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ABSTRACT counties (Torrent et al., 1980), and in soils formed in late 
The morphologic development of soils on marine terraces is a 

function of terrace age and geomorphic evolution. In this study, inter­
relationships between terrace landscape evolution and pedogenic sil­
ica cementation were investigated. Soil morphology, micromorphol­
ogy, selective dissolution, penetration resistance, and hydraulic 
conductivity were used to determine the nature and extent of the 
cementation and evaluate the effect of cementation on soil properties. 
Soils on the interior part of the terrace (coarse-loamy, mixed, thermic 
Typic Epiaquolls) contain plinthite, continuous throughout the entire 
terrace, cemented to the extent that it is only slowly permeable. A 
seasonally perched water table develops above the plinthite, and water 
seeps out ofsoils at the terrace edges. Some ofthese soils are cemented 
by opaline silica, in both channels and interstitial voids. The silica 
cementation extends inward into the terrace soils only 4 m, but at the 
terrace edge is strong enough to result in block fall as the predominant 
mechanism of scarp retreat. Redoximorphic Fe depletions are promi­
nent in deeper horizons at the edge, but are absent from the interior. 
These depletions are formed through seasonal saturation and Fe re­
duction, by water seeping laterally through preferential flow paths in 
and adjacent to shrinkage cracks above the regolith-bedrock contact. 
Contrasting morphology and chemistry between terrace interior and 
edge both result from, and cause, the interaction of pedogenic pro­
cesses and landscape evolution. Contrasts between interior and edge 
soils suggest that caution is essential in using edge exposures as repre­
sentative of soils under a geomorphic surface. 

I N ARID AND SEMIARID climates, silica cementation in 
some soils results in hard aggregates (durinodes) or 

horizons (duripans) that do not slake in water. In arid 
regions, silica cementation in soils is generally accompa­
nied by calcite (Chadwick et al., 1987; Boettinger and 
Southard, 1990), whereas in semiarid climates, silica ce­
mentation is often associated with Fe oxides (Torrent 
et al., 1980). Duripans are found in very old soils on 
intrusive igneous rocks and the sediments derived from 
them, or in young soils that contain rapidly weathering, 
siliceous volcanic ash (Flach et al., 1969) or siliceous 
loess (Blank and Fosberg, 1991 ). Silcretes are similar 
to duripans in that they are cemented with silica as a 
result of low-temperature, surface or near-surface pro­
cesses, but silcretes also include silica-cemented geo­
logic material, as well as soils (Bates and Jackson, 1984; 
Oilier, 1991 ), and are not associated with either calcite 
or Fe oxides (Oilier, 1991). Once formed, both silcretes 
and duripans influence water movement through rego­
lith (Torrent et al., 1980; Oilier, 1991 ), and ultimately 
affect landscape evolution (Selby, 1982; Oilier, 1991 ). 

On the California coast, duripans have been described 
in soils on marine terraces in San Diego and Orange 
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to mid-Pleistocene coastal sand dunes in Santa Barbara 
County (D.L. Johnson et al., 1988, unpublished data). 
Both of these sites have a semiarid climate. Otherwise, 
most studies of marine terrace soils on the Pacific Coast 
of North America do not mention silica cementation 
(e.g., Orme, 1973; Muhs, 1982; Merritts et al. , 1991; 
Bockheim et al., 1992), but silica cementation was ob­
served in soils at south-facing edges of a dissected ma­
rine terrace on the California coast (Moody and Gra­
ham, 1995). In this study, our objectives were to: (i) 
determine the nature and extent of silica cementation 
in the marine terrace soils, and (ii) measure its effect 
on soil properties. 

