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Executive Summary 
 

The overall goal of this project was to develop a detailed data set of soil morphological, physical, 
chemical and rooting depth properties of natural forested wetlands in the Piedmont Triassic 
region of Northern Virginia and to relate these properties to the soils’ measured hydroperiod over 
multiple seasons.  Our related objective was to evaluate these wetland soil properties relative to 
earlier guidance (2004) we had developed for wetland soil reconstruction protocols. The three 
sites selected for study reflected the larger extent of northern Virginia Piedmont Triassic 
wetlands with two sites (Bull Run and Cedar Run 4; Bowmansville/Rowland soils) formed in 
alluvium derived from “red parent materials” and a third (Camp Snyder; Waxpool soils) 
weathered from diabase. Only one of the six profiles observed in the two floodplain landscapes 
met Hydric Soil Indicator (HSI) criteria, but all profiles met jurisdictional hydrology criteria, 
reinforcing the well-known issues with application of HSI’s to these Triassic soil systems. All 
diabase derived soils met the F3 HSI criteria.  

The overall hydroperiod magnitude of the floodplain soils was approximately 35 to 50 cm, but 
did vary substantially within a given site, and to a more limited extent between the two 
monitoring years (2012 vs. 2013). The annual hydroperiod of soils at the diabase site was less 
(~30 cm) and much more uniform spatially and between years. All soils clearly expressed 
perching (epiaquic conditions) of a near-surface water table above more massive shrink-swell 
layers at depth. The overall magnitude of the hydroperiod in the created wetland soils at Cedar 
Run 3 was similar to that of the natural forested wetland nearby at Cedar Run 4.  However, the 
created wetland ponded deeper and remained ponded for a much longer annual extent.  

The forested wetland soils observed here generally contained less than 5% organic matter (OM) 
in their upper 10 cm, but frequently contained 1% OM or more to > 50 cm. The natural wetland 
soils observed here were much lower in bulk density and contained much stronger and well-
developed structure (aggregation) with depth than created wetland soils at Cedar Run 3 and 
others observed in our previous studies.  Overall rooting depth clearly corresponded with the 
overall hydroperiod in these soils. Taken together, these results support ripping/loosening surface 
soils to a depth of 35 to 50 cm and adding a moderate amount of organic amendments. However, 
for a variety of reasons, we do not believe that the “5% OM target” is realistic.  Therefore, we 
suggest that when native OM rich topsoils cannot be salvaged and reutilized, more moderate soil 
initial OM targets (e.g. 2 to 3%) are appropriate if the appropriate hydroperiod can be restored to 
maintain sufficient seasonal wetness in surface soil layers. 
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Background and Previous Studies 
 

Previous research on wetland creation in Virginia has indicated that “mitigation success” is 
frequently limited by inappropriate hydrology, soil compaction/rooting limitations, low levels of 
soil organic matter, and an overall associated lack of appropriate redox conditions (Bruland et 
al., 2009; Daniels et al., 2005; Stolt et al., 1998, 2000; Whittecar and Daniels, 1999).  Where 
possible, most of these studies made comparisons between the soil-hydrologic properties of 
created wetlands and nearby minimally disturbed natural wetlands of the same vegetation type 
specified for compensatory replacement.  However, these studies were focused primarily on soil 
and vegetation, while hydrologic interpretations were generally inferred via presence of 
hydrologic indicators (e.g. USCOE, 2012) and further informed by interpretation of  local 
hydrogeomorphic setting  (HGM; Brinson, 1993) and/or Hydric Soil Indicators (HSI; NRCS, 
2016).  For a variety of reasons, very few detailed multi-year data sets on the actual water level 
(hydroperiod) dynamics of either natural or created wetland systems in the region are available, 
particularly for the Piedmont. This primarily results from the fact that wetland impact 
compensation permits generally only require water level monitoring during the critical winter to 
late spring period to establish jurisdictional hydrology. Year-round monitoring is expensive in 
terms of both equipment and labor/logistics. Furthermore, since the typical mandated monitoring 
well (Sprecher, 2008) is only installed to 45 cm (18”), data on the actual total depth of water 
table drawdown and local vertical gradients are generally not available.  
 
The origin of the definition for the “wetland soil hydroperiod” is difficult to trace even though its 
path of development is clear. Early publications (e.g. Cowardin et al., 1979; Novitski, 1979; 
Reppert et al., 1979) clearly discuss the overall importance of “wetland hydrology” and relate it 
to differences in landscape position and water budget drivers, but these authors did not directly 
use the term “hydroperiod”.  Later, Brinson (1993) drew upon their work and introduced the 
HGM concept and associated classification system, but he used the term “hydrograph” to express 
or chart water level x temporal relationships.  The term was first defined in press by Mitsch & 
Gosselink (1986) as “the seasonal pattern of the water level in a wetland” and appears to have 
been in common use since the early to mid-1990s.   
 
The seminal early studies cited above clearly established the essential interlinkage between 
landforms, water budget drivers, hydroperiod and vegetation type differentiation for wetland 
systems.  In general, they point out that forested wetlands occur in areas where the hydroperiod 
varies sufficiently in most years to allow for the surface layers to dry sufficiently for (a) seedling 
germination and establishment and (b) to provide adequate rooting depth over time for 
mechanical support. Wetland systems that stay saturated or ponded for more extended periods of 
time and do not experience extensive annual hydroperiods generally support shrub/scrub and 
herbaceous systems (Cowardin et al., 1979).  Created compensation wetland permit designs are 
typically predicated on type-for-type replacement, which presumably requires permittees to 
produce a similar wetland hydroperiod to replicate that of the natural wetlands disturbed. 
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However, inappropriate post-creation hydroperiods have been frequently cited (NRC, 2001) as a 
major contributing factor to lower than desired compensation outcomes with many sites actually 
becoming “too wet” for their intended vegetation community rather than “too dry” (Whittecar 
and Daniels, 1999).  More recent long-term analysis of the hydrology of created and natural 
wetlands in central Pennsylvania (Cole, 2016) also reinforces a range of earlier regional studies 
that reported created wetlands were typically saturated or ponded for longer durations during the 
growing season than natural wetlands with similar HGM settings.  
 
While some detailed information is available on the hydroperiod of regional Coastal Plain 
forested wetlands (e.g. Daniels et al., 1971; Genthner et al., 1998; Richardson, 2003), we have 
very little information available on what the detailed annual hydroperiod of naturally occurring 
forested wetlands in the Piedmont is, particularly in the heavily developed and impacted 
Culpeper Basin of northern Virginia.  For example, we do not know the extent of epiaquic 
(perching) vs. endoaquic soils (unconfined water table) in these wetlands and we only have 
limited knowledge of the length and duration of surface ponded vs. subsurface saturated 
conditions during the entire year.   
 
As a result of the combined studies cited earlier, we collaborated with Virginia Department of 
Environmental Quality (DEQ) and the Norfolk District-U.S. Army Corps of Engineers (USCOE) 
to develop and implement wetland site/soil reconstruction procedures (USCOE, 2004) to 
minimize and overcome many of their previously observed limitations.  As a part of these 
recommendations, we specified an assumed effective rooting depth requirement of at least 12 to 
18” (e.g. 30 to 50 cm of non-root limiting conditions) and a minimum target soil organic matter 
(OM) content of 5% (e.g. 50 T/Ac or 112 Mg/ha as humus to 15 cm) after site equilibration and 
stabilization.  Admittedly, these recommendations were based upon a limited number (< 15) of 
detailed study sites and paired natural site comparisons and a number of consultants posed 
concerns over the cost and practicality of heavy OM amendment. Furthermore, the “real 
necessity and practicality” of ripping and loosening compacted subsoils has been questioned by 
many wetland designers and consultants.  It is also  important to point out that the majority of 
created wetland sites that have been studied to date in Virginia have been in the Coastal Plain 
and only limited studies (3-4) have been made of Piedmont sites where such extensive areas (> 
1000 ha) of created wetlands exist, particularly in the northern Virginia Piedmont.  
 
Thus, the major goal of this research project was to gather fundamental multi-year data on the 
hydroperiod, soil morphological, chemical/physical, rooting, and organic matter properties of a 
range of relatively undisturbed forested wetlands in the Northern Virginia Triassic region.  This 
would presumably allow us to evaluate whether or not the soil reconstruction protocols described 
above were specified appropriately.  
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Fortunately, several parallel research programs were previously funded (by the Piedmont 
Wetlands Research Program) in and around the Cedar Run 3 site in Prince William County on 
wetlands created from cut and manipulated Triassic/Piedmont soils.  As a part of those studies, 
we were also able to gather comparative data on the overall water budget, seasonal hydroperiod, 
and differences in soil properties vs. well response parameters within that created wetland.  In 
this report, we compare these combined data sets along with those from our other related 
regional studies to compare and contrast the fundamental properties of natural forested wetland 
soils with those of wetland creation sites in similar landscapes. Based upon these findings, we 
make suggestions for improving created wetland design to better replicate undisturbed site 
conditions and therefore presumably improve long-term type-for-type compensatory mitigation.  
  
Principal Study Objectives  
 
1. Determine the detailed hydroperiod (soil wetness regime) of three natural forested wetlands in 
the Virginia Piedmont (Culpeper Triassic Basin) in comparison with the Cedar Run 3 mitigation 
bank site. 
 
2. Evaluate the spatial and year-to-year variability of hydric soil wetness and associated soil 
morphology, chemical and physical properties within these Piedmont landscapes. 
 
3. Characterize the distribution and depth of rooting. 
 
4. Determine the detailed depth distribution of organic matter. 
 
 
Experimental Procedures/Methodologies  
 
Working with Wetland Studies and Solutions Inc. (WSSI) staff and other consulting wetland 
delineators and soil scientists, we located three natural wetlands in the region around the Cedar 
Run 3 created wetland. These sites were narrowed down from an original site list of 10-12. 
Collectively, we determined these to be typical of jurisdictional wetland impact sites in the 
region, particularly with respect to soils, vegetation and hydrologic properties. Before site 
visitations, we also confirmed map soil types and overall geomorphic settings, vegetation, etc., 
with local experts (e.g. WSSI staff and Doug DeBerry of William & Mary).  At each site, we 
first observed a number of preliminary soil profiles from auger borings along with observations 
of soil micro-topography, surface drainage/ hydrology features and vegetation.  
 
Following preliminary site investigations, we selected three locations that we judged to best 
represent the range of site/soil/vegetation properties for more intensive study.  Detailed soil 
descriptions were made from 10 cm diameter auger borings at each location to ~120 cm or auger 
refusal.  One of these locations was chosen as “typical” of the three and a soil pit was excavated 
by hand and described again in greater detail. Rooting abundance was determined from both the 
auger and soil pit profiles.  Bulk soil samples were taken from each delineated horizon in the soil 
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pit and a second set of bulk samples was taken in 10 cm increments throughout each of the three 
profile to 110 cm.  Bulk density samples were taken with an intact core ring sampler at depths of 
-10 and -50 cm from each soil pit (n = 3 per depth) and from the same depths from three previous 
research locations at the Cedar Run 3 created wetland site (Troyer, 2013). Soil samples were 
analyzed for texture by combined sieving and pipette analysis, 1:1 water:soil pH, total C and N 
with an Elementar furnace with an IR detector, and for Mehlich I dilute double-acid extractable  
nutrients, Fe and Mn.   
 

