
Chapter 15
Electrical Conductivity Depth Functions
for Delineating Paleosols

Glenn Borchardt

Abstract Soil weathering and leaching lead to increased salt concentrations at the
wetting front in soils of semiarid and Mediterranean climates. Burial of silty alluvial
fan deposits may preserve these salt signatures in paleosols, with the base of each
solum being delineated by high electrical conductivity. The buried layer must be
thick enough to prevent destruction of the initial signature via leaching. The
identification of alluvial strata as paleosol horizons helps to confirm age estimates
derived from standard soil descriptions. Several examples illustrate the use of
conductivity in delineating late Quaternary soils and paleosols. A soil profile along
the Hayward fault had a soil underlain by three paleosols instead of the four
paleosols as was first assumed by visual examination. Estimates of soil and paleosol
ages were sufficient to assure that no surface fault rupture had occurred during the
last 24,000 years. Background conductivity was about 200 μS/cm, while maxima
for the soil and three paleosols were 560, 580, 630, and 590 μS/cm, respectively.
It was concluded that field electrical conductivity measurements can be used to
delineate paleosols.

Keywords Pedochronology � Faulting � Tectonics � Electrical conductivity �
Depth functions

15.1 Introduction

Soil weathering and leaching lead to increased salt concentrations at the wetting
front in soils. In uniform, fine-textured soil measurements of electrical conductivity
(EC) within soil solutions may indicate the extent of this process (Frinkl 1979;
Pozdnyakova 1999; Golovko et al. 2007; Son et al. 2010). However, due to the
great solubility of salts released from minerals, concentrations typically are low and
ephemeral, particularly in soils of the humid regions.
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In California, EC measurements have been used to aid in pedochronology (soil
dating), which we use in assessing the age of fault movement. State law prohibits
most construction on earthquake faults that had surface fault rupture (SFR) during
the Holocene (Bryant and Hart 2007). To gauge the hazard, geologists excavate 3 to
6-m-deep trenches perpendicular to suspect fault traces across potential building
sites. As a pedochronologist, I estimate the ages of soils and any associated faulting
exposed in these trenches. Although the modern soil in many of the trenches may
have begun developing less than the required 11,000 years, we sometimes find
paleosols beneath them. EC measurements may help to confirm that such soils
indeed are paleosols. Soil development durations are estimated from peak heights in
combination with other age-related characteristics such as color, B horizon thick-
ness and structure, clay film development, and calcite stage.

15.2 Materials and Methods

We generally describe soil profiles that represent the oldest, most complete record
of soil development in the trench excavations that geologists use to evaluate the
presence of hazardous faults. If a fault is discovered, this may necessitate sampling,
measuring, and describing soils about a meter on either side of the suspect fault.
Vertical channel samples of each horizon are obtained as representative.

In the laboratory, EC and pH are measured after representative subsamples are
mixed with an equal amount of water by weight. EC measurements can be per-
formed in the field or laboratory with a handheld meter (Fig. 15.1). EC values could
be used to produce in situ analog depth functions that could help in delineating soil
horizons. However, EC and its inverse, electrical resistivity are influenced by the
amount of moisture present (Ozcep et al. 2010). The water to soil ratio must be
controlled. Dry soils do not yield EC measurements (Brevik et al. 2006), as
demonstrated by the Phoenix Mars Lander, which failed to get a response even
though there was ice within 5 cm of the probe (Zent et al. 2009). Coarse soils and
sediments generally do not trap salts. Although this low EC response may aid in the
identification of sand and gravel lenses (Fig. 15.2), it may also prevent the devel-
opment of an EC peak that would indicate the extent of the wetting front.

15.3 Results

15.3.1 Holocene Soil (10 ka)

Although soil weathering was minimal in California during the Holocene, we can
detect its occurrence by performing EC measurements. Depth functions for EC
indicate that a particular soil has received sufficient precipitation to induce soil

242 G. Borchardt



formation. Leaching from the A horizon generally removes salts released from soil
minerals. These salts move to the wetting front. A typical soil has received rainfall
with carbonic acid formed from carbon dioxide in the atmosphere. This naturally
acidifies and decalcifies the soil, with surface horizons countering that trend as they
accumulate Ca-laden vegetative matter (Fig. 15.3). EC measurements follow a
similar pattern (Fig. 15.4). The soil pH was lowest at the 140 cm depth, which also
was the depth that the EC began to increase. The upper 33 cm of the soil was
imported artificial fill.

