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Introduction

- Joseph T. Pardee (1910, 1942) described many features and seigsdn the
stratigraphy of Lake Missoula sediments and geomorphology of its landforms that
stood the test of time. His papers are important to read.

- The highest stand of the glacial lake has commonly been stated as 4,200 ft (1,28
however the Ighest strandline found is at about 4,250 ft (1,295 m) on Mt. Jumbo, |
north of Hellgate Canyon in Missoula.

o The inabilityto account for tiltingn the former lake basidue to isostatic
loading of the crust by the ice sheets and the lake itself complasgggmment
basirwide lake levels

0 As detailed elevation data are currently being acquired (LIDAR), the imming
release of that imagery and datayallow lake basirwide mapping of
strandlines, which has ngétbeen possible.

- Atits highest stand, the lake covered aboufl1M00 kni (3,860 4,250 mf).

0 A 3-day field trip cannot cover all lake subbasamsl many features.

- The leaders of this trip do not have all the answergich information on this trip is
being presented to invite discussions.



mailto:uptownlarry.smith@gmail.com
mailto:lsmith@mtech.edu
https://richchambers.wixsite.com/lake-missoula

Pacific NW cell FOP i Glacial Lake MissoulaField Guide Sept.2021
Day 1 Friday, 10 Septemberi Ice dam(s)

We will travel west along HWY 200 from Paradise, MT to the MT/ID border and work our way
back. Along the wayo Idahq thisguide points oua few featuresbut detailed mappingf
Quaternary deposita most of the arees not available

The focus of today is taxamine glacial depositsheirhistory,andglaciolacustrine deposits

(ALake Missoula bedsof Langton 1935)within ice dam regionfirst described byardee

(1910) We will discuss evidence for several terminal Purcell Lobe ice dam positions for the lake
impoundment; gravelly alluvium likely deposited during lake draining events; Eddy Narrows site
of Pardeeds di sadlthapreservatoradgfacialatuatiine aepitsglong the

region, includingat Heron, MT (near a late igkgam position).

Miles (approximate derived from Google maps, not a ar

07 intersection of Willis Street & Hwy 200 in Plain&s the valley opens into Plains, extensive
glaciolacustrine depds are preserved NE and SW of the Clark Fork River. Pardee (1942) noted
that gravel bars formed during higielocity lake drainages are overlain by glaciolacustrine
sediments, indicating that multiple, later lake stands drained more slowly than anoea(sr

The APl ai ns | oaftg the Dpyw2 gdidmay be esédwatdsente point.

7.57 Entering the Eddy narrows gorge wh&ardeg1942 p. 1597 made the first lake drainage
flow velocity calculations of 528 ft/s (35 to 53 mi/hr

147 Community of Eddy. Note glaciolacustrine sediments over gravel in roadcuts between here
and Bull River Campground.

64.71 Bull River Campground The Bull River is a tributary from the north, along which a
tongue of the Cordilleran Ice Sheet (CiS) owed t o near here. Wedll

74.51 Just east of Blue Creelie cannot stofmeredue to parking limitations. Roadcut to west
on right has a good exposure of a large clast gravel deposit overlain by ~1.5 m of
glaciolacustrine deposﬂs (at ~731 m eIevatlon) 1kl couplets wereaunted beneath

: 1R SRS . weathered deposits. OSL age from sand at the base
of glaciolacustrine sequence (FigWelk, 2019)
The agdrom bluelight stimulation of quartz is
17.6+2.2 ka (USkR129). This age is interpreted to
be older than lake transgression due to the likely
- incorporation of older sand from the underlying
deposit.
. Figurel. Blue Creek Road section OSL sample take

the contact between sandy silt and sandy gravel (~:
m).




75.81 ID/MT border- look for turnoff toCabinet Gorge overlook.
76.17 Turnleft onto small road to Cabinet Gorge Dam Overlodkark in parking lot near overlook
at about 76.7 miles.

STOP 117 Canyon Overview at Cabinet Gorge Dam Overlook

Location:48.087170;-116.059513 elev.2,280 ft(~695 n), CFR2,073 ft(~632 m)

Description slightly modified from Smyers and Breckenridge (2003) and Breckenridge (2004)
fiCabinet Gorge dam on the Clark Fork River waspleted in 1952 by Washington Water

Power Company now AVISTA. The 6806otlong and 20doot-high true arch dam is constructed in

the 1.4 Ga Libby Formation of the Precambrian Belt Supergroup. This dam, in coordination with the
Albeni Falls dam downstrea controls the water level of Pend Oreille Lake, normally 2062 feet. The
prominent terrace south of the river is mostly Missoula Flood deposits but logs from monitor wells
drilled in 1952 by WWP show cycles of clay till and interbedded lake depositsiimdjanultiple
episodes of ice damming (H.T Stearns, oral communication, 1986).

Glacial erosion as well as till deposits indicative of an ice margin are found in this area, so many
geologists have shown the ice lobe terminus near here. The bedrock hehemorth side

of the valleyhasabundant till cover, interpreted to be-iwarginal deposits, possibly flood

drainage was diverted the south side of the valley by the ice from the north, at least in the

waning stages of smaller late floods. The bench may represent the edge of the ice dam failure or the
margin of subglacial flondust to the north, ice flowed through cols as higB@00 feet in

elevation across the Cabinet Mountains between the Bull River and the Purcell Trench.

€ Ol d photographs of the | ower Clark Fork valle
the valley directly south of Cabinet Gorge perhaps as high as 4260fée ( 1298 m)

Al mmedi ately east of Clark For k, I D, |l arge gl ac
road in the Wallace and Striped Peak formations. This is a very hazardous site to visit due to highway
traffic,adriveby 1 s r e c oTiaergiaciaded surfaced are preserved best when they are

covered and protected by pagécial talus. Unprotected scoured surfaces of the Precambrian Belt
Supergroup quickly fracture and weather losing their evidence for glaciation.

76.17 Return to Hwy200

76.771 Turn right to return to Montana, look for small sign on right for Heron, MT
80.771 Turn right, cross reservoir and railroad tracks

82.17 Turn left onto Harker Rd.

82.471 Turn right onto Clark Fork Rd.

87.71 Turn left onto Dry Creek Rd.

88.71 STOP 2- Dry Creek gravel pitldaho

Stop 1-2 - Dry Creek Gravel Pit

Location:48.062765,-116.092601,°2,503 ft (763 m)



Of the gravel pits that Roy Breckenridge (Idaho Geological Survey, deceased) noted in multiple field
guides, this gravel pit ihe best preserveig. 2). The main poirghere is to inspect:

- Bedding and cross bedding orientations

- Clast lithologiesand angularity

- Multiple hypotheses on the origin of these sediments.

Description modified from Breckenridge (2004)

fiForeset beds in the Dry Creek PiThis site exposes a section deposited at the

mouth of Dry Creek with the Clark Fork vallejhe pit is at an elevation of 2680 f¢&17 m]
over 400feet[120 m]above the present floor of the valley. Tiheesets are tens of feet high and
dip upriverto the east. The clasts are poorly roungettisome cobbles are striated. Although
most of theclasts are of Precambrian Belt metasedimdeti/ed locally, some are from granite
anddiorite (Purcell sills) from rocks exposed in fRercell Trench. The grared are cemented,
andthe pit walls must be ripped before tggregate can be excavated. This grpvabably was
deposited in lategglacial timefrom the ice margin into Lake Missoula in tloem of a pre

glacial delta. It is not to beonfused with theo-called gulch fills or eddpars of Pardee that
formed in the sideralleysduring Missoula Floods. Most of the drainagesthe south side of the
Clark Fork valley fronlLake Pend Oreille upstream to neaflyompsorfFalls contain these
featuresThus,late glacial ice advanced upstream much farthan had beepreviously
recognizedFurthermore, late phases of glacial LAkissoula associated with this ice dam
drainedquiescentlyenough to leave the depositesevedo

Cursory measuremenitsnadeof crossbed orientations show NW, E, and SE paleocurrent
directions, suggesting a generally eastward transport direction.



