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THE PHYSICAL LIMNOLOGY AND SEDIMENTOLOCY OF MILLEL LAXE,
HARTIN RIVER CLACIER, SOUTHCHETRAL ALAZEA

idward Callender

s

ABSTRACT

i 1ller Lake 18 an loewwalled lake located on the termimnus of the
Nertin Aver Cladier, southecentral Alaskes. It has an ares of 1436 kne
and & nean depth of 25 meters, The lake basin wne formed by the coale
escence of seversl ioce sinkholes and is cherscterised by extremely un.
even bottom topogreaphy. '

inalysis of detalled thermal dasta obtained during the summer of
1963 indicates that the lake i never permanently thersally stratified
bt does develop some stratification during periods of wawm, eals
veather, This etratification is easily destroyed by stormy weather.
Mller Lake 4o classified as & subpolar lake due to the fact that the
tharmal gradient 1o amall and the surfoce tespersture i3 above 4°C for
only a relatively short tiae in the summer, The caleulated ammal heat
tadget 18 8873 eal/em.”,

The genersl sediment distribution of Miller Lske is charscterised
by & band of sand, zravel, and coarser matorisl surrounding a large area
eonposed nalnly of silty elay loceted in the center of the lake. Thore
are sevoral areas of anomaloos sediment distribution which are difficult
to sxplain in the light of the physical setting of Miller Lake. (enerally,
deposition of sediment i controlled by the bathymetry of the lake,

Finer sediment is deposited in basine vhere the offoets of currents and




wves are small, while coarser naterisl 10 coneentreted on Mgher areas
shere finer particles are wimowed out bty wave setlon currenta,

The sediments of 'Mller lake may penerally be classified as a
glsciolacnstrine disioton deposit. These sediments are deposited by
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Wller Lake 48 Jooated in the axtrese southern part of the temdms
of the tartin fver tlscler in southecentral Alsskn at an spyroxinate
slovation of 120m, (W00 £8.) sbove sean soa level, The lartin Mver
dlseter (154° 200 to 1447 00' wuwt Longitede ty 60° 390 w 607 230
sorth latitude) 48 located 80 Wm. (50 mi.) castescuthesst of Cordova,
Maskes (Mg 1)

Deseription of loke

Mller Lake 40 an lesewslled glacial maltwator lsike formed by the
sonlesoence of several lce "sizihwole” lskes. The laike 48 2,19 kme long
(1636 mhe)e 071 Wne wido (0oBh nd.), Snd has & maduun depth of 70 n.
(230 ft.) with o subedrenler or iddnsyshiped outline and is fod almout
exolasively by glactsl meltwntor.

Purpose

The purpose of e Lnvestization was to study, both qualitatively
and quantitatively, the hydropraphy, rhysieal limmslocy, and sedinont.
ology of an aquatic enviremment poorly understood by peologiste and
Unnologiste alike. /M stimpt has beon nade t0 be quantitative as well
os deseriptive with the data gathered, but this attempt has bosn nscessarily
lsdted by the lack of continacus dete obtained from observations made
over long periode of tixe.

The glaciel geology of the Martin Mver “lacler ares has bemn
trdefly deseribed by artin (1908, pe 50e52, Fls 5) and Twry and fartin
(1918, pe B63)e Cluyton (1964) and Beld and Clayton (1963) have deseribed
soveral interesting aspects of the rlasial geology of the area. Mthill
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Map of lower portion of the Martin River Glacier showing location

of Miller Lake.
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(1963) describes in pome detell the Mmmology of several lakes in the
adjncent to, or off e glacier on the besle of the condition of thelr
witers and the charscter of the lake besin (Tuthdll, 1963, pe 86.88),
The type of aquatic enviroment represmnted by Miller Laks has not
bean previcesly studled on & Mmmologiesl and sedimentologioal besds,
Hobtde (1961) has studied the themal structure of a deep clacial lake
in morthern Alaske, snd drewer (1958) has Anvestignted the themal regine of
& shallow aretie luko in the samo sros. livingstone, et gle (1958)
stadied the Mmmology, sedisentology, and orlrin of seversl arotie
thaw and glackal lskes in the Peint Darrow sres, northern Alaska,
Dermes (1960) Lavestisated the phymieal snd chemieal Mamology of &
devoribed the physiosl 1immology and sedimentetion in a deep clactal
lsko north of Vanoouver, ddtish Columbla, ALl of these reports, however,
desaribe the limology and sedimentology of lsites with besine in bedrock
or parewdally-fyosen gronnd. Ico-mlled lakes situated on the temdrd
of glaciers, although feirly comson, do not sppesr to have Leen

Aeld work

@ nmber of & ressarch tem fron the University of lorth Daisots unter
| the lesdership of Dr. ilson Y. Lsird, State Ceologhst of North Dakote
st Professor of Ceology at the University. The tom stadied the

~ gelogy of the Martin Aver Clacier ares during the fleld ssasone of
| 1962 and 2963, These limmloglcsl data vere obtelned during the 1963
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f6ld soason at wideh tine ¥ie Livestigation of Miller Leke s condusted.
The temm operatad out of a pervancnt bese canp located on the southern
#ore of the lake. The Mmnologheal and sedinentologies] Lnvestizations
wore condueted using a 52 me (17 fte) aluninus cance statdlised by an
outrizeer and pontoon (Callender, 1964),

The field work for this investigation was sepported by the Mstional
 telemoe Foundetion (Crant Mumber NOF.022016) merded 1o the senlogy
Dipartnent of the University for the stady of the 'artin iMver Clacier
aren An southesantrel flasks With De, “Alson ¥, Lelwmd, Prineipal
I wheh to thank the meny people who have sssisted mo wWith ths
_ stady. Dr, ¥ilsen X, Lalnd, State Gesloplet of Gorth Dakots wnd
 Chstrwan of the Jeolegy Departaent of the University of Sorth hakota
 gave Mo support and help in the field, stded in the constmetion of
 epipeent, and evitieslly remd this mamueeripte ' femed J. Tuthill,
- fellow preduste student who stadied the ldmmolory and geology of seversl
 lssustrine orvivomsents in the Martin My Jlacler area, geve hie
| mprert ant help in the Meld as well &s in the Laboratery, fle mizzestions
i Assusstons comcerming the problase neourtered Wreuchout the dure
| #tion of s Lovestioation vare of great help to the weiter, v, John
" B Rl and T, Valter L. Hoove of the Uriversity of Horth Dekota made
| nay holpfl merestions and eritioally read s mamseriot. Dr. tedd




mony valuable sagpestions concerning i1s style. 1 mm most gratefsl to
these people for thelr help and support during the preparetion and e
plotion of this investigation.




GICTRAPHY ARD ODOLOCY
Clinate

The clinate of the Martin Wver Clacier ares L8 charsotorised by
heavy rainfall with soderate wdoter and lov summer temperatures. This
slingte in classified as a teperate ralny clinate with csol, short
sumsers (Cfe Kdppen oymbol /Strehlar, 1960, pe 191/), or o narine west
gosst olimate (Strahler, 1960, pe 191)e

Heteorologieal records made st Katalls in 1907 (Mertin, 1908,
pe 17) are presented in talde 1.

The Undted “tates Veather Dureeu has sumneriged the weather data
for cordove, ilaske from 1931 to 1960 (Umited Otates Veather uresu,
1962). These data are presented in takle 2,

kede (19632, pe 3) sumarised meteorological observations taken
by die throughout the cummers of 1962 and 1963 at the Mller Lake and
lake Chardotte base emups (see table ).

(logr weather generally occurred with west and southwest winds,
while reiny wveather accompended sest winds.

There are three sajor types of vepetation in the Hartin itver
Glseler area. Muskep, eonsisting predominantly of owanp and meadow
grass, occoupdes the lowland sres botween the margin of the glacler and
the Yartin Mver. Dense growths of alder cover a large part of the
outwash plain of the Martin River,

A spruce forest cvours adjscent to the southern margin of the

. 0 snd on the stagnant nargin of the glaciers Alder 45 the predosinant
vegetation farther out on the glasler, “prucew-alder fovests grow on




Table 1. Meteorological records made at Katalla, Alasks in 1507,
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Table 2. Jemary of weather data for Cordova, Alsska (1931 .~ 1960).
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1962 (16 days)

1962 (31 daye) 7oh5 inches 50,007

1962 (;b Aays) :.a? zm T si.ﬂ‘? -

%63 (20 days) | Gutd Anshes W3
ny 1963 (M m? 7;a;mm s
m—ﬁi.“ﬁ: s
mgast 1963 (10 days) 5,10 inehes &.1%r

 tetal 1963
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the lover slopes of the Mlle to an spproximate elevation of 364 m,
(1200 £4.) whieh 45 the elevetion of the tree line in this ares.

The third type of vegetation in the Hartin iver Jlscier ares
is alpine flora which is charscterized by heath and meadow grass,
Alpine flora usually occurs sbove the tree line vhere it is occasionally
interspersed with stunted slder and spruce growth,

The lower narvin of the glacier 4o covered by a 1,6 40 2.4 im,
wde (1 mie to 1} uds) band of dense alder (flms) crowth. 7The southern
nargin between Lake Charlotie and Desdwood Lake (Mige 2) 18 covered by
8 sature ‘tka spruce (Piges slichenmls [Pong.] Carr.) forest which
sxtende sbout 0.8 kme onto the stagnant part of the glacier (Tuthdll,
1963)s Iichens sppear initially on the mpeorglacisl debris and ave
the hardiest flores They are followed by Lupin (lupimus lootikatepsis
Donne) and fireweed (foilobius latifolims linne.) which invade the

 @nift covered parts of the placier. These are followed by alder,

| willow (3alx)s and sitka spruce. The presence of vezetation on the
~ glaster 13 detersined by the smoust of superylacial debris which pro
“mummmmmmw»mm.

Topograghy
The topography of the Martin iiver (lseler area is charssterised

by rugged mountains and moderately high hille with glaciers, outwash

. pleine, novaines, end muskes ccouyAng the aress in betvess. The glacter
- 18 bounded on the west by the outuash plain of the Hartin Mver, on the
| merth by the Cimgach Hounteins with & meximus elevation here of Apprexe
| fmately 1620 m. (6000 ft.), on the esst by the Dering Glssier and the

| Meley Zeo PLald, end on the south by the foothills of the Guugesh

P Moee havtng & naximm alavation of 606 m. (2000 £1.).
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There are many lakes in the ares, sovaral of which contaln Sbune

© dant squetie 1ife (Tetiill, 1963)s The lavyer lakes (ares greater than

 2im.?), ald of which are ook basin lakes, are dmmed by glecial iee,

,' glacial moreines, or glaeisl outussh, Thers sre mmerous smaller 1o
sountact lakes loeated on the termimis of the Martin fiver Clacier.
Hiller Lake 18 the larest of these.

The stresms of this sres derive thelr water fyem local rainfall and
glaoinl meltuster. Ooth of these sources are large and consequently the
streans, such as the "artin Fiver and the Daring Mver, are large in proe
portion to thelr length and draimage area and are subjeet to severe
flooding.

Replonal bedroek geology
rayne (1955) deseribes three tectonic provinces in the Martin iver
Glacier ares. These provinees, which cceur in an sast.west sone north
of the Julf of Alasks, are known ss the "Chugach ¥ountains geosyneline”
snd the “Hesosole gremnstonoegreyvacko-slate sequence” north of the glacier,
and the “Yukatega goosyneline® south of the Martin fiver Glacier.
Qmgagh. Jounteing (eosyneilng
The ecastevest trending Chugash “ountains ;eosyncline consists of
1 & serles of tightly folded and motanorphosed graywacies and slates. These
~ rosks have been stadied only cutside the Martin River Glacler area and
have boen deseribed in the Prines William Sound region west of the Martin
" Mver Glacter (Moffit, 1950, p. 22e247) and dn the hitina velley north
_ of the glacler (Noffit, 1930, p. 89.128),
In the Prines Willian Sound recion these rosks are represented by
4 the Valdes ‘youp of Lste Cretscecus age (Maffit, 19354). They are composed
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. mstly of graywncke, arillite, and slate. The graywacke is gray or blulsh
wmmm feldspar, and quartsite and slate rook fragments,
 onglonarate and dark, ispure linestens are cceaslonslly found Lnterbedded
Wt the alates and craywmekes, The beds show the effect of netasorphies
| shich hus beon oo dntense as to alter the rocks to phyllite and sehist in
© smo places. The craywuckes and sletes have bomn intruded by felsbe dikes
e sllle and cramitic and dloritic batholiths, The rogks are comnonly

| pemested with quarts velns rancing from a fraction of a centiseter 10 a
neter thick, |

% The graywacke-slate sequence is intensely folded snd faulted, Wit
& total thickness neamured in thousends of feot.

| teld 10 the prineipal esonaude mineral found 1n the rosks of the

© Chrugaoh Mountaine geosyneline, This pold occurs as placer and quarte

lode duposits in the Prince Willdmn ound reglon (Meffit, 1958, p. 302.308).
: The rocks represented by thls sequense are very siailer to those

© of the valdes (roup, the mmin éifferemce belne the presemce of altered
 mafie extrumive and intrusive rocks commonly called greenstones. These
 gedks, Widoh border the Oulf of Alasks, are represented in the Prinee

| Wil sound repion by the Oree Group (Veffit, 1958, pe 207e250) of

| probsble Lower Cretacosus age (Payne, 1935)s They orop out in the
 Gmgaoh Mountalns north of the iartin Mver jlacier.

| The most domdnent part of thioc sequence consists of slate and graye
mu&mmmm»;umum
~ of the rocks. The greenstones sre sltared dense bssalts and nassive
.mwummmummmwm
 and some lomestones ad cherts are assosiated with s Boguences
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The rocks are tizhtly folded and grestly faulted, but ecxhibit minor

. mstamorphie effects, locally, contact wotamorphism has resulted from
 minor icneous intrusions. The otrats and feults dip steeply 10 the northe
I Copper deposits are comsenly found assoeiated with the greenstone,
Sold mvd silver deposits are aloo present in this seguencs (Moffit, 1954),
Jalataca seoyyngling

The rooks of the Yakataza peosymoline composs the Chugach 'ountains
foothills and extond under the Mertin Hiver Olacier south to the cosst,
and frem the Copper Tiver Delta southeast o Mte Fairwesther. These rocks,
widoh have been studied by Martin (1908, ps 27.43), Taliaferre (1932,
Do 757<777), and Mller (1957), consist of wellelithified Tortiary cone
tinental and marine sandotones, shales, and coals. ‘Thay are generally
complaxly folded and exhibit fow signe of metemoryhiss.
Formation (ibeence(lizocens) are axposed immediately south of the “artin
Mver ilacier, while the fatalla Formation (Oligocenew'dlocens) is located
~ seversl miles farther south. Table 4 4 & stratigraphic scetion showing
~ the relationship of these units in the Martin Mver Glacier ares. The
| mMshtaks Formation extends from the crest of Mushtska Mdge (see Mo 2)
© west throughout the valley of Carbon Cveek (Martln, 1908, p. 1) and
| isterfingers Wit the Stlluter Tomation (HaoNell and others, 1961,
 pe 1807), It consists of dominemtly nonenarine coarce arkose, shale,
_ and & large mmber of sonl beds. The thicknoss exoseds 600 m. (2000 ft.),
| Bt the exaot thickmoss 45 mot knows, The Kushtaks Formation oomtains
b 411 90 csad of the Baring River coal fleld Widsh coours as smthredtte,
. sedanthracite, and senitdtuminous coal and 48 fownd in beds vanging from
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taga ceosyncline

Faliaferro, (1932,
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The fatalle Fommation crops out south of the “artin Mver dlacler
. #rea adjecent to the Julf of Alaska. It consiots msinly of marine shales

© mollasks, cohinoderns, and crusteceans (Martin, 1908, p. 28), Tw
npssive sandetones are present, one balov and one above the most pavednent
shale hed.

