
Jon Riedel Ph.D. L.G.

Skagit Quaternary

Geomorphology of the lower Sauk 

and middle Skagit Rivers



Skagit River

Watershed

Mt Baker

Glacier Pk.

Sauk R.



Reach map shows location of R6-11.

Sauk R.

Skagit R.

Baker R.

Middle Skagit Valley Geomorphic Reaches



Outline

1. Late Glacial Events

2. Sauk Alluvial Fan Geomorphology

3. Middle Skagit Valley Geomorphology



The Dynamic 

Skagit River

Watershed

Mt Baker

Glacier Pk.



Baker alpine 

valley glacier

25,00 - 30,000 cal. yr. BP

?

?

Lake Concrete



The Cordilleran ice sheet at its 

maximum extent ~16,000 cal. yr. BP



 

Geologic cross-section looking down valley in upper Reach 8 west of Rockport State Park 

(DOE, 2019). Black dashed line approximates groundwater surface. Note the large right 

bank glacial terrace composed largely of silt and clay in the middle of the section, and the 

ice-marginal channel and associated sand and gravel deposits on the far right (north). 

Reach 8 – view down valley



Geologic cross-section Reach 9 just west of Concrete (HDR, 2019). Dashed black line is 

approximate groundwater surface. The glacial terrace on the far-right part of the section is 

known as the Burpee Hills and is composed largely of clay, silt, and fine sand (red) 

deposited when the valley was blocked by the Cordilleran ice sheet about 17,000 cal ybp. 

Silt, sand and gravel (green and blue) were deposited as kame terraces as the ice retreated 

about 3,000 years later. Highway 20 follows the former route of the Baker River that has a 

thick glacial till deposit (purple, site 7). Silt and clay along the river are likely beds from 

Glacial Lake Concrete about 25,000 cal ybp (Riedel et al. 2010). 
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Geologic cross-section looking downstream in Reach 10 near Birdsview along Grandy 

Creek alluvial fan (DOE, 2019). Dashed black line is approximate groundwater surface. 

Complicated subsurface geology on the floodplain due to interfingering of glacial lake 

sediments with overbank deposits from Skagit River, and Grandy Creek alluvial fan.  Note 

large Pleistocene glacial outwash terrace on right deposited when Baker Valley drained via 

Grandy Creek (Scott et al. 2020). 

Reach 10 – view down valley



Glacial Lake in lower Fraser River Valley

after about 13,600 cal yr. BP.

Based on preliminary evidence, including 

perched deltas (D), the lake drained to the south 

via Klesilkwa Pass (KP) into Skagit Valley.

Rockport Gravel Pit



Lightning Creek Alluvial Fan

Glacial Lake Pasayten drained to the 

Skagit via Lightning creek.
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Sauk Alluvial Fan Geomorphology

1. Middle Skagit Valley Geomorphology

2. Sauk Alluvial Fan Geomorphology
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Geomorphology of Reach 7

the Sauk River Alluvial Fan

Distribution of aquatic landforms in R7.



WCA = White Chuck Assemblage ~13,600 ybp

KCA = Kennedy Creek Assemblage ~5,800 ybp

CCA = Chocolate Creek Assemblage ~1,800 ybp
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Sources: Stanton and Dragovich 2009; Vallance et al. 2018



Geomorphology of Reach 7

the Sauk River Alluvial Fan

Lahar Deposit Exposures

CCA 1800 years (T-76)

KCA 5800 years (T-1 and T-11)

T76

T11
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KCA lahar (5,800 cal. yr. BP) capping T1 and T11 

on the LB of the Sauk River alluvial fan
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CCA lahar (1,800 cal yr. BP) capping T-76 

on the distal LB Sauk River alluvial fan
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Table 9. Radiometric ages on landforms in the middle Skagit Valley Reach 7 to Reach 10. 

All lab numbers Beta Analytic except Cedar Grove (U. California Irvine).  