MATERIALS AND METHODS 

Study Area 

The study was conducted on a marine terrace approximately 
4 km south of Los Osos, CA, about midway between Los 
Angeles and San Francisco (Fig. 1). The terrace is the third 
oldest in a sequence of four, first mapped in detail by Cleve­
land ( 1978). In the Los Osos area. marine terraces typically 
consist of wave-eroded bedrock platforms in siliceous shale, 
unconformably overlain by strata of littoral sandy and gravelly 
sediment, in turn overlain by interbedded beach and eolian 
sands (Moody and Graham, 1995). The age of the bedrock 
platform of this terrace was estimated at either 420 000 or 
480 000 yr by Moody and Graham ( 1995). and at 480 000 yr 
in a seismic study by the Pacific Gas and Electric Company 
(1988). Overlying sediments are younger than the bedrock 
platform but of undetermined age (Moody and Graham, 
1995). 

Two major drainageways bracket the study area: Islay 
Creek to the south and Hazard Canyon to the north. Islay 
Creek flows from east to west, and is a deeply incised perennial 
stream, dissecting the terraces into the bedrock. Hazard Can­
yon has an east-west trend at upper elevations and a north­
south trend at lower e levations. Hazard Canyon is occupied 
by an intermittent stream in the wet season. Several minor, 
unnamed drainageways dissect the terrace in the area between 
Islay Creek and Hazard Canyon. 

South-facing edges of the terrace remnants typically have 
crescent-shaped scars (Fig. 2), some associated with Quater­
nary landslide deposits (Hall, 1973). Continuously cemented 
soil makes up about 20% of the south-facing edges. Where 
present, the cemented soil gives a square-shouldered shape 
to the scarps. The slopes below the scarps are littered with 
blocks of cemented soil material, from a few centimeters to 
"'1 m in diameter. Thus, terrace dissection is proceeding by 
large- and small-scale mass wasting, as well as by runoff and 
stream downcutting. 

Average annual precipitation is 460 mm yr- 1
, most of which 

occurs in November through April. Average annual tempera­
ture is l5°C (Ernstrom, 1984). Vegetation consists of southern 
coastal scrub species, including California sagebrush (Arteme­
sia californica Less.), coyote bush (Baccharis pilularis DC), 

Abbreviations: Fe,, Al0 • and Si,,. oxalate-extractable Fe. AL and Si: 
Fe, and AI,, dithionite-extractable Fe and AI: SiT. Tiron-extractah\e 
Si: K,,.. saturated hydraulic conductivity. 
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Fig. 2. Marine terrace landscape. Pedon locations are indicated by arrows. View is to the northwest. Deeply incised valley in foreground is the 
course of I slay Creek. 

t 
N 

Francisco 

Fig. 1. Map of California, showing location of study area. 

black sage (Salvia mellifera E. Greene), bush monkeyflower 
(Mimulus aurantiacus Curtis), Morro manzanita (Arcosta­
phylos morroensis Weisl. & B. Schreiber), and poison oak 
(Toxicodendron diversilobum Torrey and A. Gray); grasses, 
including veldt grass (Ehrharta calycina Smith); and forbs. 
Vegetative cover is about 90% at the terrace interior. Vegeta­
tive cover at the cemented edge ranges from about 10 to 90%, 
and is mostly shrubs. 

Field Methods 

The interior and edge pedons described here represent con­
trasting soils under a single geomorphic surface. Investigations 
of this terrace, as part of a larger geomorphic and stratigraphic 
sequence (Moody and Graham, 1995), revealed strongly con­
trasting soil morphological features between terrace interior 
locations and edges. Ten auger borings, equally spaced in a 
transect across the surface oftwo terrace remnants, and several 
small soil pits were used to identify a representative pedon 
at the terrace interior. Total transect length was 400 m. This 
pedon, a coarse-loamy, mixed, thermic Typic Epiaquoll, was 
described and sampled in a hand-excavated pit according to 
standard methods (Soil Conservation Service, 1984; Soil Sur­
vey Division Staff, 1993), and classified using Soil Survey 
Staff (1994). 