There are two other upper Conomole marine formations in the “artin
Mwver ‘lagier ares. These are the Poul Creek Formation (Olizocemo and
Moocone) and the Yakataga Forwmation (Mlocene and Flicocene). Thay consist
of spprecinately 710 ne (3000 f1.) of siltstons, sandstone, and conglone
erate (dller, 1957)s Ouall dikes and sills and laccoliths of basalt
and dlabase are common An this ares, with the dikes and wills belng especiale
1y stundant north and east of Stilluater Creck.

The Cenomede vooks of this ares have a gemersl northeast strike
~ and &p stesply to the northwest. The rocks of the Yakataga geomymeline
- are brought in contact with the greenstone-slate.greyvacke sequance by
 the Chmsachrts St Fliss overthirust widch extands fro the Copper Mver
| Delta under the Martin Mver Slacler 0 Teutst Dy, Deforation of rocks
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| 9 oomplex, tcht folds with step dlps and mamercus thrust faslts in the

| merth, oot of the defamation took place during the Plicome but contine
;}'fﬂ into the Suaternary (Payne, 1955).

|

ey of Alaske's gleclers border the Culf of Alasks, and this
"iMmumaumqummm Mords are
~ ewmwon throughout much of this reglon except in an area frem the Copper
-f;mmmnmw. Thie area, which has & relatively
| streleht coastline, 18 cocupded in pert by plefsont glacders, the tw
;.mnm:mwmmmmvmum Fheduont
 glacders oscupy troad lowlands losated at the base of steep mountaln
| fhe phetnont glackers of the Culf of Alasks originate as valley

® 4n the Chugach snd St, Zldas rountains wdeh coalesos and

in the foothills to fors broad jledwont glaciers, A band of

t Loe oceuples the teminal part of nany of these glaclers end is
genarally eovered by superglacial drift which varies from 8 fow ons 10
a8 m (1 40 to 25 %) An thickness, The glactal surface 1s relatively
stablle in places where the swperylastal drift 1o noderstaly thisk (1 to
’,,thmummmmummuu.u.;uu

343 ) thick, the murface of the clester s unstable and eshibite &
grest deal of local relief.

 Comonly, the stagnant marin of these clackers 13 drift covered.
drift or ablatlon t1ll may possmibly have been forsed by the concen-
of subglactal detris carvied up inte the glacler along shear

in the lee (Flint, 1997, Fige Seth; and Clayton, 1968, p. 108).
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These shear or thrust planes result from sctive ice overriding stagnant

foe, OSubglacial debris 4s dragged into the upper part of the glacler
and concentrated there through sblotion. Juperglacial drift may also be
formed by lateral diffusion of medial worsines. This sblation till ine
mlates the ice beneath thereby casusing this sres of the glacier to melt

. move slowly than sreas covered Ly little or no drift. A forest often

grows on the sore stable (1 to I ue of drifrt [3 o 10 £2./) stagnant nargin
| of the glacier, whercas the loss stable part (04 to 1 m. of drdft) of
the stagnant margin supports little vegetation and is characterized by a
very hwasooky surfece with hgh locsl relief,

The stagnant part of many of these glasiers s ocoupled by many
solution features which result in a type of karst topography developed
on oo (Clayton, 1964). The most significant feature of this karst
 topography ie the presense of mumerous superplacial funneleshaped Lce
. diskholes, These sinkholes are commonly 67 to 400 m. (220 to 1320 ft.)
 aeross, 17 to 100 my (55 %0 230 £t.) desp, and often contain water,
These sinkholes are common on the stagnant part of the Malaspina Oloeier
{mssell, 1901, ps 115.117), the Daring tlacier, and the Hartin River
Glacder (Clayton, '964). ‘The lakes are filled with delwis that slides
down the steep walle shich melt more rapidly due to poor insulation,
iventually the lake bottom, after drairing, stands above the surrounding
fee and becomos sn Loe-cored cone, thereby coapleting an irnversion of
topographys Bussell (1901, pe 117) believes that these sinkhole lakes
© are the resuli of widening of crevasses. This conclusion is also supported
by heneud (1936)s fuperglacial simkhole lakes, high loeal rellef, abune
dant saperglacial drift, and lack of surfsee aeltuater stresms (along
~ With many other festures characteristic of karet topography) sees to be
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dagnostic of stagnant lee.

Garsin Syer Olacher
e Martdn fdver Glacior Lo internedicte betwesn s valley glacier

and & pdedeont zlacier. It Dogins at the western edge of the Bagley lee
feld and 49 spproxinstely 39 lome (26 sds) longs 8 lome (5 whs) sdde, and
tervinates 32 lome (20 ml.) east of the Copper Mver Delta. The glecier
desoends some 2000 me (6600 £i.) from an elevathon of 2120 m. (7000 ft.)
at the western odge of the iagley lee Feld, to 120 me (400 £i4) at the
temains of the placier. The glscler, which originates in the lagley
Ioe Field, 18 fed by several trdlutery glaciers, It differs from the
Bering and Malsspina pledmont glaciers in that 4t is confined to & twoad
valley instesd of debouching onto a broad flat plain st the base of the
mountadne, The Martin River Jlscier is bordered on the north by the
Chuzach “ountains, on the south by the Chugach foothills, on the east
by the Bagley Iee Field and the Dering Jlacier, and on the west by the
cutwash plain of the Martin Mver. There are two lobes slony 445 southern
narrin, one extending into the valley of Xushtaka Lake, and the other
the southern part of the stagnant margin of the glacier 18 covared
Wth arift and 48 moderately forested., This stagoant margin 4s 1 %0 J ks
(0.5 to 2 mi,) wide (Clayton, 1964, pe 108)s The superglacial drift
penges in thickness from more than 8 me (26 f1.) to & few eme (1 ine).
 The nere active part of the clasler exhibits medial moreines, primery
. stratification and ogives, vith erevasses belng presest on all but the
most stagnant parts of the glacier,

A toredinsl morsine orosses the Martin AMver Valley approaimately
1 kme (0.6 mis) wost of the terdnuse of the glaciers There are 10




. moccessive lateral moraines which nay be traced along the sides of the N
| Mlls in te ares. The highest moruine 4o located 230 me (760 ft.) above
 the present surface of the glacier, fy conparing the slevetien of the

~ present surface of the glacier with that of the moraine corvesponding in

age to the little Ice Age (1729.1824), Reid (1963a) has estinmated that the
| glaster surface hao sblated vertically some 25 n. (62 £t.) alnoe that time.
He believes that present ablation rates approxinate this figure,

! A valley tredn & lose (2.5 wid long and 1 %0 2 ime (0.6 %0 1.2 uds)

~ wido extends from the terminas of the glasier westward where it eventuslly
Joins the Copper Miver Delte some 7 kme (43 wis) from the nergin of the

. glacder. The surface of the valley train has aggraded above the mouths

| of tritutaries o the artin Mver therely forwing Martin Lake, Little
| Martin Leke, and lake Tokun (Martin, 1998),

, Although the axaot recent history of the Martin liver Clacior has
L 20t 7ot bewn deternined, Some tentstive esnclasions may be drews from the
. preliminary smalysis of tree ring studles conducted during the susmser of
1963 (Redd, 1963b). These dendrochronological studies of trees on and
. djecent. t0 the glasier suggest that there have been to recent glacier
-‘Jmum-m‘whmm he most recent advance ccourred
. around 1910, while the earlier advance took place during the ittle Ies
| ige* which i dated between 1729 and 1025, These dates correspond to the
. ages (determined by tree ring studles) of the two most recent latersl
ﬁmummmwmwwtud. 1963a) and sre recorded by
" w0 end moreines locsted st the southern end of lake Charlotte. fio

. @otinet end moraine exists at the mailn termimus of the glacier which

. gorresponds to the 1910 advance in the Lake Charlotte area (ield, 1963b).
A miner sdvance of the glacker nay have ccourred during 195 (Tewdll,
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oral commurdcation, Umiversity of iorth Dekota). This conclusion i» based

on & cursory examination of serial photographs. It appears thet while

 the Martin Mver (lacler has experienced seversl readvances, or periods
{ shere resession vad at a standstill in the last 250 years, the margin of
._-»-. the glacder is now thinedng rapldly and 4o presently receding.




HQW?{W“‘SEI. HOPHOLOGY , AND CRIGIN
: mmw.m-ummuuwwmumtm
‘ff of the lake basin, while the morphology deseribes the shape of the lake
| @ tho rolation of that shape to 4o origin and history.

3 Sethyaetry

: The zeneral topography of the bottom of Miller Lake was mesmured
~ whdle obtalning samplos of the botton sefiments. 4 line attached to the
. Hean ssmpler vas sarked in meters and depth o the bottom wes recorded
at 150 stations located by trismpulstion, using a Brunton compass, from
sontrol podnts of the lake shore, lore detailed bsthymetry vas eonstructed
fron fathograms repressnting 37 treverses of the lake.

The batiymetric nep was construstod uslng some 500 depth neasure-
~ aente and eontoured on & 10 meter intwrvel in order o show reasensble
| detall, The bathymetric nep is preseated in “late 1

e bottem of Sller Lake is quite irregular and mavked Ly steope
wiided depressions snd hills, shich in turn contaln ssaller sisdlar
Mlls and depressions. The most striking bathymetric festure is the

~ presence of soveral elliptieal to subrectangular basins, many of which
 eontain dsolated hills, The entive northern half of the lske besin is
~ charscterised by theso elonzate depresetons and hills, The southwestern
~ part of the lake basin axhibits » fadrly extensive, yently sloping 1ittoral
_ shelf, This gently sloping shelf is in strildng contrest to the sube

] eirealar, steepesided, sublacustyine depressions and hills found in the
. porthem part of the lake bastn.

- hedaddad batumelry

A dotatled bethymotric map and soveral batiymetrie profiles sre




depresrdone shich are so characteristic of this part of the Aller lLake
basin are found within a long, relatively narrow arcusts basin., 7his basin
pecuples the grealer part of the lake basln and bes felrly steep walls in
its eastesm, northern, ad westarn parts snd sore sently sloping walls in
the southean pari vhare 1t ades into a 1ittoral shelfl,

Many of the slangate desrestions contedn steeresided M1lle aing
tene of netars above the basin fleor, Trofile 2 shows such a sftustion
shorein & basin, desigonated by site no, !, contoine a hill, site o, 2,
wideh rises 20 me (65 £5.) shove the bastin floor. The batiymetric map
illvotrates soverel such fentures seattored threurshout tho lake basin,

Many of these hills, in tnrm, whibdt depressions located on the
tope of the hills that extend seversl meters (20 a. in ono case) bolow
the ereets of these hille, Profile 2 shows this feature vhore a depression,
site noe 3¢ Mes on top of the hill (2) deseribed in the preceeding
{seo "late 1).

4s will be moted later, the formation of these umisual batiynmetrie
features 15 directly related to the presence of Lce beneath a large part,
Af mot all of the lake basdn.

The slongate, stewesided depressione ocourring in the northern
part of the lake basin are separsted from one amother by & sill or
sublasustrine ridges The walls of the basine and depressions have a very
steey slope, ranging betwoen 26° and 52°, with an average of 38°,
There sppesrs to be & rough areuate alipment of stespealded

IR Ll & 1% LG LR »im 0 )
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 sdne in the lske (see Plate 1), This 18 nost certainly related to the
origin of the lake tesin and 19 probebly comtrolled, in whole or in part,
hy differensial flow in the Lee (Redd mnd Callender, in proparation).
Lake basin Ao sharscterised by a falrly extessive pantly sloping littorel
thelf {see Plate 1) which oocuples a darge part of the ssuthern half of
the lakte basin and I8es only 10 @ 20 me (33 % 100 £t.) below the
surface of the lake., 7This 15 in contrast to the *RAlly" tapegrephy
of the nowtharn part of the basin where features 1le fron 30 to 70 =
(100 to 230 £i.) below the lake surface. Jevaral eloneats Mlls are
present on this shelf, Profile 3 chows such a M1l (1) rising 20 m.
(66 £t.) shove the shelf mrface, These hills possese & rough arouate
eliprment whioch 49 probably related to the ordgin of the lake basin,
ML (1) containe a depression (2) which extends 15 nme (50 £t.) below
ita erest.