 
Figure 1. Location of three natural wetland study sites in the northern Virginia Triassic Basin 
region. Detailed site maps for each location appear in the results section.  
 
At each site (wetland) we installed three replications each of a standard USCOE monitoring well 
(Sprecher, 2008) along with one set of nested piezometers.  At each of the three sites, two 
piezometers were placed at two additional depths per nest depending on soil morphology.  The 
preliminary plan was to install these piezometers with 15 to 30 cm of open screen immediately 
above depths of – 100 and – 150 cm.  However, as discussed later in results, these depths were 
adjusted somewhat at each site based upon observed soil morphology to avoid having the open-
screened increment clearly bridging two strongly dissimilar soil layers. The boring annulus 
around the well and piezometer screen increments was filled with filter-pack sand while the 
sections above the open screens were sealed with bentonite.  All wells and piezometers were 
installed into 10 cm diameter auger borings where the sidewalls were scraped/abraded with a 
wire device to ameliorate “smearing effects”.  Water level sensors (capacitance type) and 
associated data loggers (Odysseytm ;  http://www.odysseydatarecording.com/) were used to 
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record the data on an hourly timestep.  The sites were visited monthly to download data and 
inspect the wells.  Bentonite surface seals were replenished as/when needed.  

 
Bull Run Study Site Results 

 

Overview of Site and Soil Conditions 
 

This site is located on the floodplain of Cub Run in Bull Run Regional Park in Centreville, VA.  
Cub Run flows into Bull Run just below the site, which is a 33 mile (53 km) long tributary of the 
Potomac River. Its drainage area includes the Culpepper Triassic basin where this site is located. 
Five automated monitoring wells with three in a nested configuration were located within the 
10A soil map unit shown in Figure 2.  The stream cuts through soils mapped as unit 89A 
(Rowland soils) which were not sampled.  

 
The dominant soils of the Bull Run Site most closely resemble the mapped Bowmansville Soil 
Series (Fine-loamy, mixed, active, nonacid, mesic Fluventic Endoaquepts). Bowmansville is a 
hydric soil and is the dominant component of map unit 10A. They occur on nearly level 
floodplains formed in alluvial deposits derived from transported formerly upland soil materials 
weathered from red and brown shale and or from dolerite or basalt. They are very deep, poorly 
and somewhat poorly drained. According to the official series description, common iron 
depletions should occur within 7 cm of the soil surface.  However, the pedons described at this 
site were finer textured in their subsoils than the NRCS typifying pedon for Bowmansville (from 
PA) and also contained evidence of prominent shrink-swell (slickensides) in their deeper 
subsoils. As described in more detail below, there is a mantle of more recent material 
(presumably due to accelerated erosion) overlying older and much more developed and 
weathered floodplain deposits. Several preliminary local boreholes revealed weakly expressed 
buried A horizons.  In cases where the recent material occurred directly over a 2Eg horizon, the 
original buried A layer had presumably been scoured away by flood action. The deeper layer of 
older and much more weathered alluvium contained finer (clayey) materials and had a prominent 
color change from the overlying recent deposits.  

  
Thus, recent dark brown silty floodplain deposits at this site had buried the surface of a former 
hydric soil.  Based upon water level data discussed later, the wetness regime that created the 
original hydric soil morphology in the older alluvial deposits was still intact. The Bowmansville 
soils at this site fit the somewhat poorly drained NRCS drainage class, based upon the lack of a 
gleyed horizon immediately underneath the A horizon.  The surface layers did show evidence of 
soil saturation in the form of iron depletions and some concentrations, but did not reflect the 
prolonged duration of saturation these upper layers exhibited via the monitoring well data. As 
such, these soils did not meet the requirements for NRCS Hydric Soils Field Indicator F19, 
Piedmont Flood Plain Soils. The F19 indictor requires a layer 15 cm or thicker within 25 cm of 
the soil surface on an active floodplain to contain a matrix color of less than chroma 4 and 20% 
or more distinct or prominent redox concentrations. The soils at Bull Run did have chroma 4 
matrix colors within the required depth, but only 2-5% abundance of redox concentrations. The 
soil at location 1 did meet the F3 (Depleted Matrix) requirements, but the other two locations did 
not meet other indicator requirements. The most likely explanation for this is (a) the young age 
of the recent alluvium and presumed loss of original hydric soil materials, and (b) the presence of 
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significant levels of labile manganese (Mn) as discussed later which can inhibit reduction of iron 
(Fe) as discussed later.  

 
Overall, there was also evidence of a hydraulically restrictive layer occurring over the entire site 
which would promote seasonal perching of shallow groundwater above the higher clay subsoil 
interface. This was noted in the field by the presence of a deeper than usual 2Eg horizons in all 
three profiles which was presumably associated with seasonal perching of a saturated zone depth 
range (65-80 cm) and associated periodic lateral flows of seepage waters. There were also 
distinct moisture differences noted in all profiles on the dates sampled (October 2013). The 
upper layers were moist while the lower layers were dry. This apparent perching behavior was 
actually observed in the field as well. During periods where free water was present, the ped 
interiors of suspected perching layers remained dry. Common rooting was observed in all three 
soils to a depth of 30 to 40 cm, but appeared to be consistently limited by the discontinuity (e.g. 
recent alluvial mantle over 2Eg) at depth.  
 
Related soils in the area include the Rowland and Knauers Soil Series (see Figs. 3 and 4).  The 
moderate to somewhat poorly drained Rowland soils occur closer to the river (mapping unit 
89A). The soils and vegetation indicate drier conditions closer to the stream on natural levees. 
The poorly drained Knauers soils are found in the slightly concave ponded portions and 
backswamp areas of the floodplain. Silt stains and thin layers of mucky loam were occasionally 
observed in these soils. However, we note that Knauers soils were not mapped and correlated in 
this county. Detailed profile descriptions of the pedons appear on the following pages along with 
photographs (Figs. 5 to 10) of some of the more distinctive soil features noted at this site. 
Perhaps most importantly, the A and upper Btg horizons of these soils contained very well-
developed granular and subangular blocky structure which was readily observable (see Fig. 10) 
from both auger and soil pit excavations.  
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Figure 2.  Site map of Bull Run study locations with NRCS soil map overlay.  Standard USCOE 
monitoring wells (50 cm) were installed at all three locations and additional piezometers (100 and 
150 cm) were installed at location 2. The detailed soil pit was described at location 3.  
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Figure 3.  Landscape photo of ponded Knauers Soils.  Bowmansville soils are in the foreground.   
 

 
 
Figure 4.  Typical landscape containing Bowmansville Soils.   
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Bull Run 1 – Auger Boring next to monitoring well; October 16, 2013 - Described by EDS 
  
Oi – 0 to 1 cm, partially decomposed leaves and twigs 
 
A – 1 to 7 cm, Brown (10YR 5/3) silt loam; few fine faint yellowish brown (10YR 5/6) redox 

concentrations as pore linings (1%); moderate medium granular structure; very friable; 
many medium and coarse roots; moist. 

 
Bw – 7 to 17 cm, Dark brown (7.5YR 4/4) silty clay loam; common fine light gray (5YR 6/1) iron 

depletions within peds (25%); few fine faint yellowish brown (10YR 5/6) redox 
concentrations (2%); weak to moderate medium subangular blocky structure; friable; 
common medium roots; moist. 

 
2Eg – 17 to 31 cm, Gray (2.5Y 6/1) silt loam; common fine prominent yellowish red (5YR 5/8) 

redox concentrations as pore linings (5%) surrounded by common medium prominent 
strong brown (7.5YR 5/8) redox concentrations as masses (15%); weak medium 
subangular blocky structure; friable; few fine roots; moist. 

 
2Btg1– 31 to 53 cm, Light gray (N/7) silty clay loam; common fine prominent reddish yellow 

(5YR 6/8) redox concentrations as pore linings (10%) surrounded by common medium 
prominent strong brown (7.5YR 5/8) redox concentrations as masses (10%); friable; dry 
ped interiors. 

 
2Btg2 – 53 to 74 cm, Light greenish gray (5BG 7/1) clay with many medium prominent strong 

brown (7.5YR 5/8) iron concentration as masses (30%) and common medium prominent 
reddish yellow (5YR 6/8) redox concentrations as masses (10%); firm; dry ped interiors.   

 
2Btgss – 74 to 92 cm, Greenish gray (5BG 6/1) clay with many medium prominent strong brown 

(7.5YR 5/8) iron concentration as masses (25%) and common medium prominent reddish 
yellow (5YR 6/8) redox concentrations as masses (5%); common slickensides and pressure 
faces; very firm; few (2%) subrounded quartz fragments; dry ped interiors.   

 
2BCtgss – 92 to 105 cm, Greenish gray (5BG 6/1) clay with common medium prominent strong 

brown (7.5YR 5/8) iron concentration as masses (5%) and common medium prominent 
reddish brown (2.5YR 4/3) shale fragments (5%) and few white (10YR 8/1) lithochromic 
masses (2%); common slickensides and pressure faces; firm; common (5%) subrounded 
quartz fragments; dry ped interiors.   

 
Distinct moisture difference @ 31 cm.  Hydraulically restrictive at 74 cm.   
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Figure 5.  Tree throw near monitoring well and profile #1. 
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Figure 6.  Photo of profile Bull Run #1 with inset  
of slickensides.

Thin mantle of recent deposited 

materials at location 1 at Bull Run. 

This was the only profile that clearly 

met criteria for a Hydric Soil Indicator 

– F3 – Depleted Matrix.  

Impermeable layer with slickensides  
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Bull Run 2 – Auger Boring next to monitoring well 
 
Water Table @ 84 cm after 20 minute stabilization   
 
Oi – 0 to 1 cm, partially decomposed leaves and twigs 
 
A  –   1 to 4 cm, Dark brown (7.5YR 3/2) silt loam; moderate medium granular structure; very 

friable; many medium and coarse roots; moist. 
 
Bw1 – 4 to 19 cm, Dark brown (7.5YR 5/3) silt loam; common fine faint light reddish brown (5YR 

6/3) iron depletions within peds (10%); weak medium subangular blocky structure; friable; 
common medium roots; moist. 

 
Bw2 – 19 to 30 cm, Light reddish brown (5YR 6/3) silt loam; common fine faint light gray (5YR 

6/1) iron depletions within peds (10%) and common fine distinct yellowish brown (10YR 
5/6) iron concentrations as pore linings (5%) weak to moderate medium subangular blocky 
structure; friable; common medium roots; moist. 

 
2Eg – 30 to 40 cm, Light gray (2.5Y 7/1) silt loam; common fine distinct yellowish brown (10YR 

5/6) iron concentrations as masses (10%) and common medium distinct dark brown (7.5YR 
3/4) manganese masses (15%); weak fine subangular blocky structure; friable; moist.   

 
2Btg1– 40 to 60 cm, Light gray (N/7) silty clay loam; common fine prominent strong brown 

(7.5YR 6/8) redox concentrations as masses (15%) surrounded by common coarse 
prominent yellowish brown (10YR 5/8) redox concentrations (30%); friable; moist. 

 
2Btg2 – 60 to 80 cm, Gray (N/6) silty clay with many fine prominent strong brown (7.5YR 5/8) 

iron concentration as masses (25%) surrounded by common coarse prominent yellowish 
brown (10YR 6/8) redox concentrations as masses (10%); weak coarse subangular blocky 
structure; firm; dry ped interiors.   

