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Geologic Evolution of San Diego County’s
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Lagoons occur where stream valleys meet the sea.
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Lagoons occur where stream valleys meet the sea.
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Photo by Bruce Perry, Department of Geological Sciences, CSU Long Beach




TOPICS

* How our coastal lagoons came to be
" ice ages & sea level changes
" formation of lagoons and marine terraces

* Our eroding coastline
" dwindling sand and rising seas



Earth Today

Ron Blakey, Northern Arizona University



Earth about 18,000 years ago

during the Last Glacial Maximum

Ron Blakey, Northern Arizona University



Earth about 18,000 years ago

during the Last Glacial Maximum
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18,000 years ago, the sea was 330 feet lower, and

the beach lay two miles to the west!
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Since 18,000
years ago, the
sea has risen to
its present level
(a rise of more

than 300 feet).
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The Earth has been through many glacial-interglacial cycles
during the past several hundred thousand years.

As the glaciers have come and gone, the sea has gone up & down.
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When sea level drops, streams cut deep valleys
down to the shoreline.

When sea level rises, ocean water floods stream
valleys, which then fill up with sediment.
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From: Smith and Pun, 2004, How Does the Earth Work?, figure 16.38




How stream erosion and changing sea levels

made San Diego County’s coastal lagoons

1.Stream flowing toward the
sea (toward viewer).

2.5ea level drops; stream cuts a
deep valley in response.




How stream erosion and changing sea levels

made San Diego County’s coastal lagoons

3.Sea rises; ocean water floods
the valley forming a deep-
water estuary.

4.Valley gradually fills up with
sediment; tidal channels
connect stream to ocean.




How stream erosion and changing sea levels

made San Diego County’s coastal lagoons

5.5ea level drops; stream cuts a
new valley through the sedimen-
tary fill, but leaves some behind.

6.Sea rises again, but not as high A
as before; ocean water floods the ¥y
valley.




How stream erosion and changing sea levels

made San Diego County’s coastal lagoons

6.5ea rises again, but not as high
as before; ocean water floods the
valley.

7.Valley fills up with sediment;
tidal channels again connect
stream to ocean.

PRESENT DAY




Stream valleys drowned by rising sea levels in New England.
(This is what San Diego County’s coastal lagoons looked like before they

filled up with sediment.)

Photo by John Shelton




Marine terraces = where sea level used to be

6.5ea rises again, but not as high
as before; ocean water floods the
valley.

7.Valley fills up with sediment;
tidal channels again connect
stream to ocean.
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Marine terraces = where sea level used to be

Marine terrace in San Elijo Lagoon
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Marine terraces = where sea level used to be

Marine terrace in San Elijo Lagoon
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San Elijo Lagoon

Marine terrace in San Elijo Lagoon

PRESENT DAY

Photo by Chris Metzler




Marine terraces = where sea level used to be

Marine terrace in San Elijo Lagoon
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~ one, formed by sediment filling = , e
in old lagoons... :

..but most marine terraces
formed by wave erosion on
exposed coasts

b 2o

== . %5
£ - e Sl C o
| s T
s : &‘Qtﬁ? 5
= - -4
7 - ‘ V\ 'b‘.
- . (V) o :
W B - * : a
> o , 4 ) _. a.' & . * - ‘\
ES - -
' 13? t Image © 2008 DigitalGlobe ©2008 Google
o Image U.S. Geological Survey

_— -



Wave-eroded marine terraces: the most common
geologic feature of the San Diego coastline

Ancient sea cliffs

Marine ~

terraces
Present sea level

Drowned beaches
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Wave-eroded marine terraces: the most common
geologic feature of the San Diego coastline
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Wave-eroded marine terraces: the most common

geologic feature of the San Diego coastline
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Wave-eroded marine terraces:
San Clemente Island




Wave-eroded marine terraces:
San Clemente Island
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Sea level, land uplift, & marine terrace formation

Animation by Tanya Atwater




Sea level, land uplift, & marine terrace formation
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Sea level, land uplift, & marine terrace formation

Downtown La Jolla is built on the Nestor Terrace
(a 125,000-year-old marine terrace)

Photo by Bruce Perry, Department of Geological Sciences, CSU Long Beach



Sea level, land uplift, & marine terrace formation
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TOPICS

* How our coastal lagoons came to be
" ice ages & sea level changes
" formation of lagoons and marine
terraces

* Our eroding coasts
" dwindling sand and rising seas



Shrinking beaches and eroding coasts

View south from Swami’s at hightide
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Longshore Drift

Movement of sand along the shore in the direction of the waves.

Net movement
of sand grains
(longshore drift)
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Longshore Drift

Net longshore drift of sand is to the south along both U.S. coasts
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The beach compartment concept:

a “bank account” for beach sand

Sand is added to beach by rivers (~50%), and by bluff erosion (~50%)
Longshore drift distributes sand along the beach

Sand eventually leaves down submarine canyons, which divide the coastline into
beach compartments
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Beach compartments of southern California

Enlargement of
Beach Compartment

Sand is swept down
coast by longshore current

(D Rivers supply
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Oceanside Beach Compartment
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La Jolla Canyon: wherte all of our beach sand is headed!

. SanElijo
“Lagoon

U.Si:Geological Survey




A beach compartment before human alteration...

Sand is added to beach by rivers (~50%), and by bluff erosion (~50%)
Longshore drift distributes sand along the beach

Sand eventually leaves down submarine canyons, which divide the coastline into
beach compartments
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...and after human alteration

Dams — decrease flow of rivers; trap sand that would otherwise get to the beach
Jetties & Groins — trap sand on “upstream” side, cause erosion on “downstream”
side

Seawalls — cut off sand that would otherwise come from bluff erosion; cause waves
to bounce off with little loss of energy, thus pushing sand off beach

Net result of human activities = increased beach erosion




Eroding bluffs make ~50% of our beach sand
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Eroding bluffs make ~50% of our beach sand

© H. Knufken



seawalls = less bluff erosion = smaller beaches
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San EliiO Lagoon — what does the future hold?

Photo by Bruce Perry, Department of Geological Sciences, CSU Long Beach



San Ell]O Lagoon — what does the future hold?

Positive proof of global warming.
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San Ell]O Lagoon — what does the future hold?
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San EII]O Lagoon — what does the future hold?
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San Ell]O Lagoon — what does the future hold?
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San EliiO Lagoon — what does the future hold?

dwindling beaches + rising seas
= inland retreat of the lagoon

Photo by Bruce Perry, Department of Geological Sciences, CSU Long Beach



Should we worry about the effects of today’s rising seas?

YES — for human society’s sake.
NO - for lagoon ecosystems. Our coastal lagoons have experienced many
rises and falls of sea level in the geologic past, and they’ve done just fine.
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From Kennedy and Tan, 2005, Geologic Map of the
Oceanside 30'x60’ quadrangle map sheet 2, Fig. 3
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