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Constraining a Chronosequence of Fluvial Terraces Using Soil Profile 
Analysis and GIS mapping in the Santa Rosalia basin, BCS, México. 
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Introduction
On the eastern coastof the Baja California Peninsula, marine
terraces are incised by numerous arroyos, along which fluvial
terraces have developed. Through the NSF-funded Baja Basins
REU, fluvial terraces in Arroyo Santa Agueda and Arroyo Boleo
of the Santa Rosalia region were mapped and analyzed to better
understand regional tectonic geomorphology related to the
Pleistocene evolution of the Santa Rosalia Basin. A soil
chronosequence in these fluvial terraces will be used to
understand this evolution. South of this basin, in Mulege and
Bahia Coyote, previous work focused on marine terrace
development, butnot inland fluvial terraces.
Profile development indices will be assigned to soil profiles
characterized in the field following the method outlined by
Harden (1982) on the basis of various soil properties. GIS
analysis of relative soil development on terraces of varying
elevations and locations will allow interpretation of regional
tectonics during terrace formation.

OBJECTIVES
• Investigate how soil forming processes change with

elevation and time within the Santa Rosalia Basin.
• Compare Arroyo Boleo and Arroyo Sta. Agueda terraces

to learn more about tectonic evolution of Sta. Rosalia
Basin.

Methods
• Preliminary assessments of color, soil structure, horizon

thickness, and clay-silt-sand composition were described in
the field .

• Fluvial terraces in Arroyo Boleo and Arroyo Santa Agueda
were mapped in the field usingGIS.

• We examined Clay composition utilizing X-Ray Diffraction
(XRD)

• We conducted Grain Size Analysis to examine distribution
of fines within horizons

• We constructed Profile Development Indices (PDI) (Harden
1982) to create a relative chronosequence of the Santa
Rosalia Basin by comparing individual horizons and
parentalmaterialbased on six properties:
• Rubification (color)
• Texture (clay percentage)
• Clay films
• Structure
• Dry consistence
• pH

• According to Harden’s methods, each horizon’s properties
are compared to the parentmaterial’s properties (in our case,
those of each fluvial terrace) and normalized to obtain a
value between 0 and1.
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Next Steps
This year's Tecto nic Geom orph ology group laid t he fou ndation to
build a co mplete chron osequence fo r fluvial ter races within the Santa
Rosalia bas in. To date, no chronosequences are available for flu via l
terraces in this region. Future field work ambitions include:

• continuing to differentiate Quaternary depos its .

• cosmogenic and luminescence dating

• ass ignment of absolute ages to terraces in the rela tive sequence
created by this project.

Once absolute ages are es tablished for mapped fluvia l terraces and
combined w ith o ur anal ys is of Ha rden’s quan titati ve index prope rties ,
a chronosequence for central Baja California will be es tablished.

Discussion & Conclusion
Though soil index methods rely on eight soil properties
(Harden 1982), the data col lec ted provides reliable data for
only six properties so melanizat ion and moist consistence
were excluded from PDI calculations.
Horizon thickness can greatly affectPDI and perhaps distort
profile development. This is especi ally appli cable to profiles
observed on younger terraces which were as short as one
meter in height (Figure 4). For this reason, we believe
differences in PDI among lower and higher terraces in
Arroyo Boleo are notmore pronounced .

Conclusion
• In Arroyo Sta. Agueda, cl ear sequences of soil evolution

is apparentbetween terraces (Qt7 and Qt6) at the mouth
of Arroyo Sta. Agueda and terraces furthestup the arroyo
(Qt2 and Qt3), indicating that soil has developed over
time (Figure 1).

• We cautiously infer that Boleo terraces were deposited
earlier than the Sta. Agueda terraces at corresponding
elevations, but that the two arroyos experienced
differential uplift after terrace formation. Differences in
parental materi al pl ay a significant role in terrace soi l
development and further study of parental mater ial in
both arroyos is necessary to draw more concrete
conclusions on PDI accuracy as well as this hypothesis.

Results
Grain size analysis shows increasing clay
percentage up each soil profile in Arroyos Boleo
and Sta. Agueda (Figure 2), beginning at the
parentalmaterial (Bc Horizon) and ending atwi th
“act ive” sediment (A Horizon), as is expected wi th
more developed horizons. AB and B horizons in
several terraces had higher clay compositions than
the overlying A horizon, which is also generally
expected since B horizons are defined as the
primary clay accumulation layer of soil profiles.
Textural composition results (Figure 7) show that
silt as wel l as clay increases upward in soil
profiles. Soil profiles constructed according to
field observations in Arroyo Santa Agueda (Figure
3) show that soil profiles lengthen and develop
thicker B horizons over time. Bk horizons are also
shown to lengthen with higher elevation.
Though several outliers in our Elevation vs. PDI
plot detract from a clear trend, profile
development indices within each arroyo show a
general increase with elevation (Figures 5 and 8).

Figure 4: QGIS map of identified fluvial and marine terraces in  Arroyo Santa Agueda

Figure 7: Textural composition for individual 
terraces in  Arroyos Boleo and Sta. Agueda using 
GS-USDA classification.

Figure 3: Soil horizon profiles as described in  
field  using color and depth measurements.

Figure 2: Example of soil horizon classification in  the field . 
Carbonate-coated clasts are prominent in  the Bk horizon.
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Figures 8a and 8b: Harden’s soil classification results showing soil 
depth vs. clay % and terrace elevation vs. cumulative PDI. Figure 
6b combines data from both arroyos to  compare PDI trends. Figure 8: Eastern terraces mapped and described in  Arroyo 

Boleo
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Figure 4a: Dr. Genaro Martinez examining 
Qtf7 at the mouth of Arroyo Santa Agueda
(looking South-Eas t)

Figure 4b: Arroyo Santa (looking North-
Eas t) 

Figure 4c: Arroyo Santa Agueda looking 
North-Eas t with Qft6 (bottom left)
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Figure 6a and 6b: Examples of soil horizons used to  relatively date terraces 
in  Arroyo Santa Agueda. Figure 6a depicts desert pavement and well-
developed A horizon rich in  clay. Figure 6b shows a well-indurated stage 
III-IV carbonate horizon (Bk horizon). 

Figure 5: Cross sections of terraces at 2X vertical exaggeration within each 
arroyo displayed with corresponding profile development indices (PDIs), 
which indicate relative development of observed soil profiles.
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Figure 1: Map of Santa Rosalia, BCS, Mexico.
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