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faults. 'd' following rates denotes dip slip fault, 's' denotes dextral
strike slip fault. Slip rate estimates without asterisk (*) are
Quaternary slip rates. Asterisk denotes slip rates estimated on the
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— ‘d’ = dip slip fault
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s’ = dextral strike slip
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Frontal fault system

Internal deformation
— “rigid block model”?



Post-Eocene gravels; Pre-Cenozoic volcanic rocks
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Terminology:
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determined?



Figure 5. Late Cenozoic stream incision of the northern

and central Sierra Nevada.
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#s represent: Total incision [m]
(basement incision [m])

Table 1. Deepest Cenozoic Incision and Corresponding Rates
Minimum incision
(m)* Incision rate® Time range
Morth Fork Feather River 1340 (1190) 27 (.24) 5 Ma to present
Middle Fork Feather River 950 (830] 19 (.17) 5 Ma to present
North Yuba River 915 [640) A8 (.13) 5 Ma to present
MNorth Fork American River 1130 (700) 23 (.14) 5 Ma to present
MNorth Fork Mokelumne River 1150 (980] .23 (.20) 5 Ma to present
Stanislaus River 1075 (710] 22 (.14) 5 Ma to present
Tuolumne River (890) [.18) 5 Ma to present
San Joaguin River (580) |.089) 10 to 3.5 Ma
(390} [.11) 3.5 Ma to present

Post-Eocene to Miocene Incision:®

Yuba River drainage <60 <003

American River drainage 150 =007

* Incision below volcanic rocks in parentheses.
® Except where noted, minimum basement incision rate in parentheses.

© Averaged over 20 m.yr,, the minimum age difference between the youngest Eocene gravels and oldest Mehrten Formation.



stream Incision

Table 2. Incision Rate, North Fork Feather River, Lake Almanor to Confluence with East Branch North

Total incision rate (mm/yr} with time interval®
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Figure 5. Late Cenozoic stream incision of the northe
and central Sierra Nevada.

.57—-.73 Ma to present: .21-.26 (.096-.12);
1.11-1.20 Ma to present: .22-24 (.16-0.17);
1.11-1.20 Ma to .57-.73 Ma: .31-.52 (.18-.31)

.57-.73 Ma to present: .30-38 (.10-.13);
1.11-1.20 Ma to present: .29-.31 (.24-25);
1.11-1.20 Ma to .57-.73 Ma: 43-71
(.33-.54); 2.05 Ma to 1.11-1.20 Ma: .13-.15
(.052-.058)

.57-.73 Ma to present: .37—.48 .15-.19);
1.11-1.20 Ma to 57-.73 Ma: .43-72
(.31-51); 1.11-1.20 Ma to present: .32-.34
[.25-.27)

.57-.73 Ma to present: .28-.36 (.14-.18);
1.11-1.20 Ma to .57-.73 Ma: .32-.54 (.21-.35)

.57-.73 Ma to present: .29-.37 (.067-.086);
1.11-1.20 Ma to .57-.73 Ma: .39-.64 [.31-.51)

.57—-.73 Ma to present: .23-29 (.12-.15);
1.11-1.20 Ma to .57-.73 Ma: 034-57
(.24-.40); 2.81 Ma to 1.11-1.20 Ma: .14
(.082-.086); 2.81 Ma to present: .17 (.13}

* Parentheses denote basement incision rate.
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Abbreviations for selected faults: A: Almanor; AC: Arnot Creek; BC:
Beaver Creek; BD: Big Dipper; C: Cascade; CC: Columbia Camp;
CH: Clevland Hill; CR: Cohasset Ridge; CRFZ: Carson Range fault
zone; DC: Disaster Creek; GG: Giant Gap; GpG: Gopher Gulch;
HC: Hilton Creek; HS: Hartley Springs; |: Independence; LGV: Little
Grass Valley; M: Mather; ML: Mono Lake; MM: Montgomery
Meadows; MV: Meadow Valley; PC: Post Corral; PG: Poorman
Gulch; PnG: Pine Grove; PV: Pacific Valley; RF: Rawhide Flat; RV:
Round Valley; S: Spanish Peak; WT: West Tahoe

0 70 km
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0.04d* Slip rate or separation rate estimate in mm/yr for selected
faults. 'd' following rates denotes dip slip fault, 's' denotes dextral
strike slip fault. Slip rate estimates without asterisk (*) are
Quaternary slip rates. Asterisk denotes slip rates estimated on the
basis of separation of late Cenozoic volcanic units and a 5 Ma
initiation of faulting. All rates are estimated by offset geologic
features except for those in parentheses that are estimated from
geodetic studies.