Sample Name 

and Location 

Lab # Raw 14C age Calibrated Age YBP 

Median (95.4%) 

Material 

Reach 7  

Sauk 2 T2 612387 1,090 ±30 993 (1060-930) Charcoal 

Sauk 5 Osterman 612388 260 ±30 305 (331-276)* Wood 

Sauk 6 T14  612390 210 ±30 187 (222-142)* Wood 

Sauk 7 T76 612389 80 ±30 116 (142-29)* Wood 

Sauk 8  612391 340 ±30 389 (477-312) Wood 

Reach 8  

Jackman Creek 610564 1,460 ±30 1,340 (1386-1301) Wood 

Moen Road T47 610561 5,060 ±30 5,819 (5904-5732) Wood 

Big Boy8 216088 19,880 ±80 23,894 (24144-23767) Wood in Peat 

Reach 9   

Cedar Grove8 UCI44540 25,160 ±140 29,466 (29872-29148) Wood 

Cape Horn  504293 2,440 ±40 2,448 (2540-2356) Wood 

Reach 10  

Grandy Cr. 1 T 610563 4,670 ±30 5,397 (5468-5319) Charcoal 

Grandy Cr. 3 T 610562 2,880 ±30 3,008 (3079-2922) Charcoal 

Birdsview T1-T29 307133 20,160 ±80  24,178 (24493-23911) Wood 

Birdsview T1-T29 307134 19,940 ±70 24,015 (24525-23738) Wood 

Hamilton T5610 239564 3,210 ±40 3,423 (3492-3355) Peat 
     8 Riedel et al. 2010; 9 Riedel 2007; 10 Miss and Kopperl 2017  *multiple peaks <95.4% confidence 

NOCA 2018-2 504293 2440 ± 30 2540-2356 log -23.1 

 

Radiocarbon ages on the Sauk River Alluvial Fan (R7). 
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R8 landform map
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Kennedy Creek Assemblage (R8 T-47)

5,189 +/- 30





Table 9. Radiometric ages on landforms in the middle Skagit Valley Reach 7 to Reach 10. 

All lab numbers Beta Analytic except Cedar Grove (U. California Irvine).  

Sample Name 

and Location 

Lab # Raw 14C age Calibrated Age YBP 

Median (95.4%) 

Material 

Reach 7  

Sauk 2 T2 612387 1,090 ±30 993 (1060-930) Charcoal 

Sauk 5 Osterman 612388 260 ±30 305 (331-276)* Wood 

Sauk 6 T14  612390 210 ±30 187 (222-142)* Wood 

Sauk 7 T76 612389 80 ±30 116 (142-29)* Wood 

Sauk 8  612391 340 ±30 389 (477-312) Wood 

Reach 8  

Jackman Creek 610564 1,460 ±30 1,340 (1386-1301) Wood 

Moen Road T47 610561 5,060 ±30 5,819 (5904-5732) Wood 

Big Boy8 216088 19,880 ±80 23,894 (24144-23767) Wood in Peat 

Reach 9   

Cedar Grove8 UCI44540 25,160 ±140 29,466 (29872-29148) Wood 

Cape Horn  504293 2,440 ±40 2,448 (2540-2356) Wood 

Reach 10  

Grandy Cr. 1 T 610563 4,670 ±30 5,397 (5468-5319) Charcoal 

Grandy Cr. 3 T 610562 2,880 ±30 3,008 (3079-2922) Charcoal 

Birdsview T1-T29 307133 20,160 ±80  24,178 (24493-23911) Wood 

Birdsview T1-T29 307134 19,940 ±70 24,015 (24525-23738) Wood 

Hamilton T5610 239564 3,210 ±40 3,423 (3492-3355) Peat 
     8 Riedel et al. 2010; 9 Riedel 2007; 10 Miss and Kopperl 2017  *multiple peaks <95.4% confidence 

NOCA 2018-2 504293 2440 ± 30 2540-2356 log -23.1 

 