Roy Breckenridge (with arms
outstretched) explaining how
foresets are oriented to SE - away
from the ice dam. >

Figure2. Photographs obry Creelgravel pit from a field trip with Roy Breckenridge in 2004. Topographic map shows an
approximate outline of the pit.



95.01 Return toHarker Rd, turn right towardderon
96.17 Turn right onto Elk Cr Rd.
9717 STOP 3Pull off on right side of road near curve to SW

STOP 1-3 - Elk Road Section
Location: 48.048275%115.967205°; 2,438 ft (743 m)

This ~9 m section of glaciolacustrine sediments was studied in detail by 20&1)(

The location is near the northern edge of glaciolacustrine sediments that were incised along a
terrace on the north (Bg3 and 4. Glaciolacustrine sediments were found in excavations along
Elk Creek Road from this location east to where the road tartmetnorth. The total thickness

of the glaciolacustrine sediments here is unknown. Interpretation of water well logs suggests
these sediments range in thickness up to 46 m (150 ft) with the thickest accumulations in valleys
betweengravet or ed bladg si i ARIgdg. 3) .

Welk (2019) described this section as consisting of rhythmically bedded sequences of
sand, silt, and clay (Fi¢). She described 12 rhythmites including basal sandy silt facies, each
overlying a sharp, erosional contact. The basal faceggdeg upward into a sitay facies of
microlaminated silt and clay. She notes satliment deformation, both load and dewatering
structures, and small normal faults; some sandy units are crossbedded.

One optical luminescence sample was collected irobtiee sandy units and analyzed at
the Utah State University Luminescence Lab. Because the quartz signal was dim and was
interpreted to underestimate the burial,agfadingcorrected agérom infrared stimulated
luminescence (IRSLYf K-feldsparshowedan age 0fL6.02 + 1.08 ka (US42128) (Fig.6).
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Figure3. Cross section across Clark Fork River valley near Stop 3 from water well logs (verticahd@mespgic mapping of
Welk (2019) The depths to bedrock are inferred from wells near to the cross section. It is possibtaehglaciolacustrine
sediments are included in the "Flood gravel & till" unit, but correlations are not possible from these logs.
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alluvial fan; Y various formations of the Belt Supergroup.



13 sand and silt -o
couplets oo

10 cm of fine cross-
bedded sand that
fines to silt. 6.5 cm
up are mud
inclusions that
form a straight line

35 couplets of silt and
clay laminations.
Bottom clay layer is
22.5 cm thick.

12 cm of cross-
bedded fine sand
that grades to silt

Flame Cast
structure is
present at base of
the section

Figureb. Simplified version of the lower5Im of the Elk Creek section measured by Welk (20h@)lowest, and thickest, of the
12 rhythmites contains 35 silt and clay couplets (varves) above a crossbedded silty sand. The photographs show representative

facies in the sectioffrom Welk, 2019)

Figure6. OSL sample from 3.7 m above the base of the Elk Creek Rd section. The end of the sample tube is above the hammer
head. Dose rate sample was scraped from around the (b Welk, 2019)



The takeaways from this stop ar

1) Note how much fingyrained glaciolacustrine sediment is preserved so close to where the
ice dam must have been.

2) Did failure of this late (or last?) ice dam result in only incising inner canyons along the
Clark Fork Riverand very lowstrength flow across most of the valley bott@ms

3) While the chronology of the glaciolacustrine sediments is poorly constrained, the date at
the Elk Creek section overlaps that of Hanson et al. (20h&)n the error bar§r the
Ninemile setion we will visit later.

Continue up Elk Creek Road. Note that you are traveling from glaciolacustrine deposits at Stop 3
onto an underlying gravel bar.
At the next intersection antdrn, we can turn the caravan around.

97.51 Turn around to return tderon.

99.27 Turn right on Upper River Road

100.0i Gr av e | pits 1 n Ploe i Qigrigide peleble fofcdbldecsides githa v el s
few outsized erratic boulders; Belt Supergroup and volcanic clasts; coarse sandy matrix around
clasts; stratified bedding with largeale crossbeddingVelk, 2019, appendix BYhe

topographic highs are gravel with glaciolacustrine deposits on both sides of the hikg.(Fig.
100.51 Continue on Upper River Road by vieg to left

103.47 Turn right onto Bartholomew Road

105.8i Turn right to climb onto Smeads Benfcn STOP 4

(no mileagepi Travelabout2 miles up switchbacks to mrnaroundooint near the top of the

bench

STOP 1-4ai Smeads Bench

The origin of SmeadBench is not well constrained. Welk (2019) mapped a thin cover of glacial
flood gravels across the top of the bench as she determined much of the hill is made up of Belt
Supergroup bedrock (Fi@).

We have not mapped the deposits on the bench in detail. However, diggir@pohtats, it is

likely that thebedrock is capped by till, which would be good evidencadwance of the

Purcell Lobe to at least this position.

Retun to the cars andtop about 1/3 mile frorthe turn aroundor an overview of the Clark
Fork River Vdley.
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STOP 1-4b i Smeads Bench
Location: 48.018028%115.860633; 2,740ft (834 m)

The topography of the bench may be due to erosiondnyagion or catastrophic floods.
However, the fact that the bench extends downstrearglager) and ends abruptly upstream,
argues against erosion by floodwaters.

This is the best view dhe confluence of the Bull River with the Clark Fork River (NE). Note
the forested hill NNW of the confluence, mapped as Qgfl (Higlrhis deposit was accurately
mapped as Quernary undifferentiated by previous
workers(Harrison et al., 1992; Harrison and
Cressman, 1993This deposit is distinctive, as it

. has a topographic expression unlike other flood
gravel deposits.

Another interpretation is that it isramnant
of a terminal moraine of the Purcell Trench Lobe,
marking an icedam positionMore work needs to
be doned find evidence of glacial transport of
gravels.

Figure7. Geology of the Smeads Bench and confluenc
the Bull River with the Clark Fork River. From Welk (2(

RESET Trip OdcongnueSE onBadholdntw (Railroad) Rd.
4.17 Noxon MT

4.77 Turn left onto Klakken Rd

5.17 Turn right onto Hwy 200

17.67 Cross Clark Fork River

29.871 Turn right onto Beaver Rd

32.01 STOP 5Beaver Creek gravel pit

11



STOP 1-5 Beaver Creek Gravel Pit
Location: 47.714233%115.500939°; 2,590 ft (789 m)

This gravel pit is one of twopstream of the Dry Creek gravel fhat werehighlighted
by RoyBreckenridgeas evidence for icdam positiongBreckenridge et al., 1989; Smyers and
Breckenridge, 2003Unfortunately, this pit and the nearby White Pine pit, have been severely
excavatedSome outcrops of #place gravels can be found to the north

Description slightly modified from Smyers and Breckenridge (2003) and Breckenridge (2004)

AThis site exposes a section deposited at the
valley. The foresets are tens of feet higl dipupriverto the east. The clasts are poorly

rounded, and some cobbles are striated. Although most of the clasts are of Precambrian

Belt metasediments derived locally, some are from granite and diorite (Purcell sills) from

rocks exposed in the Purc&llench. The granules are cemented, and the pit walls must be ripped
before the aggregate can be excavated. This gravel probably was depositedgtatasésime

from the ice margin into Lake Missoula in the form of a-glacial Gilberttype

delta. Itis not to be confused with the-salled gulch fills or eddy bars of Pardee tftaimed in

the sidevalleys during Missoul&loods. Most of the drainages on the south sfdae Clark

Fork valley from Lake Pend Oreillgostream to nearly Thompson Falstain

these features. Thus, late glacial ice advamnpstream much farther than had been previously
recognized. Furthermore, late phases of gldalk Missoula associated with this ice dam
drained quiescently enough to | eave the depos

Take away from this stop:
1) Itis now hard to evaluate whether these deposits represent flow away from an ice dam or
eddy currents up Beaver Creek.
2) We must rely on other deposits at other locations to evaluatiaoepositions.

