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Sedimentation Regime in a Glacier-Fed Lake

Kazuhisa CHIKITA, Norman D. SMITH!, Noboru YONEMITSU? and Marta PEREZ-ARLUCEA?
Department of Geophysics, Faculty of Science, Hokkaido Universily
( Received November 30, 1995)

Sedimentation in a glacier-fed lake (Peyto Lake, Alberta, Canada ; 51°43.5’N, 116°31'W :
surface area, 1.4 km? ; mean depth, 27.9 m) was examined in the glacier-melt season of 1937 and
1993. Sediment trapping near the bottom and limnological and meteorological observations in
1987 indicated that sedimentation in the lake is dominantly produced by sediment-laden under-
flows (or river-induced turbidity currents), which contributes to 61 24 of the total sedimentation.
The lake contains a midlake sill 7 m high, dividing two basins proximal and distal from the
mouths of inflowing river. Measurements of wind, lake currents and water properties in 1993
revealed that the underflows pass over the sill due to the active storage of turbid suspension near
the bottom in the proximal maximum-depth region. Overflows of the suspension on the sill
occurred only when a hydrological threshold of the inflowing river was exceeded, consequently
inducing quasi-continuous sediment-laden underflows. The underflows, again, from the suspen-
sion overflows are associated with sedimentation in the distal region.
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& DBIEFHVE (Delta Progradation), 3 & 87V & BiESHA 0 iz & 2 ELIE F (Turbidity Cur-
rents from Slumping ; BEFICIE “FH#HMEER" 1<% %) I EE (River-Induced Density Cur-
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bert and Giovanoli(1988) m 2 4 &, v = #l; Wright et al.(1990) i E, FROWOT Ll
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DR FHE O RIED & HEERKE: & depth-integrated sampler & DG (r=0.923) » LB EHS L2
BENMEL L TR 72, £-REMIC, #IAF, G H AOWME 1.5m & TERE > —o X BRI
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Fig. 1. Locations of Peyto Lake, Alberta, Canada and stations measuring current veloc-
ity, suspended sediment concentration and water temperature (EF,G,H]I, M), and
trapping suspended sediment (solid circles) on a bathymetric map, sediment and water
discharge (A and B), and meteorological conditions (C and D). Open triangle near M
indicates the crest of the sill. Contours in meters.
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Fig.2. Sandbag-buoy-swivel system
for mooring current meter and
turbidimeter at G and H.
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WAz, ARTORE Q LIFEWERE SSC B L U B STk - KLk, SRRZELISHEL T
Hic HEAMEHZ T, 8 A5 HE 8 H6 BLUY, MENEKIIEH 15~18icHbh, HiEY
BREOBKIIZN 1 ~ 2BMEBNCHALZ, 8 A5 HROMN T, LBHHE Qs(=Q-SSC) i3,
FH 21 R, BRHRMP KR (Q=14.4m%/s ; SSC=5.50 g/L) & x> 72, B miThOKALZ, A KT
WELIZITFMATEE L 7205 7R 27 H~28 HOWHIZARMEEFREIZAKE W, Z UL, WK
BRDOKRE LAREEREEEZ 515,

\\\M/..ff/m,\%iz// Wing vector N
A, il ... //%/ m,c oy A

Sm/s

é‘)' .y G g
© - < §
3 ¢ =
© 3 o
N $4 —20§ 820 5
= 13 2 2
5 0§ | 2
— - 3 a
g 5 2 =
Ser g2 0 & —goo <
(27 5 <
OE -
8 at o1 405
p g 13
E: 2 3
& 2| o —40.3
~ Q
- 5 g
g ) 1 =
> ol 0 e 0.1
“ 27 28 29 8

Fig. 3. Time series of wind velocity and direction at C and D, air temperature (AT) and air
pressure (AP) at C, water temperature (WT) and water level (WL) at B, and water dicharge
(WD) and suspended sediment concentration (SSC) at A for periods 27—30 July and 3—7
August 1993.
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Fig. 4. Time series of current velocity and direction and water temperature (WT)
at F, G and H, and suspended sediment concentration (SSC) at G and H for
(a) 27—30 July 1993 and (b) 3—7 August 1993.
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WTENFNOFEEL KDL, BFRE LT BiEReEn 32%, %5, TRR(ZZTIBRET
g »°61%, L C, LB - FEEF TR THEZ L e2RLE. Z5LT, BBTERICL S
EHRIREL, TOHUBBELZIANL LIRS TEETH B, Z I T, &7 1993 FOBAFKERE
#nl, BEEROREREEL 222 5B L N2 BE TEROFESE, 52 o R % ) #