The edge exposure was chosen as representative after exam­

ining outcrops exposed at the edges of the terrace. The edge 
exposure chosen faces south, toward Islay Creek (Fig. 2). The 
soil at the terrace edge was described after excavating 0.25 to 
0.5 rn into the cut bank to expose fresh soil material. Augering 
was used to investigate soils near the terrace edge and to 
determine the inward extent of morphological features. Water 
samples were collected from ephemeral springs at terrace toe 
(seaward edge) and edge positions for chemical analysis. 

Saturated hydraulic conductivity was measured in the field 
with a compact constant-head permeameter (Amoozegar, 
1989). The radius of the borehole was 3 em, and a constant 
head of 15 to 20 ern was maintained. Three to five measure­
ments were made within each horizon of interest. The Glover 
equation was used to calculate saturated hydraulic conductiv­
ity (K.. ,) (Amoozegar, 1989). Scheffe's method of analysis of 
variance was used to compare K .. , data between horizons 
(Steel and Torrie, 1980). 

Penetration resistance of soils at and near the terrace edge 
was measured in the field with a Proctor penetrometer (David­
son, 1965) to quantitatively assess the degree of cementation. 
The axis of insertion was vertical. Moisture content was deter­
mined gravimetrically, and matric potential was determined 
by the filter paper method (Campbell and Gee, 1986). 

Laboratory Analyses 

Particle-size analysis followed removal of organic matter 
by H20 2 digestion, chemical dispersion using 10% sodium 
hexametaphosphate, and physical dispersion by mixing for 
5 min in a blender. Sand, silt, and clay were determined by 
sieving and pipette (Gee and Bauder, 1986). 

Selective dissolution techniques were sodium pyrophos­
phate (Bascomb, 1968), acid ammonium oxalate in the dark 
(Jackson et al., 1986), sodium citrate-bicarbonate-dithionite 
(Jackson et al., 1986), and Tiron (Kodama and Ross, 1991) to 
extract Fe, AI, and Si from gently ground, whole soil samples. 
Sodium pyrophosphate extraction was used to approximate 
organically chelated Fe and AI (FeP and Alp)· Values of FeP 
and Alp were subtracted from oxalate-extractable Fe0 and Alo 
to approximate Fe in ferrihydrite and AI in noncrystalline 
aluminosilicates, having made the determination that the soils 
contain no detectable magnetite (Walker, 1983). Oxalate­
extractable Si (Si0 ) estimated Si in noncrystalline alumino 
Silicates (Jackson et al., 1986). Oxalate-extractable Fe and AI 
were subtracted from citrate-bicarbonate--dithionite-extract­
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able Fed and AI.~ to estimate crystalline Fe oxides (Jackson et 
aL 1986). Values of Si., were subtracted from Tiron-extractable 
Si1 to estimate opaline silica (Kodama and Ross. 1991 ). Iron. 
AI, and Si were measured by atomic absorption spectropho­
tometry and were calculated on a dry-weight basis. Water 
samples were analyzed for Si by inductively coupled plasma 
spectroscopy after filtration through 45-f.Lm filters . 

Micromorphology of selected pedogenic features was de­
scribed in thin sections of undisturbed samples. using polarized 
light microscopy. Descriptive terminology follows Brewer 
(1976) . 

RESULTS AND DISCUSSION 

Soil Morphology, Micromorphology, 
and Selective Dissolution 

Both soils in this study have plinthite, consisting of 
closely spaced, strongly cemented nodules in a non­
cemented matrix (Btv horizons, Table I). Nodules at 
the interior contain high levels of all forms of extractable 
Fe, especially ferrihydrite and crystalline Fe oxides, and 
high levels of Alo and Sio compared with the matrix 
(Table 2). Thus, the nodules appear to be cemented 
predominantly by Fe oxides with some allophanic mate­
rial. The Btv horizon is continuous throughout the ter­
race, and allows correlation of horizons at the terrace 

Table l. Selected morphological features of interior and edge pedons. 

interior with those at the edge. The Btv is exposed at 
the south-facing landslide scar but is covered by collu­
vium at the west- and north-facing edges. 

