
	 1	

The	evidence	for	repeated	lake	drainings	and	subaerial	exposure	of	the	Lake	Missoula	glaciolacustrine	
sediments	at	the	Ninemile	Creek	section	near	Alberton,	Montana	

by	
Richard	L.	Chambers		

	
Introduction	

	 For	 more	 than	 100	 years,	 numerous	
investigators	 have	 endeavored	 to	 decipher	 the	
relationship	 between	 glacial	 events,	 the	 Lake	Missoula	
floods,	and	the	scabland	complex	of	eastern	Washington.	
Publications	 and	 scientific	 presentations,	 beginning	 in	
1910	 until	 today,	 have	 produced	 some	 of	 the	 most	
acrimonious	 scientific	 debates	 ever	 recorded	 in	 the	
geological	 literature	 (Pardee,	 1910,	 1942;	 Bretz,	 1930,	
1969;	Baker,	1973;	Baker	and	Bunker,	1985).		

In	 his	 comprehensive	 review	 of	 the	 evidence	 for	
repeated	 catastrophic	 outbursts	 from	 glacial	 Lake	
Missoula,	 Bretz	 (1969)	 suggested	 that	 each	 lake	
sequence	should	be	separated	by	an	unconformity,	with	
bogs	 and	 forests	 occupying	 the	 drained	 lake	 floor	 only	
to	 become	 buried	 when	 a	 new	 lake	 formed.	 	 He	 also	
suggested	that	the	lake	sediments	should	contain	varves	
and	randomly	distributed	ice-rafted	fragments.		

Topics	 still	 debated	 today	 are	 the	 number	 of	
occurrences	 of	 the	 Lake	 Missoula	 floods	 and	 whether	
each	lake	draining	was	a	catastrophic	outburst	following	
the	sudden	collapse	of	 the	 ice	dam	that	 impounded	the	
lake.		Some	studies	suggest	dozens	and	even	as	many	as	
90	or	more	lake	drainings	and	floods	(Alt	and	Chambers,	
1970;	Chambers,	1971,	1984;	Waitt,	1980,	1984,	1985;	
Alt,	 2001;	 Hanson,	 et	 al.,	 2012).	 Because	 catastrophic	
flooding	events	should	rework	or	even	remove	evidence	
of	 earlier	 flood	 deposits,	 a	 study	 of	 the	 bottom	
sediments	that	accumulated	in	the	glacial	Lake	Missoula	
basins	should	provide	some	answers	to	these	questions.		

Sieja	 (1959)	 conducted	 the	 earliest	 known	
quantitative	study	of	the	vertical	and	lateral	changes	of	
clay	minerals	in	the	glacial	Lake	Missoula	varves	across	
the	Missoula	 Valley	 basin.	 He	 found	 three	 varve	 types:	
simple,	 composite,	 and	drainage;	 but	made	no	detailed	
interpretation	 for	 their	 origin,	 other	 than	 to	 note	 that	
the	clays	probably	settled	to	the	lake	floor	through	calm	
water.		
	 		
Ninemile	Creek	Section		
	 For	 this	 part	 of	 the	 field	 trip,	 we	will	 visit	 a	 large	
and	 well	 documented	 exposure	 of	 Lake	 Missoula	
glaciolacustrine	 sediments	 located	 about	 8	 km	 east	 of	
Alberton,	Montana	along	Highway	90,	near	the	juncture	
of	the	Clark	Fork	River	and	Ninemile	Creek	(N47°	1'13",	
W114°22'43").	The	Ninemile	Creek	section	 is	a	roadcut	
about	 250-m	 long	 and	 10-25-m	 in	 height,	 with	 the	
bottom	 of	 the	 section	 approximately	 281-m	 above	 the	
base	of	the	former	ice	dam	which	was	located	about	200	
km	 to	 the	 west.	 The	 base	 and	 top	 of	 the	 section	 are	
about	 936-m	 and	 959-m	 ASL,	 respectively	 (Hanson,	 et	
al.,	2012).	At	this	location	we	will	examine	the	evidence	

for	repeated	lake-level	 fluctuations,	subaerial	exposure,	
frost	 action,	 and	 small	 streams	 that	 flowed	 across	 the	
exposed	lake	floor.	
	