ZOBHEEH LTS,

1) BMETERORE & &P DOHIE

Fig. 413, F, G, HHTHR2Z 1.5m B THORENZ b &K, G HHD 3 m & TOREWER
B SSC (BED HiRH) O 1KHI & DEB %, Fig. 3 DHMIINEL ORY. %8, Wi, 7

V> 7 gk GRER: 1R T 10 B, HHEFX
1MHERT20E) OFLMELXRL TS, TH
27~29H* 8A3~6 HOOEHT 2 EHEL L
WG LT, F Ao ssmic s
K2, 20K, KiELEALKRICHEHRT 22
Eiibh b, ZoWEk, 13T F SERBORERME
#MEMIC—8T 5 (Fig. 1 3R). £B, FHTH
FEAEEEEI N T B IC, RS B Rty
BimEoEESA (Fig.5) % Bb &, ESICHS5
mENHBER D), BIETRERAMEO0.066g/L
2LoTwadIEdbhrd. HITKEIROPWT
L, ZOFEBEBOK 6 °CHY, Fig. 4 T L BL
—HKL T3, Ubknz s 5, FATHORNTRE
X, =4 P —HOEBIIAKE(ESTLIRETE
i (Sediment-Laden Underflow) #1282 724 DT
HN, #0d, X }— - 2 )—70LBFHIC
o TRELRZ D bP S, 212, F A TOERK
% B0k L 2o ke (2 ~10 RERE) 1o XS L,
Fig 3 TOWATNOBKEQ FHEWHBE
SSC, Kifl 6 mEEfbr T2 E,Q>7~ 8
m3/s, SSC>~0.6g/L, =3 ~5CNEMETT
2 ~ S REMEN THRE T B R IMRAICREL T
WBZ EDbhb, EhiZ, TOTRBROFEER,
WATN DI EWERE L D DREICKEEINT
WLZ b S, B, Fig bNEE o, 0=
(pee— 1) X1 2 HRDLN, Z =T, pec 1%, F
B EBESSC(g/L) L BE(C)TOKERE
T, pec= (1 —SSCX1073/ps) ps+SSC X 1072 T4
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Fig.5. Vertical profiles of suspended

sediment concentration SSC, tem-
perature and suspension density
o obtained at 16 : 23~16: 48 on 3
August 1993 at F.

ZhLb, 22T, peid 8(C) TOHAKNDEE, p 3R FEE (g/cm®) T4 } —HDEE, p,=2.823
g/cm® T % (Chikita et al., 1991). % B2 2 T3, BRWHIBEIZERL TW5.
G HTOWMEN 7 1L &I EWERENESE (Fig. 4) 13, 0.02~0.03g/L D{EWBENMH, 0.6~8.
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Ocm/s DEFMOBNHS—ELTCHFEL, 0.06~0.3g/L 0Z3WBETE, 25i20.2~2.0cm/s D

K& 2EAEZDORBEHRCENYIGFET A2 L 2Ry, COHEMENRNDOFEERR, LmEnh S
SNERDE UKL 2 BB TR T %, Z ORETFIE Fig. 6 THMICREN T3 . Fig. 6137 A
27~30 BOMBIC2WT, F, G, H A ToHiEsk (10 43 721t 15 4Hg@) & D &t @ (15 4 Hig)
EnBBRERT. Fig. 6205, t@Enh 7 58I & - CHEEICmERERSEL, ZEmET
DTREOFTNDS, LRRoEmERNELTELZ N, EEZLND, B, ZOEAEDTNIL
WEHBD TEEL T 5D, ZHERELTL, GAEFEICHVAERENOKBHICHEL TBY
(Fig. 1 28), ZOMEHEZBOKREEZ bNL, $/2, Fig6a TrRT iz, FATIZEZELET
LTEOBANRED TR ICE LI, L2 BB TRRIIEERTLHY, ZoZ ki, EMEo
FHERLAENEICTE <, FATOTRERICIEIENCHE L LW L E2RBT 5,

G B TORBEWHIRE & kiR, F A THORWHE & SykKiRICHHEL T, 4 ~ 5 BB THAL
72, 8H4H18: 008, FEACHRAMENALHAABETEBRIZ, GRICEBEEL L1255 I2A2 3
(Fig. 4bZR). i3, 8 A 4 HOKM, G A THOREWEBEH~0.017 g/L DR EZHERL T
WRZErLHMENS, THRRIZ, FATKEBG64CE2L2ZDTREOFEWTBEI/NE {,
GHETN6.0C, 0.017g/LiciGT2AkNEEEMI AP -2 2 EXFEI LML, Z0EE, GEE
BUEE 25123 F S2T0.040g/L 282 53 EWEBE»GET, T, Fig bicndHENNIC
HWTBIROFENEE 0.038g/L 282 28TH 5,