Otherwise. soil morphology at the terrace interior is 
strikingly different from that at the terrace edge. The 
interior pedon consists of Ac horizons to 55-cm depth, 
underlain by a Bwc horizon, all of which have sandy 
loam textures (Table 1 ). The Ac and Bwc horizons con­
tain up to 25% (by weight) ironstone nodules. There is 
a slight clay bulge above the Btvl, although not taxo­
nomically recognizable (Soil Survey Staff, 1994 ). Ferri­
argillans coat and bridge sand grains in the Bwc horizon. 
and indicate that some illuviation of clay has occurred 
(Table I). The Btv horizons extend from immediately 
below the Bwc to the 155-cm depth. Examination of 
thin sections of the nodules reveals that they contain 
more clay. organized into ferriargillans with strong con­
tinuous orientation, filling interstitial voids, than the 
matrix, but particle-size analysis was not performed on 
these nodules due to their cementation. 

Below the Btv2 horizon, the soil (loamy fine sand 
texture) contains numerous, 1-cm-diameter round mot­
tles , to the 182-cm depth. These mottles resemble the 
nodules in shape and size, but are soft to slightly hard, 
in contrast to the very to extremely hard nodules. This 

USDA 
textural Redox 

Horizon Depth Moist color Sand Silt Clay dasst Structure::: Clay films features 

em -­ % (w/w) - -

Interior pedon (coarse-loamy, mixed, thermic Typic Epiaqnoll) 

Acl 0-29 2.5Y 3/2 71.6 21.3 7.1 sl lfsbk 0 Fe concretions 
Ac2 29-40 2.5Y 3/2 71.4 19.0 9.6 sl tfshk 0 Fe concretions 
Ac3 40--55 2.5Y 3/3 70.2 22.7 7.1 sl lmsbk 0 Fe concretions 

Coating and bridging 
Bwc 55--90 2.5Y 5/2 74.6 23.0 5.3 sl rna sand grains Fe concretions 
Btvl 90-132 ms Fe nodules 

matrix 2.5Y 5/2 74.6 18.9 6.4 sl Lining pores 
nodules 10YR 5/6 nd* nd nd nd Lining pores 

Btv2 132-155 ms Fe nodules 
matrix 10YR 5/3 76.0 16.8 7.2 sl Lining pores 
nodules 10YR 5/6 nd nd nd nd Lining pores 

Btl 155-182 ms Fe concentrations 
matrix IOYR 5/6 81.0 14.6 4.4 lfs Lining pores 
concentrations lOYR 4/6 nd nd nd nd Lining pores 

Bt2 182-235 IOYR 5/6 81.0 12.5 6.4 lfs rna Lining pores 0 
Bt3 235-271 lOYR 5/6 81.8 10.3 7.9 lfs nd nd 0 

Edge pedon 

Ac 0--30 2.5Y 3/2 72.0 20.0 8.0 sl u:~bk 0 Fe concretions 
Btqm 30--46 10YR 312 72.4 18.2 9.4 sl lmpl, npper Between peds Fe concretions 

3 em~ over 
lcoabk 

Btv 46-89 1cosbk Fe nodules 
matrix 2.5Y 4/0 67.7 16.3 16.0 sl Lining pores 
concentrations IOYR 4/6 nd nd nd nd Lining pores 

Bt/Btg1 119-190 2cosbk Fe depletions 
matrix 10YR 4/6 72.3 8.2 19.6 sl Lining pores 
seams 10YR 5/1 67.8 10.4 21.9 sci Between peds 

Bt/Btg2 190-223 3copr Fe depletions 
matrix 10YR 4/6 78.1 5.9 16.0 sl Lining pores 
seams IIIYR 611 76.9 5.9 17.3 sl Between peds 