15.3.2 Pleistocene–Holocene Transition

The climate change from humid to subhumid that occurred as a result of the
Pleistocene–Holocene transition in northern California has provided valuable
information for pedochronology. Holocene soils tend to be about a meter thick,
while soils formed during the Pleistocene can be up to several meters thick. When
there is associated colluvial or alluvial deposition, EC depth functions sometimes
reflect both soil moisture regimes (Fig. 15.5).

Fig. 15.1 Simple, typical handheld electrical conductivity meter
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Micropedology sometimes can be used to confirm the transition from one cli-
mate to another or, alternatively, the effect of alluvial deposition or erosion. For
instance, peds that were coated with clay films during the Pleistocene can be
subsequently coated with soluble salts that demonstrate that the wetting front has
risen in the profile. Figure 15.6 shows gypsum coating a ped formed when the
landscape was subject to much greater water percolation.

Fig. 15.2 EC measurements showing the effect of particle size. Reddish areas have low EC in the
sand and gravel areas (Mundell and Associates, Inc. 2015)
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15.3.3 Sangamon Soil (122 ka)

Relict paleosols considered to be Sangamon age (the last time sea level was higher
than at present, Chen et al. 1991) sometimes exist on stable surfaces devoid of
significant degradation or aggradation during the Pleistocene/Holocene transition.
Salts are left behind as the wetting front gradually retreats toward the surface when
the climate becomes increasingly dry (Fig. 15.7). Such uniform behavior is
dependent on a relatively uniform fine soil texture. Salt concentrations in coarse
horizons tend to be low due to their low water holding capacity and high perme-
ability (Figs. 15.2 and 15.8). In the Sangamon paleosol, the upper two silt loam
horizons have been leached extensively during the Holocene (Fig. 15.7), while the
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Fig. 15.3 Depth function for
pH in Soil Profile No. 1 in
Trench EFT-1 on Toro Vista
Court (10 ka/70 ka;
MAP = 551 mm/year)
(Borchardt 2007, Fig. 2). Note
that the upper 33 cm of this
profile was artificial fill
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Fig. 15.4 Depth function for
EC in Soil Profile No. 1 in
Trench EFT-1 on Toro Vista
Court (10 ka/70 ka;
MAP 551 mm/year)
(Borchardt 2007, Fig. 3). Note
that the upper 33 cm of this
profile was artificial fill
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underlying 2-m-thick silty clay Bt horizon that formed during the Pleistocene
remains preserved beneath the E horizon (Fig. 15.9).

California state law prohibits construction on faults having had surface fault
rupture during the Holocene for residential housing developments. Even though this
soil was much older than that, it had experienced several fault offsets since 122 ka.
These totaled about 1 m and probably were the results of several earthquakes.
During that period, the subparallel San Andreas fault about 6 km to the east had
undergone 3000 m of lateral offset. The faults at this site had negligible activity. In
addition, there was no offset of the surface topography, as is generally the case with
hazardous faults. The analysis of the SFR hazard at the site indicated that up to
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Fig. 15.5 Depth function for EC in Soil Profile No. 3 at the Lakes at Fountain Grove, Santa Rosa,
CA. The two high EC peaks may represent two distinct phases of soil development, with paleosol
development during the Pleistocene being interrupted by the colluviation that contributed parent
material for the modern soil (10 ka/80 ka; MAP 1067 mm/year) (Borchardt 2003, Fig. 6)

