near Mooee Greek and on abandoned flood plains in the western 
part of the agricultural are& All the dunes are downwind from 
long -hs8 of flood plrain or of terraces or abandoned M i a g e  
mume which represent old flood plains. 
The dmes between Fish Creek and G m  Bay am old; they isre 

covered by westhered silt and have evidently been mbifimd for s 
considerable tima. The field of d m  extends wast and southwest; 
this trend, with the pmmee of gmund moraine to the north and w* 
shows that the sand waa blown fmm the northeast and Bast. B'lood 
plaina that am now prsseFved as bmme near the community of 
Knik were probably the mure of the sand, 

Active and recently-stabilized dunes border part of the Knia R i m  
fled plain an the north, chiefly east of the highway bridge, and 
extand upstream beyond Jim Creek; west of the creek they also 
axtend west-nodwest, away from the river. The dmes arrmr singly 
and in clusbra and their long a m  trend west or northwe& The 
sand is not dd beyond slight rusting at the surf ace. Except 
immediataly along the river the dunas are cowred by cotbnwood 
and pmm. The dm= west of tbe creek are of particular intsrest 
b u s e  they seem to p m n t  su example of the way in which a 
dune field may be extended upwind until the spm avaiEabIe to it 
ie m d  A small tract of bare f l d  plain remains west of the 
month of Jim Cmk, but the few mall dmes built here are degtroged 
aach masm by the Knik Rim-. .As Stump, Randy, Dapidson, and 



Boy (1968, p. 481) no@ t'he rreek k a barrier to the tmqxirt of 
8ri.nd by saltatioa Blown sand covers eePeFaI qnam miles of the river 
fled plain Bast of (upwind from) Jim Creek, but of that bmght 
to the cmek only n small part appears to cross ib probably chiefly 
in whtm and early sprfng before the ice goes out. The c& bsd 
is quicbmd that is k g  moved &eddy dowmtmam to the M 
Rimr. 

Cliff-head d m  as high apr 30 fest fringe the top of the wmt 
bluff of the Matanuska River, I, to 2 milas north of Palmer. During 
retreat of the bluff the dunes have moved inland, probably in part 
by migration and in part by d ~ t ~ c t i o n  and rebuilding. Near the 
road junction 1% milee north of Palmer the dnnefl Jie on horizontaIly 
bedded blown sand that is 37 feet thick at the bluff. This sand, 
together with sandy glacial drift exposed beneath it in the bluff, 
has hen an important source of sediment for the dunes. 

Although there Is a considerable mge in tha sge of tbe soIian 
mantle as it is mpresented in mveral diflemnt places h the agricul- 
tural area (for example, the dunes near Fish Cmk am older than the 
8iEt farther east or are wntemporaneous with only the older part of it, 
but deposite in many places are being formed alt present), the greater 
part of the mantle appears to be a single deposit that cumrs mast of 
the valley floor from Lazg Mountain fa Goom Bay and Houston 
fig. 1). Bands of volcanic ash that are exposed throughout much 
of the eastern past of the area permit tenhtiva mrrelation of section8 
abut  as far west sa Wasilla. In the ama &own in figure 6 this 
evidence is conclusive ; two pairs of closely spaced ash h n d s  and ona 
or two single bands above them may be m n  in more than 20 exposures. 
'6he p m n c e  of thk distinctive snccesnion of ash layers in the hori- 
zontal beds of sand, in the overlying cliff -head dunes, and in t h ~  silt 
shows that the sandy dapaaita am the near-source faoies of the silt 
farther from the river. (Compare, for csxample, mtiona 4,5,l2, and 
14, Eg. 6.) Tha relation between the near-murce sand and the sat 
f &her away h thought to be one of lateral gradation. 

As Tuck (1938) pointg out, the mabrial is coarse near the modern 
flood plains lrnd h e  at greatar distanca This c h q p  is mnspicuona 
b u s 8  of the pmmm of the beds of sand and dunes, but the silt 
itself becurnee h e r  with increasing distance fmm the source. As 
part of a detailed study of the engineering properties of tha eoIian 
sediment of thb a m  Stump, Handy, hvidsou, and RoJr (1956, fig. 
15) show the areal change in grain size near Palmer by mans of a 
smd-percentage contour map. Figure 3 shows a similar map con- 



atmckd by the author from independent d a k  The mmples on which 
th8 two maps are based are compamble stratigmphic8lly. Stump% 
samplas were ~ U e c t d  at the midpoints of hia seetiom The mthor's 
were taken halfway batween the upper pair of ash h d a  and the 
next higher single band, in wtions where these featurn w m  identi- 
fied, and at the midpoint of the section where they were noL The two 
maps are similsr, although that of Stump and othem is b& on r 
larger numbr of samples and is mom debited The sand-percentage 
contours (based on sample fractions with grain diameter coarser than 
0.074 mm) form a prominent lobe that exbnds west md southwest 
from the Matan* River north of Palmer, mnghIy para1191 to the 
avemgo direction of the dominant no~heast wind. In each map this 
prominent lobe changw to an irregular pattern nesr the river south 
of Palmer, probably h u s e  part of the diment  there came from the 
ipouthwt. Stump, Handy, Davidson, and Roy (1956, fig. 19) s b  



pment a day-pmwntage contour map (sample -tiom with gmb 
dimnew h e r  than 0.005 mm) ; the cantour pattern b strkinglp 
similar to  that of the sand-pemntqp map (but with the conbur 
valnes inmafling away from the mume). 

The author not made detailed studies of the texturn of the silt 
in the w~estera par& of the area, Stump, Handy, Davidson, and RoJl 
(1956, fig. 16c) found t h  proportion of the clay-size fraction to 
increme uniformly, and that of the sand fraction ta decrease some- 
what, along a traverse from the Matanmka River to a point about 
4 miles west of Wasillms, Neil Michaelwxt (Alaska Agr. Expt. Sta., 
oral communication, 1954) s t a h  that in many of the sections be has 
examined ia the area weet of Wasilla the silt below a depth of about 
8 Inches is sandier than that near Palmer. Tho author9@ samples 
collected 2 miles east of Pithan (fig. I), at Pithan, and I mile south- 
east of Houston contain 17,25, and 17 percent mttterial coarser than 
0.014 mm, m+ve1y. Each of these m p l e  localitieg is on ar beside 
ra dcainage course mupied temporarily during the last deglaeiation, 
however, and the author believes that in t h w  places Ioca11y derived, 
c o a m  eolian mdiment is mixed with h e r  material transported from 
-tar distance. Sand and silt blown from nearby sources may be 
presenl; over much of the area west of Wasilla ; there are many aban- 
cloned drainage comma in that region. In addition, a alight westward 
thick* of the i l t  mantle, west of Pithan, suggests that some of 
the dust there may bme bean blown fn>m the flmd plain of the 
Susitna R i m  to the west and northwest. 