The slope of the littoral shelf is quite gentle compared to that
of the sublametrine basine and hills. The shelf has an average slope
of 11° to tho north and ranges from 2° o 25° (vee profiles in Plate 1),

Varshonetrie parencters

he morphonetrie paraseters and the respective mymbols which are
wsed in this paper are those outlined by "utehinson (1957, p. 165-167).
the reader io reforred to this work for s complete explanetion and
durdvation of these paranetars.

Smsigm depths e naximue depth of Miller Lake (i) w11 vary
slightly depending upon the water level, and in this regard e eourecy
of the maximun depth seassrement of idller lLake is wWhthin 21 n., as the
wter level varied from day to day thrwsghout the swaser. The maodaem
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dopth of the lake 48 70 me (230 ft.)e

Nesn deothy e memn depth (y) of amy lake 15 obtsined bty dividing
the volome of » lake by 1te sres. 'd1ller Lake har & mean depth of 25 me
(B2 4% )

Sadoma et ™e waduus length (1) of any lske ie the shortest
@atance slong the weter mrface between the two nowt distant pointe on
the lake showe. "A11ar Leke hav & muciwun length of 2,19 ke (1435 mde)s

Breadths Dreadth (b) 4s defined as the length of a line, drewn &t
gt angles t0 a line defiring the length of a lsire, conneeting two
pelnte on the lake shove., ‘'dller Lake has & naxious dresdth of 0.77 lom.
(8,5 whe)s  voon brendth (B) 10 obtsined by dividing the aves of & luke
by 4ts medbean lemgth, A1ler lLoke has @ nesn beeadth of 0462 km. (0.4
mhe)s

s he wrea (1) of & lake ie obtained by planinetey usdng &
wep of the outling of the lake. Hiller Lake hao an srwa of 1436 kne”
(046 "),

Yolung: The wolume (V) of & laie 48 glven by the foreuls V.=
13 (A + &y + 70Ay Jhe The ares enclewed by vach 10 me contouwr ves
nopmared wth 8 companseting polar planineter. The volmse under each
10 m. contour was commited usine the eguation given above and the entdye
volue of the lsre was obtained by totaling the individual wolumes.

Tae vemlting volune of MA1ler Lake 15 04098 len. (0,0107 wis’).
lanath of share line: lLength of the shore line (L) 4s comenly
noptured an & map Wy means of & rotometer. Aller Lake has 6.99 o

(8,55 i) of showe line.

Deyelocment of shore Mine: mmumm(nﬁ
is the retio of the length of the shore line %o the clrowsfarence of &




sivele vhich has an area equal to that of the lake. The shore line
developnent nay be obtsined using the following formula: a’"'l#l .
‘hore lire developnent obdously cannot be less than unity and the figure
derived is rezarded as a measurs of the effcctiveness of littorsl processes
en the lake, providin: the area is relatively constant (futehineon, 1957,
pe 166)s Miller lLake hac a shore line development value of 1.69.

Pevelopaent of velung: Development of welume (D) 48 a morpho.
metrle persnotar which 48 an expression of the form of the lake basin,
1t is defined as the ratio of the volume of a lake to that of a econe
vhich has & basal ares A (the area of the lake) and helght I, ( the
nwdman depth of the lake), In this report the developaent of voluae i
Wmh%dﬂwm%ﬁmmwﬁc!‘)
followins the prastice of Hutehinson (1957, pe 166), Miller lLake has
s development of volume of 0.357 which is guite close to that of a eone
(0:33)e This paraneter will be discussed in more detall in 2 later
seetlote

Bslative depth: The relative depth (I,) of & lake is determined
using the maxiaus depth ss a percentage of the mean diameter of the
lake and 18 obtained using the follosing equations a,p,az.-rrmy-',
Mller Lake has a relative depth of 5.33%

Inslogity: The insulosity (4, ) of & lake iz the area witidn the
shore line that is cocupied by islands., Two of the three Lslands in
Mller Lake are ice.cored islands, while the third is & roock island
(vhioh may be Losecored) that has remsined fadrly stable for at least
the past 7 years., The area of these islands within the shore line
1o 12,002 m.? (136,862 r.2),



Horphology

Mller Loke whibits a general subsiroulsr outline wiich 18 distinete
| iy Midneyethaped, In detall, however, the outline is falrly Lrregular and
48 probebly directly related to the ordein of the leke basin, Sueh irrese
 wlar outlinoe are penerslly charsetaristic of Lakes whoss basins formed
'Sﬂbmcrmmﬁwmnmcmm
. (Mtehtnson, 1957, pe 171)s The Avrerular outline of Mller Lake 15 due
%0 the coalescance of several Los-sinkholo besine and the presence of
~ erevassed ice along a large part of the lake shore.
| e development of the shave line of idller Lake (Dym 1,69) i
 indleative of the natare of the lake basin and 118 origin, Tis low
' walue 1o chavacteriotie of & leke basin that forwed from seversl elreuler
m either kettle holes or sinkholes (Hutohinson, 1957, pe. 172).
| The tnmloaity of @ lake 10 the ares Wthin the shore line that is
| somupded by elande. Mller Lake has quite & low Ansulosity (4,®12,462 m.?),
It the tine of s stady (Junseiugust 1963) there were three islands in
| fhe lake, 4w of wileh were Loowcored delands covered with debvis, while
e tird was o pile of boulders. The 1se islands are unstable features
4 a0 mbject %0 & brief wxistence. Analysls of sir photos takem in
indieates that these particulsr ice islands were not present as

B st that tine (see Mga 5)e The formation of these ieswcored

16 probably related to the ablatlon $411 present on top of the
Sl4er (Reid and Callender, in preparetion). Both these dslands
Gempy posttions only & few meters from the ee cliff. The ablation
M1 slddes down the dee alope due to ablation of the Lee olAfS aad is
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y deposited along the base of this slope in various localities. The detwls
sots as an insulator amd inhibite the ablation of the underlying ice. As
nore and more detwie slides down the slope, the protected erea bansath the
detwis is expandeds At the same time, the ice cliff melts and rocedes.
The protected ares i eventually transfommed into an iceecored island
when the adjeewmt Lee elAff has welted back & sufficlient distance.

The third Leland was probably also Lce-cored at one tise ut achieved
o stable stato sometime Detween 1950 and 1957, ‘The island was mot present
in 1950 (ses Fige J)y Wt was present in 1957 (see Fig. 8)e It s asmumed
that the island has been fairly stable since 1957 as 4t appears on serial
photos teken in 1957, 1959, and 1963 with very little evident change in
shape. This island was probably formed in a manner sisilar to that of
the other islands deseribod above and achelved its present stable condie
tion either when the ice in the core of the island complotely nelted, or

Af 4t 45 still leoewcored 4t becane o0 well insulated that its rate of
ORLE PrRedoses

The nodifications that occur in the form of & lake basin are due %o
both internsl and extermal provesses acting upon that basin (iwtehinson,
1957 pe 176)s The effects of waves and currents, as well as the melting
of iee, modify iiller Lake from within, while the calving of ice along
1te margls alters the lake from withoute

The prevedling winds in the ¥iller Lake area cone from the easte
~northeast, The velowvity of the wind from this direction exceeded an
eatimatod 10 uph on 25 days during the 1963 field season, Commonly the
wind velocity at these times appromched 20 mph, There were soveral days
during this perdod on which the wind veloeity attained a pess value in
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@mese of 35 mph and 10 days on widch the velocity WS butweon w10 aphe
I8 oan bs determined from these figures that there was considersble
action (prisarily in one directicn) in the vicmity of iiller Lake.
Those data sre baved on moteorclogiesl observations oblelned durin; the
| ¥ind Mlowing over weter usually sets the eurface of the water iato
| sselllation, therely procucine waves (iutehinson, 1957, pe 346), ands as
| the velocity of the viad inoreases the surface of the water ossillates
. mre, resulting in lerver weves, Seversl tinss during the 1963 fleld
~ season the forsation of whitecape on the lake was observed, attesting to
| the Mch wind velooity st that tims, The helght of the waves, however,
| parely evseded approximstely %0 ame (152 ft.) due to the fuirly lavge
| gverage depth (25 me) and the mall foteh of the lake.
b 1t can be said that the surface of Miller Lake throughout the sumser
w8 generally falrly rough due to the presence of vaves, and that the
| m shore of the lske was belng continually mbjected to wave
The wuves break against and evode the slopin land surface of the
The amount of erosion depends apon the slope of the land murface,
the water depth, the natare of the materis) uwnderlying the land surface,
S e foteh and resultent hoight of the vaves (Sutohinson, 1957, pe 176)e
fhe southwostern shore is oroded most s evarely mince it recelves the crestest
) aotion.
The eutting action of the vaves wrodes and removes the material
@ the shore, This material i transported a distance lnmversely propor-
Honsl to 110 mesn graloesize dlameter, The result of tiis wave action is
) tarrece fomed by periphersl cutting and oemtral bullding (iutenineon,
1957 pe 176)s The part of the terrase sbove the water i¢ temed the
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| Boseh, Whiile the part bolow water &» called the Mttoral shelfs There

19 8 fuirly extensive Jittornl shelf being fored in the sowthwestern
' part of Mlder Lake (se0 Plate 1),

senerally, there 40 8 stralghtening of the shore lne along most
' of the sariin of the lake, Along the southarn shore this steelehteniig
44 asconplished by wave actione The waves sot partiewisrly stremgly on
| projestions in the shove line and tend to arode thase nore quickly than
| U aress in botwsen, In faot, while the projestiens are bulng eroded,
. materisl 49 belng deposiied An the coves and aress botwess these podnts,
Tho oversll affect of this eroston and deposition is to etraighten the
sheve line. The stredghtesing of the southwestern shore (censleting of
drifecoverod stasaant doo) Le sided by 4te relative staltlity in e
seclon vhich allows the setlon of the vaves 1o nodify the shore Mue
Wihout interruption by melting dce.

T™he shore Jine around the rest of Mller Lake is generally more
frpepuier dus to the presesse of active Loe whieh &9 fourd e thar on the
mrface or lying anly & fow emmtinstars (veveral inches) below the surface.
in 100 o1407 18 present along the western, northarn, and sastem thoves
of the lake ( see Migs. 7 end 8). In wost Joealitles s clAfP has vary
stosp walls risdng neavly straicht up frem the wntear surfece (ses Flye 7).
~ The hedght of this c21ff reages fros 12 t0 81 a, (39 te 135 ft.) snd
 averages 25,5 me (85 £8.)s It 49 generally not as high ov e ptesp
1 fhe shore Mne 1n these areas whers the mangin of the lske conssts
srodadnantly of Lee 16 nodified by Les ealving from the loe eliff, This
 oalving from the eLLfY is controlled prisarily by the orevasve pettern
| 1n te Loo near the saredn of the Luke, Mimre 9 Mowe tis crevasss
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"{If Crevasse pattern and condition of the ice surrounding Miller Lake.
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in the Lee near Miller lake oo mappad from serisl photographs

e 40 august of 1963, The prosinent point (1) in the nerthern shore
[ the lake L9 good evidanco of the faet that the crevasse pattern cone
Bl the shape of the shore in this spea. Tde peint 16 controlled by
‘ﬂnmormtsw'zmxﬁs’mmwgm
g siotain & volatively constant festare of the shore line (see Fg. 9).
| the cadviag of Loe 48 sided by the undercutting of the lake weils
8 to eroston by wave sotion and melting &t the water levels As ths

RY
-

foe 15 wndarout, the mpport for the oliff 4s weskened, therely enhancdng
the procarious positlon of wellecrevessed ice in these areas.

| ultiastely, the entive outline of the leke L5 controlled by the
 enfition of the giasiel lee surrounding the lake (Fge 9)¢ At least
J' of %o lake L6 murroundod by sctive will-oreveised Lo The presence
- of this Leo Lnparts o sore irrepular cutline to the leke sinee the ehore
oo 19 contimally belng nodifiod by doe calvinge The rost of the lake
shorw 1C underloln by stagnant lce covered by seversl nmoters of drift.
s latter sitestion 1o fedrly stable and allows the setion of waves

| 16 modLey the share 1ne in tile avea,

Miler Lakte has & T 1 3 7atio of 0,35, This muall valus is quite
6600 o thet of & perfect cone (0,39), end nay be emluined by the fast
et the lske bamtn v charesterised by seversl deep hales, representing
ooeupying & larger, wore shallow basdn. At one timo, when the
lake bestn consioted essentilly of thres sdjolring stntheles, o T 1 2,
Petlo for the lake probably moro nearly aporesshed 0,33, The ideal shape
{8 ordoal basin) axemlified by the originsl staiholos, has bow node

#fi0¢ by save aotion, melting ant ealving of 1eo, novenst of the ylastal
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Miler Lake hasin originated as seversl dce depressions that wepe

| Jeeated adjacent 1o ono mmother, These depressions were forwed by the

| malting action of glastel meltvater whish pervolated dowmwrd along jodnts
@t crovesses, espestally in avess of intersecting jolnts where the nelte
| wter enoountered least resmistance. These Jolnte and crevassos were

| slowly enlarged by solutien (meltdng of the 4e) into holes whoss shapes
| ware controlled by the winor structural features of the 10w (Sparks, 1960,

' pe 155; Renaad, 1936).

