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

The status of drainage basin variables during time spans

of decreasing duration

Drainage basin variables

Status of variables

during designated time spans

Cyeclic Graded Steady

1. Time Independent Not relevant Not relevant
2. Initial relief Independent Not relevant Not relevant
3. Geology (lithology, structur;z-} Independent Independent Independent
4. Climate Independent Independent Independent
5. Vegetation (type and density) Dependent 'Independent ar} Independent
6. Relief or volume of system above ; 3

base level Dependent Independent ~o fndependent
T Hydrology (runoff and sediment Dependent Independent independent

yield per unit area within system) e
8. Drainage network morphology Dependent Dependent Independent
9. Hillslope morphology Dependent Dependent \g Independent
10. Hydrology (discharge of water and Dependent Dependent % Dependent

sediment from system) £ 1\ fi 5

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)
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where is the LGM deposit?
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Height above reference stage (m)
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Where do the Holocene deposits fit in this context?




MAINSTEM STRATIGRAPHY
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Where do the Holocene deposits fit in this context?
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g Rock Strength to Large-scale
the Colorado River’s Profile




answer =

+ R

(14 yeS”



Colorado River from Mexico to Kremmling, CO (USGS)
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Outcrop-scalermeasurements:

1 Sechmidt hanmer e i siiu
compressive strength; ni=
3,670

Eractulre spacing; m = 4,147
Sellby rock mass strengih

(@980); n = 84

|.; 1 Grand Canyon
| Village

Caberateny:

Birazilian splitting tests L i |
fior tensile strengith iroow




Elevation
m

unit stream power

r=0.80

20 40 &0 B0

compressive strength (% rebound)

compressive 55 -
strength i
(% rebound) 49 1

200 180 160 140 120

-40

60

-80

-100 -120 -140 -160

4E-3+
gradient ]

220

200 180 160 140 120

-100 -120 -140 -160

width

(m) S

3000
unit stream 2000

power
(watt/m*2) 10007

0




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

"

. " 3
hlﬁ
. - — —

(trackSispatial scale of process;:
Setefraces vssganyon cuttings:

L] " 1
'
'
: B e, -
& . o 5 e
"'.:1. ol - - -
e N -
y - ’
= , s
) L - - e 7
i By Tt e 4 .
Wy T Y S P S 7
A .
. - [y -
A b, g - -
' e e } -, - -
. -~ e
- - 4 [ J—
L i 3
3

=] pre= = - r_._ . o — - e L & e =
{A) Steady ima—staic equilboum _' . ‘R J )3' g T < ’ - : )

Channal gradient

= = |ndmrvals of staady time

ETS i 100

(8) Graded tme—sinady-siate oquilitrmam

B
F -
- ¥y
J -
-
g »
13

S



Take-nome points
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