The cumulativs cum= in figure 2 &ow the particle-size distribution 
in samples of the silt and sand. The high degree of wrting commonly 
msidemd chmteristic of wind-blown mdiments &J well shown by 
met of the cumw. The rslativeIy poorly sorted samples (5 and 6) 
were mllecM from 1- to %inch sections (measured vertically) of 
bluff faoe in which no grain-size dieenantiation mdd be seen in the 
field; other pa* of both exposnm csontain interbedded sandy and 
silty materials, however. Kmbein  (1937, p. 688) attributss the 
fopmatian of intarbedded eolian mnd and silt to ksport  of sand by 
tmtiun and dwt in ~uqemion. Presumably them madea of trans- 
port are altsmataly more effective in bringing aediment to rs lmality, 
perhap for wnaidemble periods, so that conspicnow bhrbdding 
mrs. The meterials in samples 5 and 6 are thought to have hen 
deposited during periods when, or at pplmxs where, m y  alternation 
in mode of transport occurred rapidly so that mixed deposits m m  
formed. 

Alternating layera of coaspicnously different tetxtum may be seen 
in some d o m i  of the mantle in this &ma. M& commonly, thin 
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layers of he-grained materia1 alternab with khicker Ws of sand. 
The layers of fine matarial, which are regular and extensive in severel 
t-xposures along the Mahnuska River north of Palmer, are importent 
in the interpretation of the history of eolian deposition. Several of 
the contrasting layers am shown by the dune sections (4 and 5 )  in 
figurn 6. 

THIcKlmBs 

Figures 1 and 4 show the thickness of the eolian mantle aver much 
of the agricultuml area. The canspicuous lobate pattern of the 
iwropachq convex sway from the Mtttanuska River north of Palmer, 
indicates tllnt the chief source of the sediment has been ts the north- 
east, where a long rerrch of bare flood p1rtin is exposad fa t,he dominant 
n o r t h e  wind. The present river bid at the northeast end of the 
traverse shown by the long arrows in figures 1 and 4 is thought to be 
within a few tenths of a mile of its position throughout the period 
of eolian deposition. An isopach map of silt thickness, for about; the 
same area as that represented by figure 4, is given by Stump, Handy, 
Davidson, and &y (1956, fig, 4) ; the two maps agree fairly closely. 

Figure 5, mpresenting the thickness of the mantle along the traverse 
indimid in figum 1 and 4, sugpsts tlmt the relrttion htween thin- 
ning of the d e p i t  and distance from the MIEtanusk~ River is loga- 
rithmic. SeveraI aut.hors (for example, Krurnbin, 6937 ; Smith, 1942 ; 
Hutton, 1947; Sirnonson and Hutton, 1954; and Ruhe, 1954) conclude 
that the eolian deposits they studied show lomrithmic relntions be- 
tween thickness and distance from ~ource. Graphs in severaI of 
their papers show b w ~ k s  in g l o p  t liat imply dlanps in ths mlstions 
between diahnce and thicknew. Krumbein (1937, p, 585-5861 attri- 
butes thega changes to diffemnces, a l o n ~  the traverse shorn by his 
plotted rneaeurementa, in the mode of transportation and deposition 
of the sediment. T l~e  author's interpretation (fig. 5 )  of the relations 
of the distance to thickness in ths Mrttanuska Valley deposits is tenta- 
tive because there are not sufficient p o i ~ ~ t s  very near the sourn and 
very f ~ r  from it to give conclusive resu1t.s. Field observations during 
 toms and stndy of figures 3 and 5 suggest that the c h a n p  in the 
distance-tlrickness curve inferred to be half n mile fmm the river 
bluff is probably relntecl to the transport in suspension of considerable 
amounb of fine sand and coarse silt by exceptional gusts during north- 
east storms. 

A p p 1 1  showing distance and thickness should pmnmnbty fit the 
field dntn. well1 if all the sediment has k n  brought from one direction. 
Smith (1942) attributes A poor fit of p p h  dnta to deposition by 
winds from two direct.ions. The Mctanuska Valley data suggest 



Fsovaa 4.-Contoon showlog the thicknes~, in lncbcm, at the dh dlt and aand near 
PnlmeF. For location of mapped arm, see Innet. mss 1. 

that a fairly g o d  fit of p p h  to data can be obtained even wErem &the 

sediment was brought by winds blowing from b o  dimtions, or that 
Rnik dust is of minor importance in the area of the major isopach 
lob.  The m n d  alternative is consid~md b e  more likely. Stump, 



LI 1.0 
DISTANCE M RWER Wff, IN MI- 

Froon. &-Relation of thlchne~s oi the eoUm mantle t o  dhtrmce fmm the present blni  
of tbe Mntanuaka River north of Palmer, plotted along the trawrae shown by the long 
arrows In figuren 1 and 4. Qraphe dashed where bawd on few or mtterpd data. 

Handy, Dapidsron, and Roy (1986, fg. 22) prasent a sorting- 
d & e n t  writour map t h t  sl~ows a prominent area of relatively poor 
sorting of the silt at  and particularly south of Palmer. 'II'his tmt 
probably repmenta the major area of overlap of the Kh& and Ma- 
tmusks dust. However, #0 conbarn on the thicknem map am fairly 
regtllar, so the Mahnuska component of the sgdimen t is thought to be 
large even in this araa of mrlap. 

The silt mantle is bhin or absent in most of the tmt between Lazy 
Mountain, Jim Creek, and Bdmburg Butte. In part of *his tract 
the land surface is formed 'by Jluvid depmits too m n t  to have m- 
m i d  much dusL The sbsenm of thick alluvial deposits on older 
alluvial depmits (north and northeast of Bodmhrg Butte) is at- 
tributed to two c a w  : nearly compleh shielding of this tract from 
north& winds by the mountain mass east of the agricultural m a  ; 
and the higher frequmcy with which, the soutl~east winds probably 
blow acm Bodenburg Butte than to the nortlianst of this hill. 
Thick depi t s  of silt on and near Bodenburg Butte am tllougllt to be 
due both to more frequent m m n m  of n~inds a c m  the viciuity of 
the hill than to the north and south of it and to interception of dust by 
the hill, which rises more than 700 fmt above the surrounding low- 
l d  Stump, Handy, Davidson, Roy, and Thomas (1956, p. 9) 
found 23% feet of silt at the muthast end of Bodenburg Butte. 
Rwause this thicknass was merasured on a knoll it must. repmsent pri- 



rnargdepwition. Theauthor found that the ~ i l t  ismorethan29feet 
thick (base of deposit not m I ~ e d  with nuger) in a lo-rr depression 
on the south& end of the hill; this silt may contain materid trans- 
portgd fram the flanking slopes. The maximum t.l~fckness of silt on 
the top of the  hill was not determined, but it is mom tthm 6 feet. 

EROBION OF THE EOLIAN MANTLE 

The author has h n  unabIe to find e~idenca of sigmificant recent 
erosion of the mantle anywhere in areas covered with plants except 
on rr. few t R w  scarps. Cultivated fields near Palmer are o d e d  by 
wind, but even on slopes there appears to be little or no mass move- 
ment and little erosion by water. Several hctors  may be important 
in determining lbhe nature and extent of water emion at a given lo- 
cality. These include slope of the land surface, vegetation, porosity 
and permeability of soil nnd subsoil, and character of pmipiktion. 
Because the silt is not subject to emion by water even on slopes with 
no plant cover it appears that, slope and veebtion am here unimpor- 
tant in their effect on emion by water. The porosity nnd perme- 
nbility of the materid and the cliamter of the precipitation am the 
mmt significant factom in mntdlinp: erosion. 