Thers are o nada types of sclution holes formed in the above.

| «aeationed namer: fumeleshaped depressions with a hole in the center
 (olekboles); and sheftelike holes (moulins). 1t seems possible that with

sontdomed nelting & moulin eould eventually stisin a more funnelelike

shoape and therely be classified as a sinkhole, In any case, Aller Lake

: basdn origineted as several adjolrdng sinkholes thet enlarged due o
- contissed melting and eventoally ecsalesced to form a compound sinmichole

" shich may or nay not be squivalont %0 an uvala. Gven though Miller Lake

doss not presently have 4 major surfece Anflueat, 1t might possible have

8 najor underground (englacial and subglecial) influent end therefore
&t one tine had & strem flowing Uwough the eompound sinidhole, & ®it~
 wation shich would Justify the usage of the tarm “uvala® in deseribing
tile basine In order L awold speculation comserning the exaet origin

of Miller Lake tauin, the Wm "compound minmkhole” will be sppiied to this
feature, ‘any mualler Locesinkhole lskes located farther up on the
glacker have an ordgin sbidlar %o that of Miller Lake,
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‘, The steqpesided depreselons deseribed in an carlier section probably
Melsated in one of two diffarent vayss Sone are rewants of the original
thst coalesced 10 fors the compound sinkhole or mow siniholes
Mt have formed due to contimued melting of ies in the basin. Others
% b dejresatons left by lge blosks of 400 having troken svay fros the
or @ sides of the lake besin, One such depwession (the 55 m. dowp
, @ basin loeated in the extreme morthwestarn part of the lake

Miln) origineted in Wde latber fashion durlng the swmer of 1963

O July 14, 1963, a large block of leo lwoke aumy fren the fleoy

.Tnmmmuwmmumunm

(B and Callander, in preparation), 6 Losbarg s sprrorbnately

950 me (1150 £t.) long and 30 me (100 £t.) wide. uboequent depth sounde

fnge in the ares revealod o depression 360 m. (1180 £2.) long, €0 u,

(200 £.) wide, and 20 ms (65 £t.) deeper than soundinge takes in the sme

#res carlier in the sesson.

| The teepesided hills locatad dn many of these depressions ave

, hly the sublacustrine equivalent of the "prairie mounds® found in

.Mawuammmummmmw

Jorth inerioa (Cravenor, 1955; Gravenor snd Kupsch, 1959), These klls

wore protubly fowmed by the mass movasent of superclscial drift down the

gides of the lake basin inte the minkholes and sabsequent Lnoversion of

Sopography due to the insulating effoet of this materdsl protecting the

! of the depression and allowing the sides to melt move rapddly,

@ereby foradng o bill sarreunded by & depreswions

| he depressions socupying the top of Several sublacustrine M1l
formed 69 & result of the sore rapid nelting of Aoe on the taps




 awe hLls, ummmmﬁ.mmmm,wa:
sround the lower part of the Mll. The top of the M1l
mposed and the 400 beglne to nelt more vepidly in ile ares.
meltin: w1l eventually produce a depression sxtending below

of the ML,

»r‘.j‘

k.

»":Bmm;nummm'mmmm
med by the coslomcence of several adjelning loe simdholes. (ince this
ived, the aves of the laks hao been stesdily insressing as & Fesult
selting and calving of 1ce along the shore of the lake and shore

. inamlysts of aerisl photos of the Mller Lake ares taken in 1950,
"Mﬂmsmmmmnmmwmum.
g 48 0t wifom. The approxinate areas of the Lake during thess years
e obtained by planimetry using the cutline of ‘dller Lske #s it appesred
8 the aerial photos, Figares 3, B, 5, and 6 shov the cutldne of the lake
@ring these perlods . The sres of the lake durlng 1950 was 0473 lm.?,
Darkng 1957 4% weo 1,20 on % the aren was 1,22 ke, during 19595 and
 @uriag 1963 1t was 1,30 kn.?, The ate of change duriag the firet 8
 yoars was 0,06 im.?/year, 0,01 Wn?/yoar during 195741955, and 0,035
 im?/year during the last b yoare, These different vatee can provebly
b attributed to Giffering climstic condltions from yoar to yesr which
;meummummmm«mwmw

A The volune of the lake 48 rrobably inerencing with tse dus to the
| maltdng of 400 bameath the leke basin. This 18 contrery to the sitestion
| in nonedosmeontrolied lake basins in which the voluse of & lake decroases
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| In soditien %0 &n dncreass in the wlue, the mximmn depth of the
sk 1o paviubly also betng inerensed by nelting of the lake botton,

| ventuslly, when the botton of the lake 48 on soldd ground, oF when the
© Sickness of the lake sedinento boeomes creat mwugh to matorially reterd
. selting of the 100 beneath the basin, the volume and meximm depth of the
© lske w11 bogin to decrease due to sedimentation and jossible eutting

| 8t e offluent, unless the Fete of ineresse in ares axooeds the rate of
,: Corvespondingly, the mean depth of the lake 1s probably becomdng
. lager due to the increase in volune, slthourh this doos not necesssrily
~ follow a9 the ares is also increasing.

A fantor usaful in dieeuseing the evelution of a lake cutline is

© fhe retlo of the shore length (L) to the area (A). A steady decrense

 in tho valuo of this ratlo indicates that shore processes are stralshteming
. the shore lne snd changing the outiine of the lake over & given period
| of tms, The L s A value steadily decresses fyon 9 1 6 4n 1950 to 6 1 1
A5 1957 S ¢ 7 An 1950 end & 5 7 4n 1963, Thie decrense indicntes that
the irresular shove 1ine, %o typdeal of compound siniheles, i» belng
straightonsd and that the outline of the lske 18 belng changed frem o

| mirectancular elongate shape W @ more elreular shape by the action of
shore processes, nelting, mnd 4oe calving from the shores of tho lske.




PRESICAL LOMIOLOGY

Mysiesl Mnnology desls With the physical nature of & lake and

Liy inelndes the weter balance, the hydromechanios, and the themal
of & lake, The investization of Miler Luke, hovever, could

4 snsomposs 8 detailed stady of the water balance nor determine the

mmwmm.mmnmmmm

5Mwmmmhmmm Consequantly the

. loeusston of tese tophes W1l be consderably more yeneralized than

. the diseussion corcerming the therwal jroportles of the lske which wewe

| sadied axtensively during the 196) field season.

Woter balance
Miler Lake is located in an exsherie region where rivers arising
46 tile ares reach the sea. The lake 1les within o drelnage hasin vhoso
| Wurfuce area 15 very mall and 1s probably oo more than tiloe the ares
n»m ™o lake, however, may drain & much larger aroa by recuiving
sy englecial stresss originsting farther up the glacier, A few eme
glacisl wtresme were observed entering the lake. These strease say be
galy & frection of the englacial Anfluents as most of these stremss
pEotebly enter the lake below wter lovel, Therefors, the ares thet
Mller Lake drains to imposmtle to estinate sccurately.
.‘ The water balance of a lake is the relationship between the amount
of inconing vater from all sources and the mount of uater loss (Mtetdnson,
1957, pe 231)e ller Lake hao several sources of insoming water, meny
of whioh are ixposeitle to detarmine \dth any mount of sosuracy, One
of these is precipitation upon the laske murfees. ihis source of water
48 large due to the location of "Aller Lake in sn ares reselving yesrly
pltation in exocess of G0 inshes., The laryest souree of imeonlng
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Lter for Mller ke 18 glestel neltwater widch enters the lske 8o

@ther surface neltwater or englaclsl and subglseisl strems, The mmount

_of thiio meltwater source is impossitle to detemmine, o fact which drastics

| lly bnders the estination of the water belance of the leke.

© yaller Lake nay be olaseified as & drainsge or open lake because

ehibite an outlet or effinent (Mutchinson, 1957, p. 201). Although

40 lake most certainly fills by sublacustrine chamnels, it may or aay

|30t drain by siallar channels. Snee sach Sn COCWITERCE VAS ROt i tnessed

ng the past fleld season, it seens wnlikely that this 18 the major
of water loss for the lake, There are several leeo sinkhole

located farther up on the glacher that do 711 and drain by mube

4 ehannels (Reld and Clayten, 1963)s e main modes of water

| J0ss for the lake are dlecharge st the effluent, which appeared to be

ey lavge, and evaporation, which is probably fairly low in this ares

e 0 the low alr and water tesperatures,

H
It

Variations in lake level
Although there i probebly an snmusl veristion in the level of

Mller Lake, this variation cannot be detemined as no water lovel data
in the lake level., These fluctuations were recorded by a guage
installed below the base camp by Dre Jobn e Redde

© Fgure 10 thows the dally variation in the lake level from June

B t0 Mgust 7, 1963 There 1s gemerally a significant rise in the level
§f the luke following & period of prolonged rain. During the period

ily 16 to 18, 3,00 inches of rain fell in the wieimity of Mller Leke,

Mrlng & fiveeday perdod frem July 16 to 20, 1963, the lake level yose

y 40 en. (15,7 inches), A sindler bet ssalier rise in lovel

!

J
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" FIGURE 10. Fluctuations of the water level in Miller Lake June 18-Aug. 7, 1963.
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i severnl daye later follisdng amother hemvy rainfall. The level
31 eme (122 ine) during & fiveduy perdod fres July 23 to 27 fellow.
5 & stom in shich 3,32 ine of rain fell in two days (July 26 and 25).
I8 811 cases theve 45 & alight lag betwesn the tine the rain falls md
e sonsequent rise in lake level. This 49 due o the feot that it takes
ours and oven days for the najor streass and lakes to feel the full effest
| of precisitetion 1n & drainage basin.
© fhe lake leve would rise steadily until 1t resched & pesk, ususlly
only 8 fow days after the Tain subsided, and then would graduslly fall
89 the incressed discharze of the efflumt flmally overcame the effect
-;cwmmmm Mpure 10 shove several instances
© 4n shioh there 15 & gradusl rise end subsequent decline of the lake level
 followtng & period of intense precipdtation.
: There ware two puriode during the 1967 fleld semson during which
| the wter Lovel of Mllar Lako voss drastiesily (see Figs 10), In eme
| nstance this drastic elevation of the lake lovel did not follow o period
| of prolonged rednfalle This spestaculer rioe oscurred July & and 5, 1963,
- shen the level of the lake yose 138 ewe (543 ine)s  Thoe greater part of
s ¥ioo ooeurred 4n 12 hours (from 12 noon 10 12 midndght on July 4th)
| then the lovel yose 120 ome (M742 dna).
© T™ie spestacular rise wae ;zobebly csused by the sudden draining
of an loe sinikhole lake (or lakes) farther wp the glacier. This phenone
0n of Yepld draining of dce siuihole lakes was observed by soveral
menbers of the research tesm during the sumer of 1962 (Neld and Clayton,
1962), Tt has been ostimated that one of these lakes dreined at & rate
of appeescinately one nillion gallons per mimite (Reld and Clsyton, 1962).

On the sme day as the above-aentioned rise in leved covurred,

A
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‘taveral mecbars of the ressareh party obearved an svent shich indloated
st one or mare 1o sinkhole lakes had in fact recently drelned. A
 mperglsolsl stresn, whieh had been barsly move than a tricile seversl
sarlier (Roid, oral cowmmication, University of North Dalknta), was
\sharvine & large wolume of middy water. Tt soems quite lkely thet
fiie large volume of water vas & remilt of the rapld drelming of ome or
more 100 sirikhole lakes chtusted farther up on the rlacier,

Currents ore movenents of water naintained by the action of external
| faross, viile swichos are parlodic movenents widch tend 10 develep shen
. the external forces cesse Lo aot (Hutehlmeen, 1957, e 259)e These

. water sovenents could not be messured directly, tims all evidenge for the
;mawmummuwwmwu&

| Klthoagh these thermal data are fairly complets, they are perhaps not

| detailed emough to deteot discrete water novements. A few words, however,
iy be sald concerning the possiMlity (indesd probebility) of the general
 movesent of water in the lake during the 1963 field seavon.

© It seems probable that there were currents in Miller lake at various
. Himes duving the summer, These currents were probadly wind-generated,
 When wind blows over a lake surface, 4t exerts a shearing stress at the
sirvmter Anterface, resulting in the acceleration of the water, During
| periods of prolonged wind stion, the waler movesent Will result in the
' plling up of water in one part of the besin and & lowering of the water
level in another part. The slops of the water surface produoed by Wi
Wind denivellation will eamse & cradient eurrent 1o begin flowing
(Hatebdnson, 1957, p. 265)s

| These currents are rormally meassred by weans of & current motar,
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B since such & devies was not availsble to the expedition, snother
to indieste the existence of such eurremts mast bo relied
g If sach a ecurvent 18 produced whereby wind derdvellation piles
,‘ in one part of the lake basin and convequently depressee the
for Lovel upwind, then water wAll flow froa the higher to the lower
ﬂmmuqmmmuumm A8
18 current retarns to the surface of the lake, it brings desper vater
Meh 46 somotines sevarsl dogrees colder) to the surface, Thas, the
mltent tesperatures in the wpper pert of the lake will bo moticesbly
wr in this uprind directior.
~ fuch & situstion 45 whibited by Flgure 11 wileh 10 & tesperature
Sle soross iiller Lake for July 23, 1963, Throughout the day o
frly strong vind (15420 mph from the northeast) was blowing seross the
Qeke, Ae & pesult, water was plled up in the southers part of the lake
@ & ourvent vas erested which floved from the south to the north across
the lake basin and returmed 1o the surface with colder vater brought frow
f‘\mmamm The tesperature of the water in the upper 10 m.
|08 1o1,5%C varmer in the southern part of Miller Lake than in the northe
C@m part. Althouzh this temperature crossmseetlon ie by no means sbsolute
groof of & ourrent, these deta indicate some type of water novement in
e lake during ¥his pariod. These deta, coupled Wth the observed vind
setion ot this tine, provide slerdfiecsnt evidence for the edstense of
in the lake during July 23, 1963, Yeny such curremts vers gene
ted by contimeons wind aetion that ceeurred throwchout the swwor in
Mller Laite aron.
These rrofient ourrents Will contime as long as the wind produces
0 unoven water lovel, After the wind has subeided the water level will

B
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| tend to return to equilibriuny this is sccomplished by sradient currents.

