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INTRODUCTION
Marine terraces along northern California’s
Mendocino coast preserved a record of
eustatic sea level changes and middle and late
Pleistocene rock uplift near the San Andreas
Fault. There is an abrupt discontinuity in the
pattern of preserved terraces across the
Navarro. It is uncertain whether this reflects
more rapid uplift south of the river or is
simply erosion of the younger terraces to the
south. The goal of this study is to assess the
significance of topographic variations north
and south of the Navarro River by analyzing
terrace heights, morphological properties of
coastal drainage basins, and swath profiles of
maximum elevations normal to the coast.
The San Andreas Fault, which marks the
boundary between the North American and
Pacific plates, runs offshore of the study area
subparallel to the coastline. The study area
lies entirely on the Franciscan rocks of the
North American plate (Fig. 1 in Merritts et al.,
this volume).

Methods
The altitude and extents of terraces along the
Mendocino coast were established through
field reconnaissance and analysis of aerial
photographs. Terraces were surveyed along a
series of transects, using the Trimble
Pathfinder Pro XR GPS unit to mark the
terrace treads, risers, and outer and inner edges
of each marine terrace. Data from the
surveyed terraces were then downloaded into
Excel spreadsheets to create terrace profiles
along the Mendocino coast. These profiles

helped to establish spatial variations in terrace
elevations along the coast. The completed
transects were then used to establish terrace
ages. Terrace ages were assigned by
correlating terrace heights to particular
glacioeustatic sea-level highstands (Merritts
and Bull, 1989).
Topography was analyzed by taking swath
profiles approximately perpendicular to the
trend of topography along the coast. These
profiles plotted the maximum elevation of the
topography along a designated stretch of
coastline. The profiles provide a method of
assessing patterns of topography, and of
distinguishing features in the landscape not
apparent in maps.
To explore the possibility of differential uplift
rates occurring north and south of the Navarro
River, the computer program Rivertools was
used to analyze properties of coastal drainage
basins, including channel gradients, basin
relief, elevation drop, and drainage area.
Merritts and Vincent (1989) determined that
channel gradients in first order drainage basins
were the best indicator of high uplift rates.
With first order channel gradients as the
indicator for differential uplift rates, a sample
t-test was used to determine whether
differences in channel gradients north and
south of the Navarro River were statistically
significant.

Qualitative Topographic
Analysis
Three low terraces at nearly constant altitudes
of 24m, 45m, and 62m are present from Van
Damme headland northward to Point Cabrillo
(Fig. 1). More dissected higher terraces are
present up to 207 m in altitude. South of Van
Damme headland across the Navarro River,
the lower terraces are absent, with only a
single conspicuous terrace ranging from 60m
to 100m. Older terraces south of the river are
preserved only as dissected fragments.

rises markedly to over 300 meters
approximately 25 kilometers inland. This
jump in elevation marks a distinct change in
the character of the topography, from a broad
weakly dissected shelf to a landscape strongly
dissected by rivers. Approximately 75
kilometers from the coast, the elevation jumps
again to over 500 meters as the topography
begins to rise into the Coast Ranges. South of
the Navarro River the topography is distinctly
different. The broad shelf that appears north
of the Navarro River does not appear to the
south. Maximum elevations south of the
Navarro River rise sharply from the coast to
over 700 meters in approximately 50
kilometers (Fig. 2b). This change in
topography across the Navarro River suggests
that different tectonic processes north and
south of the river have altered the character of
the landscape.

Statistical Analysis

Figure 1: Profiles of Mendocino coastal terraces.

Correlating the terraces to glacioeustatic sealevel highstands, yields plausible estimates of
terrace ages, but this method does not provide
certain ages. The dearth of datable material on
the terraces makes it difficult to use the age of
the terraces as a means to establish differential
uplift rates. Digital elevation models and
swath profiles (Fig. 2) of the coast show
strong topographic differences north and south
of the Navarro River, and suggest that the
river marks a boundary between areas of
significantly different uplift rates. Maximum
elevation plots taken north of the Navarro
River, (Fig. 2a) show three distinct
topographic features extending inland from the
coast. Inland from the coast the land rises
eastward as a broad shelf, to approximately
200 meters in altitude, before the elevation

To help determine whether this topographic
change indicates increased rates of erosion or
differential uplift of the landscape, specific
morphological properties of drainage basin
were studied and analyzed. Three sets of data
were taken along the coast, one to the central
region north of Navarro River, one to the
south of the river, and a possible transition
zone in the northern block just immediately
north of the river. These data sets were used
to determine whether there were significant
differences in the drainage basin morphology
between the three areas. In the three sample
areas, four morphological properties were
examined based on their potential usefulness
as uplift indicators. The four properties were
basin area, elevation drop, along channel slope
and basin relief. A two sample t-test was used
to determine whether the variations that exist
between the three sample areas represented a
significant change. The statistical test was
used to analyze difference between the
northern and middle sample area, and then the
middle and southern sample areas.
All four morphological characteristics had
highest mean values in the southern area,
lowest values in the northern areas, and
intermediate values in the middle area. The

strongest variations existed between along
channel slope and basin relief which were
approximately twice as great in the south
compared to the north. A two sample t-test
indicated that the differences that occurred
between the sample areas were significant at
99.9% certainty.

Interpretations
Information from the digital elevation models,
swath profiles, and the drainage basins,

indicate that there are strong topographic
differences across the Navarro River,
differences that may reflect differences in
uplift rate. Merritts and Vincent (1989) found
that increases in along-channel slope and basin
relief exhibit a strong positive correlation with
increased uplift rates. Differences found
between the morphological properties north
and south of the Navarro River, suggest that
the land is uplifting at different rates, with the

land south of the river uplifting at greater rates
than the north.
These differences suggest that there may be a
fault along the Navarro River or that a change
in the geometry of the San Andreas fault is
affecting uplift rates. A fault along the
Navarro River is a more plausible solution,
since the right bend that occurs in the San
Andreas fault along the Mendocino coast,
would be a releasing bend and would not
cause differential uplift rates.
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