The silt is relatively porous. Neil Michaelson (Alaska Agr. Expt. 
Sta., oral communication, 1955) stntes that ~nmples of two soil wries 
developed in it have total porn space as high as 50 to 60 percent by 
~olwme, Field tests by the author, usinga vtl.riable-head permeameter 
af tho type described by Wenzel (1042, p. 64-65), indicate that for 
downward flow the permeability of t11a aol ian m d  is comparable with 
that of much of the glwiofluvial m d  in this area. The silt is con- 
siderably lws prmeable but t n m i t s  water readily. The results of 
the tests, expressed in Meinzer'a units (gdlons per day t.hrough a 
crow~ctionrtl area of 1 w a r e  foot under s hydmulc e i e n t  of 1 
foot per foot, at 60' F.; see WemeI, 1949, p. 9) nre as follows: 

lSampFe8 Unit# 
Glacioflwial mnd ,,,,,,,---,,---,----4-4---~-----,-,---- 6 504.400 
Illme sand ---,-+,,,,,,,---,-------------------- 4 !XLlW 
Compact silt -,,,,,,,,,-------~,~~~~~-------- 3 0.7-1.0 

Some of the silt is nndoubtedly much more permeable than these data 
s- pm-ticularly n w w  the source and near the land surfwe where 
it is co~rse and mntains so muc.h plant debris that it is very porous. 

Weather records (U.S. Wmther Bureau) show that the ~vemge an- 
nnal precipitation at the Weather Bureau station d, the Agricultural 
Experiment Station (fig. I ) ,  then called Blahnuska 14, mas 15.96 
inches for the period 1921-52. A quarter to a, third of t.he pmcipita- 



tion falls as snow and the remainder as =in. Each of the 5 months, 
dune through October, m i v e s  on the averw between 1 and 3 inches 
of rain ; August has the high& average, 2.92 inches. T h w  averages 
are exceeded in many years, and &onally during single ~t6rms. 

The author could find no evidence of important erosion of the eolian 
mantle during and after heavy rains in June 1949 and in September 
1951. During 6 days, June 17-22, 1949, 3.17 inches of rain fell a t  
Matmuska 14 ; 1.61 inch= was recorded June 81. A m n d  station, 
nt Pdmer (Palmer 1 North, then named Matanuska 12), received 1.76 
inches on June 21. Matanuska 14 reportd 1.06 inches on Septem- 
ber 4,1951, and Mabnaska 12,1.40 indies. Ifaurly precipitation rates 
have not been mewumd in the aqiculturtbl area, but daily totals such 
8s tho% cited above commonly fall during perids of 12 to 24 hours. 

Both single-storm rainfall and the frquency of the havier sstorrns 
are reltitively low in the agricultural area, Storms bringing more 
than an inch of rain per day mur only occasionally--once a year or 
even less frequently. By way of comparison, the total rainfall for 
single storms is considerably higher throughont much of the United 
States, and the frequency of storms brin~ing seven1 inches of rain 
is greater. 

The p o e t y  and pemmbility of the m h  mantle in the @cul- 
tural area me ~ u c h  that all the rainfall of the; heavisst storm can be 
received and stored or pawed on the underIying marial. V e p  
tation-covered tract6 in which the force of the fdling rain is broken 
before it reaches the p u n d  could probably m i v e  many t imes the 
recorded rainfall without signifimnt surf- runoff and e k o n .  

EabsIOR THE PMT 

The evidence relating to past erosion of the eolian mantle is less 
concIusive than that relating to present emion. On the basis of svail - 
able data, however, t h ~  author believes that there has k n  little erosion 
of the materia1 once it has b m e  incorporatad in the mantle. 
In many exposum where layers of volcanic ash and other ~tmti -  

graphic markers cm t>e distinguished it is evident that part of the 
mantle has been disturbed since it was farmed. (See discussion of 
weathering, p. 21.) However, one of the striking aspects of these 
exposures is the remarkable continuity of the stratigraphic markers 
on hilbidm and on flat pound. (This con ti nu it,^ of the bands of 
volcanic ash in many exposures may be due only in part to  lack of 
orosion after the ash had bean incorporated in the mantla Observa- 
tions at Anchorage ssugge~t that die ash d e w t a d  there in 1953 will 
form a continuous band in the silt only locally. The thin layer of ash 
mas emled by wind before the h i t  rain came, and the encrusted Isyep 



formed was both thin and patchy. It seems likely that the &BB bands 
in the agricultwtal area repregent layes of fresh ash at l& mmml 
inches thick.) So far aa the author h been abb to determine from 
partly cove& expcmm, the stratigraphic markers m continuous 
over t m c e  scarps that are covered by siK 

Convewly, depressions examined by the author mntain thi- 
silt than the adjmnt higher ground. The mantle at iw+bIock pits 
in a temaca hdf ta three-fou* of a mile wwt of Palmer waa inv~ti-  
gated with a mil auger ta determine whether ite rste of downhill 
thickening is- relahd to slope angle or to direction of pramding winds. 
No evidenm of rmch mlatiom was found. Nor does them appear to be 
asymmetry of the thidmes of the silt on opposing slam mch ras that 
reported by Simomn and Hutton (1954, p. 100) and by Woldddt 
(1954, p. 175)- However, the mmtle, which is of relatively uniform 
thickness on the flat t e r r q  generally thins on the upper dope of the 
pit and thickma on the lower slope. At one pit, about 12 feet deep, 
150 feet long, and 100 feet wide, the thieknesa of the silt on the temm 
was found to average 46 inch= in 12 mwmmrnenEs. In 6 traverses 
m m  the pit thinning of the silt was found on the upper dope, while 
in 2 tram- the thicknesses of the silt on the upper slope and on the 
t e m e  were found to be the same. In the center of the pit the silt 
is 89 inches thick Continuous ash bands in narby road cuts show 
evidence of little if any downslope moment  of material in the msntle. 
Such movement is therefore thought to have been unimportant in 
producing the diffemntial thicknass of the silt in the pit Local 
variations in dust deposition may have  mu^ near the mum of the 
sediment if topographic irregularitim i d u m d  the flow of the dust- 
bearing wind just above the surfam. The unifarm Wichess of the 
silt around the pits sugpta, however, that the dust was deposited 
uniformly over this part af t h ~  agrieultm1 a m .  It seems more 
likely that part of the newly-incorpomtd dust was m o d  d o d i l l  
before bmming incorporatd in the soil. Thm p- that might 
have produced such movement over short dietances are smion of 
fwsh dugt by mindrop impact, erosion by -off from melting snow, 
and the movement by wind of leaves bearing e n c r u d  silt h w a d  
the centera of the pits. 