 Water flows from the lesward avea 1o the vindward srea snd, since 1ittle
. momentum 1 lost in this process, a new flow starts from the former winde
m end to the former leeward end (Mutehinson, 1957, p. 365). Thus a
periodic rocking motion or seiche is produced, Zelches can be measured

“ by simultancous recordings of the lake level at various localities around
. the lake or by vertical tesperature nsasurements taken simultaneously

;flt tvo opposite points on the lske. The periodie rocking motion of the
seiche will verticslly displace the isotherme (lines of egual temperature)
. in the lake, Although simulteneous vertical temperature readings could

| mot be taken on Miller Lake, resdings were taken spproxinately 10.15

| mimutes apart at two stations lossted on opposite sides of the lake, This
1 procedure was followed several times during the month of July. Mgure 12
 thows & tesperature profile (constructed from these thermal records) for
Hiller Lake on July 24, 1963, This profile shows the displaceaent of
IMw (generally & to 10 n.) during that ﬁ.m. There had been a
"mxymnm (1520 mph blowing from the mortheast acrose the lake
?u&omw. and there was a moderate wind blowing on the day on
| which these readings were taken. The existence of currents in the lake

| st thie time may modify the position of the isotherms in the upper 10 m.,
' tut the position of the lower Lsotherms sesns to indleoate vertical dise
Mtcr the water body in the lake basin, Many such seiches vere

| smused by vind demivellation durine the 1963 field sesson.

‘ The size of waves on ‘11ler lake depends largely upon the fetch
jama« over which the wind has blown) snd the veloeity of the wind
Muan. 1957 Pe 352)s The waves on the lake were never very large;
‘the highect prodably not over 45 om. (1.5 ft.) and the wave length not
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mre than 5e6 m, (17420 ft.). There were only three tines throughout the
1963 f101d seaton vhen whitecaps were observed on the lske. They cceurred
| aring storas when the wind reached moderate gale foree (3040 mph). The
;mmmmmmmmummwum.
| material to a depth of approximately 3 m. (Kuenem, 1950, pe 81)s The
| wosion of the projections and assoclated central deposition betveen these
| projections caused by this wave sction have resulted in the formation of
8 beach and littoral shelf alony the relatively stable southwestern shore.

1 mmuamuonw
lathode of otudy
vl The thermal structure of Miller Leske was investigated using a
ihitney Thermoneter, a thersistor resistance-type themometer, This
fm enables contimous vertical temperaturs readinss %0 be taken
and accurate temperature ourves for the leke to be constructeds Vertical
tewperatare neasuranents were nade, usually at seversl stations, throughe
ot the 1963 field season. There were s total of 18 days vhen ncasurenents
not ande o the thermometer was not svallable, but this gap in the
thermal data did not serlously affect the reconstruction of the themmal
Stracture of 'Aller Lake.
On several days during the 1763 field veason the verticel temporature
bation within the lake was neasured st 10 localities and the data
§ were used to make an isothermal anslysis of 'Wller Lake.

Hean temperature curves were tonstructed for #iller Lake ueing

obtained fron eloctronic computer reduction of the entire themmal
collected during the 1963 field season. The mean temperatures and
§ deviation fron these means for the upper 30 n. of the lake are

i in Teble 5. There are five basic mean temperature curves
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pting five thermal perdods for Miller lake during the 1963 field
eas Thete nean tenpereture curves are important in determining the
Mnmwmmmmtmm

,‘5
i

The tesperature of water in soderately deep lekes during the winter
48 relatively undfors from top to bottom (Rehd, 1961, p. 110), If the
3&umwmmmam~wmmm
400 16 somevhat lover than that below this layer. In the suring ineressed
lar radtation and vamer sir tesperatures sosompamied by winds melt the
400 and vam the surface waters, Convection curremts and wind eireulate
LIt uix the water resulting in & wnifor tesperature from surfave to
botton (usually ot the tespersture of maximun denelty, 49C.), This
yernal process of mixing and elreulation 1o ealled soring evertarn.

" Contimed heating of the surfece waters during the opring and carly
lmm&uumaum«mmmummum
‘elroulating water which is relatively uniforw in tesperature, the suilinpion,
a4 & doupy cold, relatively undioturbed region temed the hypolimmion
(Butehdnson, 1957, p. 428). The resieon of rapld tesperature decrease

j ting the relatively wam epilimmion from the relatively cold

: » 45 ealled the petalimmion, and contsine the sone in whieh
the temperatare cradient is steepest, the theywoeling, This type of

: dlstritution 18 nost charscterdstic of moderately deep to deep
situsted in texperate regions (Rald, 1961, p. 110), The thermal
Ation of the lakke exhilited by this dietribution is called gumer
sratilication.

here has beon considerable disagreenent convermiag the comoept

of the thermoeline, Brge (from Hutehinson, 1957, pe 428) deflned 1t as

s
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Bt Layor in whioh the fall in tempareture xcesds 1°C per meter.

B Mamlogiste consider the themosline & plane of meximm rete of

BPease in temperature (feid, 1961, p. 112)s This plane, er very nareov

"xu-aum-mormmuamumamu

“ particles slide over omo another a8 o resilt of large density

s between adjsoant mirute planes, The thermoeline constitutes
dve barrier betwoen the epilimnion and the hypolimnion, prevente

sixing of heat, ourrents, and mitrients throughout the lake.

The intensity of themal stratificstion 42 a measure of the stabdlity

lake. The stability of stratification Lo the expenditure of snergy

to destroy an exdistin: stratification allowing ecomplete mixing

whole water mase (Ruttner, 1963, p. 32)s The Ldea of stablility

a value for the resistance of 2 given themmal stratification to

sixing offect of the vind, Thus a lske that exiibite o well deviloped

Sal stratification W1l have o large therwal resietance to mixing,

8 lake that has & poorly developed stratificstion will exhibit a

¥ Pesiotance to mixing by the wind,

‘ol

A

SUCTIRE OF S35

L Mo density of the water in }iller Leke 18 controlled not only by

: bat also by the concentration of suspended material. Thie
material is ecomposed wholly of inorganie particulate matter of

W and colletd size. “noe thermal stretification resilts from density

' s this fact 18 of the utmost importanse. Although good themal
Blification nay not fore due to lov temperatares in the lake, this

:‘-- sation may be alded by larpe density differences esused by &lgne

y it vertical changes in the concemtration of muspended material.

The presence of ice beneath most of the lake basin has a propounced

4
n
g
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, upon tomperatures within Miller Lake. The cooling effect is reduced

bty the insulating effect of the lake sedinemts. However, the
sting effect in probably not too sigrdfiesnt throughout wmost of
lake basin, ‘
uring the month of June the lake waters were essentially homiothermal.
13 shows the mean temporature curve for Miller Lake during the
Juno 5 to July 1, 1963, This curve showe that the temperature
the weter was fairly undform frem top to bottom, cosling 0.5°C one
r sbove the bottoms This pericd represents sarming of the lake fros
winter sinimun tempersture siich wes probably nesr 0°C, Inorensed
radistion and day length, accompanied by wumer air temperatures,
the surface waters of tho lake during the spring and sarly sunaer.
pmmmmwﬁqMW&mwQMtw
ary stratification Lo produced that sets up convestion currents. These
gurrents, sided by the wind, mix the lake water threughout the basin
the water 18 essentially homiothermal. Iigure 14 shows a tenperature
x for Mller Lake on June 7, 1963, The mean temperature of the water
Bt that tine was approxdmately 1.7°C. Figure 15, the tempersture curve
: Hller Lake on June 15, 1963, shows a mean water tempersture near
Y ™his curve also exhibits some incipient stratification at 16 a.,
Wt thie stratification 4s so slight that there w1l be essentially no
’ 1l resictance % mixing, These two curves indicate that the lake
warming up slowly., This slow rate of warming 1s due to the fact that
average temperature for June, 1963, was relatively low (47°F) and
the insolation for that perlod was also quite low,
Pparing the first two weeks 4n July, Miller lLake warsed up cone
bly and developed some inciplent thermal stratifiestion walch was

q
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g RE 15, Temperature curve for Miller Lake, June 15, 19633 note
B homlothermal condition.
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Biten dostroyed by the wind. Jenerally, however, the lake still shibdted
v or less honlotherwal condition as 11lustrated by Figure 16, vhich
we that the upper 20 me of wator has a relatively unifors tespersture
3.2°C. Thie represents an overall warming of 1,3°C in the upper 20 m.
" water. This inevesse of 1.3°C represents the 3715 x 101! calories of
hoet incone nesessery to raise the mean temperature of Miller Lake by
inorement. This heat inoome 1o approximately one fourth the smaal
Boet 1000se for the lake, The warming 10 due nostly to higher sir tenpe
| @atures in the Miller Lake area and greater insolstion (average temperatare
| for duly, 1963, 18 51°7),

| The sresence of & deep uetalimzion (shown in Figare 17) Lndieates
‘fhat the lake was beplmning to stratify themmally. The thersocline was

f at & Mgher posttion in the lake, ut contimious wind sction
this sone dovn to & relatively deep position.

Dardng the middle part of July, 1963, the upper 10 ms of the lske
tinued to warme As the upper layers of water are wamed, the density
MMwwmthmmmomm

%0 mixing subsequently ineresses. Figures 12 end 19 are nean tenpersture
" for Wdller lLake during the middle part of July. These curves
Hllastrate the poor stratification of the lske and show that no resl

' \ne wdste. In fact, there is o more or less gredusl decresss in
ature with depth in the upper 15 a. of the lake., Ihe following

95 5. of water, however, sxhitit an essentially homiotherwal condition,
temporature spprosching & umform 9.1%0, Thiec extresely low temperature
" that the water st theso depths 18 affected by the precencoos
.mmmomwumm»mmmmm
immmuu..
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17¢ Temperature curve for Miller Lake, July 5, 1963; note
deep thermocline,
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| FIOURE 19, Mean temperature curve for Mller Lake on July 20, 1963,
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There ware, howsver, seversl days on uhieh Aler Lako wes themally
]mnn. ut sebsequent stormy weather accompanied by strong winds and
lover atr temperatures partially destroyed this stratificstion. Mgure 20
" ows & tewporature curve for the lake on July 19, s day on whieh the scles
{mmommmuummnlymm. A wdef glance at
fmmmmz the lake 15 relatively well stratified with o
ware (at least for Miller Lake) epllimnlon, & 2 me thick therme
.‘-m.. and a very oold hoslothermal hypolimnions
Figure 21 shows the mesn temperatures for 'Aller Lake durlng the
| partod July 2 to fugust 5, 1963, This eurve i# quite siadler to Figure
.‘ﬂmtmtwmthomewwmotmm
pearly 19C wareer during the end of July to the firet of August than
| durlng the middle of July, This is due to the genersl increase in air
| feperature and Losolation throughout the aonth of July mnd the first
| part of tuguet, The lake i® otill poorly stratified with s relatively
uare wpper sone, spproxiastely 15 m. thick, and & very cold lower sone.
.'-memmmm-md“mlcmant
|Miersally stretified, Figure 22 shovs a tesperature eurve taken in the
| wlédis part of the lake on July 22, 1963, This curve shows that the lake
48 relatively well stratified ot this tine. The veather on Uis day was
| Mld with partly slowdy skies, a slight brecso, and & maxieun temperature
' of nearly 2%, Figure 2) shows another tesperature eurve for July 22,
Mhiich was taken in & cove on the south-central shore of the lake. As
| Shown by these two figures, the vater in this ares wes ‘even better
fhemmally stratificd than throughout the rest of the lake.
J‘ The valuee for standard deviation from the mean tempersture of
'msu.mmwnmumucma(mwzta.)m«um

e
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curve for Miler Lake 18
_ » Temperature s July 18, 1963; note

%




. FIGURE 21. Mean temperature cmrve for Miller lake during the period
July 20 to August 5, 1963,
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IGURE 22, Temperature curve for the wwst-central part (A) of Miller Lake,
July 22, 1963; note good thermal stratification.
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FIOURE 23+ Temperature curve for the southecentral

part of ¥iller Lake,

July 22, 1963; mote thermal stratification,
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Nlabtlity of the themal structure for July and the first part of fuget
{se Totide 5). The standerd doviation from T, the mean temperstare of

M noter of vater praton, during the letter part of Jane 48, n most
quite mmall, useally less than 0,1700, 7hie situstion reflests the
| iy hondothernal conditdon of the lake during that period,

for thernal mensranants mado during the First two wesks in July, This

Aneresse roficets the formation of ineiptent thernal stratification during
hat time. There is, howover, s substantial inorease in the value of

0 Y (standard deviation from the mean temperature) cbtsined frea 53
‘Wertical themal neasuraments twken during the last part of July and the

r woelt in August. Thioc inoresse Lo restricted to the upper 15 ms of
pter, the epllimndon. There appears to be only a s=all deviation for the
16 me This o attriluted to the fact that the lower part of Miller
(below 15 m.) L0 essentially homiothermal (ees Mlge 21). 7This lower

part corresponds to the hypolismion. The ineresse of 50 T for the upper
sm«mmmmmummwmmmm
,' Thare are several disgroms that will illustrate this divergence.
5; Migure 22 i a curve representing 8 vertical sequence of temperatures
faken in the westecemtral part of the lake (A in Pig. 25) on July 22, 1963,
lake mppears to be velatively well stratified at this time. On thde
the siries were partly cloudy, there was s slight reese blowlng from

the eastunortheast, and the maximn tamperature was near ST, Figure

B 10 & texparature eurve taken in the sme ares on July 20 shen & store

48 soourring in the 'Mller Leke area. 7hies stom war sccompanied by

My rein, otrong winds, and eool temperatares (approximately H4°F).