34.21 Return to Hwy 200 and turn right
70.07 Plains, MT

12



Day 2 Saturday, 11 Sepemberi High-discharge sites along Flathead & Clark Fork Rivers
and their tributaries

The focus of today is to visit classeke drainage featur@scludingMarkle PassWills Creek
Pass (Wil ks Cr eek |Idoaa lshowahe histaoydfahe daan€amapPsairie,
Rainbow (Dog) Lake, and th@ark Fork Riverfrom Paradise t&uperior, MT and possibly
Tarkio at the end of today or the first stop tomorrow

We hope tacatch Markleand Wills Creek ps®s and the Camas Praidanes at early morning
light; discuss flow velocities into Camas Prairie and Dog (Rainbow) Lake duringehadie
lowering from near maximum levels, visit large imbricated boulders ipacareachand view
eddydeposits in the St Regiand Superior areas.

071 Plains, MTi at Hwy 200 intersection with Willis St.

0.77 Turn left onto Hwy 28

9.31 We will visit Rainbow (Dog) Lake returning from Wills Creek Pass

17.07 Turn right onto Hwy 82 towards Perma

18.57 Markle Pass (present elev. 1,019 m [3,343 ft]). Note the scoured bedrock that formed as
scabland during drainage of a higtand glacial Lake Missoula southward through the pass.
18.81 STOP 1aPull off in overlook

STOP 21ai Markle Pass

Location:47.545258°-114.617737°3,315 ft (1,010 m)

This pulloff has one of the best views of dunes and expansion bars that formed during drainage
from the Little Bitterroot Valley to the north into the Camas Prairie. Based a\aithsg piofile,

Lee (2009) estimated that the pass eroded about 60 m (200 ft) during flood discharge. So, the
pass wapossiblyat about 1,070 m prior to catastrophic drainage events.

Return to Hwy 382, turn right

19.31 Turn left onto Wills(or Wilks?)Gulch Rd
20.417 STOP 1bPull off along the road before the road curves to the left

13



STOP 21bi near Wills Creek Pass

Location:47.5468397-114.589018°3,195 ft (974 m)

Shorelines are evident in the distance to the SE. Schmitz Lakes (current elev. ~969 m

[3180 ft]), up the road about 0.5 km, and nearby eroded bedrock were formed as scabland during

catastrophic drainage and of glacial Lake Missoula.

In an unpublished repp Keenan LedlLee, 2009 updatedPardets (1942) work on the
Camas Prairie and its outlets to Rainbow Lake (to the west) and Perma (to the south). H

includeddescriptions, photographs, and analyses of dune morphology and wavelengths. Based

on dune morphology and the location of dunes, he podiuiadé¢ antidunes formeatljacento
expansion baraswater depths decreasadd Froude numbers increasesivaterlevels lowered

butrapid velocitiesvere maintainedrFig. 8)

Lee (2009) estimated thatislpass eroded about 60 m (200 ft) during flood discharge
(Table 1). At a maximum lake level of ~1,295 m (4,250 ft), the upper ~280 m of water would
have spilled through this pass into Camas Prditievever, the water also was spilling towards

lee gravals

expansion
bar

antidunes _* If'”[lﬂ 3 ~
b

.‘\-“
D'Urlﬂ.
pool

Figure 8—Generalized model of an inflow sublake notch.

Table 1—Inflow Sublake Notches at Camas Prairie

Sublake Depth [ft] Present

Notch? Highstand® Start of Flow 2! Elevation
Duck Pond Pass’ 800 [244 m] 200 [61 m] 3450
Big Creek Pass” 840 [256 m] 250 [76 m] 3410
Markle Pass 910 [277 m] 300 [91 m] 3340
Wills Creek Pass® 1070 [326m] 450 [137 m] 3180

? names used by Pardee [1942] ® not labeled on topo map
not labeled on topo map, at head of Big Gulch
? not labeled on topo map, at head of Wilks Gulch; site of Schmitz Lakes
® 4250 ft elevation [suggested by Pardee, 1942, although he used 4150 ft
in his calculations; 4260 ft by GPS (Roy Breckenridge, 2003,
pers.comm.)
"when Rainbow Lake Pass closed
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Plains first,through
Rainbow Lake. After
that direction a

lowering of water level
caused abandonment of
that route, water only
spilled into Camas
Prairiethrough Markle
and Wills Creek passes

Figure8. Diagram showing
terminology andpositions of
features related to catastrophic
flows of water through passes
in the Camas Prairie area. The
table shows elevations and
depths of flow through passes,
based on present elevations
and a lake stand of 1,295 m
(4,250 ft). From Lee (2009)

Praceed to the
driveway on the right
20.61 Turn the caravan
around andeturn to
RainbowL ake via
Markle Pass



30.91 STOP 2Pull off on dirt road at east end of Rainbow (Dog) Lake
Stop 2271 Rainbow (Dog) Lake overview
Location:47.527581°-114.744762°3,648 ft (1,112 m)

We are standing on Belt Supergroup bedrock that was plucked bgdatition during draining
of a highstand glacial Lake Missoulés lakelevel lowering reached the Plains Valley the
shortest route for water to drairoin the Little Bitterroot and Camas Prairie areas was through
this areaThe present drainage divide into the Rainbow Lake basin is about 1,120 m
(3,6003,680 ft) (Lee, 2009), higher than any of the passes into Camas Hrantie¢1942

Lee 2009 Table ). Lee (2009) estimated the Rainbow Lake pass was about 110 m (360 ft)
higher before being eroded during one or more flpod4,230 m (4,035 ft)This clearly shows
that this area withstood the earliesoftioflows when lakdevel loweringbeganin the Plains
Valley. Once water levels fell beloabout 1,120 mwatercould only flowthrough the various
passes into the Camas Prairie Basin.

Return to Hwy 28 and tumght towards the way we came.

35.11 As the highway turns to the south,onthe ght i s t he @ABoyer Bar o,
gravels deposited where the valley wideédgme exposures along the highway suggest SW

directed largescale cross stratificatidout stopping a caravan along this road is a bad Miedh

of the bar, numeroysits were eroded into bedrobly high-velocity water

36.71 the southern tip of Boyer Bar is west of this location

44.77 Turnleft on Hwy 200towards Paradise

50.971 Plains Loop (separate log at the end of Day Z)egins here, we may do this on the
return trip if we have time today

53.071 Turn right onto Hwy 135 towards St. Regis

53.81 As you look upstream, you will see rock stripped of soil cover inside (convex) bends of
Apoint barsodo and on the opposite banks, espec
these canyons, they took straight routes where possible, erodingttex t®nds and the

concave bends as floodwaters rushed through.

62.21 Cross the Clark Fork River

67.81 On the right (north) is a forested hill made up of gravel, an eddydaarToolethat is

onlapped by a bench of glaciolacustrine deposhss bars t he | owest | 6ve 1 ec:¢
Clark ForkRiver (Figs. 9, 10).