Minor erosional features were found in a few places. Old gulliq 
covered by younger windblown silt and sand, cut the mantle on the 
west bluff of the Matanusla River north of Palmer, but the author has 
seen such gullies only on retreating bluffs. A few small gullies are 
being formed in silt on Bodenburg Btlth by collapse of the roofs of 
tunne19. These tunela, which am as much as a foot in diameter and 
trend down gentle valleys on the hilleide, m m  to lack mrfm outlets 
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and thus difler from tunnels in silt in British Columbia (Buckhm and 
COGMeld, 1950). Clyde Wsbhsftig (US. Gmlogical Sumay, oral 
co~~nmnnication, 1952) has mgpshl that the silt may have been de- 
posited Iceally npdn m m v e d  Mw, rand that ''blind" tunnels 
could hsve been started by the washing or falling of overlying ~ i l t  
into cavitias fumed as the moss decampowl. 

WEATHERING AND BOIL FORMATION 

The fresh windblm w d  md silt are gmy. Beneath the humu* 
rich layer at the surfacs, the color of tho older sediment m n p s  from 
dark brown or gray brown to ocher, and in many places them colors 
alternab in streaks and mottled ems. Mmy expsures where the 
mantle is thick show buried, dark-brown to black, humus-rich layers 
a fraction of an inch to 2 or 8 inches thick. Bits of charcaal and of 
wmd in all stape of damnposition occur in many plaw; they are 
most m m o n  in the humus-rich l~yers. Such humus layers have been 
found in many eolian deposits and am m o d y  interpretd aa bnrjed 
mila (Sea f,utz, 1941, and literature cihd therein.) 

Wind-dnposjtad silt and sand are the parent material of t h ~  soils 
f o d  on well-drained land in moat parts of the agriculttrml area. 
(Ths b g  soils contain mnsidarable wind-deposited du& but they are 
not included in this discussion ~ C I ~ I I W  their ewntihl cha&ristics 
are due to local drainage conditions and do not mfl eet the Mona1 
en~mnrnent.) Indeed, agrimltum is practicab1e here largely be- 
c a m  of the pmmmce of the eolian mantle. The sand and gravel that 
lie beneath thia mantle in the Itemin most snitable for cultivation 
would be unfavorable %r apiculture, partly becam they are I= 
fertile than &a siF t but particularly b u w  they retain much less 
soil moisturn than the silt and am wry sensitive to drought. 

R6C7sie (1946) and Kellogg and Nygad (1951) haw describd the 
mils in detail. The nonbog mils sre silt foams md sandy 1- of 
two byps, the phis and the mbarctio brown forest mils. Both 
am chamcfaristically formed beneath a .foreat cover. The soil pro- 
files provide imp-t evidence of the manner of deposition of the 
diment. 

P&ol profiles are found over much of the wentern part of the 
sgricultural area, where the silt rnmtle is generally less than I9 lt to8 
inch= thick, and also in some localities to the sast where it is thin (as, 
for example, on part of the lower slope of Lazy Mum&, east- 
northeast of Prtlrner) . Horizons characteristic of p d z o h t h e  snr- 
face, humus-rich layer (A,) ; the gray, Ieached h o h n  (A,) beneath 
it; and the underIying rusty zone (B,) in which im oxide has 
mcumuIated-may be recognized in many expsures. In =me plncea 
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the zone of humus enrichment (BI) just beneath the gray layer is 
also present. Where podzolieation is well advanced, ash bands and 
other layers, if origin~lly in the mantle, have been masked by iron- 
staining. In many places this staining has alsr, affectd the till or 
grave1 immediately ;beneath the silt; where the till is not stony, its 
contact with the silt is inconspicuous. 

The subamtic brown forest soils are so n m d  (Kellogg and Nygard, 
1951, p. 58) bemuse of their similarity to the brown forest mils of 
tempemta regions. In this area they am developed on thicker silt 
or sand than the podaols. They are gray brown to dark brown ; their 
subsoils a m  rusty and gray to  brown, streaked and mottled. Ifellogg 
and Nygard (1951, p. 5 8 )  state th5t the subsrctic brown foreetreet mils 
~.esemble t h ~  p d z ~ l s  in some fmturaq md that there are mils tmnsi- 
tiond bekween the two types. Kellogg md Pu'ygard ( 1951, p. 72 and fig. 
29) lmIiev0 that podzolization is tlm dominant mil-forming prows 
in this area, but that both the eharacterist.ic podzols near the land 
surfrtce nnd the humus Isyers dsepec in the mantle have developed 
only where deposition of wind blown dust has been slow enough 
to permit soil formation to keep pace with the addition of new mate- 
rial. This mncapt of the relation betwwn mtes of eolian deposition 
and of weathering hxs b n  used by =vend other authors (Smith, 
f 942 ; Fry% 195 1 ; Thorp, Johnson, and R d ,  195 1 ; Brunnmker, 1967 ; 
and Fmnkel, 1057) ; indeed, Frnnkel (1957, p, 651) sugpts that the 
idem probably cRn be applied to all arens of lows deposition. 
The author belie- that. mte of deposition has hen the most imyr -  

tank fmtor controlling the rate of soil formation in the Maatanuska 
Valley i~gricultural area, aItE101qh other factors have undoubtdy 
luxentuated the development of diffnrencw M ween the mils. For 
example, the mantle is well drained everywhem except in bogs, m d  
thin deposits am better dmined than thick ones, This better drainage 
is dne to more effective evaporation and transpiration from the thin- 
ner mantle, to the prasenoe of seasonal frost in it for shorter periods, 
and perhaps to other f actom. Where the sand and silt am well drained 
they are most effectiveIy mratmd and oxidized, and in these places 
humus is least likeIy t,o be preserved. The distribution of podzols 
and s u b t i c  bmm fmst mils might, IM explained by tmuming thak 
sand and silt were deposited continuously over R relatively short period 
of time, and that diffewnms in drainage wnditions have since led to 
t.he dev~1opment of the different soil profilm Howsver, the author 
acoepb the explanation of the pmrvation of the humus Iapm given 
by Kellogg and Nygard and thmfom Mieves that deposition was 
neither brisf nor completeIy uninterrupted. 



The alight d e g ~ ~  of weathering of the su-io brown forest soils 
ie shown by the d t s  of differential thermal analyses md X-ray 
d i f f d o n  stndies of threa samples of soil. Stump, Handy, Davidson, 
Roy, aad Thomas (1956% p. 29)  conclude that the clay mine* domi- 
nantly dor i t e  {thought to be a dim& product of the parent material 
of the silt), have not bean influencad by soil-fonnlng p m  

Analytical data preented by Kellogg and Nygad (1951) show that 
h t h  the p d m 1 s  and the subarctic brown forest soils am characterid 
by low mnmntmtions of calcium carbonate. In the p m t  inv&i- 
gatian, field tests with dilute hydrochloric acid indimtad only slight 
concentrations of calcium carbonate in the mantle beneath the modern 
soils, except near buried snail shells, where the calcium carbonate 
oommonly forms casts of mots. The alluvial wdhent that provides 
the wind-blown dust is also not markedly almmus. The conten- 
tmtions of calcium carbonate have probably been derived from snail 
shells by solution and redeposition The low content of calcium car- 
bonate may be a significant factor in the general absence in the Ma& 
nuska Valley of the conspicuous vertical jointing that chamcbrizes 
many lms  depkh.  