[8 40 rancily mperent that the Giemal eWwatifiostion whitited by the
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3 of Miller Lake,
Jane Seduly 1, 1963  July t-duly 15, 1963  July 20eAug. 5, 1963
| — 1
~ Depth -
~ in aeters SDX
0 1,97 168 21 B2 1,497 10 | G5 2,488 53
@) 1.90 130 21 Jeb 282 10 36 775 53
k2 1.89 128 29 3.5 .28 10 b 9 5
3 1.90 o118 21 3.3 .21 10 33 W 5
b 1,50 118 21 3.3 203 9 | 32 . 9
3 1,90 o110 21 302 W67 5 | 30 4638 5
6 1.90 116 21 3.2 J73 9 | 2.8 688 83
iy 1.89 112 2 %22 W72 9 | 27 .00 53
® 1,89 J1th 21 Je2 156 9 2.5 72 5
9 1.88 111 21 3.2 240 9 2.3 799 R
10 1.90 117 20 3 8 | 2% 8 2.1 919 52
! 1" .88 L1158 20 3.0 97 5 1.9 «970 52
12 1.85 .162 18 Je0 U851 b 1.7 908 52
13 1,86 203 17 302 o255 3 1.5 987 5
1 1,86 155 15 2.0 252 3 1.3 9% ¥
15 1.87 153 b 3.2 07 2 | 1.0 J782 W
% 1,86 155 14 %2 L0711 2 6 o533 U6
K7 1.82 <206 14 362 #000 2 WM w250 46
R .85 .173 12 3.3 +000 2 O ik bs
19 1.82 .28 12 %2 078 2 3 09 W
0 179 168 12 31 WM 2 | 3 W81 33
2 1,80 180 9 3.0 212 2 o L0855 17
2 1,78 252 9 2.8 o181 2 A 088 15
” 1.77 228 ¢ 2ot «283 2 P | 052 12
2% 1.81 2% 7 2,0 .283 2 o W21 12
1,78 306 7 2.6 W35 2 ol 055 10
2% .86 3% 6 o J086 8
| 1,32 10§ o L0785 6
1,20 4173 3 ol 097 5
ol o029 3
o 029 3
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FIGURE 24, Temperature curve for the westecentral of Miller Lake,
.v July 24, 1963; note homiothermal Mw
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ike on M1y 22 had been aompletely destroyed and replaced by an esseatially

oo confition, 3 wmitustion which indicates that Miller Lake had

gone feirly eomplete mixing (at lesst in the upper 1520 n.) in this

This nixing, of course, 10 a result of high winds and cool alr tempe

There was, however, anther srea which dd not aperience sach

dostruction of themmal strstification, FMgure 26 is a temperature

Nfve taken 4o Hlack lake cove along the southwsentral shore (5 in Mg, 25)

8 July 24, 1963, The lake agpoars to be nearly stratified in thds ares

A1 & relatively wam homiothermal epilimalon, & mall metalisnion

1% drop 4n 2 ), @ & cold homtothemal hypolimmdon. These three

illustrate the varishility of the thermal condition of the lake

¢ the latter part of July and the firet week An Jugaste

The great diffevence in thermal charseteristics exhibited between

J 24 and 26 needs explanation. These differences are presunsd o

mumawazmo:mmwmum The curve
h Mgare 25 was taken at stetion A in the westecentral part of Miller

ke, ‘e prevailing winds in this ares are from the northeast. Jtation

[ as s0 edtuated that tals srea felt the full effect of the winds which

: mumwmmm-mm. Gtation I wae in 2

potected cove, Mack lLake Cove, and the water in this ares did not recedwve

f force of the wind, iven the currents produced by wind setion on the

posed part of the lake did not theroughly mix the entire column of vater

fmwmm“mmam

| he sese With wilch the iind destroys themal stratificstion ¥l tiin
ller Lake 4 reflocted by the low value for themwal resistance to wixdnge

16 themal resistance to mixing 1o the resictance of & given state of

fatitication to the stirring effest of the wind asd 15 in reslity a

3
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FIOURE 26, Wmmmmummm
. July 24, 1963; note themmsl stratification,
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: of the stadlity of stretifiestion of the lake (Muttaer, 1963,

L ), Using the mothod catlined by Weleh (1948, p. 123), the value of
twmmmmm Mller lake wes found to be 128 x 1010
fs. Tis valne Lo quite lov, espectslly vhen one considers that it takes
5 16'0 ergo of work to 147¢ a welsht of one metrie ton & distanse of

) moters arsinst the fores of cravity, Thus 1t 48 ot ALffieult to see
7 & noderate wind can almost conpletely destroy therwal stratification
ln-rw:n. Bven 4n tiny lunser Untersee in the eentrsl Puropean

ips shich has & surface ares of 0468 kne? and & volume of 13,6 x 106m,3,
Be value of the thermal resistance %o sixing reaches 30 x 0%z, o u,
Ping midsemer (Rnttner, 1963, pe ). This Mpure represents the work
}_ red to relse thirty ten.ton cars g distance of 100 =, against the force
f gravity, O comparison, the themal resistance of Mller Lake is

s ennll,

© imelynie of tewperature curves for Mller Lake during the latter

BPt of the 1963 field season indieatos that miltiple themoelines formed
B sevarsl days daring ®ds peried.

Mgare 27 10 & texperature curve for Miller Lakre on July 26, 1963,
shows the formation of s multinle thermoeline, £ etorm, bringing

) winds, rain, and low alr tempermtures, hod boen present in the ares

¥ two days previous to July 26, This stom drove the therwooline desper
| e loke (15 me) and partially destroyed 1t. The storm subeided

Blag the ovening of July 25, and on July 26 the siles ware cloudless,

0 winds i1, and the air tewperateres warm (56°7), s period of osln |
f§ relativoly vam westher sot up & shallow theymoeline at 10 m. During

dod fron July 26.30, 1963, alternately stommy.cold and oalmevers

Blis of westher resulted in the formation of soversl sultiple thernoelines.

k!



g 27. Temperature curve for Miller Lake in Black Lake Cove,
July 26, 1963; note multiple thermocline.




29, following 2 day of stommy weather, another seconlary thermoe
.' uae produced by a period of warmwcals weather which overlald the
themmoeline, produced on July 26, that had been driven doun %o
Al. by the stors (see Fige 20). A subsoguent storw during the following
f (Jaly 30) drove toth themoolines farthor down in the lake (fron 8 me
:‘bu. and from 15 my to 17 m.) and produced & relatively deep circulate
,' tpllinndon (see Fig. 29). Figure 30 shows p tomperature curve taken
:__ the Loe clLff on July 30, 196), showing & desp, homiothemal epilimmion
M the depressed welledelinsated themocline. Thess taree curves show
“ stratifloation only beosuss the tesperatures were acssured at
e located in protected aress on the lake (5 and C on Mg. 25).

the reversal of sany of thess tesperature curves at the bottom of
‘ ourve represents 3 wawming in the bottom muds. This phenosanon L
ily due to the desomposition of organic material (flora) present
ound the lake shore,

The thevmal structure of Miller lLake is affected by nuserous

Sone of the less iaportant are the latitude, the mean sir tempe

s Gnd the mean depth of the lake. The most Amportant factors,

¢ Gre the effect of oold influents and the presence of ice beneath
B lako basine The cald influents, consisting of glacial meltwster,
0 cool the entire lake; the surfsce inflawmnis cool the epdlianion

§ the mblacustrine influents cool the desper waters, The ice that
only & short distancs beneath much of the lake hasin alss oocle the

' wstare, The moderste 10 lavrze saount of wind sction in the srea
the lake water constantly and contimally destroys the themal

cation.
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FIGURE 28, Temperature curve for Miller lske in Hlack lake Cove,
; July 29, 1963; note multiple themmoeline,




FIGURE 29, Temperature curve in Miller Lake in Hlack lake Cove,
July 30, 1963; note multiple thermoclines.
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JICURE 30 Temperature curve for Miller lLake in Mman Cove, July 30, 1963
: note good thermal stratification.
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CLESSLILCALA ON O o o e S A &

Miller Lake 19 classed as a temperate lake according to the class.
cation of Forel (in Hutchinson, 1957, p. 437). This thermal classification,
» 18 not really suited to Miller Lake because the lake generally
pulates more than twice a year.

: A much improved themmal elassification of the lake is Subpolar,

‘using the clasaification of Yoshimura (in Hutohinson, 1957, p. 437). A
boolar lake 45 one in which the surface temperature is above 4°C for

hh a short time in the sumer and the thermal gradient is small, The
mocline, if present, is poorly developed and generally near the surface.
| are two circulation periods in a subpolar lake, in the early sumer
‘and early fall, but temporary cooling throughout the summer accoupanied

by winds generally causes fairly frequent mixing (mtchinson, 1957, p. 437).
This deseription appears to be a very close approximation of the themmal

p of Miller Lake., Theoretically though, it may be considered a
detic lake using the classification of Mutchinson (1957, p. 438).

the lake probably circulates completely more often than twice each

.‘ ~. the term dimictie is not strietly applicable and should not be used.
er Lake, therefore, is classified as a gubpolar lake.

dgel

The anmual heat budget of a lake is the total quantity of heat

orbed by the lake to warm the waters from the lowest winter temperature

t0 the maximum susmer temperature (ield, 1961, p. 11€). The easiest way

v determining this budget 18 to multiply the difference between the winter
nd summer temperatures at a particular depth Z by the area of that stratum
| water, integrate these values for the whole lake, and divide by the

area of the lake (Hutchinson, 1957, p. 494). Although no winter
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iperatures are available for Mller Lake, 4t woens quite reasonable
B6 to the high winds, the effect of cold Anfluents, and the effect of
. benoath the basin) that the water temperature sporopches 9°C.  Also,
B assumption should be made concerming the thickness of ice on the lake
#rder to ssoount for the hoeat needed to melt the fee, for this reason,
b thiokness of the Loe has been arbitrarily placed at 1 foots
. Ustng theso two resssnable sssumptions, the smmal heat badpet
FMller Lake 18 caleulated to de 8273 enl /em®,  The summer hoat income
e quantity of heat noeded to wams @ lske frem the homlothermel spring
iition to the susmer mmdmm tenperature), or vind éistributed heat,
B 082 end./en.?, only 1/10 the anmusl heat budget, This 43 a very small
‘ itage Ln oomparison with most other lakes for shich the swmer heat
" is the larsest Lten in the heat budszet, It 10, in faot, considers
y enaller than that of o northerm Alaska Lake (Chandler lake) whose
peter heat inoome 48 enly 1/5 of the total heat ineome (livinpstone, st
s 1958, p. 198), '
. the work of the wind in warming !1ler Leke from 4°C %o the meen
surmer temperatars 18 513 pue « eno/on.®.  This swal) wvalue e
to the lov muumer tomperatare of the lake watar,
™he spparent gray color of the water in “iller Lake 48 Mdue to the
ancunts of inorganic olay-siaze material suspended in the wnter,
3 Tartd ity Lo the degree of opaquonsss produced Ln water by suse
pnded particalate natter (Reld, 1961, p. 107). Muure 3 shows the vertical
_' stridution of turbidity in pre eilica untts for Miller Lake on August
% 1963, Tt 48 veadily spparent that the turtdity of this lske i
ty highe The turbidily of the murface wmter ineressed throughout the
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FIGURE 31. Vertical distribution of turbidity {in ppm silica
units) in the eastwcentral (A) and southeastern

(B) parts of Miller Lake, August 7, 1963,




v
= It alse inevoused & wgnificant mesunt following storme or periocds
Btrong wind shen the lake underwent falrly good wixing.

Tds Mgh Wriidity has o promounced offeet upen the heating of
m the suspended particles absord light which produces a preat
"™ affect in the surface wetare to 2 depth of a few decimoters.
92 shows this large warsing effect in the tap three decimoters
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IGURE 32, Heating the top few decimeters of Miller Lake; (A)=-
august 18, (B)-August 19, and (C)-August 20, 1963.




CRECICAL LDWIOLOSY
Keothods of Study

A1) water semples, axeept those taken at the swrfece, ware
lectod With o Kemseror water samspler, Dlssolved free 0, vas deter-dned
trating phenolphthaleln indlcater sdth 2/44 sodlus hydvosdde. Dhe
sty (nomal cartonats, blesrbonste, and hydroxddes) wes messared
Mtrating phenolphthalein and netiyl orunge indlestors with 1/%

acdds Doth of thewe procedures are outlined by Weleh (1948,
w216)s The pil vae measured ly means of a Seckman pocket pil meter.
) anjor dlosolved fone mnd trtdéity (total particulate natter) ware
' d uslng standard analytical procedures snd s Hellige colerineter
Analyser, model aoe J504).

Aeeults
4 relotively conplete shonical analysis wms dono on G weter

ples taken from 10 m, and 20 m, depths 4n Mller lake. The vesslts of
ose anlysos are pressated in Table Oo One muprising velue is the

b hich ooes 0 be quite Bighe This value may bs ervoncous, howsver,

p o fluctustions in the pi meter. Anomalous resdings with Wie

ptruncat were experimncsd contimslly durlng the latter part of the

63 fleld ssason and thevefors these values are rot etirely ssesrstes

[ller Lake 45 rether high in sulfate, The soures of e sulfete 16

v, Dot 48 probebly contribeted by local bodrock. It 1s evident

o the table ot the vater chendetry of ¥iller Loke 18 not extrsordinary.
Figures 33, b, and 35 are curves showing the observed verideal
mitdon of Ob, &0 i1 in Mller Lake on to days 4o Mumet, 1962,
curves show a eneral lnsresse in C0, acoonpsnied Ly & consequent

in the pi value wth an inevease in depths Generally, however,
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ourves show a gradual change in these values snd refleot the low
‘ productivity of the lake (st least the absence of any sdcmificant
| is)s In faot, ¥A1ler Lake could probably be clasmified as an
alizotrophie lake; one whieh is poor in mutrients,
Figures 36 and 37 are graphs showing the 2hhour varistions in
ture, pi, and turbddity of the surface water offshore from the cemp,
in & protected cove behdnd the oww, and in the lake's efflnent during
Mmgust 6 and 7, 1963, These grephe show a mindwwm pH value in the early
afternoon and & saximun value around midmighte 7This inerease in pil during
the might mey result froa the loss of free 00, o the atmosphere, althoush
this seens unlikely sinee the solubllity of 00, inoreases as the tempersture
docvenses (Reid, 1961, pe 157)e The incresse nay result from the fsot
et the tnooming placial meltwater has a lower p!! value and during the
day, vhen tesperatures are higher, there 12 a sreater volune of tids
weltwmtor entaring the lake than at mizht when the alr tewperstures are lower,
In one Anstanee of water sasples taken offshore from the emap, the
ooneentration of undissolved solids (tartidity) also increases to & msximm
Guring the middle of the night and then deeresses % 3 =isfeum in mide
afternoon. This alse say be due to the fluetaation volume of meltwater
flowing into the lake. Cenarally, howevar, the turtddity varies relatively
little throughout the Piehowr period,
Dally analysde of tatddity of Miller Lake water at the three

ived material ineveased throughoud the ssamer, Although there wers
Moes) deoreases in the trbldity due to railn water dlutlon, the tarbidity
gmerally inoressed from sppwesdnately 270 pps during the middle of June,
Ao nearly 300 ppm during the middle of July, and to spproximately 420 ppm
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the firet week in August. This genegal increase is due to the
' wolume of glacial meltwater entering 'dller Lake throughout the




A total of 150 mapling stations were ceowpded on Millew Lake.
rough grid systea wes enployed and the stations were loested by triangulation
o several lawsn stations on the lake ahore wedng & irunten Compass.
were obtadned by means of a grab swpler, the dossn Dredge, and
in sealed plastic contslners, The samples, vhen breught to the
mriaee, were placed Ln & hucket and & representative sanple vas put inte
petinated, the bucket was exptiod over the side of the cmnos and
.'