Description	of	Lake	Missoula	Rhythmites	
	 Rather	 than	 finding	 a	 single	 thick	 sequence	 of	
glacial	 lake	varves	 that	 could	be	easily	 counted	 to	date	
the	 exposure,	 Alt	 and	 Chambers	 (1970)	 and	 Chambers	
(1971,	1984)	discovered	a	much	more	complex	and	far	
more	 interesting	 situation.	What	 they	 found	was	about	
40	small-scale	cycles,	up	 to	a	meter	or	more	 thick.	The	
rhythmically	 bedded	 deposits	 show	 a	 very	 distinctive	
pattern	of	alternating	light	and	dark-colored	layering	at	
the	 outcrop	 scale	 (Fig.	 1).	 	 A	 typical	 Lake	 Missoula	
rhythmite	has	a	 light-colored	base	of	 fine-grained	sand	
and	silt	grading	upward	into	darker-toned	rhythmically	
laminated	 silt	 and	 clay	 couplets	 that	 are	 interpreted	 to	
be	 varves.	 The	 silt-clay	 couplets	 thin	 upward	 and	 are	
unconformable	with	the	overlying	sand-silt	 layer	of	 the	
next	 sequence.	 Beds	 of	 pebble	 and	 gravel,	 weathering	
zones,	 and	 evidence	 of	 frost	 action	 were	 found	 at	 the	
tops	of	22	of	 the	40	sequences.	The	repeated	 lake	floor	
exposures	 do	 not	 necessarily	 indicate	 catastrophic	
drainings	or	even	that	the	lake	drained	completely.	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
Figure	1.	Ninemile	Creek	exposure	of	glacial	Lake	
Missoula	sediments,	previously	named	the	“Lake	
Missoula	beds”	by	Langton	(1935).		
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	 So,	 Bretz’s	 1969	 hypothesis	 of	 multiple	 lake	
sequences	 proved	 correct,	 however	 Alt	 and	 Chambers	
(1970)	 and	 Chambers	 (1971,	 1984)	 did	 not	 find	 any	
evidence	of	tree	stumps	or	bogs	between	the	sequences,	
therefore,	 suggesting	 only	 short	 time	 periods	 between	
successive	lake	drainings	and	refillings,	thus	preventing	
the	formation	of	deep	soil	profiles.	 	
		
Pebble-Gravel	Facies	
	 The	 sediments	 at	 this	 site	 are	 classified	 into	 three	
lithofacies:	 1)	 pebble-gravel	 facies,	 2)	 sand-silt	 facies,	
and	 3)	 silt-clay	 facies	 (Chambers,	 1971,	 1984;	 Hanson,	
et	al.,	2012)	
	 The	 lower	 contact	 between	 each	 rhythmite	 is	
unconformable	 and	 often	 erosive.	 The	 pebble-gravel	
facies	 (outlined	 in	 Fig.	 2)	 is	 interpreted	 as	 non-
channelized	 fluvial	 sedimentation	 on	 the	 exposed	 lake	
floor	deposited	during	a	refilling	event	which	eroded	the	
underlying	 silt-clay	 facies	 deposited	 in	 the	 previous	
lake.	 This	 is	 a	 localized	 facies	 and	 depending	 upon	
where	 the	 section	was	measured,	 it	was	observed	only	
in	 only	 4	 of	 the	 40	 rhythmites.	 Hanson,	 et	 al	 (2012)	
made	 similar	 observations	 and	 conclusions	 at	 the	 Rail	
Line	section.	
	 	
Sand-Silt	Facies	
	 The	 sand-silt	 facies	 (Fig.	 2)	 is	 present	 in	 every	
rhythmite,	 with	 individual	 occurrences	 ranging	 from	
about	 5-160	 cm	 thick.	 	 Lower	 contacts	 are	 often	 sharp	
and	characterized	by	planar	or	ripple	cross	bedding;	22	
of	 the	 contacts	 are	 clearly	 erosional,	 showing	 evidence	
of	 subaerial	 exposure.	 This	 facies	 was	 probably	
deposited	 by	 hyperpycnal	 flow	 entering	 a	 rising	 lake-
level,	with	possible	reworking	of	the	sediment	by	wave	
action	(Chambers,	1971,	1984;	Hanson,	et	al.,	2012).	
	

	
Figure	2.	An	example	of	the	sand-silt	facies	in	a	Lake	Missoula	
rhythmite	and	a	small	channel	deposit	of	the	pebble-gravel	
facies	(outlined).	

	
Silt-Clay	Facies	
	 The	 sand-silt	 facies	always	grades	upward	 into	 the	
silt-clay	facies	that	was	deposited	in	deeper	water.	This	
facies	 is	 composed	 of	 rhythmically	 laminated	 silt-clay	
couplets	that	resemble	varves	(Fig.	3).	This	facies	has	a	
sharp,	 unconformable	 contact	with	 the	 overlying	 sand-
silt	 facies.	The	 varves	 tend	 to	 thin	upward	within	 each	
rhythmite,	 evidence	of	 a	 continued	deepening	 lake	and	
increasing	 distance	 from	 the	 sediment	 sources	
(Chambers,	1971,	1984;	Hanson,	et	al.,	2012).		