Minor folding or erenulation of burid humus layers and bmds 
of volcanic ash may be seen in many exposurea The folding is com- 
mon in silt but not in mnd. Th4 amplitude of the folds is commonly 
a fraction of an inch to 2 or 3 inches. The arches of the folds am 
typically pointed and the troughs broadly roundad. Them mems to 
be little or no relatian between folds in m-ive layers. The de- 
fnmstion h attributed to lateral push and upward dief  of s t m  
in the n e a r - ~ C B  material during refreezing, after partial thawing 
of -a1 fm&; it probably occurred most aommonly during spring 
while the underlying material was still f m m ~  Perennial frost is 
not n m s a r y  to explain this minor folding. 

Them seems to have been little mixing of the eolian sand and silt 
with the glacial drifi beneath it. In mme exposures where silt mta 
on gravel, Btbnm occur in the basal foot or two of the silt. Their 
presenm is thonght to be due to the overturn of t m  and the taring . 
out of mots (Luta and Orismold, 1939, p. 382) ; deposits of ~&ed 
silt mid &on@ have been found in the modern fo& where trees mtd 
in thin silt have h overtnmed. No evidence of extensive s lop 
mav-t was found in the silt. Xn a few q m u m s  sandy d d s  
md other stratigmphic mttrhm wrap around stones in the hd 
dt, indicating d i s t h c e  of that part of the mantle, but these stonas 
have been mhtd rather than translatad; and e x p m m  of stonm in 
theailt~hbBm~lILLrnononfl&pund.asondopea 



HISTORY OF TBE EOLIAN DEPOSIT8 

AQB 

All the eolian deposits of the a t a h a  Valley @cultuml a m  
haw ham formad since the last glaciation of the a m  Tentatim 
comlations (Rarlstrom, 1932; P6w6 and otbm, 1953, p. 1213; 
Trainer, 1953, p. 14) have suggwtd that the youngest till is of late 
Wisconsin A mdiocsrbon age of 11,600.+300 years (W-540), 
rmmtly determined for outwash deposits of this last glraoiakion laid 
down outside the a d  moraine near Anchorage (Miller and Dobm 
vohy, 19571, confinas this cornlation. The p& "W" indicates 
that the wnpla was dated in the radiocarbon laboratory of the W.S. 
Geological Survey in Washington, D.C. 

Widespread stagnation of the glaciers accompanied deghciation 
of tha @culturaI area. The greater part of the valley flmr near 
Pdmer was hmacd by outwash stream, and m& of the hrraces 
were heavily pitted by the melting of buried m a w  elf glacial ice. 
The mantle of eolian diment covers this termed and pitted terrain, 
arid the relation btween mantle m d  pits therefo~*e significant in 
dating the eolian deposik Several cuts just west of PaImer along 
the Palmer-Wasilla mad and along side roads from it &ow that 
volcanic-ash ban& are continuous down the upper s l o p  of pits. 
These data, together with measumments of silt thickxlesa in pits WE& 

of Palmer, already daribed, show h t  tha mantle is continnous fmm 
level ground into the pits and suggest %at much of the silt was 
deposited after tha pita had been formed. 011 the other hand, Stump, 
I-lmdy, Da~idson, Roy, and Thomas (1966, p. 54) found that the 
bottoms of several pita in the southern part of the t e r n  on which 
Paher is situated contain little or no d t .  They (1 956, p. 76) them- 
fore believe that major gilt deposition had ended before the buried ice 
in the terrace sauth of Palmer had campletsly melted. The author 
beliepes that them pita are probably only slightly younger than the 
pits just west of Palmer, and that tbe data thus appear to IM con- 
tradictory. However, one pit (about 1% miles southeast of P a b )  
in which the silt is thicker than on the sumundhg terrace was ra- 
ported also by Stump, Handy, Davidson, Boy9 and Thomaa (1356, 
p. 54). Additional data are needed to determine the significance of 
the pits south of Palmer in the p d l m  of dating the eolian mmtla 
The author believes that deposition of this goliaa sediment been 
-tially continuous f m  its beginning to the p m a t  except for 
brief interruptions or deem in mte; this conclusion is based on 
the continuits of the mantle in the pits d d W  and on the p m m  



in the mantle generally of the suh&o brom fore& goila and the 
barid hnmw zones. 

- Eolian deposition evid~ntl J Began at diffemnt tima in diffemnt 
pu-k of tbe area, and consequently the ago of the basal eolian materid 
U e r a  somewhat from p l m  to p lm.  The author blievas, however, 
that the water park of tlie eolian mantle, in the tract where cur- 
relation is reliable, is of the same ag& As Stump, Handy, Davidson, 
Royt and momas (1956, p. '15) note, if the dt deposits on diflerent 
parts of the valley floor am contampom~ous, the greater part of the 
deposition mwt have taken plam after formation of the surface on 
which P h e r  is situated. A minumum age for that surfaca is sng- 
gwted by m n t  dating of s peat deposit near the Matanuska Glacier 
(JVilliams and Ferrians, 1958 ; Rubin and Alexander, 1358, p. 1481) : 
the peat, from the base of a bog deposit on a 100-foot bluff beside the 
Ma-ka River, 6,000 feet in front of the p m n t  m i n u s  of the 
Matmuska Glacier, is 8,000 + 300 radioce~rbon years old. The a k n c e  
of glacial drift above the pst~t, and the fact that the p t  and a8h bands 
in it have not been defornd, show that the ice has not covered this 
site Binm a time M o m  deposition of the peat. Near the glacier the 
outwash flood plain has evidently W leas thsn 100 feet above its 
p-t position throughout this 8,000-year period; moreover, the 
Matanusks River bas probably ken an intqpted s t m  over m n -  
tially its present length during this period. The low& exhmive 

that stands above the level. of the modern Mataansb ffmd plain 
and is covered by the d i a n  mantle is that on which Palmer is si tuahd ; 
it is nearly 100 fest ahve the river at its northern end, Sewral 
higher, conspicuously pitted termma lie to tho north and mst. The 
uppermost gravel in each of thwa t e r n  contains bodders 1 to 2 
feet or mom in dime& that a m  considerably larger than any stones 
the author has seen in madern flood-plain deposits nmr Palmer. For 
t h i ~  w n  the termas am thought Ito have been formed when the 
MataTluska Glacier stood much closer to this area than it d m  naw (its 
terminus is about 50 air miles from P h r ,  m e a s u d  dong the river) ; 
hence the Palmer t e r n  must be older than 8,000 yeam 
The flood p l h  slope8 b u t  26 fwt per mila downstream over 

nearly ite entire length ; the Palmer surface slopes &hut 35 feet per 
mile, and the higher terraces near P&~F about 40 fmt per mile. This 
difference in gradients is tentatively thonght to be due in part to pro- 
gressively increasing distance of the glacier from the agricultud 
area, with time; and, an the &is of incomplete study of the te- 
in part to IabgIaciaE rim of sea level, Part of the difference may be 
due to warping after the d a n  was f m d  of the bulk of its former 
load of im, but termma upst- fsom the agr icu l tud  area me tm 



few and too widely 5qmkkI.ta permit the correlation n-ry for 
Wing the hypothesis of warping. 