Bt/Btg3 223--300 3copr Fe depletions 
matrix 2.5Y 4/4 82.5 1.3 16.1 sl Lining pores 
seams lOYR 6/1 nd nd nd nd Between peds 

Bt/Btg4 300--360 3copr Fe depletions 
matrix IOYR 5/4 81.2 2.1 16.7 sl Lining pores 
seams 10YR 6/1 72.5 0.7 26.8 sd Between peds 

i' sl, sandy loam; lfs, loamy fine sand; sd, sandy day loam. 
+lfsbk, weak fine subangular blocky; 1msbk, weak medium snbangular blocky; ma, massive; 1mpl, weak medium platy; 1coabk, weak coarse angular 

blocky; I cosbk, weak coarse subangular blocky; 2cosbk, moderate coarse snbangular blocky; 3copr, strong coarse prismatic. 
§ nd, not determined. 
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Table 2. Selective dissolution data for interior and edge pedons. 

Horizon Depth Fe, Feu- FeP Fe,- Fe., AI, AI.,- AI, AI,- AI., Si., Sh- Sin 

em g kg-1 

Interior pedon 

Act 0-29 0.55 0 3.45 0.80 0 0.20 0.22 3.87 
Ac2 29-40 0.41 0.04 3.36 0.45 0.09 0.39 0.14 3.13 
Ac3 40-55 0.37 0.07 2.67 0.53 0 0.36 0.11 0.17 
Bwc 55-90 0.24 0.02 1.65 0.08 0.13 0.29 0.12 0 
Btv1, Btv2 90-155 

(nodules) 0.42 2.73 12.18 1.39 3.92 0 2.35 1.84 
(matrix) 0.22 0.24 2.76 0.33 0.25 0.24 0.09 0.36 

Btl 155-192 0.06 0.09 5.81 0.19 0.30 0.98 0.18 1.06 
Bt2 192-235 0.02 0.11 3.70 0.03 0.23 0.79 0.16 0.18 
Bt3 235-271 0.03 0.13 5.34 0.05 0.05 0.1!4 0.21 1.50 

Edge pedon 

Ac 0-30 0.26 0.36 3.67 0.30 0.23 0.18 0.08 0.91 
Btqm 30-46 0.19 0.11 3.89 0.18 0.11 0.63 0.08 35.68 
Btv 46-89 

(matrix) ndt nd nd nd nd nd nd nd 
(nodules) 0.41 0.36 11.74 0.09 0.28 1.84 0.11 17.31 

Bt/Btg1 89-190 
(matrix) 0.14 0.33 24.09 0.02 0.24 1.20 0.13 22.18 
(seams) 0.03 0.09 11.81 0.14 0.14 0 0.03 39.68 

Bt/Btg2 190-223 
(matrix) 0.06 0.14 11.20 0.05 0.11 0.83 0.07 6.38 
(seams) 0.02 0.05 0.47 0.11 0.06 0.51 0.05 13.36 

Bt/Btg3 223--300 
(matrix) 0.09 0.18 6.74 0.06 0.15 0.10 0.07 13.18 

Bt/Btg4 300-360 
(matrix) 0.05 0.25 6.74 0.15 0.06 0.23 0.10 14.71 
(seams) 0.01 0.08 0.60 0.09 0.20 0.35 0.10 21.67 

t nd, not determined. 

horizon is underlain by uniformly yellowish brown 
(lOYR 5/6, moist) loamy fine sand, with thin ferriargil­
lans lining interstitial voids, to >270-cm depth (Table 
1). Ferriargillans line, and sometimes fill, simple packing 
voids in these horizons. This evidence of illuviation of 
clays and Fe oxides prompted us to name these Bt hori­
zons in spite of a lack of clay increase relative to overly­
ing horizons (Table l). 