15
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Figure9. Longitudinal profile of the Clark Fork River in the field trip route showing the locations charsgglaciolacustrine
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FigurelO. Geologic map of the area near Toole Siding (Stop 2
3); modified fromSmith and Hanso(2014)
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"///L/ DOWN for turn to the left!
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70.21 note the gap in the guard rail on the Teft

take the next HARD left turn onto a dirt road

70.31 TURN LEFT onto dirt road to Toole

Siding (Il 6ve missed this t

Drive down the road about 0.1 miles. We will
decide whether to park here and walk, or drive a
bit farther.

STOP 237 Imbricated boulders at Toole

Location:47.13716;114.84827 2,630 ft (802 m)
This location was shown toe (Larry)by Glenn Koepke (USFS, retired), in 2003 or 2004.

Description modified from Smith and Hanson (2014)
The rail line is activeBe aware of the possibility of trains coming from either direction!
This stop is at the top of a canyon reach of the Clark Fork River, downstream from St.
Regis. Bedrock in the area is Revett Formation quartziteeoBelt Supergroup (Purcell
Supergroup in Canada). The geology and landforms of the area are shown irl€igime
large accumulation of boulders with diametersid & is unusual and represents a basal
channel deposit of flood gravel; in places idilg gravel where smaller grain sizes have been
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swept away. Boulders are wekposedand some are in original depositional position along the
north side of the rail cut. These large clasts were deposited for an unknown distance above the
rail grade andhear the active channel of the Clark Fork River. Rough calculations of the fluid

shear stresses required to transport the clasts shows they could not have been moved-by normal
sized floods. Their position on the bank and within the channel suggestsithested from

erosion of the upstream portion of the bedrock knob and accumulated where the channel widened
slightly in this area. Their positiamearor at stream grade (2,600 630 ft; 792802 m) here

shows that the Clark Fork River has downcut verlelittr not at all, at this location since the

late Pleistocene.

Return to MF135 by the same route T h &cahande sve may turn around here and
return to Plains depending on the time, if,iotn left, andoroceedo eastbound-90.
Assuming, | 6ve estimated the mileage correct]l

74.81 Pass under the90 freeway and avel east towards Superior, MT.

85.471 Gravel pit across the freeway to the north exposes normal fluvial channel sequences
underneath glaciolacustrine sediments. Three prelimavaaynpublished OSL agem quartz

in sand below Lake Missoula bedsre 285 + 1.7 ka and 23.8 £ 2.7 ka (Smith, unpublished)
and ~21 ka (Baker & Porat, unpublished).

88.21 Exit 1-90 at Superior, turn right and then continuéoddiamond Rd heading east.

93.31 After rounding the turn into Trout Creek, park on the right (NW) aedirt road that
heads up a hill.

STOP 24: Flood gravels near the mouth of Trout Creek
Location:47.13716;114.848272,800 ft (853 m)

In road cuts and the gravel quarry above this site, there are gravelly dédpasitentain
largescale crosstratification.Figurell shows the exposure in 2002; further mining of and
sloughing at the site has obscured the cross stratification.

Description modified from Smith and Hanson (2014)

This eddy deposit is similar tthers near confluences of the Clark Fork River and its
tributaries. Stratification in many eddy deposits is not always evident; some exposures are
composed of massive, very poorly sorted gralleé sediment in this exposure, however, was
deposited in @rotected embayment by floodwaters flowing up Trout Creek, away from the main
flood route, thus allowing for preservation of unidirectional stratification. Quarrying of the area
above the road cut has made interpretation of the entire area difficulteHeloolluvial
deposits that may contain Mazama tephra, which has an age of 7,627 £ 150 cal ka BP
(Zdanowicz et al., 1999pverlie gravel higher in the section.

We obtained permission from the landowner to wander around his property, so we can
walk to the limited upper exposures of gravel and the suspected Mazama tephra. This tephra has
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not been studied in any detail, but based on its field appearance, | suspde Mazama and
not the Glacier Peak.

Figurell. Gravel pit along Trout Creek in 2002. Beyond the car is-toae cross stratification that shows transport to the left,
up Trout Creek. These deposits are sediment that was transported away from the Clark Fork River durragtatgee
floods.

Dependhg on time, we mago aheado the next stop to end the daynét, the following stop
will be the first for Day 3.
(if returning to Plaing travel ~48 miles)

98.3- Retrace the route to Superiturn right to travekast on490. Note the weldevelgped flat

and rolling topography on top of the Lake Missoula beds. The rolling topography is especially
evident east of the freeway in the half mile before Tarkio.

112.3i TakeExit 61 off of 1-90 at Tarkio

112.5i veerright onto frontage road towards Tarkio Fishing Access site

113.4- veerleft and continue on the old rail grade. Travel ~0.3 mi to a wide spot near a driveway
on the right.

STOP 25: Flood gravels and Lake Missoula beds at Tarkio rail cut exposure
Location:47.006%, -114.73596 2,930 ft (893 m)

Description modified from Smith and Hanson (2014)
The cut along the rail grade near Tarkio exposes-scgke crosstratification developed
in granule to bouldersized gravel capped by firgrained Lake Missoula beds (FiR). Open
work gravels with largecale crosstratificationwere deposited during catastrophic drainage
and development of the huge gravel bar. Some of the gravel is cemented by calcium carbonate.
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Figurel2. Gravelly alluvium with largscale cross
stratification overlain by Lakiglissoula silts at Stop-2
5; black arrows show contact between gravels and
silts; 5 ft measuring staff at black and white arrow
(from Smith, 2006).

A slump occurred in the gravel,
causing minor movement and soft
sediment deformation in the fine
grained glaiolacustrine beds. The
contact at the base of the Lake Missoula
beds must represent a transgressive sequence where alluvial deposits are overlaibday lake
deposits. Irregularities at this contact and within the gravel suggest that slumping of the grave
deposit occurred during transgression of the lake after one catastrophic flooding event.

Subsequent work at this site resulte@ preliminary chronology for the glaciolacustrine

deposits and carbonate deposition in the graasd beds associatedtlwlLake Missoula beds
were sampled abtirlocationsfor OSL dating. TSla was a basal sand below the
glaciolacustrine section, and above the gravel unit below. This sample was taken in an attempt to
capture a transgressive sandy unit as the glacial Masoula reformed after a catastrophic
drainagerepresented by the underlying gravalow recognize there are problems with this
technique:
1) A mixing of material between the two units may result in the age tending towards an
older value.
2) Determining thelose rate at a lithologic boundary is problematic as sampling the gravel
below and the glaciolacustrine sediments above needs to be carefully done.
3) An in-place radiation measurement may be preferable to trying to bring representative
samples back to theda
The remaining OSL samples were from sand beds low in the glaciolacustrine sectba,(TS
b, c). TS2a had insufficient sand for analysis.
U-Th dates on carbonate coatirgfggravel below the Lake Missoula bemt® significant.
The morphology of the carbonakowsit must have formed beneath the water table, in
saturated conditions. Therefore, this gravel unit had to have been saturated from ~9,000 yr to
~1,200 yr. This is a stratigraphic and geomorpbitundrum, that is:
1) When did the Alberton Gorge form?
2) When was the bedrock canyon cut?
3) Was the canyon filled with sediment, supporting a water table at least 60 m above water
level until 1,200 yr ago?
4) What are the implications for the history of watentent in the OSL samples?
a. For example, raising the water content from 7% to 25% would result in the ages
being about 4,000 yr older.
Thus, more work is needed here!