Fig. 15.6 Close-up of clay-coated ped face surrounded by gypsum in the Etyb1 horizon of a
paleosol near the Calaveras fault. The clay films were deposited first and the gypsum second.
View SE (16 ka; MAP 578 mm/year) (Borchardt 2008, Fig. 5)
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24 cm of vertical and horizontal offset could occur in a single event (Dwyer et al.
2010). We selected 1.2 m as the maximum possible horizontal offset, which would
be 20 % of what occurred on the San Andreas in 1906 (Lawson 1908; Hoexter
1992).
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Fig. 15.7 Depth function for EC in a Pleistocene soil at Paradise Valley, Bolinas, California
(122 ka; MAP = 914 mm/year) (Borchardt 2005, Fig. 2)
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Fig. 15.8 Depth function for EC in Soil Profile Nos. 1 and 2 at Alamo, California. The high EC
beneath the 130 cm depth in Soil Profile No. 1 reflects the presence of high amounts of gypsum
beneath the present-day wetting front. The gravelly nature of Soil Profile No. 2 allows clays and
salts to penetrate to much greater depths than they do in the silt of Soil Profile No. 1 (22 ka;
MAP = 578 mm/year) (Borchardt 2008, Fig. 9)
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15.3.4 Multiple Paleosols in Young Alluvium (24 ka)

EC depth functions are useful in detecting and confirming the presence of paleosols
in young alluvial fans. A change in salt concentration may convey age-related
information. At a prospective building site on the southwest side of the Hayward
fault, EC measurements indicated that there was a Holocene soil underlain by three
short-lived paleosols (Fig. 15.10). During initial description of this soil profile, an
additional paleosol was assumed when viewing the faunal bone in the section
(Fig. 15.11). Bones, like most charcoal specimens, are often found at the surfaces of
paleosols, similar to lag deposits. In this soil, however, a bone was in the midst of a
weak, Bt horizon, which was one reason it had survived the relatively short period

Fig. 15.9 Pleistocene soil at Bolinas showing the E horizon overlying the yellowish brown Bt
horizon (122 ka; MAP = 914 mm) (Borchardt 2005, Fig. 3)
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Fig. 15.10 Depth function for EC showing maxima for the modern soil and three underlying
paleosols along the Hayward fault (24 ka; MAP = 640 mm/year) (Borchardt 2015, Fig. 7)

Fig. 15.11 View of the 5B2tb2 horizon from Soil Profile No. 3 showing a bone fragment at the
405 cm depth (Borchardt 2015, Fig. 4)
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(5 ky) of weathering. Background EC was about 200 μS/cm, while maxima for the
soil and three paleosols were 560, 580, 630, and 590 μS/cm, respectively
(Fig. 15.10). These results reflect the relatively high average deposition rate
(0.24 mm/year) necessary to safeguard EC maxima from dissolution by percolation
from overlying deposits.

There is a possibility that the actual quantity of soluble salt preserved in these
soils and paleosols is correlative with the amount of time each was exposed to
pedogenesis. For instance, in the above example, I calculated the areas of the four
EC peaks after performing the usual qualitative estimates of development durations
(Table 15.1). The two methods appear to be somewhat correlative, showing that
quantitative measurements of soluble salts, along with more detailed EC mea-
surements, may have promise in future pedochronological studies.

15.4 Conclusions

These results highlight the use of EC measurements in pedochronology and the
estimation of soil age. Salts dissolved from weathering minerals percolate in soil
solutions and are generally deposited at the wetting front. This mostly occurs in
Mediterranean and semiarid to arid climates where salts are not leached from
fine-textured soils. With sufficient aggradation, salt accumulations can be preserved,
providing evidence for previous soil formation in the form of paleosols. Unlike pH
measurements, changes in EC may appear minuscule, but they can be important
indicators of pedogenesis. EC measurements can help in descriptions of paleosols
that provide valuable information on previous landscapes and climates. Salt con-
centrations as indicators of soil weathering should receive more attention than they
are normally given, particularly in areas subject to semiarid and Mediterranean
climates, where salts tend to tarry on their way to the sea.

Table 15.1 Comparison of
pedochronological estimates
derived from the profile
description with estimates
derived from the relative areas
of EC peaks

Horizon Duration of soil development (td) (ky)

Borchardt (2015) EC peak area
2ABk 11.0a 10.0b

4Btb1 4.0 4.9
5BCtb2 5.0 3.5
6BCtb3 4.0 5.4
Profile to, ka 24.0 23.8
aPedochronological estimates based on available information. All
ages should be considered subject to +50 % variation unless
otherwise indicated (Borchardt 1992)
bPeak areas were calculated by multiplying half the height of the
EC peak (μS/cm) times the width of the base of the peak (cm)
to = date when soil formation or aggradation began, ka
tb = date when soil or strata were buried, ka
td = duration of soil development or aggradation, ky
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