 
2Btgss – 80 to 120 cm, Light greenish gray (5BG 7/1) clay with many medium prominent strong 

brown (7.5YR 5/8) iron concentration as masses (15%) and common medium prominent 
dark yellowish brown (10YR ¾) soft manganese masses (55) and few very dark brown 
(10YR 2/2) manganese masses (2%); common slickensides and pressure faces; very firm; 
dry ped interiors.   

 
 
Notes: Moisture difference @ 60 cm.  Hydraulically restrictive at 80cm.  Potentially restrictive 
@ 60cm.   
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Figure 7.  Photo of profile at Bull Run #2. 
 

Mantle of recent material over older 

surface. 

Impervious layer. 
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Bull Run 3 – Hand excavated soil pit next to monitoring well 
 
Water Table @ 50cm after 20 minute stabilization.   
 
Oi – 0 to 1 cm, partially decomposed leaves and twigs 
 
A  –   1 to 5 cm, Very dark brown (10YR 2/2) silt loam; strong medium granular structure; very 

friable; many medium and coarse roots; moist, clear smooth boundary. 
 
AB – 4 to 17 cm, Dark brown (7.5YR 4/3) silt loam; common fine distinct light reddish brown 

(5YR 6/1) iron depletions within peds (15%) and few fine distinct yellowish brown (10YR 
5/6) iron concentrations as pore linings (2%) moderate fine and medium subangular blocky 
structure; friable; common medium and fine roots; moist; gradual smooth boundary. 

 
Bw1 – 17 to 33 cm, Brown (7.5YR 5/3) silt loam; many fine faint light gray (5YR 6/1) iron 

depletions within peds (30%) and common fine distinct yellowish brown (10YR 5/6) iron 
concentrations as pore linings (5%) weak coarse subangular blocky structure; friable; 
common medium roots; moist; clear smooth boundary. 

 
Bw2 – 33 to 40 cm, Light reddish brown (5YR 6/3) silt loam; many fine faint light gray (5YR 6/1) 

iron depletions within peds (20%) and common fine distinct yellowish brown (10YR 3/4) 
soft manganese concentrations as pore linings (5%) moderate coarse subangular blocky 
structure; friable; common medium roots; moist; clear smooth boundary. 

 
2Eg – 40 to 49 cm, Gray (7.5YR 6/1) silt loam; common medium distinct brownish yellow (10YR 

6/8) iron concentrations as masses (15%) and common fine prominent yellowish red (5YR 
5/8) iron concentrations; weak fine subangular blocky structure; friable; moist.   

 
2Btg1– 49 to 65 cm, Light gray (7.5YR 7/1) silty clay loam; common fine prominent strong brown 

(7.5YR 6/8) redox concentrations as masses (5%) surrounded by common coarse 
prominent yellowish brown (10YR 5/8) redox concentrations (20%); weak fine subangular 
blocky structure; friable; moist. 

 
2Btg2 – 65 to 108 cm, Gray (N/6) clay with many fine prominent strong brown (7.5YR 5/8) iron 

concentration as masses (20%) and gray (5YR 5/1) ped faces; weak coarse subangular 
blocky structure; very firm; few pressure faces; dry ped interiors.   

 
 
Notes: Distinct moisture difference @ 49 cm.  Hydraulically restrictive at 65cm.     
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Figure 8.  Automated well and soil pit location for profile at Bull Run 3. 
 

 
 
Figure 9.  Soil pit at location Bull Run 3.  Free water @ 50cm. 

Recent mantle 

above older 

surface 
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Figure 10.  Shovel slice from pit at location Bull Run 3.  Tape is extended to 50 cm.  
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Water Level Results 
 
The 50 cm standard COE monitoring wells (see Fig.  11) were installed at Bull Run in December 
2011 and the additional deeper piezometers (see Fig. 12) were installed March 2012 (@ 100 cm) 
and October 2012 (150 cm) at location #2.  The 100 cm piezometer was open-screened from 66 
to 100 cm, below the 2Eg horizon and entirely in the Btg. The 150 cm piezometer was open-
screened from 125 to 150 cm, entirely within the deeper and much coarser textured BC horizon. 
The water level interpretations for Bull Run were somewhat complicated by the fact that (a) they 
were installed several months later than the other two study locations and (b) several data periods 
were lost due to flooding and other damage. Regardless, we believe the interpretations below are 
clear and supported by the data. The precipitation data presented in the hydroperiod figures is 
from Dulles Airport.  Overall, 2012 was a relatively dry year (ppt. = 90 cm) while 2013 was 
much wetter (ppt. = 115 cm).  Both years received several large storm events in the summer and 
fall.   
 
Water level data for all three Bull Run locations (Fig. 11) clearly indicated that the near-surface 
soil was saturated for the majority of the winter and early spring in 2012 and 2013, with location 
1 showing a consistently higher water table and much larger and rapid response to rain events.  
All three locations remained saturated above -20 cm until late April to early May, and then water 
levels dropped rapidly in response to seasonal evapotranspiration increases. Seasonal water 
levels at location 2 were somewhat notable in that winter water levels were lower than the other 
two.  Also, summer water levels in 2013 fluctuated frequently between -40 and -15 cm, 
presumably due to perching (epiaquic conditions) above the restrictive subsoil layers.  
Comparison of the -50 cm well and -100 cm piezometer data over the 2012 growing season (Fig. 
12) confirmed that between March and June, the two wells were “hydrologically connected” and 
reflect the regular drop and fluctuations of the unconfined surficial soil aquifer system, but then a 
saturated perched zone persisted over much of the summer and well into the winter of 
2012/2013.  The deeper piezometer was installed in October of 2012, following the summer site 
dry-down. By the late winter of 2013, projected water levels in both the -100 and -150 cm 
piezometers were consistently higher than the shallow -50 cm standard well (Fig. 12), indicating 
significant groundwater discharge from surrounding uplands at this location. The pattern for the 
summer of 2013 was similar to 2012, with the exception of a very large spike in deeper 
piezometer water levels associated with a large storm event in mid-July.  
 
Taken together, the water level data from the Bull Run site confirm the earlier field observations 
that (a) the soils supported wetland hydrology even though the typical F19, F21 and/or F3 field 
indicators were not present and (b) seasonal summer perching or epiaquic conditions occurred 
above the drainage restrictive subsoil Btg horizons. It is also important to note that all three soils 
dried out to 40 cm or deeper each summer which was somewhat consistent with the observed 
depth of common rooting.  
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Figure 11. Water levels in natural forested wetlands at Bull Run.  Data shown for three replicate wells (standard USCOE design) over a two 
year monitoring period. Water levels showed a wide range of both spatial and seasonal fluctuations in both years. Missing data are due to 
flood events and/or tampering. Data lines that closely overlie one another are not visible at this scale.  
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Figure 12. Relative water levels at Bull Run location #2 well cluster for standard USCOE well (-50 cm) and piezometers installed at -100 
cm and -150 cm. Fluctuating surface water levels (-50 cm well) over the summer of 2012 indicated periodic “perching” over a restrictive 
subsoil. The significant increase in measured head with depth in the winter of 2013 indicates significant periods of local groundwater 
discharge into this site followed by a reversal to local recharge in the summer. The deeper piezometer was not installed until October, 2012.
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 Soil Chemical Properties 
 
Soil chemical properties including organic matter and associated total C and N levels are 
presented in Table 1. The soils at the Bull Run site were quite acidic (pH ~ 5.0) and low in P and 
base cations due to the relatively infertile nature of the alluvial parent materials and long-term 
acid leaching processes associated with organic matter turnover.  The P levels are somewhat 
enriched in the surface soil layers (0 to 30 cm) due to biocycling and concentration into organic 
forms. Subsoil P levels are very low (1 mg/kg). In fact, the Virginia Tech Extension Soil Testing 
Lab applies a value of 1 mg/kg to any samples where P levels are less than 2.0, so most of these 
samples were likely <1.0 or actually non-detectable for acid-extractable P. Basic cation levels 
(K, Ca and Mg) were moderate to low for these materials as would be expected for re-worked 
fluvial sediments in this environment. However, K and Ca, which are actively cycled by the 
forest system do show surface enrichment while Mg (not cycled as efficiently) actually increases 
with depth. This latter behavior for Mg is also due to relatively higher levels of that element in 
the underlying materials vs. the more recent fluvial sediments capping these soils.  
 
Organic matter levels were high in the surface samples (3 to 7% at 0-10 cm) with associated 
enrichment of total C and N.  Relatively high levels of soil OM were observed with depth in 
these soils with even the deepest samples containing > 0.40 %.  All soils contained over 1.0% 
OM to a depth > 50 cm, indicating very large amounts of total organic-C are sequestered in these 
soils. Total mass OM for the soil at location 2 was calculated for the entire profile based on 
measured bulk density (discussed later) and was ~150 Mg/ha (67 T/ac), a relatively high value. 
The C:N ratios in these soils generally decreased with depth, presumably due to longer residence 
times and further decomposition into more stable/passive OM forms. Further implications of this 
are discussed in the next section (Camp Snyder).  However, the abrupt increase in C:N ratio at 40 
to 50 cm at locations 2 and 3 is again indicative of their being remnants of buried A horizons that 
have been capped with much younger OM enriched sediments.  
 
Perhaps most interesting are the relatively high accumulations of extractable Fe and Mn in the 
two surface horizons that did not meet HSI status. This presumably reflects mobilization from 
the soil and sediments around them via reduction during water table fluctuations and 
precipitation during drier (higher redox) periods.  Much of the Fe and Mn present may also be 
associated with the higher OM levels in the surface soils. While the total levels of acid-
extractable Fe and Mn were variable across the three pedons, it clear that both were much higher 
in the surface soil horizons and that Mn levels approached or exceeded Fe.  We would expect to 
see lower overall levels of both Fe and Mn in normal wetland soils environments and we 
typically see acid extractable Fe:Mn ratios of at least 2:1 or higher. The high acid-extractable Mn 
levels support the earlier conclusion that Mn redox flux may have inhibited or masked the 
appearance of Fe-depletions in these relatively young soils. Manganese will become reduced at a 
higher redox potential than Fe and that process can occur more rapidly than the longer time 
periods (e.g. several weeks to months) that are commonly assumed for substantial Fe reduction 
and associated depletions and concentrations to form.   
 
 
 
 



22 
 

 
 
Table 1. Soil chemical properties for Bull Run study site. Data shown are for 1:1 water:soil pH, 
Mehlich -1 (dilute double acid) extractable nutrients and Fe+Mn and total C and N via 
combustion furnace analysis.  Organic matter (OM) was calculated as total-C x 1.74.  Please note 
that the CEC value here is estimated only based on the Mehlich-1 analysis. 
  