Pabile counts were made bty Callender and Schmlte at 12 localities
area; the roek type of eseh peblile was reccyvied,

in the laboratory, only the prinary textural preperties (perowmtages
gravel, sand, silt, and elay) of the bottom sediment smgples were

dse snalyscs were nade on wedghed smaples of wel sediment

ly velwsioving and the washings, consioting of allt and elay, were retadmed
 hortroneter analysis. The grevel and sand fractions were dried mnd

A representative set peaple of #1t and elay (10«20 gre.) we
1o drdod, and welghed aguin 20 that the equivalent dry welght of the

Nlaprosisately 50 cre. oqmuivalent dry welght) wme soaked for 24 hours in




125 wls of Calgon standard solution in ovder to thoroughly disperee the
. sampls. After sosking, each saple vas stirved With dletilled water in
 m slestrie whwer for ayproximately 2 winetes and then poured inte a Mter
graduate, [Aetilled wetor was added to the 1 Mter mark,

“pchamieal analysis was than nade on the slt and slay fraction using
5 50difieation of the AdSeTeMe hydroseter nethod (The Amhalt Institute,
1961). The mixture in the gredunte was stirred, temperatare recerded,
and tine noted, The length of time needed to resch the siltelay
toundary wae caleulsted using Stokes’ iaw, The hydromoter readin: was
takkon at the proper time and recorded. Caloulations gave the percentages
of gravel and send, detemdined by sheve analysis, snd silt snd elay,
detasvined by hydrometer snalysis, for each semple.

tpproxinately 50 creap of smuple (rramleesise naterial) woe
emrined under the romlar miorescope my! the individual srains were
smalyaed for petyelopie 4ifferences, The petrolacic type of nesrly
29 gredne wae nota! and recorded for emch of 15 totton sediment meaples
mpaced nove or leos evenly Yewurhout the lule.

Prom 3 to 6 grone of semple (dlametor between 0,125 snd 0,250 mm.)
ware pored dnto 8 famel comtelmdng Tetradremccthane (specific ravity
- 296) and sllowed to separete for 1 hour, Hesidues of both Mt and
hoavy minersle were wamhed and dried. The dried sauples were welohid and
the percartages of light snd heavy minerals csloulated. ‘The haavy
 winerals wore mounted on slides for sdcresco-de study.




9%
& potrologie type apsinet peveemt froquency om 8 ber diagres (s Flge #7)e-
Boesute 11ler Lake contains sach & wide renge of sadiment sizes
cobtiles, pebbiles, cremles, sand, ®ilt, slay), 4% has been found
mble to reduce the muber of thess componants %o five basie proups
tsed on particle size. These are: foulders, Cravel, Send, 1%, end
Gay. the ters *Sulders® 16 used for particles larger than 32 mu.,
travel® spplies to particles betwess 32 and 1 ma,, “Sand® i used for
those partioles whose dlmsotars are from 1 to 0,062 mv., "AA1t* denotes
partieles botwesn 0,062 and 0,005 ms. Ioulders Lnelude both cobbles
m.mmammum&mmmm) s
sorponent vas detarvdned fron the flald dessriptions, while the other
four basdo oomponents wore detarvined ty mechanical analyses,
| The pid seale of particle size L» used in this report. 4 phi wmit
10 the negative logariths to the base two of the dianeter in millineters,
4 ful) Glocussion of Uds seele 45 found in Imsen (1952). The Nemtworth
grads soale mad o tabile for comverting phi units into alllinetere is presented
in Table 7. The use of phd units glves sise elesves in vhole muber
integers with meller grain sises corresponding to larger phi wilis,
2 talile giving tho smwple mumber, smmple depth, pareentages of tie
foar baste conpenents (gravel, sexd, silt, and clay), the sediment type,
a8 feld deserdption for each mample 18 presented ia ippendix 4
Pigare 38 hows the lecation of the seflment swmples,
4 series of three triangilsr dlagrons wes applied o show the
- texturel relstions swng the sediments (Pigures 37, %0, and 41). lesrdy
a1l the snalymed sedinent camples had less than 107 of one of the basic
four componsnts, Myl in nuy cases the anpunt wae closer to 57 (see




fron wdte into particle dismeter in
m class acoording to the

006 (1/16) | vy fine sad
0.03  (V/32) coarse silt
0,016 (1/64) nodius silt
208  (1/128) . fioe Wit
Q-M (‘1256) very fine silt
e.on ('/ﬂ&) coarse clay
04001 (1/1028) nedian elay
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FIGURE 39, Triansular diasram showing distribution of sediments in the
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. jppendiz A)« Tt 45 felt that sinee one coeponent was 80 sasll 4t could be
ientred o8 the cweponmt would have no boaring on the sediaent type. In
These eompomets were plotted on 8 trisnguler Magren to thow the tew.
 turel relations amony the sefinents. In those few cases thare there
were four wajor comsonente all crester than 107, tw sdjacent corponents
ware oombined as one with the remltant ccopenent depending wpon which
grede wixe editited the largest perewntaces The vertices of the three
trisngolar dlacrans wors areanged in the following manner: ravele
located at the verticss of the dlagrass provided s besis for dividing
the thawe trisnoilar feces into a nunber of textursl classes, The arre
- apenent of elass lines and the resultant solisent types (olass nancs)
followed the veoomsendations of chepmed (1958, pe 157), bat vere nodified
 to inolude the gravel companente

The data obtained from heavy mineral and petrologioal snalyses
ware talulated sad plotted as rock or mineral type agelnst paveent Crequeney
. on o ber dlegren (9ee Figas 49 and 50). The ratle by welsht of heowy

hemlts of asslyses
ummzmwummmmuwmm
ws glven to the Mald deseriptions of ssples Anadequate fer mwlyeds
' unmummmwsmmmm

oand snd grawele Algere 52 shows the peveentage distrilution of
st and grevel., The gpeneral dosdnant festure 19 the gradual desrosse
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in the pereantage of comrse sadinent fres the margin to the emmtar of

| JTer lake hasin, Tt shoald be resssbered that Bis nep shows anly the
 murface distribation of cand ond gprevel thvughout the bostn md clves
. m inflestion comperning the sisze of sodimeat located & fow centinoters
~ belov the bottom surfece. The evarall pleture presented by the nap does
. are eonsideralily more cosrve than those in the wdddle of the basine

- Thers are seversl sreas witidln the besin that codAldt amommlous
pareentages of send and grovel. The tnner part of Hman Cove (dnforasl
nane) has o relatively low pereantage of coarse materisl and 8 high perw
omtage of finer materisl (Mos 42)s is may be esplained by the faet
is mesked by finer saterial mresent in prester mwounts sloee 4t 15 role
wll eddiits & steep slope, thiis wuld not sean to be an adequate
eoplanetion. It 15 possible that the yate of ablation ey be clower in
thds wrea than in others and therelore less comrse ssterdal 46 bedng
contribated to the lake. It seess lmprobelle that the wate of ablation
of the oo elif? would diifer encugh from ares o ares 0 produce Blyte
{floant changes in the ancunt of materdal supplied to tho Jadone The ioe
in s ares may contaln metarial that ie penerally faer thusn Gt in
viher aress. lastly, this ares 18 locsted withdn & cowe whieh mmy be
protected fron curpants that would tend to remove the finar matesial.
A the presunt tlae ne plmsdble eolasstien cm be offersd to asesunt
are offured ouly oe vory tentative possibilities.

Thare L2 o slnller ares of lov sand and grwvel content looated
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Cavern Cove (Fige 25)s The contral part of this cove lies within the

| 200 Seopleth. The possible explanations for this distribution eorvespond
 to those offered for the anomalous sand and grevel distrilution in llsan
Cove. A third aren of smwmalous sand end pravel percentages 16 looated
in the sxtrane southeastarn corner of the lake where the ares adjecent
%0 the shore e within the 20% isopleth, The detrital material in end

- on the ice adjacent to the ares is defindtely finer than that of most

. other aveas alon: the leo oliff, This finer soures material is probsily

. a major factor controlling the fineness of the Motitom sediment in this

. area.

There 18 a large area in the westecentral peart of the Miller Lake
 basin An which the pereentage of sand and grevel bDecomes greeter towurd
 the middle of the lake. 7This srea corresponds to 2 gentle sublacustrine
rise lossted on the littoral shelf (seo Plate I). The water depths in

', this ares are relatively shallow, with sach of the basin feor lying
 only 10 me (ranging fyom 5«15 m.) below the water surfsce. Juring tines
of sxtreme wave action the Mgher parts of thie sublasustrine ridge ssy
be subject to some erosion by the waves, resulilng im the resoval of
 finer materisl frem this region. This ridge acts se a burvier o dcebergs
.Mmmummenmu&Lﬁu(m!u. 45)e  The prevalling

. portheset winds blow the bergs scress the lake where they become grounded
on this ridge. Subsequent melting of the fee deposits sediment from the
berg on the basina floor. A large sscunt of this sediaent consiete of
sand and gravel. These two factors explain the high percentage of coarse
material in this area,

Mreotly southeast of this mablacustrine sidge 45 2 mall samie
- rectarigular ares which has & region of mmall sand and gravel content
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surroundad by one of signd flcantly higher contemt. This area coFresponds
¢ & sublasustrine hill, the top of which 1o ccoupled ty & maller de.
pression. The hizher pereentages correspond to the crest of the hill,
wiile the lower percentages fall within the depression. This dlstribution
48 %o be expocted since finer material is more eamdly eroded by wave
sotion at shallow depthe,

Mt Peroentage of sllt tends to atteln 118 high values in aress
low &n cend and gravel and lowe.toemoderate in elay. Figure 43 indicates
that areas of approsimately 60% silt are looated in Somsn Cove and in
the extreme southsastern part of the lake besin. Ioth of these areas
are very low in sand and gravel and have noderate amounts of elay. The
large sres of modarste silt cantent corresponds to the extensive rogion,
situated in the eontral part of the lske, of low sand and gravel content
{1ses than 20%). A nerrew rectangular ares of low silt peroentage is
sitaated in the westecentral part of ‘Aller lake. ireas develd of silt
are located sdjacent to mueh of the shore Mne (Fig. 43).

Glgg: Tere are several aress with sediments Mgh in elay (Fig. ),
There 45 one small ares shich containe greater than 507 olay and two
 relatively large aress with more than 607 clay. These three aress of
. Mgh elay content ave loosted in the central part of the basin (Fg. b4),
and correspond roughly to the arees of low send snd gravel contente
Aress devald of clay are found in loocntions with 1007 sand and grevel;

. in & relatively nesvow sone around much of the margin of Mller Leke.

 There 45 & relatively high (creater than 40¥) meount of slay withisn the

- faner part of Iy Hay (Mige 25) and a lov elay value (0F) near the entrance
o the day. Thers appears to be & msall ]l at the entrance of this bay
vhich protects the Lmner part of the bay and deters rwmovel of finer
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podiment (edlt and olay) from this aren by suve action. 'he other aress
of anomalous clsy content have slready boem dlemusssd under °Sand and
5&"’3’"3;**

In omler %o detendue the typo of sedisent reprosented by cech semple,
he peroentages of gravel, send, sdlt, and elay have beem plotted on trie
by hepud (1958, o 157)s Figures 39, 40, snd 41 sre Wrimwuler dlagress
#hovin; the sediment elasees and the mmber of sanples falling into these
There are 11 major sedlaent types in Miller lske: Bwlders,
sandy Eravel, sily cravel, clayey gravel, :rovelessadeailt,
tealay, olayay silt, sllty elay, olay, snd aendwsdlteelay.

Howre 46 shows the dlotriution of these sediment types in Aller loke.
fthough the canple density waes sufficiontly wdfors throughout the laics,
map represonts only the general dlstribution of sedimont type. ‘his
,mummmsmmtummmmum
ppe of sediment (2lty elay, for mumple) may e a copletely dlfferent
fiment type (such as a bowldar)s This situation results fvon the

pretic mode of sediaent deposition in )iller Lake.

It Lo readily spparent fyve Mouwre 46 that silty clay 48 the dominant
finent in Aller lake. 41ty elay cecuars throushout & large part of
MM#’MM “he areas of clayey cruvel, sandy grevel,
ravel-sllteclay ocowrring wWithin the ®llly clay reglon ave associated
atblacustrine ridges and Mlle which, due % shallower depthe (see
fe 1), ave subject t0 vore arosion Ly wave action thas is the yest
sontral part of the lakes The nedn silty olay reglon Lo bounded
places by aress of olayey silte In many cases the diference
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betwoen ellty olsy and elayey silt s se alight that the te clssses of
sodinent can be trested as one in this Peport.