Figure 13. (Next page) Panorama of the Tarkio section with 3 stratigraphic sections and chronological
information. All OSL dates are preliminary, and all dates are unpublished.
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Returnto 1-90, go under the freewayyrn left on the Frontage Rd.
116.31 Turn right onto Nemote Cr Rgb4

1170.1 Pull over on the right shoulder near the crest of the low hills
side of the road.

STOP 2-6: Rolling topography on Lake Missoula beds
Location:47.04038, -114.73596 3,120 ft (951 m)

Description modified from Smith and Hanson (2014)

fAlong roads traversing the upper surface of the Lake Missoula beds, note the
topography. At this location (A in Fid4), the eastvest trending crests and troughs have been
interpreted tdavebeen duneshat developed during higénergy, nortiflowing drainage
events (Alt, 2001, p. 767). Aeriatphoto interpretation of the hills and valleys shows dendritic
patterns to the rolling topography, suggesting that they are not depositional landforms but
networks of dry paleovalleys incised into the Lake Missdeds (Figl4; Smith, 200.

114° 45

114° 45’
Figurel4. Digital orthophotos show the drainage networks that developed on the Lake Missoula beds in the Tarkio and Quartz
Ftlrda INBFaE FyYyR a2YS 2F (GKS RNIAYIF IS 6 &Ay a4 walpyitraibof gianté A & NE €
dunesSitedB¢ A Iocativkwdere drainage basiend in alepositionaknvironment at a stream terrace remnant. The
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alluvial farsin this areaare minor compared to the amount of sediment eroded from the drainage vadashed lines with
arrows show some of thehannels in lakéed siltsmodified fromSmith, 2006).

Key features to observe about the drainage basins and stream networks developed on the
Lake Missoula beds are that most of the basins do not have active streams; if they do, the streams
are underfiin much larger valleys. Where these small tributary drainage networks end at
terraces along the Clark Fork River, alluvial fans are either not present, or they contain a much
smaller amount of sediment than that expected to have been eroded from thestweai (at
location B in Fig.14). Thus, the sid@alley systems appear to grade to terrace levels below the
bench we are standing on (the upper surface of the Lake Missoula beds) and the alluvial
sediments on these terraces were eroded before theegeware abandoned. The lack of fans
suggests that the drainage basins were mostly cut into the Lake Missoula beds during the final
GLM flood. Another interpretation would be that the drainage basins are mostly Holocene gully
systems and the sediments weaeried off the terraces by unrecognized (flle@) channels.

117.2- Return to 190 and traveback to Paradise (if Day 2), or
Travel east tahe freeway(if Day 3).
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Plains area loopi Extra stops for when we have time
Intersection of Hwy 200 & River Rd E heading NW just south of the Paradise Bridge

0.67 STOP A Pull off near this dirt roatheonright (or atanother spotjor an overview of the
region.

Location:47.38470;114.8080°; road 2,490 ft top of knoB,560 ft (758 m, 780 m)

If possible, walk up to the top of the bedrock knob for excellent views of the eddy bars on the
north side of the CFR valley and watasoured bedrocighe NW part of the knob is USFS land)
Continue on River Road E to the NW

6.01 near this turn to the W or the nextéat

6.37 where River Road turns W, stop for an overview across the CFR

6.317 STOP B Overview of the drainage from Rainbow Lake down Boyer Creek
Location:47.444136;7-114.874897,°2,470 ft (753 m)

From this location the Boyer Bar of Pardee (1942) is not in view. Most of the lightly vegetated
hills to the NE are below the level of the deepest GLM. Essentially all of the hills between Boyer
Creek and the Plains Valley were underwater, except forigihes$t, Locust Hill, that is directly

west of the Rainbow Lake channel.

| suggest walking up onto the small beck knob. At the top of this knob you can find a few
depressions where bedroclotks are missing.ihterpret thes depressions to have formed by
plucking of bedrock blocks by hig¥elocity flows down the Clarkork Riverduring
megafloods.

Continue along River Road E.

7.371 Turn to the north to stay on River Road
7.57 Turn to the west continue on River Road W
8.07 Turnsouth to continue on River Road W
8.571 Pull off on theleft before climbing Sand Hill.

8.61 STOP Ci Exposure of Lake Missoula beds over gravel
Location:474747, -114940%; 2,467 ft (752 m)
At this typical, but not very impressiveutcropwe can view glaciolacustrine beds overlying

sand and gravel agree with Pardee (1942) thhegravel wasleposited during catastrophic
lake drainage from an earlier stand.
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Three OSL samples were taken along River Réagl A):

Sample Assumed water

content OSL age (quartz) Sediment Lab
ECGCO01 7% + 4% 24.0+ 1.9 sand below lake beds DTU
RR-01 7% + 2% 20.9+ 2.9 sand below lake beds usu
RR-02 7% + 2% 247+ 40 sandwithin lake beds usu

) River Road, Plains, MT

River Road section of GLM glaciolacustrine over alluvial sand. Val-
ley to right is likely a Holocene-downcut gully, possibly cut during
last lake-level lowering at ca. 14ka, or later. The depth of burial is
estimated at the two trenches to the ground surface prior to the road
cut. The visible section is 7 m; total section in the ridge is 17 m.
RR-01

P,

FigureA. Photographs of samples RR and RR2taken 5/24/2016analyzed by the USU Luminescence lab {2B53 and
2356, respectivelydn 10/8/2015 kollected another sample in sand below glaciolacustrine agtearfartherSHocation(ECE
01; DTU167508)

Each of theages for this area are unexpectedlyand take some explaining, therefore
have not been published except being referred to instraal{Smith et al., 2017)However,
considering their large error bars and the problems with accurately measuring dose rates in
stratified sediments, they can be interpreted as consistent with other ages within the lake basin.
TheolderUSU age from a sl within the lake beds may indicate that the lake sediments were
poorly bleached, resulting in an older age. The USUWoafle t he AWBBlAd sando
consistent with a lake transgression, possibly as young as 18 ka, after a catastrophic drainage
event.

More work is needed on the ages at many sites.
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Return to vehicles andntinue NW orRiver Road W

10.371 Intersection of Black Jack Road on left. In this area and to the, Rviér Road W runs

along the east | i ddhe ~Aa0D0AMamdgh accumul ati on o
catastrophic draining of GLM and onlapped by Lake Missoula beds. This hill was mapped as
Pleistocene sand and gravel by Pardee (1942). Td\Whé is bordered by outcrop of Belt

Supergroup rocks that are sculpted into scabléedopography.

Along the road you will find roadds exposing boulder gravel, some of which seem to make up
ridges. In generathis looks like a expansion &r, but what flow expansion causedig

unknown It is possible thadlownClark Fork River flow lessened as water entered Eddy
Narrows, reslting deposition of the bar in this arddore work is neded to betteexplainthis
feature.

12.871 near the top of the hilMost of this land is private. To the NW and W are USFS
properties.

13.3i1 intersection of Swamp Cr Road; turn rightstay on River Rd W.

15.57 turn left (W) to stay on River Rd W.

15.97 Entering timbered area and Belt Supergroup bedrock that has been sculpted by floods.
17.07 Approximate southern boundary of USFS half section. Exploring the topography and
exposures gabe done without asking landowner permission.

17.77 River Beach recreational area where Swamp Creek enters CFR.

STOP Ci Upper end of Eddy Narrows at River Beach
Location:47.51839, -115.0241192,411 ft (735 m)

Explore this area foevidence of flooding.