  Mehlich-1 extractable       

Depth pH P K Ca Mg Mn Fe CEC  N C C:N OM 
-- cm --  ---------------- mg kg-1---------------- cmol+ kg-1 ---- % ----  - % - 

---------------------------------------------------- Bull Run #1 ---------------------------------------------------- 
0 - 10 4.98 6 57 779 182 43.0 138.8 10.2 0.40 4.42 11.13 7.69 
10-20 4.84 4 23 289 127 14.7 160.7 8.0 0.12 1.22 10.00 2.12 
20-30 4.96 5 16 305 135 7.8 151.2 7.2 0.08 1.03 13.25 1.80 
30-40 4.83 5 13 320 162 3.0 139.1 8.8 0.06 0.61 10.45 1.07 
40-50 4.81 2 19 456 261 1.1 73.5 11.8 0.06 0.50 8.71 0.87 
50-60 4.71 3 20 445 250 4.9 83.0 11.2 0.07 0.64 9.37 1.12 
60-70 4.71 1 26 623 396 1.6 69.0 15.5 0.06 0.51 8.01 0.88 
70-80 4.64 2 28 670 434 1.7 77.8 16.1 0.07 0.50 7.63 0.86 
80-90 4.73 1 31 714 468 1.0 77.5 16.4 0.06 0.43 7.19 0.75 
90-100 4.48 1 33 722 496 0.6 92.1 16.4 0.05 0.34 6.98 0.59 

100-110 4.66 1 29 629 433 1.5 58.9 13.3 0.05 0.36 7.04 0.63 

---------------------------------------------------- Bull Run #2 ---------------------------------------------------- 
0 - 10 5.14 3 21 707 183 39.4 33.7 8.9 0.19 1.81 9.40 3.15 
10-20 5.22 2 17 522 160 29.6 38.3 9.0 0.13 1.14 9.10 1.98 
20-30 5.08 2 14 395 150 28.4 46.7 7.8 0.11 0.93 8.68 1.63 
30-40 4.97 2 13 309 149 21.5 59.1 7.7 0.07 0.77 10.41 1.33 
40-50 4.92 1 12 260 176 9.2 62.0 8.2 0.05 0.47 9.05 0.82 
50-60 4.84 2 15 299 259 7.5 58.6 9.2 0.04 0.40 9.08 0.69 
60-70 4.86 1 14 309 312 3.6 61.4 9.7 0.04 0.36 8.56 0.62 
70-80 4.62 1 19 396 433 3.6 75.0 11.0 0.04 0.33 7.66 0.57 
80-90 4.88 1 18 455 520 1.7 48.6 11.7 0.04 0.32 7.52 0.55 
90-100 5.45 1 19 611 734 6.9 41.9 11.7 0.05 0.30 5.71 0.52 

100-110 5.88 1 15 707 860 7.0 28.0 11.8 0.04 0.30 7.47 0.51 

---------------------------------------------------- Bull Run #3 ---------------------------------------------------- 
A horizon 5.54 5 42 1416 266 63.7 53.7 12.1 0.39 4.56 11.82 7.93 

0 - 10 5.54 3 22 787 187 30.3 50.5 8.5 0.21 2.04 9.66 3.54 
10-20 5.24 2 17 572 162 27.5 30.7 7.8 0.15 1.41 9.15 2.45 
20-30 5.31 2 16 539 168 19.6 34.9 7.6 0.11 1.02 9.39 1.78 
30-40 5.26 2 13 509 169 14.1 37.1 7.4 0.09 0.90 9.84 1.56 
40-50 5.27 1 10 349 137 4.8 61.3 5.6 0.05 0.58 11.54 1.02 
50-60 5.08 1 11 291 163 7.4 85.0 6.6 0.04 0.43 9.91 0.74 
60-70 5.18 1 15 250 256 4.1 60.8 9.0 0.04 0.36 8.43 0.62 
70-80 4.83 1 18 256 355 3.1 56.3 9.9 0.04 0.32 7.16 0.56 
80-90 5.22 1 20 374 694 4.6 31.2 11.1 0.05 0.30 6.29 0.52 
90-100 6.52 1 16 488 994 8.9 19.5 11.1 0.05 0.23 5.08 0.40 
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Camp Snyder Results 

Overall Soil Morphology  

The site was located on the Camp Snyder Boy Scout Camp near Haymarket, VA (Fig. 13).  The 
soils of the site are mapped as and resemble the Waxpool series  (Unit 56A;  Fine, smectitic, 
mesic Vertic Epiaqualfs) as being poorly drained and having very slow internal permeability.  
Waxpool soils are on the NRCS Hydric Soils list and these soils all met the F3 (depleted matrix) 
HSI requirements. Surrounding upland soils are mapped as Calverton (Unit 11B) and Legore-
Oakhill complex (Unit 33B). 

These soils are normally found on broad poorly drained upland flats, but the landscape of the 
study site is a broadly concave drainageway which frequently ponds water during the wet season 
(Fig. 14).  Waxpool soils are typically formed in residuum that has weathered from diabase and 
basalt.  However at this site, the soils are formed in a 50 to 60 cm capping of local 
colluvium/alluvium over what appeared to be a more micaceous and schistose hornfels saprolite 
than typical diabase.   

As confirmed by the water level data discussed later, the local water table in this landscape is 
perched above the highly restrictive high clay/shrink-swell subsoil Btg and Btgss horizons (Figs 
15 and 16).  Based on the much lower abundance of redox features and higher chroma matrix 
colors below this restrictive layer, it appears that these soils do not remain saturated beneath the 
impervious clay subsoil layers for extended periods of time, particularly during the summer 
months.  This behavior was also confirmed by the water level monitoring data.   

The profile descriptions for all three locations are found on following pages along with pictures 
of important profile morphological features (Figs. 17 – 20).  Of particular note were the very 
well-expressed redox depletions and concentrations occurring around root channels and other 
ped faces and the well-developed vertical macropores throughout the profile due to the high 
shrink-swell nature of the subsoils. These combined features are also indicative of an epiaquic or 
perching soil moisture regime.  

Readily observable rooting in these soils was largely limited to the upper 25 to 30 cm, 
presumably by the dense and relatively impervious underlying high shrink-swell layers. 
However, all three profiles did exhibit few fine and common roots down into their underlying 
Btgss layers, primarily following planes of weakness associated with soil structure.  
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Figure 13.  Site map of Camp Snyder soil and water level monitoring locations. The soil borings 
and well locations were in a zero-order slightly concave drainageway landform containing the 
Waxpool series.  The surrounding mapping units 33B (Legore-Oakhill) and 11B (Calverton) are 
upland soils derived from diabase and hornfels (heat-altered Triassic sediments).  
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Figure 14.  Landscape photo at Camp Snyder showing the uplands gradually descending to a 
broad concave drainageway on the left. 

 

 

Figure 15.  Depleted ped stress surface features (slickensides) located in a 2BCss horizon.    
These features indicate very low permeability which contribute to the perched water tables and 
result of poor drainage. The gray material is massive iron depleted smectitic shrink-swell clays 
while the reddish yellow material contains iron (Fe) concentrations.  
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Figure 16.  Slickenside located in a Btgss horizon as shown by the red arrow.  Also note the 
redox depletions (gray) occurring around active root channels and adjacent to iron 
concentrations.  You can also note a few fine roots in the upper portion and one fine to medium 
root in the lower portion.  
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Camp Snyder 1- Auger hole by monitoring well. 

Oi – 0 to 1 cm, partially decomposed leaves and twigs 
 

A – 1 to 4 cm, Dark gray (10YR 4/1) silt loam with many light brownish gray (10YR 6/2) iron 
depletions (20%) and common fine faint yellowish brown (10YR 5/6) redox concentrations 
as pore linings (10%); strong fine granular structure; very friable; many coarse roots; moist. 

 

ABg – 4 to 10 cm, Gray (10YR 6/1) and dark yellowish brown (10YR ¾) silt loam with few fine 
prominent reddish yellow (7.5YR 6/6) pore linings (1%) and common fine distinct 
yellowish brown (10YR 5/6) iron concentrations as masses (5%); weak coarse subangular 
blocky structure; friable; common medium roots; moist. 

 

BEg – 10 to 19 cm, Gray (N/6) silt loam with common medium prominent dark yellowish brown 
(10YR 4/4) soft manganese masses (10%) and common medium prominent reddish yellow 
(7.5YR 6/6) redox concentrations as masses (15%); weak fine subangular blocky structure; 
friable; few fine roots; moist. 

 

Btg1– 19 to 30 cm, Light gray (N/7) light silty clay loam with common fine prominent yellowish 
brown (10YR 5/6) iron concentrations masses (5%) surrounded by common fine prominent 
reddish yellow (7.5YR 6/8) redox concentrations as masses (15%); moderate medium 
subangular blocky structure; friable; very few fine roots; dry ped interiors. 

 

Btg2 – 30 to 46 cm, Light greenish gray (10Y 7/1) silty clay loam with many medium prominent 
reddish yellow (7.5YR 6/8) iron concentrations as masses (30%); moderate medium and 
coarse subangular blocky structure; friable; few subrounded quartz (2%); very few fine and 
very fine roots; moist. 

 

Btgss1- 46 to 55 cm, Greenish gray (10Y 6/1) silty clay with many medium reddish yellow (7.5YR 
6/8) iron concentrations as masses (25%) and common fine distinct greenish gray (5GY 
6/1) redox depletions (10%) and few medium prominent dark yellowish brown (10YR ¾) 
manganese masses (2%); common slickensides and pressure faces; very firm, dry.   

 

Btgss2- 55 to 64 cm, Greenish gray (10Y 6/1) and strong brown (7.5YR 5/8) clay with many coarse 
reddish yellow (7.5YR 6/8) iron concentrations as masses (20%) and common medium 
distinct greenish gray (5GY 6/1) redox depletions and few medium prominent dark 
yellowish brown (10YR ¾) manganese masses (2%); common slickensides and pressure 
faces; very firm, few (2%) subrounded quartz fragments; moist.   

 

2BCss- 64 to 94 cm, Dark yellowish brown (10YR 4/6) silty clay loam with common medium 
prominent greenish gray (10Y 5/1) redox depletions occurring from horizon above, 
common medium distinct (7.5YR 4/4) and dark yellowish brown (10YR ¾) hard 
manganese masses (2%), and few (1%) subrounded greenish gray (5G 6/1) hornfels; very 
firm; dry.   

 

2CB– 94 to 120 cm, Yellowish brown (10YR 5/6) silt loam with common dark yellowish brown 
(10YR ¾) hard manganese masses; (10%) and common greenish gray (10Y 5/1) weathered 
hornfels masses (5%); friable; dry. 
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Figure 17. Auger boring of Camp Snyder #1 soil profile.   
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Camp Snyder 2- Auger hole by monitoring well. 

Oe– 0 to 2 cm, Very dark brown (10YR 2/2) mucky loam; about 60 percent fiber, about 40 percent 
after rubbing 
 
A – 2 to 7 cm, Very dark grayish brown (10YR 3/2) silt loam; moderate medium granular structure; 

very friable; many medium and coarse roots; moist. 
 
BA – 7 to 14 cm, Yellowish brown (10YR 5/4) and gray (10YR 6/1) silt loam with common fine 

prominent reddish yellow (7.5YR 6/6) pore linings (5%); weak coarse subangular blocky 
structure; friable; common medium roots; moist. 

 
Btg – 14 to 20 cm, Light gray (N/7) silty clay loam with many medium prominent strong brown 

(7.5YR 5/6) iron concentrations as masses within the matrix (30%) and common prominent 
fine yellowish brown (10YR 5/4) soft manganese masses (10%); weak fine subangular 
blocky structure; friable; common fine roots; wet. 

 
Btgss1– 20 to 44 cm, Light gray (N/7) clay with many fine prominent strong brown (7.5YR 5/8) 

iron concentrations (45%); very firm; common pressure faces and slickensides; few to very 
few fine roots; dry ped interiors. 

