Glacial Lake Missoula and the Ice Age Floods
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When J. Harlen Bretz first proposed in the 1920s that massive
scale floods were behind the channeled scabland features of

the Pacific Northwest, the idea was not well received by the
geoscientific community. It took the work of geologist Joseph T.
Pardee to make the connection between Bretz’s concepts and the
evidence of Glacial Lake Missoula. From the late 1920s through
the 1940s, Pardee included the above images (scanned from his
original lantern slides) in presentations to help demonstrate this
evidence of the Ice Age floods.
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Camas Prairie Basin. Photo by D. Bennett, All Rights Reserved.
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The Ice Age Floods Story

Glacial Lake Missoula, and the cataclysmic floods associated with its rapid draining, are popular interpretative
themes of geology for western Montana (fig. 1). Together these themes are referred to as the “lce Age Floods
Story.”

During the last Ice Age (about 21,000 to 12,000 years ago), a lobe of the Cordilleran ice sheet advanced far
enough south to block the path of the Clark Fork River near present-day Sandpoint. As the waters rose behind
this greater than 2,000-foot-high dam of ice, the valleys of western Montana began to flood. The resulting lake,
Glacial Lake Missoula, held over 500 cubic miles of water at its maximum extent—as much as Lakes Erie and
Ontario combined.
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Figure 1. Maximum extent of Glacial Lake Missoula. 1: Rainbow Lake—Markle Pass, high-velocity kolks; 2: Camas
Prairie Basin Overlook, giant ripple marks and strandlines; 3: National Bison Range, strandlines, glacial erratics,
and lake sediment; 4: Ninemile, lake sediment rhtyhmites; 5: Mounts Jumbo and Sentinel, strandlines.

The ice dam, however, was subject to repeated failure. The failure of the dam was often catastrophic in scope,
resulting in a large flood of ice and water that would rush across the Pacific Northwest, eventually draining into
the Pacific Ocean. The peak rate of flow is estimated to be 10 times the combined flow of all the rivers of the
world, and the huge lake may have emptied in as little as 2 or 3 days. Over a period of years, this process was
repeated scores of times until the ice sheet eventually ceased its advance at the end of the Ice Age, finally re-
ceding to the north.

The shorelines etched into the hillsides above the valleys and the “giant ripple marks” of the Camas Prairie Basin
(front photos) are among some of the more dramatic examples of the presence of Glacial Lake Missoula. The
more subtle reminders of the lake and the power of the flood waters are the remnants of glacial lake sediments,
scoured flood channels, high-velocity kolks (underwater vortices), and gulch fills found along the Clark Fork and
Flathead River drainages.

The Human Story

Early settlers in east-central Washington state recognized that the landscape was different than in other places,
but were not sure why. Closer examination of the enigmatic features of the Columbia Basin in the early 1920s
led one geologist, J. Harlen Bretz, to propose that only a sudden and cataclysmic flood on a scale never before
considered possible could account for the phenomenal size and distinctive characteristics of the landforms. Bretz
first published his findings in a series of scientific papers starting in 1923 (Bretz), but he was unable to identify
the source or cause of the catastrophic flooding at such a scale.

In 1910, prior to any of Bretz’s work in eastern Washington,
geologist J.T. Pardee, from Philipsburg, Montana, published “The
Glacial Lake Missoula, Montana” and documented the presence
of an immense lake in western Montana that had been im-
pounded by the Purcell Lobe of the Cordilleran Ice Sheet when it
blocked the drainage of the Clark Fork River. Pardee (1910; figs.
2, 3) described the height of the lake at approximately 4,200 feet;
probable location of the glacial dam at the southern end of Lake
Pend Oreille, Idaho; extent of lake wave terraces and glacial
erratics; and locations of gravel flats at the 4,000-foot level. He
also identified that the outflow of the dammed lake was by way
of Spokane. These conclusions were based upon previous field
work by U.S. Geological Survey (USGS) geologists Frank Calkins
and T.C. Chamberlin, in addition to Pardee’s own field observa-
tions over the previous decade.

Figure 2. Joseph T. Pardee, Spring 1941.
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Figure 3. J.T. Pardee field notes and sketch. Transcription: “Horizontal benches of glacial lake Mis-
soula marked by rows of trees & shrubs. View NE from Three Mile Cr. Cowell Buttes—Bitter Root
valley E of Stevensville (Aug 1-1908 J.T.P)”
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Bretz initiated one of the great debates in the history of geology when he formally introduced papers in 1923
indicating that the extreme bedrock channel erosions of the Scablands required great depths and flows of water.
This “catastrophic flood” hypothesis brought intense criticism and alternative theories from leaders in the field of
geology throughout the 1920s—1930s. Pardee publicly kept quiet during the two decades of vicious controversy.
His superior at the USGS, W.C. Alden, was a vehement critic of Bretz’s interpretations, and there is evidence

of his stifling Pardee’s collaboration. Privately, Pardee wrote to Bretz in 1925 suggesting that Lake Missoula be
considered as a possible source for his Spokane Flood. By 1928, Bretz privately resolved that the source of the
Spokane Flood had to be Lake Missoula (Baker, 2008).