Late Cenozoic action on
Frontal Fault System

 Beheaded drainages and
volcanic rocks provide
timing/magnitude of
vertical displacement on
front

e westward encroachment
of WLB

Internal deformation of
‘rigid” Sierra block
* Rigid model appropriate?

« Why is it important?



Uplift
 What are we talking about???
— Surface uplift
— Exhumation
— Rock uplift
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Uplift
 What are we talking about???
— Surface uplift

— Exhumation
— Rock uplift
* Geometric relationships: Tiems Nevada cres!
— What are two alternative uplift hypotheses— | . %
explained by tilted strata? e 53 0%
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Table 3. Late Cenozoic Crestal Uplift Estimates

Basis of estimate Width (km)* Uplift (m)
Differential tilt of Late Cenozoic strata,

easternmost Central Valley (Unruh 1991) 80, 100 1950, 2440
Reconstruction of Lovejoy Basalt

(Wakabayashi and Sawyer 2000; this study) 70 1710-1860
Reconstruction of ancestral South Fork

American channel (this study) 100 1440-1940
Paleobotany, Carson Pass (Axelrod 1997) NA 2500
Reconstruction of ancestral Mokelumne

River channel (this study) 95 1520-1690
Reconstruction of Stanislaus Table Moun-

tain Latite and related rocks (Wakabayashi

and Sawyer 2000; this study) 90 1790-1930
Reconstruction of ancestral Tuolumne River

channel (Huber 1990) 97 >1480
Paleobotany, headwaters of San Joaquin

[Axelrod and Ting 1960) 100 2000
As above, adjusted by Huber (1981) 100 1000
Reconstruction of ancestral San Joaquin

River base level (Huber 1981) 100 2150

Note. NA, not applicable.
* The distance between the hingeline and the point of highest uplift measured perpendicular to the tilt axis.
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35 to 5 Ma




~5 Ma to present
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During the last 15 Ma of arc activity, from 100 to 85 Ma, activity
along transpressional fault zones causes major exhumation and
erosion. Faulting migrates eastward within the arc as does
magmatism. As a result, the most deeply exhumed rocks are in
the west. The late Cretaceous arc, and associated shear zones,
are well east of the present day Sierran block in the northern part
of the range. Fault activity and erosion continues after
magmatism ceases. High erosion rates persist for about 25 Ma

~57 to 35 Ma

s S5 &

Relief and elevations have been reduced, especially in the
northern part of the range. Erosion and incision rates are low in
the Sierra. Laramide uplift has resulted in a regional westward
slope from highlands east of the present Sierra Nevada. Large
river systems flow down this slope, depositing the Eocene gold
bearing gravels. The southern part of the range (and, possibly
other ranges to the east) presents a topographic barrier and the
Eocene streams do not cross it.

All tectonic uplift?

after cessation of magmatism. Reduction of elevation and relief
occur during the latter part of the 100-57 Ma period; lowering of
elevation may coincide with eclogitic recrystallization of the root of
the batholith following cessation of arc magmatism.

What about:

* Isostatic response to
Sierra erosion/Central
Valley deposition
 Climatic
considerations?

35to 5 Ma ~5 Ma to present

e

Renewed arc activity. In what is now the Sierra Nevada block, The Walker Lane shear zone has encroached westward. Uplift
volcanic activity is confined to the northern and central parts, and  begins and is associated with westward tilting of the range and
covers the entire landscape in this region except for isolated east-down and dextral faulting. Uplift may be triggered by the
basement highs. Although Basin and Range extension begins to  foundering of an eclogitic root beneath the eastern Sierra. Rivers
the east, and extensional faulting encroaches progressively incise rapidly. In the southern Sierra, incision results in the
westward, no significant tilting or stream incision occurs in the deepening of older canyons, whereas in the northern Sierra, little
Sierra during this time. The subducting plate margin is converted  relief is present before incision begins. Westward encroachment
to a transform margin, thus ending arc volcanism south of the of the Frontal fault system continues, beheading many drainages
Feather River drainage. in the central and northern Sierra Nevada. The greater amount of
paleotopography in the southern part of the range contributes to
higher elevations in that region.
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