The contrasting terrace edge pedon consists of 30 em 
of Ac horizon with sandy loam texture. The Ac horizon 
is underlain by a Btqm horizon to the 46-cm depth 
(Table 1). The Btqm has been exposed to the surface 
by erosion of the overlying A horizon along part of the 
edge. Clods from the Btqm horizon did not slake after 
soaking in water or 1 M HCl for >24 h. The horizon 
has thick (up to 1 em) argillans, poorly oriented in thin 
section. Silica in this horizon takes two forms: thick (up 
to 0.5 em) white to light gray (lOYR 8/1 to lOYR 7/2, 
moist) silans filling root channels and fractures, and 
often associated with argillans; and gray (lOYR 3/2, 
moist) silans, filling simple packing voids. In thin section, 
these interstitial silans have high relief in plane polarized 
light, and are isotropic under crossed polarizers (Fig. 
3). The channel and fracture silans are also isotropic 
under crossed polarizers. These optical properties, plus 
selective dissolution data, suggest the cement is opal. 

Below the 89-cm depth, several Bt/Btg horizons have 
a yellowish brown (lOYR 4/6 or 5/4, or 2.5YR 4/4, moist) 
matrix (Bt), with common, prominent, vertical gray 
(10YR 5/1 to 6/1, moist) seams (Btg), about 15 to 25 
em apart (Table 1). The gray seams occur as haloes at 
ped faces, outlining polygonal prisms in plan view. Their 
color suggests they are Fe depleted compared with the 
matrix. Selective dissolution data confirm this, in that 

both Feo and Fed values are at least an order of magni­
tude less in the seams than in the matrix (Table 2). 
Though Fe depleted, the gray seams are not clay de­
pleted. Simple packing voids within the seams are nearly 
filled with argillans, and soil material from the seams 
contains at least as much clay as the matrix (Table 1). 
Furthermore, the cracks between the prisms are par­
tially filled with thick (up to 1 em) argillans. Overall, 
horizons below the Btv at the terrace edge have more 
clay than horizons from equivalent depths of the terrace 
interior (Table 1 ). 

Values of Fed in horizons above the Btv horizon are 
within the same order of magnitude in both interior 
and edge pedons (Table 2). Below the Btv horizon, Feu 
values are slightly to substantially higher in the matrices 
of the Bt/Btg horizons at the edge than at the interior. 
Since clay contents of these horizons are also higher at 
the edge than the interior (Table 1), Fe oxides may have 
been concentrated at the edge along with clays, possibly 
by lateral illuviation in response to edgeward subsurface 
flow as terrace dissection proceeded (Moody and Gra­
ham, 1994, 1995). Values of Alo and Aid were about the 
same in the interior and edge profiles (Table 2). 

Opal contents (SiT - Sio) are higher throughout most 
of the edge pedon than in the interior pedon, especially 
in the gray seams (Table 2). Petrographic examination 
showed that, in the gray seams, simple packing voids 
are nearly to completely filled with well-oriented clay 
material. The opal cannot be seen in thin section and 
is apparently dispersed within the clay material. 

Silica Cementation 

As discussed above, microscopic examination of thin 
sections and SiT - Sio data showed the cementing mate­
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Fig. 3. Photomicrographs of silica-cemented Btqm horizon, edge pedon, showing opaline silica cement (0), void (v), and sand grains consisting 
of quartz (Q) and chert (C). Views are in plane polarized light on left, crossed polarizers on right. 

rial in the Btqm horizon at the terrace edge to be opaline 
silica. The opal contains entrained silt-sized and smaller 
particles and fills simple packing voids in the s-matrix. 
It has no discernible orientation in microscopic view, 
in contrast with most duripans (Torrent et al., 1980; 
Chadwick et al., 1987; Boettinger and Southard, 1990). 
The silica-cemented Btqm horizon lacks a clear laminar 
cap, and exhibits only weak and discontinuous platy 
structure over angular blocky fragments separated by 
fractures (Table 1). In addition, the cemented soil mate­
rial lacks reniform surfaces associated with at least some 
silcretes (Ollier, 1991). For these reasons, the silica­
cemented Btqm horizon is not, and should not be identi­
fied as, a duripan. 