In 1940, the American Association for the Advancement of Science meeting organized presentations of seven
papers of non-cataclysmic origins of the Channeled Scablands. The eighth speaker was J.T. Pardee, whose
paper was titled “Ripple marks (?) in Glacial Lake Missoula.” Pardee began by reviewing the information from
his 1910 “Glacial Lake Missoula, Montana” paper and then quietly and methodically presented his new evidence
that the ice dam had failed catastrophically, with a rapid drainage of the enormous lake westward. He described
in detail giant coarse-gravel ripple marks of an extraordinary size; giant channel gravel bars; denuded bedrock
surfaces up to 1,000 feet in the numerous constricted narrows of the lake system; and high eddy deposits of
gravel 1,000 feet above the Clark Fork River. The failure of the ice dam permitted a great outrush of water at
least 1,000 feet deep that reached 9.5 cubic miles per hour through the Eddy Narrows (Pardee, 1942). He con-
cluded his presentation without further comment. However, the astoundingly obvious connections to Bretz’s find-
ings were made by members of the audience in the formal discussion that followed (Baker, 2008). Thus, prompt
resolution of the great Channeled Scabland controversy was achieved.

Pardee waited until after his official retirement from the USGS in 1941 to publish the manuscript of his revolution-
ary 1940 oral presentation. This timing ensured that publication of “Unusual Currents in Glacial Lake Missoula,
Montana” in 1942 could not be blocked by his former supervisor. Esteemed peers Frank Calkins, D.F. Hewett,
and Russel Gibson described Pardee as “having great patience, lack of harsh words, talent as a brilliant musi-
cian and illustrator, of high integrity, and with an uncanny understanding of people, especially people who were

not completely genuine—a
gentle person and a perfect
gentleman” (fig. 4).

Pardee was a true native son
of Philipsburg, Montana. He
made his fortune with gold
and sapphire placer mines on
Rock Creek, annually re-
turned to his hometown dur-
ing his 31-year USGS career
based in Washington, D.C.,
moved back after retirement,
and is buried in the Philips-
burg cemetery.

Figure 4. J.T. Pardee, 1916,
Pioneer, Montana.

“Giant Ripple Marks” of the Camas Prairie Basin

As the history of the floods debate shows, one piece of information seems to have done more to tip the balance
in favor of Bretz’s theories than any other: the suggested origins for the large sets of rolling landforms found in
the Camas Prairie Basin of western Montana (fig. 5). When the interpretations were finally presented, Pardee
(1942) successfully demonstrated that these features were none other than “giant ripple marks.” He theorized
that they could have only been created by deep and fast-moving water, the result of the rapid draining of Glacial
Lake Missoula when the ice dam broke.

Figure 5. “Giant Ripple Marks” of the Camas Prairie Basin. Photo by David Bennett, All Rights Reserved.

Pardee (1942) estimated that to form these giant ripples, the lake waters moved through this area at more than
50 miles per hour (fig. 6). Not long after Pardee’s explanation for the presence of these smooth, parallel ridge-
rows in the Camas Prairie was accepted, Bretz and others began applying the same interpretation to similar
features found along the flood water’s path from western Montana to the Pacific Ocean.
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Figure 6. Pardee plat of mapped ripple marks. Modified from Pardee, 1941.

The size of each ripple (or more accurately: dune) is up to 20 feet in height, 100 feet long, and spaced as far as
500 feet apart. The trains of rounded (in profile), straight-crested bedforms are made up of cobble-sized gravel.
The dunes are overlain by glaciolacustrine silts correlative to the Lake Missoula beds. The silts are only inches to
a few feet thick in the interdune areas. These relationships are similar to what is seen elsewhere in the basin: the
high-velocity flows occurred during earlier drainages of Glacial Lake Missoula; the silts represent transgression
and deposition in a later lake-stand; and later draining of the lake did not cause the higher velocity flows charac-
teristic of the earlier events (Pardee, 1942; Chambers, 1971, 1984; Smith, 2006).

Glacial Lake Strandlines

Along the valleys once occupied by Glacial Lake Missoula are unmistakable parallel, horizontal lineations etched
into the surrounding slopes (fig. 7). Examples of these features on Mounts Jumbo and Sentinel were first men-
tioned by Pardee in his 1910 Journal of Geology article titled “The Glacial Lake Missoula, Montana.” The most
obvious conclusion regarding the discovery of these shoreline features is that a large and deep lake once occu-
pied this portion of western Montana. The recognition of the existence of a large body of water and its connection
to the ice age floods that swept across the Pacific Northwest would later become important to Bretz's geologic
interpretations.

Figure 7. Mount Jumbo, above the city of Missoula. Photo by David Bennett, All Rights Reserved.
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The Montana Bureau of Mines and Geology (MBMG) was established in 1919 as a non-regulatory public service and research agency for the State of Montana, to conduct and publish investigations of
Montana geology, including mineral and fuel resources, geologic mapping, and groundwater quality and quantity. In accordance with the enabling act, the MBMG conducts research and provides information.

Contact Us:
http.//mbmg.mtech.edu
Coal/Coalbed Methane and Hydrogeology 272-1601 Groundwater Investigation Program 496-4152
Director’s Office 496-4180 Environmental Hydrogeology 496-4157
Earthquake Studies Office 496-4332 Mineral Museum 496-4414
Economic Geology 496-4171 Oil & Gas 272-1602
Geologic Mapping 496-4883 Public Inquiry, Publication Sales 496-4174
Groundwater Assessment Program 496-4306 Publications Division 496-4687
Groundwater Information Center 496-4336




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