GETHRENIM, ERoEmEmMERIAFHC 52 Erbord, 2, GAHFMICKTT S
msnBEEEREDBERICELDEEZ LD, ZoOMAEFERR, #HEE L SBEF AN 5]
ERZTHRESD B,

Fig. 5 I RT BB TRREIZ 4.5mnBELHL, U, BIRESOEE T m L N/IEWETH 5.
ZnZiid, FAELIVETHATERE TOET (EHKOWMYAZ) k> TEES T m &2 %
WERD, TR ESERZ 223 XWI 28K T S, B, 2 CTRENERmEL T
i3, Ashida and Egashira (1975) icfévy, FEHEHBENEE7 v 7 74 NV EOEMEA R L -7z, 8
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Fig.6. Temporal variations in current speed and water
temperature at F, G and H, suspended sediment concen-
tration SSC at G and H, and wind speed at D for about
72 hrs from (a) 16 - 00 (Sta. F), (b) 23 : 10 (Sta. G), and
(c) 23 : 00 (Sta. H) on 27 July 1993 (see Fig. 3).



KA & - Tz S W5 B0 HEREH 33
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OTEHIE, BEH 7 mEKBTHY, L b
SHEREDHRIZE - TEEN 2B LN
Ehh, WIREIRAEEREVBRILZ LI T -
7. BEE F AR EBENI N BE TR,
SA6HDEWEBDTHHEAEL 4.0~4.5mNDF
Etho (Fig.3BLUFig7. Doz s»
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G HTEWHEWERES T 2RI, 2 o obtained at 15 : 34—15: 09 on 6
NICHIET 5 FATOSTEOMERL Y 4 August 1993 at E. The underflow

- N e g thickness is about 4.0 m, and the
~ 8RR, ZUL, GaE CT RS maximum SSC is 0.342 g/L near

%, BEWEHSRERE IIEABOKEEET D the bottom.

ICHEEET 22 L ERET S, METE L Z BB TERTOFZEWE L, BREEFNEF LG
+ (d<62.5um) 55 (Fig.8), 4 LTRHERNEEX»4.5m %5, ZOFERE (~ 6 um) O
KEHBARPEZNBT 20ICET 2L, H51EMTHE, 25 LT, GHETOREDERENS
B A, BEWE OB ELRESIC L 2BKOFRIS 22 EBEZ LNE.

H A ToOREWEBE SSC & iEnZEaht, BuENEENC 2 b 6 TRERIHICTH 2 &, H#g
gL X DRNY, BYWFEWERBEN L 5B Z 52k, 277 (Fig. 4 & Fig.6¢cZHB), Zo
dHEE, H SEEORAERTAIC—3T 5 (Fig. 1), 20 &d b, THOHNBBE TR TH Y,
F oMM S, TH27~298 & 8 A5~ 6 HoEmWw LM HHE (Q>~ 8 m¥/s, SSC>~1 g/L)
B LBEEL-Z b2 5. G H A TEREOMRERZ BT 2 &, G AN EWRIBEY 0.
08g/L #mkz HEFRE (KIE#H6.5C) icxiE LT, 2~ 33BN TCH S TRETER L&
bbb, H AT, (KiBER, SSC~0.014g/L, 6~5.6CHEZMFFLZ. 25 LT, HATHRE
TRESEET 5I21L, 6.5COKXKH0.06g/L 282 5 SSC 2/ o008 H 5. BHHEA L H 5o/
THRB T EHROKVHMNIKBE -RENERKEBETIZE2FETLE, Zm0.08g/L &\
JBER, BTARIBIITERICNL CRZYLEE NS, DI Erh, GAMMENREL /2
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Fig. 8. (a) Vertical profiles of SSC, temperature and suspension density ¢ obtained at 15
: 34—16 :16 on 28 August 1993 at E. The underflow thickness is about 4.0 m, and the
maximum SSC is 0.157 g/L at a depth of 36 m. (b) Grain size distribution of suspended
sediment sampled then at a depth of 36 m. This is plotted on a log probability paper,
showing that the grain size is lognormal if the distribution curve is linear. The
suspended sediment is thus nearly lognormal as shown by the solid line. The phi (¢)
scale is defined by ¢ = —log,(d X107%), where d is the grain diameter in gm.
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Fig.9. Vertical profiles of SSC, temperature and density obtained at M at (a) 13
:32—13:53 on 3 August 1993 and at (b) 11 : 16—11 : 41 on 6 August 1993.
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Fig. 10. Spatial distributions of sedimentation rate (mm/day) and
three grain size parameters (mean M, standard deviation ¢y and
skewness Sk;) in phi scale for sediment trapped at 0.3 m above
the bottom (Chikita et al., 1991 ; Chikita 1992).
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Fig. 11. Schematic of serial processes of generating sediment-laden underflow, described on a
longitudinal section along the axis from the river mouth near station B to the outlet via E—~1
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