Return to Plains via River Road t8 Bve S across the CFR and Willis St (11.1 mi)

28.81 Intersection of Willis St. and Hwy 200
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Day 3 Sunday, 12 September Chronology of floods and glaciolacustrine deposits
Reset odometer td miles at Tarkio

4.871 Exit 66, turn left on Fish Creek Road and then right on Old Hwy 10 to Cyr, cross the Clark
Fork River bridge (to-BO east)

8.07 We are traveling over Lake Missoula beds that overly alluvium, possibly flood gravel in
some areas. To the NE of this locatibprocesse® OSL ages from a single outcrop of sand
below the Lake Missoula beds. If | assumed 7% water content foarle the ages range from
15.0 £ 1to 16.9 4 ka, averaging 15.9 ka. When | assumed a water contents half way between
situ and saturated for each sample-gi®%), the average age was 18.2 + 0.{Sith et al.,

2017) Thus, more work is needed to urgtand the cutting of the canyon and the water content
history of these sediments.

8.87 go under the freeway and park on the righa field before the orramp.

STOP 3-1: Gravel bars and Lake Missoula bed$ Cyr bridge over the Clark Fork River

Location:47.00367, -114.5767; 2,978 ft (908 m)

Description modified from Smith and Hanson (2014)
fiThe widening of the Alberton Gorge into this valley led to the decreased flow velocities
during the early phase of catastrophic lake drainages. The wooded ridge due south of the valley
is a 300 fthigh (91 m) gravelly eddy bar deposited by currents flowinghe Sawmill Gulch
tributary to the Clark Fork River (Fid5). In the exposure below the roadside along the east
bound orrampare boulders, some-place.Alt (2001, p. 75) suggested that the sediment down
to river level are of Eocerm®-Pliocene age. My interpretations are that these rhythmically
bedded sediments arake Missoula beds thateredistorted by slumping and possibly
periglacial action between lake stand@he series of stream terraces cut into glaciolacustrine
deposits on the south side of the river may have formed during, or after, the last drainage of
GLM.A f ul | understanding of the stratigraphy ir
Note at this stoghe large boulders just below the lip of the (humaadified) flat area

we are parked on. Some of these boulders appear to be in place and were deposited across what
we interpret as deformed Lake Missoula beds.

114736'0"W 114°34'0'W 114°32'0"W

Figurel5. Geologic map of the area near Cyr,
Montana, modified from Smith and Hanson
(2014)(geologymodified from Lonn et al., 2007).

Return to the onramp and head east
on |90

| ilometers

T T
114°36'0"W 114°34'0"W 114°32'0'W




2041 Cl assic fireferenceo sect i on90 madcuts!Stopping |
along the nortHacing highway roadcut in the Lake Missoula beds is worth it for a small group
but not for thiscaravah This section of Lake Missoula bedsagposed on both the noftacing

and the soutiiacing road cuts. The striking cyclic pattern of bedding is clear at a distance on
both sides, however, the higher moisture on the rfadimg side allows for better exposure of
sedimentologic details.

21.0- Continue east on90to Exit 82 (Ninemile Roadand turn left to go beneath the freeway
22.471 Pull off on the left in the dirt ot we will turn around after the stop.

STOP 32: Ninemile section of Lake Missoula beds

Location:47.028117, -114.384506; 3,190 ft (972 m)

Description modified from Chambers (1971, 1984) an@mith and Hanson (2014)

This SW-facing outcrogFig.16) is hardenedy desiccation of the fingrained
sediments. These exposures have long been recognized as a type examplgaihtae
glaciolacustrine sedimentation in GLM. Published studies began with Dave Alt and his MSc
student Richard Chambers from the Universitivontana(Alt and Chambers, T®; Chambers,
1971, 1984)

Unconformity

Silt-Clay Facies
>— Lacustrine Deposition
Varves

Sand-Silt Facies

Fluvial/Density Current
>- Deposition

Currents ripple, laminar
bedding, etc.

Unconformity

]

Figurel6. Ninemile Creek exposure of Lake Missoula bottom sediments.

The rhythmic nature of the units is so striking t&itt (1980, 198%theorized that a
bedfor-bed correlation could be done with the flood slackwater sediments in central
Washington, andtwater(1986)attempted such a correlation to the flood deposiGlatial
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Lake Columbigbased on varve counts. Additionally, if the rhythmic character of the Lake
Missoula beds is due to filling and draining cycles of the lake, these beds should be correlative to
other deposits within the lake basin. Indeed, these sediments likely ovatagediments at the
Rail line site (Stog8-4) based on sedimentary characteristics and optical d@iexgson et al.,
2012)

This exposure consists of rhythmically stratifigdts ofgraded beds of fine sand, silt
and clay. These rhythmic beds owedoarseto-fine-grained sand and pebbtebble gravel
exposed only toward the western eridhe exposure along the freewdjhe main sediments of
this site can be divided into threthbfacies: @PebbleGravelfacies, a&Sand Silt facies, and a
Silt-Clay facies.

The PebeeGraveIfaC|es(F|g 17) conS|sts ofthin beds of coarse sand and granule to
RS e ' - 1 medium pebble gravaindwas likely
il | depositedby nonchannelized fluvial flow
‘;and ey , . in shallow water on the lake floor before
Rhythmite 3 84 e : the lake began to fill (Chambers 1971;
g S Hanson et al., 2012).

Thelighter-toned basal &d Silt facies
(Fig. 18), present in everyhythmite,is
characterized byippled or laminagd very
fine sand or silt. This facies was likely
deposited bylensity underflow@nto
relatively shallowwateras the lake began
to fill (Chambers 1971, 1984; Hanson et
al., 2012).

Figurel?. PebbleGravel Facies between Rhythmites 2
and 3.

Suggested gmsitional
environment®f this facies include
shallowwater, highenergy currents generated by the complete drainage of @lLtMnd
Chambers, 1970; Curry et al., 1977)

As the Iake water deepened BendSilt facies graded upwards into thit &lay facies

’ - (Fig. 18). The couplets osilt
and claytend todecrease in
thicknesswithin each
rhythmite due to an expanding
lake floor as the lake
continued to fill (Chambers,
1971, 1984; Hanson et al.,
2012) These couplets and
similar ones elsewhere in the
GLM basirs have been

Thin section of several
varve couplets. Note
the graded bedding.

Varve Couplet

Winter [
Summer

Light streaks within
dark layers probably
indicate a winter thaws

Figure B. SiltClay facies illustrating the
thinning upward trend as sediment is



spread over an expanding lake floor with increasirgwater depth.

interpreted as varvdalt and Chambers, 1970; Chambers, 1971, 1984; Waitt, 1980; Fritz and
Smith, 1993; Levish, 1997; Hanson et al., 2012)

Evidence of exposure of
the lake floor(Fig. 19)
between rhythmic units
(periglacial features or
desiccation of the
deposits) has led several
researchers to conclude
that there were multiple
complete or partial
drainages of the lake
(Chambers, 1971, 1984;
Hanson et al., 2012).

Figure B. Weathered zoes

and frost cracks within the Silt
Clay facies are evidence of an
exposed lake floor following a
complete or partial draining of

the lake prior to the formation of a new lake and deposition of another Rhythmite.

It is important to note that the baseNofhiemilesection is ~300 m above the base of the
ice dam, ~200 km to theast Thus, it is difficult to conclude from the stratigraphy and
sedimentology of this exposure if: (1) the lake that drained was at full pool; and (2) the draining
event was completend catastrophic or if it only drained to some level below the base of the
exposure. It is likely that these sediments would only be preserved during smaller, less energetic
lake draining event&Chambers, 1984Alho et al., 2010; Hanson et al., 20,1&hich is
consistent with the fact that the optical age at the base of the exposure (15.1 ka) places it toward
the end of thexastence of GLM. The amount of time between each drainage event is difficult to
estimate because of an unknown amount of erosion of the lake floor during drainage. Minimum
estimates can be based on existing varve counts, which vary from B8datoindividual units
at this site Chambers 1971 and 1984anson et al., 2012).