Reach 8 REM

Initial Landform Ages in R8

1- >13,600 (glaciation)

2- 13,600-11,600 (outburst-SME)

3- 11,600-5,800 

4- 5,800-2,440 (KCA)

5- 2,440-1,800 

6- 1,800 – 100 (CCA)

7- <100 cal. ybp
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R9 landform map
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Cape Horn Buried Log (2,448 ybp ) and CCA Lahar T98

lahar



Cape Horn Volcanic Lahar



LB Cape Horn CCA lahar R9 T93
SEM image of Cape Horn lahar deposit 



Reach 9 REM

Initial Landform Ages in R9

1- >13,600 (glaciation)

2- 13,600-11,600 (outburst-SME)

3- 11,600-5,800 

4- 5,800-2,440 (post KCA)

5- 2,440-1,800

6- 1,800 – 100 (post CCA)

7- <100 cal. ybp

Key Stratigraphic sites
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Table 9. Radiometric ages on landforms in the middle Skagit Valley Reach 7 to Reach 10. 

All lab numbers Beta Analytic except Cedar Grove (U. California Irvine).  

Sample Name 

and Location 

Lab # Raw 14C age Calibrated Age YBP 

Median (95.4%) 

Material 

Reach 7  

Sauk 2 T2 612387 1,090 ±30 993 (1060-930) Charcoal 

Sauk 5 Osterman 612388 260 ±30 305 (331-276)* Wood 

Sauk 6 T14  612390 210 ±30 187 (222-142)* Wood 

Sauk 7 T76 612389 80 ±30 116 (142-29)* Wood 

Sauk 8  612391 340 ±30 389 (477-312) Wood 

Reach 8  

Jackman Creek 610564 1,460 ±30 1,340 (1386-1301) Wood 

Moen Road T47 610561 5,060 ±30 5,819 (5904-5732) Wood 

Big Boy8 216088 19,880 ±80 23,894 (24144-23767) Wood in Peat 

Reach 9   

Cedar Grove8 UCI44540 25,160 ±140 29,466 (29872-29148) Wood 

Cape Horn  504293 2,440 ±40 2,448 (2540-2356) Wood 

Reach 10  

Grandy Cr. 1 T 610563 4,670 ±30 5,397 (5468-5319) Charcoal 

Grandy Cr. 3 T 610562 2,880 ±30 3,008 (3079-2922) Charcoal 

Birdsview T1-T29 307133 20,160 ±80  24,178 (24493-23911) Wood 

Birdsview T1-T29 307134 19,940 ±70 24,015 (24525-23738) Wood 

Hamilton T5610 239564 3,210 ±40 3,423 (3492-3355) Peat 
     8 Riedel et al. 2010; 9 Riedel 2007; 10 Miss and Kopperl 2017  *multiple peaks <95.4% confidence 

NOCA 2018-2 504293 2440 ± 30 2540-2356 log -23.1 

 



Reach 10 REM Age Model

Initial Landform Ages in R10

1- >13,600 (glaciation)

2- 13,600-11,600 (outburst-SME)

3- 11,600-5,800 

4- 5,800-2,440 (post KCA)

5- 2,440-1,800 

6- 1,800 – 100 (post CCA)

7- <100 cal. ybp

*In R10a, 6 meander loops in 

1800 years = ~300 years each
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Chocolate Creek Assemblage 1,800 cal. yr. BP (R10 T-26) SEM image of Boyd Creek Deposit in lower R10 

lahar?

Skagit alluvium (silt and sand)

sand

tephra?



RB Grandy Creek Section above Cape Horn Road Bridge R10

-possible lahar deposit contains weathered

minerals but no glass

-sections yielded two radiocarbon ages: 5,497 cal. yr. BP low in 

section and 3,008 cal. ybp in mid section

5,497 

Grandy Cr. pebble gravel

Lahar?

Skagit alluvium (silt and sand)

alluvium
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