The a&lable data do not  how bow long after formation of the 
bmwe an which Palrner is situahl the depitian of d i a n  wlimmt 
began. It appears reasonable to assume that deposition began ae 
soon na ts mitable mum area had k n  formed, and that the deposits 
were -wed aa f#wn BB im-fm, mptation-mosd areas were 
avdable xts sim of deposition. The deposition appears to have bean 
general over much of the agricultural aroa by the time the older 
double ash band had been formed, Correlation of thgee basal eolian 
deposits with pat  that overlies the 11,600-ymr deposit near Anchor- 
a 8  hhas been attempted, but without s u m  Peat at that loealitg 
and at mra2 other plm near Ancharage, and dune ssnd at one 
lwlity near Anchorage, contain four to six bands of volcanic ash 
Mr. Eny E. Wilwx, of the U.S. Geologiml Survey, stndied samples 
of the a& from Palmer and Anchorage. H e  found (written cam- 
munication, NUT. 3, 1954) that samplas of ash from diflerent layers 
are similar, and that; difFemnces in ref d v a  indieas of glass shards 
rind in phmwrgsts are too slight to justify correlation of any of the 
ash bands on a petrographic basis. Furthermore, the ash band8 at 
Anchorage do not seem to mur in a charsckristic squence, aa they 
do near Palmer, m that correlation cannot be msda on that basis 

From all these cunsiderations, and assuming the mdioearbon agp 
tu be con-&, the author condudss that demtion of the eolian siIt 
and saad near Paher began batween 11,600 and 8,000 y e m  ago and 
that it has conhued t;o the pmnt .  

Two mpecta of the history of eolian dimenhtion in the @cd- 
tnml a m  am signi f i e  in the inbrpmtation of the regional envimn- 
ment d u d g  deposition: the sedimentation has bean characterized br 
repeakxi changes in rate that, in some placles, have brought ahbout 
slackend deposition md.finer sediment, md in other pram brief 
cessation of deposition ; and there mms to have been no major inter- 
ruption of the deposition since it hgm. 

Eolian silt and sand am interbdded in many MnEs downwind 
from Pleistocene outwash flood plains. {@ for example, &unsbein, 
1937 ; ,SchGnhals, 1953 ; h n a r d  and ??rye, 1954.) In ths Matanzlsks 
bluff north of Pdmer (seations 4 and 5, fig. 8 )  thin beds of h e  
sediment sm interbedded with coarser miaterid. Th- thin beds 
may be wrrelatd with the humus layam in some of .the other mctions 
shown by the map, and in =&ion 5 the thin beas thmdvea cunhin 
humus layers. AB was noted in the dhuwion of mils, these humus 



layem probably formed during periods of s l a ~ e d  d e ~ i t i o a  The 
beds of h e - p i n e d  mataria1 must ham k n  de@ted under the same 
conditions. Each of these inferred episodes of slackened depsition 
wras part of a larger episode of changing &a- of &entatioa 
The padicle8im data for section 5 diow that the formation of a bed 
sf fine-grained material and any acmmpying bmm layers mas the 
fwst expression of a period during which the d i t  k n g  deposited 
gradually became m w r .  Tha lower bonndariea of the beds of h e -  
w e d  material are fairly sharp (distinct with& a qusrter to half 
an inch OF lm) but the upper bwndarih are lm sharp ( p d w  
tima1 over as much &S several inches). 'At the beginning of a SB- 

quence, deposition s l h n e d  rather ~harply and the sediment ww 
finer than thab depositad before and after. In p e n 1  each qumca 
of coarsening sediment in section 5 is s u d e d  by a similar younger 
squence that bagins with fine material. The period of dackmed 
demtion must have km relatidy briaf ; othervise more pronounced 
weathering would hama taken place. Thin rust J mnea obsemed along 
the tops of humus l a p  in some exposures &ow that weathering 
was eflective locally. The rusty wnas do not have general signifi- 
can% howem, because they are h om manly discontinuous lateralIy and 
do not seam to 6e correlative from one exposure to another. Con- 
vemly the humus layers are widely distributed and m u r  in a wide 
range of tapogmphic position& The cause of the ydes of W e n &  
tion is theref ore conaidered to have been of geneml rather than I d  
sigtSeanca Moreover, the numbar of seguenw implied by the data 
in figure 6 is too large to h explnind by charm changerr in the con- 
ditions of sedimentation. Tho wtions in f i p m  6 indicata that there 
were several cycles; section 6, in a depositional IocaIity that is p m  
m b l y  very 4'gensitive" ta environmental chmgm, shows nine of 
these seqnencehi of depition. 

!I'he enuse of these inferred c h m p  mnst have brsm a change in m e  
of three environmental factom, wind, plant mvm in area of deposi- 
tion, or natlug of source area. There i no evidence of chimp in 
wind patbm and gtrength &cient to produce the affects noted ; such 
changes in winds would have raquired considerable shifts in the d j ~ -  
tribntion of high- and l o w - p m m  mnters, repeated many timm 
rwer presnmably ahort period& 3j1 the area of deposition the lmd 
wrface must have h mntintaously m~ered by ~eptaticm, and 
probably was Imted, since the hginning of eolian deposition. Thia 
comlusiw. is based on two lines of evidence: although the silt mantle 
is w i l y  d e d  by wind, whem it is not protected by  getat at ion, no 
~evidonce of conspicnous e m i m  wns fond  in the many Mans ex- 
amind; and the mantle contains buried chmmal and wmdy debris 



Fmwm 6.-Stratigtapbh ieature~ ef tha eoUm depodta near PaLmCi. ~-Schematic ~tetiOne 1 tn 4 and 8 to 28 (not 
t o  scale) rhow n o m k  end relatlvc poeltlons oL human  band^ $nd lnyera oL volcanic aah lo sectlow tbrougb 
tpe mlhn mntle. Section 6 .hm d a m  at o w  1ocallt.v. . .. . - .  



in m a q  aplacq snd tha -1 and m b i c  brown lad pm- 
Nes developed in it a m  characteristidy f o m d  banmth forsst, 
Some evidence, noted in the fdlowing parag~apb wggest that the 
chmwter of the mume a m  of the eolisn d i m e n t  has mdergone 
changes in the m n t  pasL The author Mieves that sacla c h m p  
p m n t  the W explanation of the obsemed featums and inferred 
events, and that the changes have consisted of the alternating f oma- 
tion and destmction of stabilized dld-plain surfaces. The required 
changes in stresm mghen are thought to Have been dated to the 
growth md recassion of the glaciers from which the outwash streams 
flow, or to eustatic chanffas of sea level accompanying lthe changes in 
the g11u:i~m These wncl usions are b a d  on field &em&on of sts- 
b i l i d  alluvial fa turn that appear not to be in equilibrium with the 
modem bhtanuska River, snd on evidence that the Matanuska Gla- 
cier has m n t l y  been shrinking. 
Fo& tmch of flood plain are common in mmmhat p m W  