For additional information and photos about the Ninemile section go to
https://richchambers.wixsite.com/lake-missoula

23.1- Return tavards the freeway and turn left on Wildlife Dr (private road)

23.97 Note along the road: (1) scattered cobbles and boulders, (2) outcrops of Belt Supergroup
rocks, and (3) internally drained depressibmghich we interpret as scabland topography that
resulted from higkenergy flood flow across this bedreckred hil.

24.31 continue straight towards gravel pit.

STOP 331 Rehbein Gravel Pit on top of Cayuse Hill
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https://richchambers.wixsite.com/lake-missoula

NOTE this is private land where we have graciously been granted entry. Everyone will need to
sign a waiver to enter this stop. Do not approach steepssisiphout being directed.

Location:47.03534, -114.3674°; 35731t (1,089m)

This gravel pit was first opened 1998 and expansion to the south bega2010by its
owner Mr. Dwayne Rehbein. He contacted (Larry Smith}hat there might be an interesting
story here, so | first visited in 201Fig. 20). Previously, | had mapped the hill as bedrock,
noting a scattering of boulders and scabland topography on the eastern side of the hill. The top of
the hill is about 170 rbove local baselevel where scabland has formed near the present level of
the Clark Fork River.

| calculated that there may have been ~800,000frgravel in the deposit. The cross
stratification suggests a gravel bar formed on the lee side of thadititalt ~300 m
downstream during one or more catastrophic drainage events.

Figure20. O[Jtcrop of largescale cross stratification in December 2017, looking forthm ®@p Y f 2y 3 WI 0206Qa adl F7

This location was a good place to test the applicability of new luminescence techniques to
try to get ages of gravel depositiorodR-surface luminescence dating, as opposed to-sized
sediment dating, is growing in applicatifohbati et al., 2011; Chapot et al., 2012; Sohbaiti,

2016; Rades et al., 2018; Souza et al., 20RB&gause many lithologies, including granites,

gneissesand arenites cont ain transl ucent mi nefiaemdgrai ns,
into rock surface and bleach luminescence in quartz and feldspars. Therefore, if a rock surface is
exposed to sunlight artden buried, the luminescence signal buildsraga a function of

radiative dose rate and time.

To test the applicability of datinttis deposit with rock surface luminescence techniques,
the owner dug a sampling pit after sunset on a floor recently being worke@XFigrom that, |
extracted a fewlozen rocks, wrappezghchin aluminum foil and placed them in lighght bags.
| initially sent 8 rocksn 2018to the Denmark Technical UniversiBisg Campus for datingt
their luminescence lalf hose rocks that were well rounded, did not have broken faces, and were
oblate in shapwhich are preferred as they would most likely have been sitting on one of two
faces with the opposite faced toward the #\swe had some success, 2019, | sent 16ocks
each from two pits to the same lab.
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Figure21. Sampling rocks for dating wosk dusk inJune 2018.

All work was donén a darkroom with orange lighting. The flatter sides of each rock
were cored with a 10 midiameter diamond bit in a bench press. The cores were sectioned into
~1 mm slices. Each slice was then placed in the reader carousel slot and run like more typical
sediment aliquots.

From the first sampling,re@ side each of two rocks showed results that indicated the
surfaces were well bleached by sunlight prior to burial. That is, of the 16 sides of 8li2fitks
were well bleached and resulted in preliminary d&esith et al., 2019)Further work on 15
samples each from twaoresampling pitgesulted in onenorewell bleached rock, one that was
bleached on all sideMost cobbles (63%) showed no evidence for recent exposure to sunlight,
but29% (11 cobbles) displayed partial bleachiog at least one surface.

For the three bleded cobbles, the distribution of equivalent dose$ éDthe surface of

each cobble was determined by measuring multiple surface slices. The effective total dose rate to

the surface of individual cobbles was also estimated by modelling the variaticia ainlole
gamma dose rates at the cobivlatrix interface. The burial age of each cobble was then
calculated by dividing the mean surfacely the total dose rate. The infrared stimulated
luminescencagesfor feldsparof two cobblesvere corrected for anorwaus fading by both
conventional gvalue measuremendsd fieldto-laboratory saturation (FLS) ratios. The third
cobble was successfully dated with pulsing optically stimulated luminescence techniques for
guartz to reduce the effect of feldspar. The resyiiges from all cobbles, from two widely
spaced sample sites, are consistent within the error limits and converge at the age of ~18 ka
(Smith et al., 2021)This ageoverlags with a previously publishedgeof 18.2 + 1.5 ka
determined by°Be cosmognic nuclide dating of bouldefsr a large megaflood deposit in the
Channeled Scablar{@albas et al., 2017)

As the cobbles were collected from upstream and downstream portions of the landform,
there is nsignyet that more than one megaflood is recorded at this site. The apparently oldest
of the three ages was collected in the farthest downstream portion. Improvements in sampling

31



techniques, especially if field OSL readers could be used, may increase the atibieached
clasts sampled.

Return to Ninemile Road.

25.57 Turn left to return to-BO

26.01 Continue east on90; Notice along the way the rolling topography on Lake Missoula
beds.

43.07 Exit onto Airway Blvdsouth.We will travel abou# mi from here toHiawatha Road.
43.371 Turn right ontcAirway Blvd

43.51 Continue straight around the traffic circle

43.81 Turn left onto W. Broadway St.

45.47 Turn right (west) onto Flynn Ln, continue south as the road turns

46.81 Turn right onto Mullan Rd

47.77 JUST AFTER Roundup Dr, veer right onto Hiawatha Rd

48.71 Turn around the caravan and park along Hiawatha Rd, being sure to not block the road or
entry to the nearby homes.

NOTET thisis a privae road. Anyone who wants to visit this ast@uldget permission from
the landownerdyothnorthandsouth, of theendof the road

Stop 3-4. Rail line exposure of Lake Missoula beds
Location:46.893&°, -114.091736; 3,170 3,200 ft (966975 m)

Description modified from Smith and Hanson (2014)

fiThe Rail line site is an exposure along the abandoned Chicago, Milwaukee, St. Paul, and
Pacific Railroad. Note, there are no known restrictions for accessing the exposure (it is on
Missoula Airport Authority land), but you should askmession from landowners to park your
vehicle on Hiawatha Road as it is private property. The exposure continues for approximately 1.4
km but is best exposed closest to Hiawatha Road.

This exposure contains 29 upwahinning units of rhythmically bedddihe sand, silt
and clay. Three lithofacies are present: a sand facies, a silt facies, arday $dties The sand
facies, which resembles tpebblegravelfacies at the Ninemile site, occurs at the base of 10
units and comprises wedlorted, veryihe- to fine-grained sand that is laminated or rippled. This
facies was likely deposited as nonannelized fluvial sediments in shallow water on the floor of
the lake before the lake refilled (Hanson et al., 2012). The silt facies, which resembleslthe san
silt facies at the Ninemile site, consists of thinly laminated, coarse to fine silt witBtysipple-
drift crosslamination. This facies was likely deposited by turbidity currents at relatively shallow
depths as GLM began to fill (Hanson et al., 20Tk siltclay facies is the dominant facies at
this site and it consists of sitay couplets similar to those at the Ninemile site, which are
interpreted to be varves (Hanson et al., 2012). Boundaries between all units are unconformable
and show eviderecof erosion and lakieottom exposure in the form of desiccation and
periglacial features (where iweedge cracks are filled with sediment from the walls; EkB).
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Sedimentology and two optical ages (14.8 and 12.6 ka; Hanson et al., 2012) potentalthipla
exposure stratigraphically overlapping and above the Ninemile Creek exposure.