		
Figure	3.	Varves	and	a	frost	crack	filled	with		
weathered	varves	

	 	
		 Chambers	 (1971,	 1984)	 counted	729	 varves	 at	 the	
Ninemile	 Creek	 roadcut;	 averaging	 24	 per	 cycle,	
however	this	number	does	not	take	into	account	the	22	
zones	of	weathered	varves,	or	the	varves	in	cycles	33	to	
40	which	are	too	highly	weathered	to	count.	Hanson,	et	
al.	 (2012)	 visited	 the	 Ninemile	 Creek	 exposure	 and	
counted	only	583	varves.	The	discrepancy	between	729	
and	 583	 could	 be	 explained	 by	 1)	 weathering	 of	 the	
upper	 part	 of	 the	 exposure	 over	 the	 past	 several	
decades	preventing	Hanson,	et	al.	to	count	varves	in	the	
upper	 section,	 2)	 Chambers	 (1971)	 counted	 composite	
varves	as	simple	varves,	thereby	increasing	the	number,	
or	3)	 that	Hanson	et	al.	 (2012)	grouped	 thinner	varves	
into	 composite	 varves	 resulting	 in	 a	 fewer	 number	 of	
varves.	
	
	
	

Sand-Silt	Facies 
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Evidence	of	subaerial	exposure	and	frost	action	
	 Although	 no	 deep	 soil	 profiles	 were	 found,	 thin	
zones,	 2-20	 cm	 thick,	 of	 desiccated	 and	 weathered	
varves	were	 found	at	 the	 top	of	22	 rhythmites	 (Fig.	3).	
Two	 of	 the	 22	 varve	 sequences	 were	 so	 deeply	
weathered	 that	 no	 varve	 count	 was	 possible.	 	 These	
zones	 provide	 reasonable	 evidence	 for	 subaerial	
exposure	of	a	drained	 lake	 floor	subject	 to	 frost	action.	
What	 appears	 to	 be	 a	 frost	 crack	 (Fig.	 3)	 filled	 with	
weather	 varves	 is	 evidence	 of	 periglacial	 conditions	
between	lake	fillings	(Chambers,	1971,	1984;	Hanson,	et	
al.	2012)	
	
Discussion	
	 About	 40	 last	 glacial	 Lakes	 Missoula	 are	
documented	in	the	Ninemile	road	cut,	however	there	is	
no	conclusive	evidence	that	each	drainage	was	complete	
or	 catastrophic	 (Chambers,	 1971,	 1984;	 Hanson,	 et	 al.,	
2012),	but	the	lake	did	drain	below	an	altitude	of	about	
936-m	ASL.		Because	the	number	of	varves	in	any	given	
sequence	ranges	from	9	to	58,	Alt	and	Chambers	(1970)	
inferred	 periods	 of	 several	 decades	 between	 lake	
drainages;	Alt	 (2001)	 thought	 that	 the	average	 interval	
between	lake	fillings	to	be	about	50	years.		
	 Even	 with	 a	 cursory	 observation	 of	 the	 Ninemile	
roadcut,	 it	 is	 easy	 to	 see	 that	 the	 upper,	 younger	
rhythmites	are	thinner	than	the	lower,	older	rhythmites,	
suggesting	 that	 each	 filling	 of	 glacial	 Lake	 Missoula	
contained	 less	water	volumes	than	previous	 lakes.	This	
seems	 consistent	with	 the	observation	 that	 the	 greater	
number	 of	 varves	 typically	 occur	 lower	 in	 the	 section,	
becoming	 fewer	 in	 number	 at	 the	 top	 of	 the	 roadcut.	
During	the	waning	stages	of	the	last	ice	age,	the	ice	dam	
became	 thinner	 and	 less	 capable	 of	 impounding	 large	
water	 volumes	 with	 a	 subsequent	 reduction	 in	 the	
amount	of	time	between	lake	drainages.	I	agree	with	the	
conclusion	 of	 Smith	 (2006)	 that	 the	 sediments	
preserved	 at	 Ninemile	 Creek	 and	 throughout	 other	
basins	 are	 evidence	 of	 non-catastrophic	 drainings	 of	
glacial	Lake	Missoula.		
	
Dedication	
	 I	 dedicate	 this	 article	 and	 my	 contribution	 to	 the	
IAFI	Conference	to	the	memory	of	the	late	Dr.	David	Alt	
who	served	as	my	advisor	and	mentor	from	1969-1971.	
My	interest	in	glacial	Lake	Missoula	has	never	waned	in	
the	nearly	50	years	since	working	with	Prof.	Alt.	
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