
The larger-scale context of Grand Canyon’s 
Holocene record

1) meaning and fate of Holocene record?
2) alluvial vs bedrock river and the long profile





Schumm and Lichty, 1965, Time, Space, and Casuality in Geomorphology

Michael Church, 1999, in The Scientific Nature of Geomorphology
“…scientific theories are essentially constrained by their associated scales of 

space and time, and different kinds of theories are appropriate to describe phenomena 
at different scales.”



Middle Cenozoic (~30 Ma)

6 Ma, Colorado River integration
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69 ± 9 ka

71 ± 11 ka

55 ± 8 ka

where is the LGM deposit?



OSL 50 ± 8 ka

TCN 30 ± 6 ka
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Where do the Holocene deposits fit in this context?

INCISION RATES



MAINSTEM STRATIGRAPHY

Where do the Holocene deposits fit in this context?



Relating Rock Strength to Large-scale 
Variations in the Colorado River’s Profile

Is the Colorado River an alluvial or bedrock stream?



answer = “yes”



Colorado River from Mexico to Kremmling, CO
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OutcropOutcrop--scale measurements:scale measurements:

1)1) Schmidt hammer for Schmidt hammer for in situin situ
compressive strength; n = compressive strength; n = 
3,6703,670

2)2) Fracture spacing; n = 4,147Fracture spacing; n = 4,147

3)3) Selby rock mass strength Selby rock mass strength 
(1980); n = 84(1980); n = 84

Laboratory: Laboratory: 

Brazilian splitting tests Brazilian splitting tests 
for tensile strengthfor tensile strength





compressive 
strength

fracture spacing -0.05 fracture 
spacing

RMS 0.87 0.25 RMS
gradient 0.72 -0.19 0.44 gradient

width -0.51 0.48 -0.12 -0.74 width
unit stream 

power
0.69 -0.30 0.35 0.95 -0.86

Correlation Matrix (Spearman correlation coefficient; α = 0.05):
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Take-home points

Timescale of control tracks spatial scale of process:
gullies vs. terraces vs. canyon cutting



Take-home points

LGM deposit hypothetically below grade: 
-river at start of incision episode
-channel geometry and function 

= temporary state w/i longer oscillation

Timescale of control tracks spatial scale of process:
gullies vs. terraces vs. canyon cutting
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