The two ages from this section d4.8+ 0.7kaand 12.6t 0.6 ka midway through the
rail line exposuréHanson etl., 2012) The younger date cannot be rectified webional
stratigraphy whereve know thathe Glacier Peak teph(al3.5 cal ka BPHraped posGLM
topography in the Mission Vallgy.evish, 1997)

Take aways from this location are:
1) Note the finegrained nature of the sediments (for comparison t&tbp 36 of thisday
and to the Heron area Elk Creek sectstop 13).
2) How convinced are we that there are subaerial exposure surfaces at cycle boundaries
here?
3) Note thereported ages at this section

Figurel7. (A) A thinningupward sequence of sitfay varves, overlain and underlain by the rip@addsilt facies at the Rail

line section (tape is 40 cm long); (B) Downwiaipkring periglacial feature, filled with brecciated sediment from the walls of the
feature, in Lake Missoula beds at the Rail line section (tape is 43 cm longH@rmon et a] 2012 andSmith and Hanson,

2014).

49.67 Return to Mullan Rd. We will pass by Flynn Rd and continue to N. Reserve

51.37 Turn left on N. Reserve Rd

33



53.31 Turn right onto 190, traveling east.

56.91 (IF we are running latewe may skip this exit and continue ed&st)t 1-90 at the Van
Buren exit

57.31 Turn right(west)onto E. Broadway St. and prepare to tigfih (south)and cross the
Madison St. Bridge.

57.81 Continue straight onto Arthur Ave

57.97 Turn left (east) ot S é" St. East

58.21 Turn left (north) onto S. Van Buren Ave, then right onto Campus Dr. to get around
campus

58.51 Turnleft(easty nt o t he parking | ot for the AMO tra
about GLM shorelines, erratics plucked ofiHellgate Canyon, and subtle topography that
shows a history of downcutting in the area.

STOP 3571 Shorelines and GLM lakebottom features(we may skip this stop depending on
the time)

Location:46.8625747-113.980601°3,219 ft (981 m)

While this is not the best place to view t
Mt Jumbo, this is goodplace to park for a short time.

The GLM shorelines are most prominent andome waysbest preserved on Mt.
Jumbo. The highest shorelirecognized is on Mt. Jumbo at 1,295 m (4,250 ft), the highest
shorelinesuggestethy Lee (2009 andnoted byO6 Co n n 0o(2020e t a |

The land surface occupied by the University of Montana slopes away from Hellgate
Canyonin a fashion that suggests alluvial fan depositionrcedrom the canyonThese fan
deposits eroded Lake Missoula bedew km awaynear the Missoula airport, and are not
overlain by younger lake beds there, suggesting agtasial ageWith inspection of building
excavations and interpretation of subtle incision featBe=8q2020)r e cogni zed a fic ha
| ayer contain[ing] | arge angular blocks, the
postul ates the AMi s sauallytlze dapaesit df the/finahdathstrophical f an o
draining of GLM, rather than outwash as swgigd byAlden (1953) The lakebottom surface is
downcut by a series of river terraces, down to the floodplain (Sears, 2020).

59.7- Return to 490 via 3" St E and Madison St Bridge to travel east
62.3 (and 63.4) when crossing the Clark Fork Rivienotice the large boulders in the river.
These were likely transported during catastrophic draining of GLM.

92.21 Exit 1-90 at Bearmouth, turn left and cragsder the freeway and over Clark Fork River
and travel east on the Frontage Rd.
103.01 Pull off on dirt road on right and park before the gate. We will walk from here.

Stop 3-6: Garden Gulch section of Lake Missoula beds
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Location46.710208, -113.25534°; 3,850 3,890 ft (1,1781,186 m)

This is private land that we have permission to crblere are two landowners that can
grant access to this propegit| suggest contding one or both for access in the future.

Description modified from Smith and Hanson (2014)

fiThe Garden Gulch section was measured on a G:bbkg) nearly vertical exposure of
bedrock, sand and gravel, and silty lake sediments near the Clark Fork River. The exposure was
formedin 1908when a meander loop of the Clark Fork Riversveut off duringstraighteningpf
the Northern Pacific railroa@aylor, 2020) The rail and subsequent highway routes were
constructed parallel to the modified channel, which cuts into bedrock of greerngekist
metamorphosed mudstone and fgrained sandstone dig Blackleaf Formation. During
construction of the artificial channel, unconsolidated fluvial gravel and lacustrine sands, silts,
and clays were left near the channel; minor amounts of spoils from the excavation were placed
on top of the sediment. The gikediments are periodically undercut during hiigcharge
events on the river, which has helped to maintain a nearly vertical exposure.
As described here, the Garden Gulch section is but one composite section on this large outcrop.
It was measured fromastto-west up towards the major gulley that bisects the outcrop. The
deposits include gravelly fluvial sediments of a pal#ark Fork River (2 m) that is overlain by
~9.5m of fining-upward sequences of laminated silt and clayey silt with beds of rippigd
fine sandy silt of mostly lacustrine origin (FigS, 24. é Sand wedgeandcontorted bedding
€ provideevidence of B12 exposure surfaces in the outcrop, each representing-lmvedeng
event. This record of lowering (which could be either partial or full lake drainings) from full, or
nearly fullpool stands of GLMh

113°16'W Key
1
PKi ——/ ; I 1 | Qa - Quaternary alluvium
1350 0 Kilo?ﬁgters 1| Qc - Quaternary colluvium
1250 Qhs - Quaternary hot spring
deposit
KJss

Qgl - Quaternary
glaciolacustrine deposit

Qoa - Quatemary alluvium-old

PKi - Paleogene-Cretaceous
igneous rocks

KJss - Cretaceous-Jurassic
sandstone & siltstone
Ksh - Cretaceous shale

Pz - Paleozoic limestone,
shale, sandstone

\ Fault
46°42N -
—46°42'N
T T
1M3°16'W 113°14'W
Figure23. Geologic map of the Gaed Gulch area. |, Il, and Ill show locations of dated samples. The field trip will see locations |

& Il (from Smith et al., 2018).
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After the 2014 field guide, | (Larry) did a great deal more work and sampling of horizons
for OSL dating. The sedimentology described in Smith (2017) and the gaitially working
with Olav Lian at the University of Fraser Valley (UFV), and then with the DTU lab were
published in Smith et al. (2018). Additional unpublished dates from the DTU lab and from USU
are inclued in Figure 24.

The major points of this stop are to:

1) Look at the initial transgression of Lake Missoula beds grarels andletermine

whether an unconformity may or may not be at this contact.
2) Evaluate the periglacial processes shown by frost cracks
3) See evidence for lake level lowerings

Figure24. (Next page) Summary of stratigraphic sections and chronology of the Garden Gulch area. The lower diagram
O2YLI NBa SaidAYlIGSR R24a48a8 6580 FTNRBY FStRALI NI YR ljdzk NIT & ¢KS
if the quartz is well leached.
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Garden Guich stratigraphic sections and optical ages on

quartz (Smith et al., 2017, 2018) and unpublished
(xy%) = assumed water content; UFV = University of Fraser Valley; USU = Utah State
University; all others DTU-NLL Riso; * - unpublished
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Return to the frontage road, turn rigbtravel easback to 90, or turn left to travel west
back to $90.
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