 
Btgss2 – 44 to 55 cm, Greenish gray (10Y 6/1) clay with common gray (2.5Y 6/1) depleted ped 

and pressure faces (10%) and common medium prominent reddish yellow (7.5YR 6/8) iron 
concentrations as masses (15%); common pressure faces and slickensides; very firm; dry 
ped interiors. 

 
2BCgss- 55 to 66 cm, Greenish gray (5G 6/1) and yellowish brown (10YR 4/6) clay with common 

medium prominent yellowish red (5YR 5/8) iron concentrations (5%) and common fine 
distinct dark yellowish brown (10YR ¾) hard manganese masses (10%), firm; common 
pressure faces and slickensides; dry. 

 
2BC- 66 to 82 cm, Dark yellowish brown (10YR 4/6) silty clay loam with common medium 

distinct black (10YR 2/1) soft manganese masses (5%) and dark yellowish brown (10YR 
¾) hard manganese masses (20%), and common (10%) greenish gray (5G 6/1) hornfels 
fragments; friable; dry.   

 
2Cg– 82 to 102 cm, Light olive gray (2.5Y 6/2) loam with common medium dark yellowish brown 

(10YR ¾) hard manganese masses (5%) and common prominent medium greenish gray 
(10Y 5/1) weathered chlorite schist masses (10%) and few medium distinct black (10YR 
2/1) manganese masses (2%); friable; dry.   
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Camp Snyder 3- Hand excavated soil pit by monitoring well. 

Oe– 0 to 1 cm, Very dark brown (10YR 2/2) mucky loam; about 60 percent fiber, about 40      
percent after rubbing 
 
A – 1 to 8 cm, Very dark grayish brown (10YR 3/2) silt loam; moderate medium granular structure; 

very friable; many medium and coarse roots; clear smooth boundary; moist. 
 
AE – 8 to 15 cm, Dark grayish brown (10YR 4/2) silt loam; moderate medium granular structure; 

very friable; many medium and coarse roots; common medium roots; clear wavy boundary; 
wet. 

 
Eg – 15 to 26 cm, Dark gray (10YR 4/1) silt loam with common medium prominent yellowish 

brown (10YR 5/8) iron concentrations as masses (15%); weak medium subangular blocky 
structure; friable; common medium and fine roots; clear smooth boundary; wet.   

 
Bt – 26 to 39 cm, Light olive brown (2.5Y 5/6) and gray (2.5Y 6/1) clay with common medium 

prominent yellowish brown (10YR 5/8) iron concentrations as masses (10%); weak coarse 
subangular blocky parting to moderate fine subangular blocky structure; firm; few fine 
roots; moist. 

 
Btgss– 39 to 56 cm, Yellowish brown (10YR 5/6) clay with many medium prominent greenish 

gray (5GY) iron depletions around flattened root channels (30%) and many fine prominent 
strong brown (7.5YR 5/8) iron concentrations (20%); weak coarse angular and blocky 
structure with few wedges; very firm; common pressure faces and slickensides; very few 
roots in upper part; moist. 

 
2BCtss- 56 to 84 cm, Brown (7.5YR 5/4) clay with common medium distinct black (10YR 2/1) 

hard manganese masses; Greenish gray (5G 6/1) and yellowish brown (10YR 4/6) clay 
with common medium prominent yellowish red (5YR 5/8) iron concentrations (5%) and 
common fine distinct dark yellowish brown (10YR ¾) hard manganese masses (10%), 
firm; common pressure faces and slickensides; dry. 

 
2BC- 84 to 100 cm, Dark yellowish brown (10YR 4/4) silty clay loam with common medium 

distinct black (10YR 2/1) soft manganese masses (5%) and dark yellowish brown (10YR 
¾) hard manganese masses (20%), and common (10%) greenish gray (5G 6/1) hornfels 
fragments; very firm; dry.   

 
2C– 100 to 119 cm, Light olive gray (2.5Y 6/2) loam with common medium dark yellowish brown 

(10YR ¾) hard manganese masses (5%) and common prominent medium greenish gray 
(10Y 5/1) weathered chlorite schist masses (10%) and few medium distinct black (10YR 
2/1) manganese masses (2%); friable; dry.   
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Figure 18.  Soil profile from pit Camp Snyder 3 profile.  Note Btgss horizon starting at 39cm.   

Btgss shown 
here with few 
fine roots 
within and 
above the 
restriction.  
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Figure 19.  Soil profile from pit Camp Snyder 3 location.  Note the massive clayey and slick 
floor of the pit.   
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Figure 20.  Clean (left) and broken (right) shovel slices of the Camp Snyder location 3 profile 
showing moderately well-developed structure in the subsoil and associated medium and fine 
roots.  
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Water Levels 

The three -50 cm standard monitoring wells at Camp Snyder were installed in December of 2011 
and the two piezometers were installed in a nested array with the 50 cm well at location 2 in 
October, 2012. The -100 cm piezometer at this location was open-screened between -57 cm and -
100 cm to keep it entirely in the restrictive high clay Btg and upper C horizons while the deeper 
(-150 cm) piezometer was open-screened between -115 to -150 cm and primarily sampled the 
deeper more friable C2 saprolitic horizon.  

The seasonal water level response (hydroperiod) for the three -50 cm standard wells in the 
surface soil is shown in Figure 21. The soils remained saturated to the surface or slightly during 
both winter seasons and then water levels dropped quickly in May/June to approximately -30 cm 
at all three locations and remained saturated at that depth for the entire growing season.  The 
stability of the summer low water levels at or around -30 cm is remarkable, given the notable 
shrink-swell nature of these profiles. All three wells showed very rapid but short water level 
responses to rain events during the growing season.  As expected, these soil clearly met and 
exceeded wetland hydrology criteria for duration of saturation at or near the surface during the 
growing season. Overall water level response was very similar at locations 1 and 2, but overall 
water levels at location 3 were somewhat deeper/drier throughout both years.  

The comparative water level response for the standard -50 cm well and the two deeper nested 
piezometers in shown in Figure 22.  Water levels in the surface -50 cm well were clearly 
“perched” above the subsoil layers during the fall of 2012 and between mid-summer and late fall 
of 2013, other than for brief periods of time following major rain events where all three zones 
were “connected”.  The fact that the deeper subsoil C horizons remained unsaturated during 
these periods of times supports the earlier conclusions based on soil morphology alone. The 
relative differences in observed potentiometric head across the three nested wells/piezometers is 
notable. During the late winter and spring of 2012/2013, the deeper piezometers projected higher 
heads for most of the period indicating that groundwater was discharging into this area from 
surrounding uplands. However, by mid-summer of 2013 the observed head differentials were 
reversed, indicating local groundwater recharge. We believe this phenomenon may be at least 
partially due to the subsoil Btg and Btgss horizons drying down sufficiently to allow their well-
expressed vertical macropores to allow for drainage coupled with obvious summer differences in 
evapotranspiration from surrounding uplands limiting groundwater discharge. Regardless of this 
major reversal in relative heads, the surface water levels remained perched throughout the 
summer and fall seasons at – 30 cm. The reason for the abrupt rise in the shallow perched water 
levels in early March is not obvious, but all three -50 cm wells exhibited similar behavior with 
differing onset times, and then remained saturated at or above the soil surface until drawing 
down in July/August.  
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Figure 21. Water levels in natural forested wetlands at Camp Snyder.  Data shown for three replicate wells (standard USCOE design) 
over a two year monitoring period. Water levels showed much less spatial variability than other sites and water levels never dropped 
below -30 cm due to “perching” on the relatively impermeable Btgss horizon. Closely related data lines do not appear separately in the 
graphics at this scale.  
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Figure 22. Relative water levels at Camp Snyder well cluster (location 2) for standard USCOE well (-50 cm) and piezometers 
installed at -100 cm and -150 cm. Fluctuating and relatively shallow surface water levels (-50 cm well) over the early summer of 2013 
indicated periodic “perching” over a restrictive subsoil. Significant falling head with depth over the fall of 2012 and summer of 2013 
indicates local groundwater recharge was occurring.
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Soil Chemical Properties  
 
As expected, the soils at Camp Snyder were relatively acidic in pH (Table 2) due to their  
extensively weathered nature and intact forest cover. Surface soil pH ranged from 4.7 to 5.7 and 
generally increased with depth to approach or exceed 7.0 in the much less weathered and leached 
underlying saprolites. Acid-extractable P levels were very low, even for the organic matter 
enriched surface layers, indicating that the overall soil/plant productivity at this site is strongly P-
limited. On the other hand, acid extractable cations (K, Ca and Mg) were present at moderate to 
relatively high levels, presumably due to their relative abundance in the original diabase/hornfels 
parent materials and lack of leaching over time in these poorly drained soils.  
 
Organic matter (OM) levels in the immediate surface (0–10 cm) were moderate (2.6 and 5.1% 
respectively) at locations 1 and 2, but very high (9.45%) at location 3 (Table 2). It is also 
interesting to note that the separated A horizon sample at location 2 from 0-7 cm was almost 2.5 
times higher in OM than the corresponding 0-10 cm sample, indicating a very high concentration 
in the immediate soil surface directly below the separated litter (Oe) layers. Soil OM levels were 
surprisingly high (0.6 to > 1.0 %) in the upper 50 cm at all three locations indicating significant 
mixing and retention of surface added OM in these wet and high shrink-swell soils.  However, 
OM levels in the deeper profiles (50 to 100 cm) were not as high as observed in the two 
floodplain study sites. The upper 50 cm “active zone” contained OM with C:N ratios between 10 
and 13 which is indicative of moderately decomposed material in equilibrium with the active 
microbial biomass. This organic C is being contributed by the observed active rooting into the 
upper 40 to 50 cm of these soils coupled with frequent mixing and churning of the shrink-swell 
subsoils.  However, in  deeper soil zones, C:N ratios of < 8:1 were typical, which is characteristic 
of more “passive OM”  indicative of much older and stable humus compounds that have 
probably passively migrated over time during the summer months when downward gradients 
drive leaching as DOC or perhaps fine clay/OM complexes.  
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Table 2. Soil chemical data for Camp Snyder study site for 10 cm increments. Total N and C 
based on combustion analysis; organic matter (OM) estimated based on total-C x 1.74. Cation 
exchange capacity (CEC) is a rough estimate based on acid-extractable cations and useful for 
general comparisons only. The A horizon data for the soil pit at location 2 are also given.  

