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Introduction
• The Colorado River has periodically flowed north to fill the Salton
Depression as a fresh water lake called lake Cahuilla.
• The most recent southern San Andreas rupture occurred when Lake
Cahuilla was at its highest level, or just as it began to fall.
• Due to the fluctuations in the radiocarbon calibration curve over the
past 350 years, 14C dating alone cannot precisely resolve the timing of
that event.
• A common lake chronology would allow sequencing of large
earthquakes across the Salton Trough
•This project compiles over 400 radiocarbon dates from paleoseismic
& archeologic sites around the basin that are at or below the shoreline.
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High-stand Surface Area: 5700
square km
Maximum Depth: 95 meters
Length: 160 km
Width: 15-80 km
Extended from north of Indio to
south of the International Border
near Cerro Prieto
Receiving the entire flow of the
river, complete inundation to the
12 m elevation would occur in 815 years.
Complete desiccation would occur
in ~60 years at a rate of 1.55
m/year when flow was completely
cut off (Sieh and Williams, 1990).

Lake Cahuilla covered parts of several major strands of the southern
San Andreas Fault system

Selected Historical Reports
• What is most significant for this study is when the Colorado River was
flowing to the gulf and when it may not have been (i.e. flowing into the
Salton Trough and creating a Lake Cahuilla).
• Researchers in the past have concluded that if explorers did not
mention a lake, then no lake existed.
1540 – Melchior Diaz recorded that the Colorado River was flowing into the Sea of
Cortez (Gulf of California).
In the early 1600’s, Don Juan de Oñate was exploring “New Mexico” (present day
Mexico) for the King of Spain. In 1605 he made the trek down the Colorado River to
the Gulf of California. The river was flowing to the Gulf.
Father Kino made expeditions down the Colorado between 1700 and 1706 to prove
that California was not an island – Colorado River was flowing to the Gulf.

More about Kino
• By 1702 Kino had made his way up to the Colorado River. Kino was able to see down
the shore of Baja and began to conclude that those who thought this land was an island
were misled and “the truth showed that it was a peninsula.” (Bolton, 1919)
• In 1706, Kino and his men trekked up Mt. Pinacate (as distinguished from Bolton’s
1919 maps of the Kino expeditions) which Kino named Serro de Santa Clara. From this
1000 meter height, Kino was able to see the termination of the “Sea of California”
(Gulf of California), the Colorado River entering at the end of the Gulf and mountains
running from north to south across the Gulf which connected to the mainland, thus
proving without a doubt that California was in fact not an island (Bolton 1919).
• From this location Kino also noted that no body of water could be seen to the north of
the head of the Gulf. However, this observation does not mean that Lake Cahuilla was
not present at that time. From a height of 1000 meters, given perfect visibility, taking
into account the curvature of the earth and the refraction of light that allows for ‘just
beyond the horizon’ visibility, Kino and his men could only have seen to a distance of
133 kilometers along the ground surface. The nearest Lake Cahuilla highstand shoreline
is 190 kilometers away from the Pinacates. Therefore, even if Lake Cahuilla was at its
highest level, Kino would not have been able to see it.

Following Kino
In 1746, Father Ferdinand Consag
navigated the western end of the Gulf of
California in a fleet of small dug out
canoes. They reached the head of the
Gulf and the mouth of the Colorado
River in July (Sykes, 1937). They made
note of the islands that split the flow of
the Colorado into the Gulf. Making land
was difficult due to the marshy shores
and strong currents. A beautiful and
detailed map of the Gulf of California
was made during this voyage, and Skyes
(1937) shows both the map and a blow
up to show the detail at the head of the
Gulf.

Juan Bautista de Anza
The next map produced
from new information
comes from the Anza
expeditions. Piecing
together accounts from
Anza’s 1774/75 and
1775/76 journeys gives
insight into the basin at
that time.

It is clear from Bolton’s (1930) translation and annotation of Anza’s diaries that the
Colorado River was flowing to the Gulf, and yet the landscape was riddled with
lagoon and lakes (both saline and fresh). Anza describes how when staying at the
Laguna de Santa Olaya encampment (Bolton places this near Pescadero Dam,
which today is located at the Canal Alimentador Central) there were fishermen who
caught over a thousand cubinas and skates (salt-water fish) in less than one hour.

Part of the problem!

Problems with Radiocarbon
Calibration Curve

Radiocarbon calibration curve based on tree ring data for the past
2000 years. Multiple intercepts occur due to the natural
fluctuations and relative horizontal nature of the curve. Even very
precise dates (+/- 15 years) result in multiple intercepts, so
increasing the precision of 14C is not the answer.

To increase precision of the chronology of
Lake Cahuilla
1) Incorporate nearly 400 radiocarbon dates from many sites,
including some radiocarbon dates from archeological sites
2) Date stumps of trees in growth position that grew below
the shoreline between lakes
3) Incorporate climate data (rainfall and temperature) for
the Colorado Plateau region for the past 2,000 years
4) Construct a lake model that incorporates all data and use
it to constrain the ages of earthquakes from paleoseismic
sites below the shoreline so that all evidence for past
events are interpreted from the same chronologic model
5) Add in event ages from nearby, well-dated sites to develop
a chronology of large earthquakes for the SAF system

Dead stumps covered with shells and / or lake deposits

Stump Samples

All outer stump ages plot
younger than the inner stump
ages, demonstrating a
descending trend. There is only
one descending trend period
prior to ca 1715 – between about
1660 and 1715 AD

Shorelines with constructional
berms

Abundant organics accumulate at the
shoreline after initial flooding of the
basin. Burial and subsequent
carbonization produces peat-like
deposits that can be dated precisely.

Implies the radiocarbon ages
actually date periods of growth
during the dry period preceding
inundation – not the lake itself!

382 radiocarbon dates from paleoseismic
sites at or below the shoreline of Lake
Cahuilla
57 dates have uncertain stratigraphic
correlations, so used 325 dates.
All lake and dry intervals have charcoal
with age inheritance – termed the “old
wood problem” – due to burning of old
wood, as C14 dates when the wood grew
and died, not when it burned or was
deposited. Results in many dates being
“too old” relative to the age of the stratum.
Used 88 dates in the Oxcal model to
resolve the timing of lake high-stands

The proposed model of Lake Cahuilla high stand
ages is consistent with historical accounts of when
the Colorado River was flowing to the Gulf of
California.
The lake ages are generally consistent with periods
of generally higher rainfall in the Colorado Plateau
region. Many periods of high rainfall did not result
in Lake Cahuilla highstands, although some may
have produced partial fillings.

Radiocarbon dates that constrain the timing of Lake Cahuilla
high stands plotted with the lake ages (blue bands) from OxCal

Recalculated dates of interpreted earthquakes at the Coachella site
(Philibosian et al., 2011) using the new Lake Cahuilla chronology.
(assumes all 7 “events” are earthquakes)
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