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Sediment inherits a unique composition from the geology of the source 
region from which it erodes

We can use these “fingerprints” to interpret the source of sediment at 
any given point in a sediment transport system. 



Sometimes, processes like climate and tectonics change where 
sediment comes from in the same system through time.

If we have both information on sediment age and sediment fingerprints, we can 
develop a “from where, when?” model for the history of sediment sources through 

time. 
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California geology is well suited to 
producing sediment with unique 

fingerprints across different regions
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Northern Sierra Nevada, Sacramento catchment: 
dominantly volcanics and metamorphic rocks, some 
granodiorite plutons

Southern Sierra Nevada, San Joaquin catchment: 
dominantly granodiorite plutons, some 
metamorphic rocks

Northern Coast Ranges: dominantly sedimentary 
rocks, some volcanic rocks



U-Pb ages from the mineral zircon are a 
particularly powerful fingerprinting tool 

in California. 

California was 
once on a 

subduction zone zircon crystals formed in the magma chambers 
of the associated magmatic arc

after millions of years of uplift and erosion, 
those zircons are now eroding into modern 

rivers



As an example, the granite at Half Dome in Yosemite is 
~84 million years old. When zircon erode from Half 
Dome, they fall into the Merced River which carries 

them to the San Joaquin River and out to SF Bay. If we 
see a lot of 84 million year old zircon in the sand in SF 

Bay, we know that a lot of that sand is probably coming 
from this source region. 



U-Pb age spectra “fingerprints” from 
SF Bay source rivers
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SF Bay sand 
fingerprinting samples



SF Bay detrital zircon 
fingerprints

The differences 
between the 

bayhead fingerprints 
and fingerprints 

from Central Bay 
and the Outer Coast 

are statistically 
significant. 

Sand in Suisun Bay 
and sand in Central 
Bay and the Outer 
Coast cannot be 
derived from the 

same source



Conclusions 

1: Suisun bayhead region and the Central Bay and 
Outer Coast region have different sand sources

2: bayhead sand is largely derived from the northern 
Sierras/local drainages(?)

3: Central Bay and Outer Coast sand has a stronger 
southern Sierran affinity



We also know 
something about the 

likely age of sand

sea level rise in SF Bay since the last ice age 



Interpreted transport age 
into SF Bay 

Suisun Bay (bayhead): largely a few 
thousand years – new(?)

Central Bay and GG Strait: largely relic 
(older than 6-8 k.y.) with some new coastal 
erosion and tidal/littoral reworking

Outer coast beaches: tidally and littorally 
mixed relic sand (older than 6-8 k.y.) plus new 
sand from coastal erosion

Offshore: relic sand (older than 6-8 k.y.)



Sand transport into SF Bay through time

With sea level ~150 
meters lower than the 
modern, a combined 

Sacramento-San 
Joaquin Delta sits at 

the edge of the 
continental shelf. A 

blanket of largely 
southern Sierra-

derived sand covers 
the shelf and 
embayment. 



Sand transport into SF Bay through time

As sea level begins to 
rise globally, the 

combined 
Sacramento-San 

Joaquin Delta retreats 
across the 

continental shelf 
leaving a blanket of 

largely southern 
Sierra-derived sand 

across the shelf. 



Sand transport into SF Bay through time

Continued sea level 
rise forces the 

combined 
Sacramento-San 

Joaquin Delta through 
Golden Gate Strait. 

Simultaneously, 
dominant sand 

sources shift to the 
northern Sierras (and 

local drainages[?])



Sand transport into SF Bay through time

With the bay flooded to 
its modern extent, 

bayhead sand is largely 
(young) relic with some 
new(?) input? Sand in 
Central Bay, the GG 
Strait area and outer 

coast beaches is largely 
(old) relic with some 

new input from coastal 
erosion.



Why does the source of SF Bay sand shift from south to north through time?

During the last ice age, glaciation in the southern Sierras increased erosion in this region. As the climate 
warmed, precipitation shifted north leading to a relative increase in erosion of the northern Sierras. 



Conclusions 

1: Suisun bayhead region and the Central Bay and 
Outer Coast region have different sand sources

2: bayhead sand is largely derived from the northern 
Sierras/local drainages(?)

3: Central Bay and Outer Coast sand has a stronger 
southern Sierran affinity



Potential future directions: sand residence time across SF Bay via optically 
stimulate luminescence (OSL) dating

OSL dating measures the time since a grain of sand made of quartz or feldspar was last exposed to 
sunlight. The OSL “clock” starts ticking when sand is either buried or submerged in water deep or turbid 

enough to block sunlight. 



Potential future directions: sand residence time across SF Bay via optically 
stimulate luminescence (OSL) dating

Our preliminary results suggest that the method is effective in dating the residence time of 
sand in SF Bay. Future work with this method could help better understand more detailed 

sand transport pathways and inputs into the system through time.  



Questions?


	Fingerprinting sand and its transport history through San Francisco Bay
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21