Mowt of the mawgin of ‘Aller lake whibite a band of comrse materisl
axtanding & short distance out in the basine Along the serth wlde of
the lake thare L8 & band of cobbles msd bowlders, & band of pravel, and
e of sendy grewel, In €ils ares thers seens to bo a rough gredation
the scuthern share there Lo a band of gravel sdjscent to & band of sendy
gravel. Turoughout wost of Miller Lake thare 15 a general sredation frem
comrour to fine materisl toward the middle of the laks.

A band of gravel ectending scross the mouth of ey Cove tems o
refloet the muall sublacustrine sill in this area. The castern part of
the lake sppears o exhibit & larger ares of comrse sediment than the
threughout the basin, an explanation for the covurrence of these aroas
Zaidda seunss

Mgure 47 thows the resulis of twelve petdide counts taken svound
1t 40 readily appmrent fron these ber dlagrass thet grenite and siate
wre the deminent rook types in the MAller Lake wrea. Jasples musbered
1, 2, and 3 whibit 2 mash higher percentage of gredte than slate,
and low peveentages of gramite pneiee, querte dierdte, and gremeions.

This dstribation remlts from the faot that thare 48 & high peresntags
of gramite pebhiles in the mperplacial $11 shich cocurs west of
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Looation mmber 2 on the north shove of Xiller Lake, ville the ti11 aound
e rest of the leke has relatively egual gremite and slats componantss
the sy where onc omn observe 8 sharp contact betwesn tan cyand to-rieh
@11 and gy slatewgriite H1l, The deshed 1ine in Moure 40 nwks the
mprednate position of s contact.

the remilts of tho petrologieal analyves prosented in Plgure 49
wroer to be qiite siadlar to the results of the pabble wounts, The madn
 differences wre the greater pureantaps of elate in relation te grerite
¢ the peneral incrense in the peromtages of gravite mmelss, quarts dlordte,
and greestove in relation to cranite and slate. This fMywre indlestes
hat the comree frastion (cravel and larper) of the sedinemts in 1ller
msller mousts of gramte, crenite gneles, quarts dorite, md crewmstons.
deser. slnsral, angirses
MMer lske. The locations of thess sspling stations mre shown in
Mouwre 4, Thare are five minerels or mizersl growps thet composed the
‘mjority of the smsples. Ipldote is by far the sost abundsnt winersl
g 50) emsept in swples A and 1. Seuple 4 4 Jossted sdjssent to
gl tourich tA11 aren and senple I As looated nesr the cumtset
n the crevdtorioh md granitessiste 11, The other major heavy
are horetilende (cemerally of the comuon vardoty), ehlordtes
ntine minereis, Wotite, md & Mttle mgite. lomeblende 4s
seond in sbwndence to epldoete, reflecting the prenile rocky and the
quarts dlorite that comprdoe 8 good part of the #111 in the Mller Lake
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so (Mg. 9), Hiotite veflooting the presdte soures and chlovitew

L 'mwmmmmuwmh s i probably
@ie to the slose promiaity of crenltowich W1l

Yeflocts the ewposition of the sativents. The samiles With Moh ratios
‘tontaly nove anfle mlnerels (epidote, chlorite.sarcentine, smigite) than
‘those With low ratios. The soures of these mafic minarals 1s the

| hare are sevaral nochanions ly Wioh sedtaent io deposited 1n
Mller ighe. Tho ehief mechamims are assouiated Wdh doe and purieln
4o astevia) situsted on t0p of or Within lee. TFigwres 5L and 52 show
the muat of material on top of mxd An the fce aleng the northem
hare of MAller lake, WAs matwiasl ranges frm beulders the siee of
& sunll house, to elay tise partieles, ihen chumks of ioe calve fren
ks doe GIATY the delwls on top of the Loo 40 dwped ints the lake.
Bach of Uds delwis rensing pesr the base of the GlAfr due to Ate larye
dse,
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FIGURE 52. Fhotographs showls

the 1ee 3\1,}’,?, the anstern shoare o $ %

fmount of naterdial on top of and in
s -v.:?.. ¥ aute
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daring the last 15 years, ‘any of these losbergs have larpe ssousts of
dolrds (Fig. 45) om or tMin thes ‘ubsement melting of taose bergs
depowite this detwls in tho lakes 7HAS Loe rafting process deposits
ooarmo naterdal in areas e such naterdsl wuld not ordinarily be
eposttad by memssl modes of sedinent deposd tdon.
Mner sedlnent (1% aod alay) 4o spplicd % the lske vis water
 mtaring the lske in the fam of nurface meltwater, englacial stromus,
e mblacustrine Anfluants. THAS weter 40 quite Wridd where observed,
indlosting the Migh eonpentretion of mspended partieslate netiar ceosed
of sand, #lt, and clayesise pertloles,
| “0ot of the evarmer wateried (smnd, gravel, cobbles, mnd boulders)
Ao deposkted dwrdng the late spwing, semer, and early fell hen selting
@ oalving of the iee 15 most sovare. The frequent wlddng sparicwed
ly the leke during ¥ds pardod stire up ¥ie finer naterdal and pats A4
intomspension. Tharefors, mot as mch sllt is depeslted durdng tids taes
Tho vater seeples eollectod at 30 « 40 m. depths in Fller laire conteined
‘merly 1500 ppm saspended natarial, apprexinately 407 of wdoh was Mlte
%0 natarial.
. Very 1itAle slay-mioe sedinent Lo actuslly deposited durdng the
v A8 previcusly noted, frequent wiming of the lske water during
pardod recps this naterdsl An suspemsion. I fawt, fine saterisl
uas deposited durlng the previous winter nay be suspended again.

# deportted 4n /Aller Lakte in any siseshle quantitios is during the
Moter months whem the lake e sealed off fyon the winds by Lo, During
be ater the muount of nelting 48 neglipAble and 4t 18 doubtful shether
fller Lk reccives my mubstantlal Anflow at Uids tne, Thus the lske
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“1s relatively uniloturbed during thie perlod and the flne suspended
 meberial 40 sble to setile cut snd scowwmlste on the floow of the lake
basdne

 ——

| femults of the pebbls counto and of the potwvloical snd heavy
 sediments in “1ar lgke, Gocks compesed of slate, greywssiie, snd

. pemetone, intrded by Motite granite and dlordte (rocks of the Chuguch
eoour in the sountalne to the north and sast of the M1l Lake eres.
s naterial ie eroded iy the setion of rlacial los and 45 entrained by
the doe and transported down the glacier. A glamne st the mmalyses
 tinents 1n Aller Loke.

| me to the lack of soouwrate Anfomation conoerning the seount of
 medingnt antering M ller Ldke a5 a reslt of nelting loe both around
e shor and in Lesburgs, or naterlal transported by inflsents, 14 48
japossible 1o seowrately cotinate the rate of sedlaetation. A ESbEWY
W wade durbng the 1947 fleld sesson to detarine the rough mete of
mpesttion of fire sodlnents Thres fivowpound coffes cwns vere lovared
¥ the botton 1n the bouthars part of Mller Lo, They readtoed in

plase for two nonths. :hom they were relsed %0 the susface in the
wifle of ragust, the emns ware found to be nesvly full of mlly alaye
Haes the haloht of e contalnars was 1.2 one, tiis nemne that




n

i entering the lake, mad allewing for the settling out of fine
wlerisl dwrlng the vinter, the ealenlated yowrdy setimentation in Aller
018 5 onefyosr. Thie fipuwre 15 high! Tds Mgre should peobsily be
meh lower alnce most of the sodinent in the omne does not represwrt new
pharial deponited, tut 48, in veality, old sedlment previously depessted
B the Lake Floor Wideh has been tekan Lnto Dupension by currente produced
ly ¥ind action and redewsited during csln perlods. In muy 0ase, the
hove flgure avplies only %o 81t and clay mnd completely dleversrda the
posi thom of eoarser selinents, s najor constiteent of the oversll

" in Miler Lakoe The amual rute of sedlnentetion in Iiller
48 protobly quite high, b there aye mo scvarnte deta upon which to
any ostinste.




. CORCLUSTONRS
| Mller lake eddbite & dmes and often wratie luwstrine enviros
ot due 1o 15 locstion on the temdms of the Martls Mver Clacler,
Jaskal 400 15 stuated around the mhore of S lake md jrobsbly beneath
19 ko bosin, ary of the wnmial Umnologlesl s geologlesl feotures
pMller oo are & vesult of Lte locstion.
B the present tiuo the aves and nean depth of the lake are
, Tde Lnerosve remlte prinarily fren welilng and ealving of
mmmwm hare processes, mich a2 wave actlen
mmuummummmmuum
-
The 1ov neximm swmer boperetures wididted by the wader in
Laks sllow the wiods to freguestly eireulate the vaters. This
b sdadng koepe & lare quintity of flner naterial in euspesmion,
inerensing the Sty of the lake.
The distritution of sedinent in ‘Sller Lake 18 move regulsr than
WUl be wpected 4n ek an arretic awirement. Coareer sedinents
" pdoate wound the margin, widle finer seterial 4o found in the siddle.
Dare arv, hovever, nuy wweptions to ids pmersl pettern (Hge 56)

Merally, sedinentetion in the lske 45 controlled by S betymetry.
R sadinent 15 deposited in busins whare the offeets of surrants and
wwoe aro mall, wile coereer natertsl Le consontrated n hicher sress
hwre the flnee partleles are Wl out by veve scton and eurrentos
' mwmmmuummum
: vienl part of the lake (Fige 46) 10 an eoellont sasuple of Wdo

The sedinents in M1lar Lake mey generelly o clossified as plosioe
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. ine dadeton deposdte sindler o thevs deseribed by Fervians {1963)e
e tem “danteton” a8 rroposed by Mlint mnd othars (1960 a.b) to designate
mongorted or seorly sorted Lertdgenmo sedinent that oonidobs of sand
Jor larper particlon in & mddy astrix® 1o gdte applicetls to the
susts dn llek Lake. Fiowe 53 AE & saries of Uwee photogreshs

@ B tunefeot-long core talien from the =lddls of the lake. It 4s
mmmmmmwumm
‘ mmmmmamm W48 podtnent wae
fiposited by the Placier and Locburgs that dmped rhemoclastic saterfal
oo Millor laie. 1f Sk & deposlt ware encountered in the cuberop, it
Wuld wndoubtedly be classified a0 a glasisl t41l. The fact thet Uds
mmmuahwﬂmmmmmm
tovestignters [t 45 felt that there mre probably mmerous Sich
perited t11e to be found i glactated aress, tut that the
thon of ouch weterwlaid ti11s 4o ALOfoult due to thelr striidng
arity % “morvel® $3s deposlted by glactiers,
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APPENDIX A
™is appendix contains the deseription of the sediment sauples
from Miller Lake, The water depths are given in meters. The columns
", *Sand®, *311t%, and *Clay® are percentagss of these components
obtalned from mechardoal amalysis of the sample,

. The sedimentetype colunn indleates the classifieation into which
the sedinent fell when plotted in triangular diagrams (Figures

a0 ). Abbreviations used in the Sedimentetype column and in the
fledd desoriptions are:;

B Gobbles and oulders
g sravel

8c Sandy gravel

8o Mlty gravel

o Glayey gravel
Sl ravelesandesilt
(2 P! Uravelesilteolay
ces Clayey silt

= § Alty olay

€ Clay

R, P lantesd ]l teolay

The sediment.type enclosed by parentheses was inferred from the

gzg 7.: £ a 12 o Jrey silty gravel.
W 1 v 1] Orey silty gravels
6.5 8 az 16 0 GeBefd 5:"3 slg sand, pebbles,
3 M 12 P W =m0 Urey silty sand, pebbles,
135 2 1" 62' 2 o Orey elaywy milt.
*3«»5 3 W" % ' 03'5 gl- o riw m‘m
13 a 3 & 25 o Jrey elayey silt; oome
cohesivensse,
1 b6 8 8 2 w Srey clayey silt, pebbles.
1 1" 5 B 5 a“e Grey sAlty clay; some
cohesi vensse,
1 21 = & 41 25 e Orey silt, send, and
] pebblea,
0.5 P 2 »H Gmilet  Orey silt and sand,
¥ . 10 35 22 Oeflel  Grey silt and clay,

!
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”m ﬂlg clay, pebbles,
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§ ﬁuum.
M‘w clay, some
Wﬂwm dark
streaks in sample.
Grey silty oclay; dark

mum
rey elayey sllty
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' Samle. Deoth Cravel Send % Clay Type  fleld Desoription

Ua70 33 88 12 - - ) Pebbles, little silt
. and clay
T « e e e (®m)  Grevel, littls slt
Quwd Oll{o
U2 59 4 2 M 5 #c f:_m silt and clay,
o m”o
- 73 = - - - - (:5) Jravel, Mttle silt
i . and clay.
7 1% 9 1 - e G Oravels
- Ue?78 32 - - - - (40) t and dark grey
! ellt and olay.
 UeP6 31 [ & 28 65 ¢ Uray s11% and olay,
; few pebbles, dark
: stroeake,
w 3? - £ - - ('3) :&m
Ua?8 9 ¥ 3 = 3 :
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{Cwhel)
Ju 4wl

(85)
N

{2)
{ca)

(M)
(56)
wn

fisld Reseriptions
petibles; sample shouws
stratification.

Grey silt, sand, and
gravel.

idaht and dark srey
sand, #ilt, end clay,
po 3 dark sireaks,
Dark grey sand and
gravel,

Darke grey sand, silt,
and clay, pebbles,
daric streaks,

Gravel.

Darde grey sand, silt,
and elay.

Idght and dark grey
sand and clayey silt;
shows stratification,
Darde zrauy sandy silt,
Jrey sendy gravel,
foulders; no sample
rotained,

Irey elayey silt, sand,
pebbles,

Grey elayey silt,
pebbles,

drey elaysy silt and
gravel; some eohesivew
ness and stratifieation,
Dark grey sandy gravel,

OyRvel.
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