The silica-cement zone extends back into the terrace 

to about 4 m from the edge. Penetration resistance, used 
as a relative measure of cementation, is by far highest 
at the edge, and declines sharply inward (Table 3). Pet­
rographic examination of thin sections showed that cor­
respondingly less of the interstitial pore space is filled 
with opaline cement, from the terrace edge inward. In 
weakly cemented soil material, the opal coats and brid­
ges sand grains. In moderately cemented material, the 
opal partially fills packing voids, and is especially thick 
in pore throats at sand grain contacts (Fig. 3). In strongly 
cemented soil material, packing voids are filled with 
opal. Opaline Si declines and allophanic Si increases 
slightly inward from the edge (Table 3). 

Water collected from ephemeral springs at terrace 
edge positions in the study area contained 7.8 to 19.1 

Table 3. Extractable Si, penetration resistance, and moisture content and potential within the silica-cemented horizon in a transect from 
the terrace edge toward the interior. 

Distance 
from silica· 
cemented Sampling Penetration Matric 
edge Horizon depth Si. Sir- Si, resistance potentlalt 

m em g kg- 1 kg em­ ' J kg-1 
0 Btqm 0-9 0.08 35.68 > U23 - 2700 
3.3 Btqm 25-35 nM nd 792 - 2200 
4.9 Btq 45- 55 0.22 27.39 171 - 2000 
6.4 Btq 65-75 0.27 12.85 86 - 2300 
8.4 Btq 70-75 0.43 9.80 145 - 2000 
10.4 Bwc 75-80 0.52 6.39 122 - 2000 

t Values at time of sampling for penetration resistance. 
:j: nd, not determined. 
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mg L - I Si. These waters are not supersaturat~d.with Si? 
but upon drying at the terrace edge, the activit~ of S1 
in solution as Si(OH)4increases sufficiently for SI(OH)4 
polymerization. Further drying and dehydration ?f the 
polymers results in formation of opal (Chadwick et 
al., 1987). 

Somewhat analogous silica cementation has been de­
scribed in sandstones by Thiry et al. (1988). Silica­
cemented lenses in the sandstones have resulted from 
lateral groundwater flow and discharge in a dissected 
landscape. These researchers suggest that each lens rep­
resents a fossil groundwater discharge site at the bank 
of an incised channel. Successively lower silica lenses 
reflect a drop in water table with deepening incision of 
the landscape. Groundwater from this aquifer contains 
10 to 18 mg L -I Si, similar to the Si content of the 
ephemeral springs sampled in this study. 

Hydraulic Conductivity 
At the terrace interior, K,1 is significantly lower in 

the Btv horizon than in the Bwc horizon (P = 0.05; 
Table 4). The Btv horizon, slowly permeab~e to w~ter, 
is thus verified to be restrictive, though not Impervious, 
to downward infiltration. Ordinarily, in sandy soils, Si 
may be expected to leach out of surface ~orizons into 
deep horizons or entirely out of the profile. How~ver, 
at the terrace interior described here, the B tv horiZon 
forins a pan that effectively prevents downward !~ach­
ing. Throughflow carries Si-bearing waters to exfiltra~ 
tion sites, and drying at the terrace edge enables the SI 
to precipitate in the soil. 

The K .. 1 of the Bt/Btg1 matrix at the terrace edge was 
substantially lower than that of the Fe-depleted seams 
separating prisms within the same horizon. Observati~n 
of springs at the terrace edge revealed th~t ~ater exfd­
trates preferentially from macropores withm the gray 
seams. Vepraskas (1992) has shown that saturated and 
reducing conditions in soil contiguous to macropores 
contributes to the formation of Fe-depleted, gray 
mottles. 

The K ,.1 in the Btqm horizon at the terrace ed~e is 
significantly lower (P = 0.05) than in the Bwc honzon 
>10m from the edge (Table 4). These data show th~t 
water movement through soil at the terrace edge ts 
restricted as silica cement fills pore space. 