 
  Mehlich-1 Extractable       

Depth pH P K Ca Mg Mn Fe CEC  N C C:N OM 
-- cm --  ---------------- mg kg-1---------------- cmol+ kg-1  ---- % ----  - % - 

------------------------------------------------- Camp Snyder #1 ------------------------------------------------- 
0 - 10 4.74 2 18 228 139 17.3 125.6 7.0 0.12 1.51 12.97 2.62 
10-20 4.92 1 13 274 157 17.4 78.1 6.4 0.07 0.82 12.27 1.42 
20-30 4.99 1 12 488 255 7.1 40.8 8.1 0.04 0.41 9.46 0.72 
30-40 5.13 1 20 699 357 3.9 27.3 10.2 0.04 0.43 9.50 0.74 
40-50 4.92 1 27 857 438 1.5 18.8 12.5 0.05 0.43 9.11 0.74 
50-60 5.30 1 40 1236 629 3.9 25.5 15.2 0.05 0.36 7.95 0.63 
60-70 5.52 1 42 1394 693 3.5 27.1 16.0 0.04 0.30 8.47 0.53 
70-80 5.72 1 23 1739 833 1.7 16.3 19.3 0.03 0.21 7.20 0.36 
80-90 6.01 1 20 1876 907 2.0 15.8 20.1 0.03 0.18 6.04 0.31 
90-100 5.97 1 15 1905 906 2.8 18.3 20.4 0.02 0.17 6.82 0.29 

100-110 6.27 1 12 1829 859 3.4 18.6 18.7 0.02 0.13 7.53 0.22 

------------------------------------------------- Camp Snyder #2 -------------------------------------------------- 
A horizon 5.21 5 89 1128 364 40.6 86.0 14.0 0.64 7.67 11.93 13.35 

0 - 10 5.19 1 37 602 258 16.5 153.0 9.0 0.23 2.91 12.76 5.06 
10-20 5.16 1 22 413 183 13.3 140.9 6.8 0.12 1.55 13.26 2.69 
20-30 4.92 1 34 1021 580 7.1 65.8 15.8 0.07 0.84 11.56 1.45 
30-40 4.67 1 40 1243 702 10.3 54.4 19.6 0.07 0.76 11.42 1.33 
40-50 5.63 1 37 1486 842 23.5 28.6 17.3 0.07 0.59 9.10 1.03 
50-60 6.55 1 30 1668 949 23.7 21.7 16.6 0.04 0.33 7.93 0.58 
60-70 7.47 1 30 1793 960 22.1 26.4 16.9 0.03 0.22 6.93 0.38 
70-80 7.32 2 33 1577 833 16.6 30.8 14.8 0.02 0.17 7.30 0.29 
80-90 7.85 1 22 2027 905 17.4 28.7 17.6 0.02 0.13 6.02 0.23 
90-100 8.07 2 18 2191 981 14.1 25.0 19.0 0.02 0.13 6.48 0.22 

------------------------------------------------- Camp Snyder #3 ------------------------------------------------- 
0 - 10 5.66 3 70 1115 379 73.2 30.0 12.4 0.46 5.43 11.79 9.45 
10-20 5.45 2 25 506 259 31.3 77.9 7.80 0.11 1.37 12.09 2.39 
20-30 5.06 1 16 556 378 10.0 55.2 10.6 0.05 0.48 10.42 0.83 
30-40 4.95 1 34 1021 732 6.5 40.7 20.0 0.05 0.57 11.21 0.99 
40-50 4.72 1 37 1113 825 5.2 39.9 23.3 0.05 0.59 12.86 1.03 
50-60 5.22 1 30 1445 1026 15.7 26.9 19.3 0.04 0.42 9.62 0.73 
60-70 5.70 1 30 1648 1163 25.2 23.3 24.1 0.04 0.37 9.30 0.64 
70-80 6.18 1 25 1702 1167 27.3 21.2 19.2 0.03 0.24 8.33 0.42 
80-90 6.37 1 24 1620 1078 16.9 18.3 17.6 0.02 0.15 6.43 0.26 
90-100 7.27 1 21 1877 1285 24.4 22.1 20.0 0.02 0.16 6.49 0.28 
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Cedar Run 4 Results 
 

Overall Soil Morphology 
 

The site is located south of the unincorporated community of Aden on the floodplain of Cedar 
Run, just south of the previously created Cedar Run 3 and 4 created wetland bank sites (Fig. 23).  
Cedar Run drains upland soils derived from red shales, siltstones and other Fe-rich rocks of the 
Culpepper Triassic Basin.  
 
Morphologically, these soils are an intimate mixture of the somewhat poorly drained Rowland 
Soil Series (Fine-loamy, mixed, superactive, mesic Fluvaquentic Dystrudepts) and the poorly 
drained Bowmansville Soil Series (Fine-loamy, mixed, active, nonacid, mesic Fluventic 
Endoaquepts).  However, recent post-settlement deposits (legacy sediments) of brown silty 
material overlie a buried former surface with visual evidence of a buried Ab horizon noted in 
preliminary profile locations.  Limited redox features were noted near the soil surface (within 5 
cm) which indicated a poorly drained condition at all three well locations which we later 
confirmed with monitoring well data.  Deeper soil horizons (> 40 cm) did contain significant 
amounts of well-expressed redox features, but they were not shallow enough for confirmation of 
Hydric Soil Indicators as discussed below. All soils contained weak to moderate subangular 
blocky structure with rooting noted to approximately 40 to 50 cm.  
 
Morphologically, these soils are not classic examples of hydric soils; in fact they may be 
considered as “problematic hydric soils” due to their lack of surface redox features and/or low 
chroma matrix.  This results from several factors limiting formation of strong HSI morphology 
including (a) apparent recent sediment deposition, (b) the presence of large amounts of labile Mn 
which would inhibit direct Fe reduction, and (c) the floodplain sediments are derived from red 
shale upland soils which contain moderate amounts of Fe-oxides in a form that is difficult to be 
altered into a reduced state to allow for depletions to form (USCOE, 2012; NRCS, 2016).  Thus, 
the Fe-oxides in these soils take much longer periods of continuous saturation before redox 
features form and in many instances, never exhibit typical redox features. For this reason, NRCS 
tested and established the F21 indicator (Red Parent Materials) for use in the Triassic and similar 
regions.  However, while these soils could potentially meet the hydric soil technical standard via 
confirmation with other quantifiable measures of growing season saturation and anaerobic 
conditions, they did not exhibit morphology consistent with either the more typical F3 (depleted 
matrix) or F19 (Piedmont Flood Plains) indicators. That being said, these profiles did contain 
sufficient redox features (> 10% depletions+concentrations) that would meet F21 if their overall 
matrix color was slightly lower in value (e.g. 4 vs. 5).   
 
Photos of the local landform and soil profile features are presented in Figures 24-32. Detailed 
soil profile descriptions from auger borings at locations 1 and 2 and a hand-excavated soil pit and 
location 3 are also included below.  As mentioned above, while significant redoximorphic 
features were common in the deeper underlying buried hydric soils, the surface 30 to 50 cm was 
dominated by reddish brown recent sediments with limited (but very obvious) redox feature 
development relative to HSI criteria. The deeper Btg horizons in these soils also appeared to be 
hydraulically limiting layers, which perched water.  This inference was later confirmed by our 
water level monitoring data as discussed below.  
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Figure 23.  Site photo showing approximate locations of soil borings in the Rowland mapping 
unit (49A) at Cedar Run 4 native forest soils in the lower portion of the photo map.  The location 
of the Cedar Run 3 created wetland monitoring wells where bulk density samples were taken for 
comparison are also shown in the upper portion of the map.   
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Figure 24.  Landscape around profile 1 at Cedar Run 4.   
 
 

 
 
Figure 25.   Redox pattern typical of the upper 20 cm; depletions with a pinkish cast (derived 
from Triassic red bed materials) as well as the presence of Mn which can also inhibit Fe 
reduction.  However, the abundance of these features in the upper soil layers in concert with a 
dominant matrix value of 5 was not sufficient to meet Hydric Soil Indicator criteria.  
 

Faint Iron rim precipitate around 
pinkish gray depletion near an active 
root. This sample was taken from 
deeper in the soil profile.  

Black manganese 

stains 
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Cedar Run 4 –  Profile 1.   Auger Boring next to monitoring well.   
 
Oi – 0 to 1 cm, partially decomposed leaves and twigs 
 
A – 1 to 9 cm, Brown (7.5YR 4/3) silt loam; with common fine distinct pinkish gray (7.5YR 6/2) 

iron depletions (5%) and few fine prominent yellowish brown (10YR 5/8) iron 
concentrations occurring as linings around roots and depletions; moderate medium 
granular structure; very friable; many medium and coarse roots; moist. 

 
Bw1  – 9 to 29 cm, Brown (7.5YR 5/4) silt loam; common fine medium prominent gray (7.5YR 

6/1) iron depletions (15%); few fine prominent light gray (5YR 6/1) depletions (2%), few 
fine black (10YR 2/1) manganese masses (2%); moderate medium subangular blocky 
structure; friable; common medium roots; moist. 

 
Bw2  – 29 to 43 cm, Light brown (7.5YR 6/4) silt loam with many medium pinkish gray (5YR 

7/2) iron depletions (30%) along root channels, few fine prominent reddish yellow  (7.5YR 
6/8) concentrations as linings (2%), weak fine subangular blocky structure; friable; few 
fine roots; moist. 

 
2E1 – 43 to 53 cm, Brown (7.5YR 5/4) silt loam with many medium prominent light gray (5YR 

7/1) depletions (35%) and common prominent reddish yellow (7.5YR 6/8) concentrations 
as masses (5%), weak medium granular structure; common vesicular pores; friable; dry.   

 
2E2 – 53 to 69 cm, Light brown (7.5YR 6/4) silt loam with many medium prominent light gray 

(5YR 7/1) depletions (40 and common prominent reddish yellow (7.5YR 6/8) 
concentrations as masses (5%); weak medium granular structure; few vesicular pores; 
friable; dry.   

 
2Btg1 – 69 to 78 cm, Pinkish gray (5YR 6/2) silty clay loam with common fine prominent reddish 

yellow (7.5YR 6/8) iron concentrations (10%) and many medium distinct gray (7.5YR 6/1) 
depletions (30%); firm; restrictive; dry. 

 
2Btg2 – 78 to 91 cm, Pinkish gray (5YR 6/2) silty clay loam with common medium prominent 

strong brown (7.5YR 5/8) iron concentrations (5%) and common medium distinct gray 
(7.5YR 6/1) depletions (10%); firm; restrictive; dry. 

 
2Btg3 – 91 to 106 cm, Pinkish gray (5YR 6/2) very fine sandy clay loam with common medium 

prominent very pale brown (10YR 7/4) iron depletions (10%); firm; restrictive; dry. 
 
 
Notes:  Could not determine if E horizons were gleyed due to dry conditions. Restrictive @ 69 cm.  

Notable moisture decrease @ 43 cm. Soil appears to perch a shallow water table; thus could 
be “epiaquic”.  
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Figure 26.  Photo of Profile 1 which was the most ‘problematic’ due to its appearance of being 
non-hydric. Insert shows the presence of redox features in subsoil above restrictive layer. This was 
also the driest soil profile and may have been influenced by a road and shallow ditch nearby.  
 

Insert Below showing  

E horizons from 38 to 71cm. 

Start of restrictive 
layer 

Thin layer of recently deposited silty 
material. 
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Cedar Run 4 –  Profile 2.   Auger Boring next to monitoring well.   
 
Oi – 0 to 1 cm, partially decomposed leaves and twigs 
 
A – 1 to 4 cm, Dark brown (10YR 3/3) silt loam; moderate medium granular structure; very friable; 

many medium and coarse roots; moist. 
 
BA – 4 to 10 cm, Dark brown (7.5YR 4/4) silt loam; few fine faint yellowish brown (10YR 5/6) 

redox concentrations as pore linings (1%); few fine brown (10YR 4/3) manganese stains 
(2%), few fine pinkish gray (5YR 7/2) iron depletions (2%); very friable; common medium 
roots; moist. 