plaoas (downsbraam from narrow d e s  constricted by h h c k  
outcrops) dong the sidaq of the bare plain of the Matmush River. 
The top of the gravel in thesa tmts is level with or is 1 ta 2 feat higher 
than the highest nearby barn on the bam ('cactive3g) %cad plain. 
Large tracta of t h i ~  frested flood plain that were examined east of 
the Matanuskrt River for 1 to 2 miles north and south of ths hihwty 
bride near Palmer, and &tween the mouths of the M~tanuska and 
Knik Riveq am cnmd by  hallow channels. Soma of these channels 
now oontain streams or have dona so ~ecantly, but many others are 
p~rkly fillled by leaves &nd fallen tm, or have trees growing in them, 
and have evidenbl y not been occupied in m t  yam. Sdcient infor- 
mation is not available to show indispuhbly whether these forested 
bars stre part of the bare flood plain, temporarily stabilized, or whether 
they m p m t  an older and slightly higher flood plain. The presence 
of trees and bmsh of a wide range in size, and of a surface layer of 
leaves and other debris, show that the river haa not topped the shbi- 
1 s  bars for many years. The author believea the forested bars have 
not been f l d e d  and eroded to a marked d p  during the life of the 
old& on them, which, according to evidence dexribed below, is 
probably 150-U)O years. The annual flood (highest dischmge during 
the year) of the Matannska River was the order of 20,000 cubic feeh 
per mcond during the perid 1990-56 (US. Geologid Surv~y,  1958% 
p. 188-139; 1958b, p. 119-120). Such a flood inundates much but not 
all of the bare flood plain. Whem the stabilized bars were examined, 
the barn f l d  plain is w much as amile wide, and the bare and farwed 
tracts together have n bta1 width as great as 1% miles. This m w  
that, assuming a mlmity of flow of 3 to 4 feet psr m n d  and consider- 



ing the deepening of channels that mmra during flw cc of river 
stage to a 2& a b m  the enera1 surface of the bare flood pldn would 
increase the d i d a r e  to more than twice, and w i b l y  several times, 
that of the annual f l d s  observed during 1950-58. Higher fiS88 would 
m l t  in e m  greater floods. Unumal f l h  may mur in the blata- 
n d m  River at long inhmle,  as they are known to do in mrm other 
a t m s .  Howmr, the observation that such floods have apparently 
not O C C ~  here during a perid of perhaps 150-!BO pars seems to 
f a m  the inte~retation that the f m t d  t- of flood plain mpm- 
egnt s stago of the Matanuska flood plain older thm thst repmnted 
by the bare, d v e  pl a i ~  

A gently sloping alluvia1 surface south of Bodmburff Butte, whicb. 
Stump, Hmdy, Davidson, &y, and Thomas (1956, p. 60-51) de- 
&be an a fan mmpl ex, a p p m  to b~ the muthward gxtenaion of the 
stabilized flood plain south of the NIa,tanuska Bridge near Palmer. 
A qring-fed m m ,  Palmer (Bodenburg) Creek now flows down 
this fnn in a channel thrtt appears tm wide and deep to have been 
cut by the p m t  strsam. Eighway fill and a low barrier of plsnka 
prevent the flow of w a b  from the Matanuska River gouthwad 
between several b d m k  hilIs, of which Bodenburg R11tte is t h ~  larg- 
est, and into PaImer Creek; however, such flow did mmr, at lea& 
&wUy, in rcmmt years before mstmction of the highway 
(Harold Thuma, Palmer, oral communication, 1950). At the tima 
of formdim of the low fan complex the drainage course at the east 
end of Bodenbnrg Buth was evidently RII important part of the 
Baatanuska flood pIain. 

Intricately channelled slluvial Itemin, thought also to mpesent 
the postnlated older f lod  plain, lie- north of the p m t  fl& plain 
near the community of Matannske; Same of the channels carry 
water from the Matmuda River during high stage of that stream, 
but many and perhaps mwl; of the ~tmm that flow acmm this tract 
arisa within it from springs. 
No similsr Btabilized alluvial featares were h d  daring nmn- 

naimoe of the Knik River flood plain between Jim &ek snd the 
Knik Glacier. If they were present, they hwe pmhbly besn m d -  
fid by the Knik River, which floods each wum in late wmmer 
during the draining of a lake impounded by the glwier. 

Alluvia1 fans st the mouths of tribntarim of the lfahnllsb Rim,  
now being eroded by the river and by their own dreams, appear to 
have bmn graded to a level slightly higher than th&t of the flood 
plain, hw, t-mmd i%mm along th- tribubq streams &and 
1 to 2 feet abom the modern at- d w t a  The author beliens 
that the M tmwb of rimr f l d  plain, the fans, md the low 



tefiaoeg are egnivalent and relatidy reoant features. Equivalmoe 
is m e d  by the apparent common height of the features a h  the 
recent d e w &  A similar forest cmer on all the featnrear also mg- 
gests equivohnce, but this avidenoe is less mxlclusive than it appears 
at first sight.. Rmd and Hams (1956) ex~mined 44 poplar (mb 
tonwood) trees in typical aites in the Anchorage-Matanuaka Vdleg 
area in 1955. Of these, three were about 160 years old sfld the reat 
were lgas than 100 years old. Of 71 whita spruce treas studied, 23 
trm were older than 150 yatrrs; two, abut  210 years old, were older 
thsn 200 years. It thus appears that in the agricultural area these 
trees oommonlg do not rmch ages greater than 15eU30 years. 'She 
author found by counting growth rings that mttonwoods on the fan 
of Mtxm C&mm asold as 140 yearn when cut in 1951. (Wge~ 
stumps with mtten centem are probably older.) White spmm on 
dunes that lie on the fan-complex deposits about 8 mile west of the 
monlth of dim Creek; a t  drrring fie period 1949-51, were aa old as 
120 ysara T m  elsewhere on tmta of stabilkad flood plain along 
the Mahmaska River and on low t e m m s  of tribuhrias attain the 
mme size aa the tress whose rings mere wmtd  and may thus be of 
about; the m n e  age, It is possible that m w r d  topogmphic faturns 
bearing tress 15Cr200 yeam old might be older than the tmq but 
of differvat a@. Nonethelw, the p-ae of the fans, terraces, and 
fld-plain remaants in placas & to laterel erosion mqgeat~ that 
they are not old and seems to &.mn@exl the inference that they may 
be oomlatd. 

Much of the tmninus of the 1Ma-tanwb Glacier is c w e d  by 
ablation moraine formed aa a mult of recent melting of the ica Pho- 
tagrapha in the mas of the US. Geological S u m y ,  the old& taken 
by W. C. Mendanhsll in 1898, show that the end of the glacier has 
had much tha m e  appearance for more thm 50 yesre but tht  the 
abIrttion moraine haa grown m e w h a t  during this period. Appamtly 
the ice front admncsd to a temporary maximum p s i  tion at some time 
bfom 1898 and then began the exoessive melting thnt brought it ka 
its p m t  @tion. Ablation moraine and a -11 recant end mo- 
raine in front of the E i k  GIaeier show that it, b, has undergone 
m n t  net melting. ~ E I  mdting is part of the m n t  genera2 glacial 
mxemioxt, Matthas (1949, p. 200) believed that this m i a n  in Alaska 
o c c d  during the 60 or 60 years precsding 1940. According to Law- 
mnm ( 1950, 1353) there has been general remion sinca b u t  1750, 
with the mast rapid -ion a h r  abut 1870. KarMrom (1955, 
p. 1182) &&B that a m n t  glaci&tioa began . about 1600 A.D. 