Table 4. Saturated hydraulic conductivity (K,.1) values for se­
lected horizons at terrace interior and edge. 

Depth Horizon K,., 
em em b- 1 

Terrace interior 

85 8wc (nt = 3) 7.7a:j: 
100 8tv1 (n = 3) 0.5b 

Terrace edge 

35 8tqm (n = 4) O.lb 
120 81/Btgl, matrix (n = 3) 0.1b 
120 81/Btgl, gray Fe·depleted seams 3.1 

(n = 2)§ 

t n, sample size. 
:j: Numbers followed by the same letter are not significantly different at 

p = 0.05. 
§ Significance not tested because of small sample size. 

Redoximorphic Processes 
Daniels and Gamble (1967) found a range of morpho­

logical properties, which they c~lled edge effect, ~t the 
dissected edge of a Coastal Plam surface. Redoximor­
phic depletions and concentrations were less prevalent 
where edge conditions were dry than at "wet edges" 
adjacent to depressions where water accumulated. I~ 
this study, redoximorphic depletions below the B tv hon­
zon are more intense at the edge than at the terrace 
interior. The deep part of the edge pedon is analogous 
to the wet edge of Daniels and Gamble (1967), in con­
trast to the upper part of the profile, in which dry condi­
tions allow opaline silica cementation. 

The marine terrace described here has evolved to a 
stage in which stream incision is deep and the terrace 
is highly dissected. Because of the seaward slope of the 
bedrock platform of the terrace, the change in fl~w 
patterns induced by dissection, and the water potential 
gradient induced by evaporation of water from the ter­
race edge, subsurface water moves toward the terrace 
edge by both saturated and unsaturated flow. Near the 
terrace edge, cracks form as the soil dries and shrinks 
during dry summer months. These cracks become pr~f­
erential flow paths within a soil matrix . otherwt_se 
plugged with illuvial clay. Because the sod mate~Ial 
bounding the cracks is seasonally saturated, reduction 
and solubilization of Fe has occurred. 

Implications for Landscape Evolution 

Early in emergent terrace history, water mov~s fre~ly 
through the sandy soil s-matrix in a seaward duechon 
(Moody and Graham, 1994). Dissection of terrace sedi­
ments by streams and gullies alters the direction of water 
movement within the regolith, while pore spaces are 
progressively filled with clay-sized material (~oody a~d 
Graham, 1995). At the stage ofterrace evolutiOn consid­
ered in this study, soil morphological features affect 
the paths and direction of throughflow, and also affect 
landscape evolution. Opaline silica has cemented th~ 
soil at the terrace edge. Unlike the noncemented soil 
above and below it, silica-cemented soil resists erosion 
by particle detachment and transport in . runoff. Mass 
wasting by blockfall of silica-cemented sml has become 
an important process in terrace dissection. Scarp retreat 
at the terrace edge may occur as alternating episodes of 
cementation and blockfall. During periods of saturation 
above the plinthite, effective cohesion between ce­
mented blocks declines as macropores fill with water. 
Thus, shear strength between blocks is nil, and blockfall 
occurs due to gravity force on the blocks. Although the 
silica-cemented edge is not a dominant feature in terms 
of areal extent on this terrace remnant, it has a substan­
tial effect on the morphology of the scarp. 

Soil exposures at dissected edges of many landforms 
are commonly used for soil descriptions in pedologic 
and geologic research, teaching, and resou~ce assess­
ment. The results of this study suggest cautiOn should 
be used with this approach. The use of edge exposures 
in soil studies must be preceded by understanding how 
land dissection affects water movement and the interre­
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lationships of soil morphology, hydrology, and geomor­
phology. Edge exposures may not be typical of the soils 
under a geomorphic surface, though they may give valu­
able insight about geomorphic and pedogenic processes. 
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