 
Bw1 – 10 to 20 cm, Light brown (7.5YR 6/3) silt loam with common medium pinkish gray (5YR 

7/2) iron depletions (10%) along root channels, common fine prominent black (10YR 2/1) 
manganese masses (5%), common medium distinct dark yellowish brown (10YR ¾) 
manganese masses with diffuse boundaries; moderate medium subangular blocky 
structure, friable; common medium and fine roots; moist. 

 
Bw2 – 20 to 40 cm, Pinkish gray (5YR 6/2) and dark brown (7.5YR 4/4) silt loam with common 

medium prominent black (10YR 2/1) manganese masses, weak medium subangular blocky 
structure; friable; few fine roots; moist.   

 
Bg1 – 40 to 57 cm, Gray (7.5YR 6/1) silty clay loam with common medium prominent black 

(10YR 2/1) soft manganese masses (15%); common pieces of charcoal; friable; moist. 
 
Bg2 – 57 to 68 cm, Gray (7.5YR 6/1) silty clay loam with common medium prominent yellowish 

brown (10YR 5/4) manganese masses with diffuse boundaries, common medium 
prominent black (10YR 2/1) soft manganese masses (5%) in mass interior, few fine 
prominent reddish yellow (7.5YR 6/8) iron concentrations (2%); friable; moist. 

 
Bg3 – 68 to 85cm, Gray (5YR 6/1) silty clay loam with common prominent coarse (7.5YR 6/8) 

iron concentrations (15%), common coarse prominent very dark brown (10YR 2/2) soft 
manganese masses (5%); firm; moist.  

 
Bgss – 85 to 120 cm, Gray (N/6) clay; with common prominent coarse (7.5YR 6/8) iron 

concentrations (10%), common coarse prominent brown (10YR 5/4) soft manganese 
masses (5%); common pressure faces and slickensides; very firm; dry ped interior.   
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Figure 27.  Landscape of profile 2.  Note local depressions which pond during wet periods and 
following floods. These were < 20% of local landscape and not sampled.  
 

  
Figure 28.  Slickensides in strongly reduced shrink-swell subsoil which are indicative of very slow 
vertical drainage and contribute to local perching (epiaquic conditions) of shallow groundwater.   
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Figure 29.  Photo of Cedar Run 4 profile 2. 

Recent silty deposit 
containing limited but 
distinct redox  
depletions 

Buried former surface  

Restrictive material 
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Cedar Run 4 –  Profile 3.   Pit next to monitoring well.   
 
Oi – 0 to 0.5 cm, partially decomposed leaves and twigs 
 
A – 0.5 to 2 cm, Very dark brown (10YR 2/2) silt loam; common fine brown (10YR 3/4) 

manganese stains (5%), moderate medium granular structure; very friable; many medium 
and coarse roots; moist. 

 
Bw – 2 to 30 cm, Dark yellowish brown (10YR 4/4) silt loam; common fine dark brown (10YR 

3/3) manganese masses (10%), common fine gray (10YR 7/1) iron depletions (5%); 
moderate and weak medium subangular blocky structure; very friable; common coarse, 
medium and fine roots; moist. 

 
2Ab – 30 to 38 cm, Grayish brown (10YR 5/2) silt loam with common medium gray (10YR 6/1) 

iron depletions (5%) along root channels, common medium distinct dark brown (10YR 
3/3) manganese masses with diffuse boundaries (15%); weak medium subangular blocky 
structure; friable; few fine and medium roots; moist. 

 
2Egb – 38 to 50 cm, Gray (10YR 6/1) silt loam with common medium prominent dark brown 

(10YR 3/3) manganese masses (15%); weak fine subangular blocky structure; friable; very 
few fine roots; moist.  

 
2Btgb– 50 to 66 cm, Gray (10YR 6/1) and brownish yellow (10YR 6/6) silty clay loam with 

common medium prominent yellowish brown (7.5YR 5/8) iron concentrations (5%); weak 
medium subangular blocky structure; friable; moist. 
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Figure 30.  Shallow pit at Cedar Run 4 profile 3 location.   

A 

Bw 

2Ab 

2Egb 
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Figure 31.  Moderate medium soil structure of Bw horizon for Cedar Run 4 profile 3.   
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Figure 32.  Silty mantle of recent floodplain deposits over former surface in Cedar Run 4 profile 
3.  Note color contrast between the overlying Bw horizons and the 2Egb horizon. 
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Water Levels 
 
The three shallow -50 cm water table observation wells at the Cedar Run 4 site were installed in 
December of 2011. The -100 cm piezometer was installed at location 3 in October 2012 with an 
open-screened increment between -90 and -100 cm to keep it entirely in the underlying Btg 
horizon. The -150 cm piezometer was installed in December 2012 with an open-screened 
increment between -115 and -150 cm, beneath the significantly differing overlying Btg horizon.  
 
Water levels for the three -50 cm open screened wells are presented in Figure 33. The water level 
sensor at location 2 was lost in late December of 2012 due to a flooding event.  Water levels in 
the -50 cm wells were quite similar over the winter and early spring of 2011/ 2012; all were 
saturated above -15 cm until a rapid drawdown occurred in early April.  This was followed by a 
series of rainfall driven major and rapid fluctuations until mid-summer when all water levels 
dropped to -50 cm (dry wells). The onset of the summer drawdown period occurred later in 2013 
than 2012, but for both summers the water levels dropped below the -50 cm well depth other 
than for a few short-lived rises following major rain events.  Water levels at location 1 were quite 
similar in 2012 and 2013, but the overall level of saturation at location 3 was much drier over the 
winter, with water levels seldom observed above 20 cm. It is also interesting to note that even 
though the soil morphology at location 1 indicated that it might be “drier” than the other two, the 
water level data (Fig. 33) clearly indicate that soil was actually considerably “wetter” during the 
winter and spring, particularly in 2012/2013.  
 
The relative water levels at location 3 for the -50 cm standard open well and the two nested 
piezometers are shown in Figure 34. Interpretation here is somewhat complicated by the loss of 
the -100 cm sensor after February 2013. However, relative interpretation of the apparent water 
levels in the -50 cm well vs. the -150 cm piezometer support the inference that shallow surface 
water levels were perched over the restrictive subsoil during the winter and spring of 2013 due to 
very different short term rainfall responses.  The very large downward gradient in the summer of 
2013 coupled with the differential rainfall response in the fall of 2013 also support this 
interpretation. Unlike the other two monitoring sites, this location did not appear to be receiving 
significant local groundwater discharge during the winter, since the surface and deeper 
potentiometric water levels were similar with a slight downward gradient.  
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Figure 33.  Water levels over two full years for three standard USCOE 50 cm wells at Cedar Run 4. The well at location 2 was 
removed by a flood event in February, 2013.  
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Figure 34.  Water levels with depth over one year in three wells/piezometers at Cedar Run 4.
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Chemical Properties 

The overall chemical properties of the soils at Cedar Run 4 (Table 3) were similar to those 
observed at the other floodplain site (Bull Run) with the exception that the overall soil profile pH 
was lower and did not increase at depth. As mentioned earlier, overall levels of extractable bases 
and Fe+Mn were lower in the two floodplain sites than at diabase/basal dominated soils at Camp 
Snyder. That being said, the relatively high ratios of extractable Mn:Fe here again supports the 
contention that significant amounts of easily reducible Mn may be limiting the development of 
Fe based reduction/oxidation features.  
 
However, one difference between the soils at Cedar Run 4 and the other two sites was the fact 
even though the immediate surface (0-10 cm) organic matter (OM) levels were only 2.5 to 3.9%, 
these soils contained much higher and more uniform OM matter levels with depth. In particular, 
profiles 2 and 3 contained large amounts of total soil OM and profile 2 showed distinct evidence 
of a buried Ab horizon at 40 to 60 cm. The very large difference in OM between the thin (0-3 
cm) A horizon sample at location 2 vs. the 0-10 cm increment sample (e.g. 13.2 vs. 3.9 %) also 
indicates that large amounts of OM are being actively added to these soils via annual litterfall 
additions and bioprocessing, and possibly periodic in flood sediment additions. The total OM 
level in profile 2 at this site was 230 Mg/ha (~100 T/Ac); a very high level of total soil OM and 
associated C.  
 
While the C:N ratio at this site clearly declined with depth in all three profiles, indicating more 
stable or passive organic matter, there was much more variability and the ratio showed several 
increases with depth.  This is indicative of a more active fluvial environment and probably much 
more recent and frequent sedimentation at this site vs. Bull Run. The relatively uniform C:N 
ratio in the upper 50 to 60 cm at locations 1 and 2 also indicates that these upper profile materials 
may have been deposited in a single or closely spaced series of flood events while the increase in 
C:N ratio in profile 3 at 30 to 50 cm may indicate another Ab horizon.  
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Table 3. Soil chemical properties for Cedar Run 4 study site for 10 cm increments. Total N and 
C based on combustion analysis; organic matter (OM) estimated based on total-C x 1.74. Cation 
exchange capacity (CEC) is a rough estimate based on acid-extractable cations and useful for 
general comparisons only. 

  Mehlich-1 extractable       
Depth pH P K Ca Mg Mn Fe CEC  N C C:N OM 

-- cm --  ---------------- mg kg-1---------------- cmol+ kg-1  ---- % ----  - % - 

-------------------------------------------------- Cedar Run #1 -------------------------------------------------- 
0 - 10 5.23 5 35 868 199 26.2 69.2 9.5 0.21 2.13 10.23 3.70 
10-20 5.08 4 21 461 165 15.2 67.4 7.9 0.10 1.07 10.59 1.87 
20-30 4.94 4 22 480 192 14.7 67.0 8.2 0.09 0.94 10.04 1.64 
30-40 4.97 2 20 438 183 15.9 55.6 7.6 0.08 0.78 9.77 1.35 
40-50 4.89 2 21 393 179 17.7 46.5 7.7 0.07 0.74 10.18 1.28 
50-60 5.01 2 18 362 185 14.3 50.0 7.6 0.06 0.54 8.92 0.94 
60-70 4.89 2 17 311 222 8.3 54.2 8.4 0.04 0.37 9.52 0.64 
70-80 4.74 1 25 333 393 3.4 52.5 13.9 0.04 0.28 7.33 0.49 
80-90 4.57 1 28 325 468 2.9 64.3 16.5 0.04 0.26 6.88 0.45 

90-100 4.61 2 25 269 432 3.6 52.4 13.3 0.04 0.21 5.62 0.36 

-------------------------------------------------- Cedar Run #2 -------------------------------------------------- 
A horizon 5.35 5 79 1585 290 81.7 66.5 14.6 0.58 7.59 13.06 13.21 

0 - 10 5.23 3 35 789 229 38.6 55.9 9.9 0.21 2.21 10.63 3.85 
10-20 5.20 2 27 732 227 35.1 53.9 9.3 0.18 1.81 10.07 3.15 
20-30 5.20 1 20 600 223 23.0 52.8 8.6 0.10 0.99 10.01 1.72 
30-40 5.52 2 21 658 246 18.3 40.8 8.4 0.10 1.08 10.65 1.88 
40-50 5.48 2 30 1049 403 35.7 32.4 13.2 0.12 1.35 11.51 2.35 
50-60 5.70 2 25 848 326 16.3 23.5 10.2 0.11 1.24 11.46 2.16 
60-70 5.53 2 26 943 394 27.3 26.2 11.9 0.08 0.83 10.34 1.44 
70-80 5.56 1 29 1056 491 25.5 29.7 12.5 0.07 0.73 9.88 1.27 
80-90 5.17 1 31 1158 557 15.6 28.2 14.7 0.06 0.60 9.28 1.04 