TheaUhor fonad no evidence of a c a d  relebtion betwmn the glacier 
6 k h h g a  and the %ppmmtly recant formation and emion of the 



alluvial features. Bwuse the Mahnuska Rivers is a g1,lacial-outwash 
howemr, and  flow^ into an a m  of the sea, it is apparent that 

any cmsiderrsble change in shwm mgimen must Be depdent upon 
c lump  in the glacier, En saa levd, or in both, and hence dtimahly 
upon changes in dimah. The hypothesis of cam1 relation explains 
+he fea- o h m d  in the e o l h  dapmits. Episodes of flood-plain 
alluviation may ba i n f e d  to have alternated with ep idee  of deg- 
radation. Xk is pmhbIe that relatively little eolian sediment would 
ham been provided by the flood plain at its temporary high level: 
a&r the shewn begrtn downcutting because the available dust wodd 
hapa h n  blown from the exposed high barn relatively quickly and 
not replenished by the dmrn and ~~ vegetation would have 
invaded the high barn and covered them until such t h e  as; they wem 
destroyed by latam1 sham emion. (See h n a r d  and Frye, 1954, 
p. 403.) Mo~eover~ stabilization of part of the flood plain would have 
Jd to sbb*ilizaticm of lung reaches of the river bluffs, dich provide 
much coarse d i m  sediment t d a y  end probabI7 have done so in the 
past. h d  if this squence of events is extended to encumpaw- ~epwted 
*pisdm of dnviation and degradation it explains the formation of 
the seserjm of h d c  layers and I d s  of fine-grained nabrial o b s a d  
in the eolian mantle. 

A critical s t ~ p  in the further development of this hypothesis would 
consist of relnting the infemd episodes of fld-plain modification 
to the glacial and -level changes that have oocnrred shm the last: 
major glaciation. One may infer on thearetical grounds that ag- 
gradation near the glaciers would occur during glacial dm- and 
degradation during recessrim. On the other hand %gradation near 
the estuary &odd have cmurred during times of relatively high 
ma l e d ,  &d is, timm of glacial racession, md degradation during 
timm of lower w level. Well p r a d  kmaes might therefore 
show a cmeshg of the grade hes of flood plains fomed during 
alternating episode of glacial advmws and &on. The author 
htsa bean unable to WabIish such a crossing relationship by means of 
terrace studiw, &lation9 at present suggegt that outwash-stream. 
regimen in the agricultural area must be strongly influend by e 
level changes, The present Mahnuska and Knik Riwm WEI tidrsl 
somewhat farther upstream than the community of MatanusIrs. The 
.Mahnsksb and Rnik Glaciers, howem, am sbout 50 snd 29 air 
milea, mpwtimly, b m  Palmer j m d  along the rive=), and 
the MatmEnnslra Glacier is known to b v e  hen  that far away for more 
than 8,000 yeam Y O ~ V B P ,  allnviwm near the community of Mat&- 
.n&a overlaps eeharine &pits  whi& now ~ t m d  abm high tide; 
this m?abionship mggwb that the postdatedl older flood plain wau 



f o d  during a time when sea l m l  WM hi&r than it is now. 
This obee~atiw is offered hntutimly b u m  the high estuarina 
depdte may reflect uplift mther than eustaticr chanm of sea level. 
On the basis of the available evidence, howaver, the author favor8 
the inhrpmtation that a higher Matanuska River f l d  plain in the 
aalgrimltunrl arart wa9 formed during an episode of glaial d o n  
and high sea level, that it ww trenched during the most recent 
episode of glacial advance and lower ma level, and that the trenched 
parts are being aggraded during the present time of glacial recession 
and rising sea Eevt?l, The author was unable to d b l i s l ~  even a ten- 
tative camlation between ~ i f i o  events inferred from the eolian 
depi te  and specific avente in Eats Quaternary histury (such as tha 
post-Wimnsin altithermal episode) established dsewhere. 

-pita repestad changes in rates of aolian deposition, as- i n f d  
in foregoing parragraphs, there h a  been no major intmmption of 
the depitian sin= it bcgm-otherwise weathering features in the 
mantle near the soam areas wodd "be much bettar developed than 
they am. Ths Matanuska and Knik Rimrs are therefore thought 
to ham rsmained braided st- mentially similar to their prasent 
form, thmughout the period of d i m  depoeritio~ Moreover, tha 
author blieves the continuity of eolian deposition further implies 
that these rivers have bean outwnah streams throughout this period, 
and hence that tbe Matanuska and Knik Glaciors have been in exist- 
enm continuously einca tlre last major glnciation of this region. 

Outwmh stmama &re widely h o r n  for their shsrp fluctuatioaa in 
discharge and for their large sediment Ioada during f l d  stages+ h n -  
glacial streams which m i v e  much of their water from melting mow 
also show s h q  0uctuations in &harp; depending on the accers- 
sibGtg dmhg the melting p d o d  of mstsrial suitsbl~ for d o n ,  
they may or may not cwq large & b e n t  loads. Small snow-water 
streams in the nearby momhim (them rrre no I m p ,  mtk ly  non- 
glacis1 shams in this mgion), the Mahnnska River, and seveml of 
its tributaries that amy large snow-water component9 during the 
melting sewn were observed, and the author believes most of the 
Aiment  mrried by the Matanuslra River to be derived fmn  the 
auska Glacier. The nonglmccid m o f f  -to carry mltbtiveIy little 
sediment. Momover, many stmm banks and bldfh and the land 
surfam p d l y  in evm much of the mountainous part of the ragion 
am now well prdwtd from emsion by plank or by a thin cover of 
windblown or other porous matmiat Probably the p h t  o o m  wanld 
have b n  mom m p l &  and mom effective in preventing m i o n  
during any nonglacial episode than it is now, provided base Ievel wem 
relatidy &la From all t h e  conaideratiom the mthor condudes 



thgt and ~~ong~acial- iB this region during &US- 
time would have di f l e d  mnrkedly in diment load ; that .t anonglacid 
Matannskrt River would not have received, a large and constantly m 
mwed supply of sediment, eapwidly m k  flour that provides the mlim 
dust ; and conseqn~ntly that the essmtiallg oonth1xou8 eolian dep* 
sition sinm the late-Wisconsin deglaciation of fie agridttlral area 
requim that the Matanaska and Knik Glaciers (and by infernno8 the 
other large daciem in the surrounding region) did not melt completely 
after that deglaciation. 

The general signifimnm of glaci~tion in the formation of many 
eolifin dapositsi ia well Rnown. Tuok (1938) emphssized this gignit?- 
can& with mfemnm tn the Matanaka Valley  deposit^. If the a r e -  
ments given in the p d i n g  p a p  are valid, they provide m 
additional illdimtian of this significsnce and of the complexity of 
remt dimatio fluctuations. 
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