90-100 5.12 1 36 1301 649 10.6 31.2 16.0 0.07 0.61 8.41 1.06 

-------------------------------------------------- Cedar Run #3 -------------------------------------------------- 
0 - 10 5.11 2 22 661 178 28.4 42.3 8.6 0.16 1.45 8.96 2.52 
10-20 5.25 2 15 625 166 20.3 38.0 8.4 0.11 0.99 9.43 1.73 
20-30 5.24 1 14 546 150 20.3 36.9 8.2 0.11 1.00 9.02 1.74 
30-40 5.25 1 14 473 135 16.4 38.3 7.5 0.09 0.95 10.76 1.66 
40-50 5.32 1 11 400 124 12.9 33.9 6.5 0.06 0.74 11.64 1.28 
50-60 5.07 1 10 302 131 3.5 37.0 6.6 0.04 0.34 8.71 0.59 
60-70 5.09 1 14 262 187 2.2 39.3 7.7 0.04 0.27 6.45 0.46 
70-80 4.93 1 17 293 237 2.7 44.9 9.1 0.07 0.31 4.48 0.54 
80-90 5.07 1 20 390 300 5.4 44.9 10.0 0.05 0.30 6.29 0.52 

90-100 4.82 1 21 347 302 6.9 49.9 9.8 0.05 0.28 6.16 0.48 
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Summary Physical Properties for All Sites 
 
Bulk Density 
 
Relatively undisturbed wetland soils in our region are typically characterized by having loose 
and friable A horizons due their accumulation of stable OM and well-developed soil structure (as 
described earlier). Soil bulk density was evaluated at 5-10 and 45-50 cm from the soil pit wall at 
each of our three study sites (Table 4) and at our three long-term water level research locations in 
the Cedar Run 3 created wetland site.  Each value is an average of three replicate core rings per 
sampling depth. The full data set will be discussed here since the overall results were somewhat 
similar across all sites.  
 
As expected, the bulk density in the surface soil A horizons (5-10 cm) was low (0.81 – 1.04 g 
cm-3 due to relatively high OM and strong aggregation. Subsoil bulk densities at Bull Run and 
Cedar Run 4 were both around 1.3, reflecting their lower OM levels. The subsoil bulk density at 
Camp Snyder was much lower (1.07 g cm-3), possibly due to the higher shrink-swell potential 
and stronger subsoil aggregation observed there. Regardless, these relatively low bulk density 
levels coupled with moderately well-developed surface and subsoil structure were clearly not 
limiting to rooting.  
 
In comparison, bulk density values taken from the Cedar Run 3 created wetland (adjacent to our 
Cedar Run 4 study site) were consistently higher in both the surface (1.33 to 1.41 g cm-3 ) and 
subsoil (1.41 g cm-3 ) and approached known root limiting levels for fine textured soils (Brady & 
Weil, 2017).  This is obviously due to their much lower organic matter content and lack of well-
developed soil structure.  Similar results for a range of paired natural vs. created wetlands in 
Virginia have been reported (Daniels et al., 2005), so these results are not unique or surprising.  
 
 
Particle Size Analysis 
 
Surface horizons at all three sites were dominated by silt loam textures (Table 5) which then 
graded with depth into silty clay loam, silty clay or clay textures with depth, depending on the 
depth to the underlying Btg or Btgss horizons and underlying parent materials. The upper soil 
profiles at the two fluvial sites (Bull Run and Cedar Run 4) were generally higher in silt and 
lower in sand than the colluvium/residuum derived site at Camp Snyder due to obviously higher 
silt additions via flooding events. The relatively high clay contents with depth in the two 
floodplain sites were somewhat surprising and indicated significant weathering and therefore 
much greater relative age and landform stability for the lower horizons vs. the more recent 
surficial mantles.  
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Table 4. Bulk density of field samples from Bull Run, Camp Snyder and Cedar Run 4 (natural 
wetland sites), and CR-3 (created wetland site). Bulk density values are the average of three 
samples from one soil pit at each location. SE = Standard Error of the mean.  
 

Site Depth Bulk density SE 
 --- cm --- --- g cm-3---  

Bull Run  5-10 1.01 0.02 

 45-50 1.32 0.01 
 
Camp Snyder 5-10 0.81 0.04 

 45-50 1.07 0.04 
 
Cedar Run 4 5-0 1.04 0.01 

 45-50 1.33 0.03 
 
CR-3 Plot 1 5-10 1.33 0.05 

45-50 1.41 0.02 
 
CR-3 Plot 2 5-10 1.34 0.03 

 45-50 1.42 0.04 
 
CR-3 Plot 3 10 1.41 0.03 

 50 1.41 0.02 
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Table 5. Particle size analysis and textural class for wetland soil pedons in Northern Virginia.  
BR = Bull Run; CS = Camp Snyder; CR = Cedar Run 4. SIL = Silty Loam; SICL = Silty Clay Loam; SIC = Silty 
Clay; C = Clay; CL = Clay Loam; L = Loam.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Profile 
# 

depth 
(cm) % Sand % Silt % Clay 

 
 
 

Tex. 
Class 

 
BR 1 0 - 10 9.0 65.9 25.1 SIL 
BR 1 30 - 40 12.4 54.9 32.7 SICL 
BR 1 70 - 80 8.1 39.2 52.7 SIC/C 

BR 2 0 - 10 4.7 73.5 21.8 SIL 
BR 2 20 - 30 4.2 70.7 25.1 SIL 
BR 2 70 - 80 12.1 53.5 34.4 SICL 

BR 3 0 - 10 6.0 74.7 19.3 SIL 
BR 3 30 - 40 6.0 70.7 23.3 SIL 
BR 3 70 - 80 12.6 50.9 36.7 SICL 

CR 1 0 - 10 8.5 66.0 25.5 SIL 
CR 1 40 - 50 10.1 64.4 25.5 SIL 
CR 1 80 - 90 30.6 32.8 36.6 CL 

CR 2 0 - 10 6.4 73.6 20.0 SIL 
CR 2 40 - 50 16.0 52.6 31.4 SICL 
CR 2 70 - 80 14.9 42.2 42.9 SIC 

CR 3 0 - 10 10.8 63.4 25.8 SIL 
CR 3 40 - 50 27.4 46.0 26.6 L 
CR 3 70 - 80 20.0 35.9 44.1 C 

CS 1 0 - 10 20.8 53.5 25.7 SIL 
CS 1 30 - 40 16.5 46.9 36.6 SICL 
CS 1 80 - 90 30.1 27.2 42.7 C 

CS 2 0 - 10 14.2 54.5 31.3 SICL 
CS 2 10 - 20 25.3 44.9 29.8 CL 
CS 2 60 - 70 26.3 32.4 41.3 C 

CS 3 0 - 10 19.5 63.9 16.6 SIL 
CS 3 20 - 30 13.2 56.7 30.1 SICL 
CS 3 60-70 19.0 41.1 39.9 SIC/SICL 
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Comparisons with Created Wetlands  

As mentioned earlier, very few detailed data sets are available for the Piedmont Triassic region 
that specifically compare soil properties and water levels between natural and created wetlands. 
However, our recent and parallel studies at the Cedar Run 3 created wetland did allow for at least 
one direct (albeit very limited) comparison. Additional comparisons are available from the 
statewide VDOT study by Daniels et al. (2005), but that study only included one other Piedmont 
Triassic site (Manassas Airport).  In general, the ten VDOT created wetlands studied were 
relatively low in soil organic matter content (range of ~1.0 to 4.0 %) when compared with the 
three natural sites studied here, had typically had much high bulk density values, particularly in 
their subsoil horizons (> 1.5 g cm-3), and much shallower active rooting zones (< 25 cm).  

Overall plant rooting in the three forested wetland locations studied here was typically confined 
to the upper 40 to 50 cm of the profile and appeared to closely correspond with the overall depth 
of the annual summer water table drawdown (hydroperiod). This is not surprising since rooting 
of most forest species is usually limited by permanently saturated and anaerobic zones in soils.   

All of the natural Piedmont Triassic soils studied here had much higher soil organic matter 
levels, particularly with depth, than we have observed in our previous studies of created wetland 
sites. These natural wetland soils also had much better developed surface and subsoil structure 
which combined with their organic matter levels led to much lower bulk density values than we 
commonly observe in created wetlands. While we only sampled at one added created wetland 
location (Cedar Run 3) for this study, that difference was again supported by this data set. With 
respect to their chemical properties (e.g. pH and plant-available nutrients) the natural wetlands 
observed here were quite similar to the majority of created wetlands that we and others have 
studied in our region. However, one difference we have consistently noted is that natural wetland 
soils are quite often more acidic than their created wetland counterparts due the latter often being 
cut into less weathered B, C, Cr and R horizons.  

With respect to overall hydroperiod, the created wetland soils at Cedar Run 3 (Fig. 35) possessed 
a similar overall hydroperiod to the natural soils described earlier with the exception of (a) 
deeper ponding and (b) remaining continuously ponded for much longer periods of time in the 
growing season. However, the overall maximum depth of summer drawdown was similar in the 
created wetland soils when compared with the natural wetland soils.  The created wetland soils 
also clearly perched a shallow water table in the summer months and appeared to be receiving 
local groundwater discharge into/under the site in the winter months (Fig. 36).  In fairness, it 
should also be noted that the water levels observed in Cedar Run 3 may or may not reflect those 
typically found in the majority of created wetlands in the northern Virginia Piedmont Triassic. 
Whether or not the extended length of winter/spring ponding alters the successional trajectory 
and function of these forested systems is also unknown.  
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Figure 35. Water levels recorded at location one in the Cedar Run 3 created wetland.  Similar hydroperiods were 
noted at two additional nearby locations in the same wetland. Three different sensors were employed for this study 
(Troyer, 2013) resulting in somewhat differing levels.  Red numbers above the graphed lines indicate actual 
measured depths during ponded periods. The overall hydroperiod annual difference was approximately 50 cm. 
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Figure 36. Water levels for the Cedar Run 3 created wetland location 2 observed in two piezometers (-36 and -46 
cm) and one USCOE standard well (-46 cm) between November 2009 and February 2011 (Troyer, 2013). The 
surface soil was clearly saturated and perched above the subsoil during the summer of 2010, but during the winter 
months, increasing potentiometric heads with depth are noted indicating groundwater discharge into/under the site.  
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Summary and Conclusions 

The overall goal of this project was to develop a detailed data set on soil morphological, 
physical, chemical and rooting depth properties of natural forested wetlands in the Piedmont 
Triassic region of Northern Virginia and to relate these properties to soil hydroperiod over 
multiple seasons.  Our related objective was to evaluate these observed forested wetland soil 
properties relative to earlier guidance that we had developed (Daniels & Whittecar, 2004; 
COE/DEQ, 2004) for recommended wetland soil reconstruction protocols.  

The sites selected for final study generally reflected the larger extent of northern Piedmont 
Triassic wetlands with two sites (Bull Run and Cedar Run 4) formed in alluvium derived from 
“red parent materials” and a third (Camp Snyder) soil from underlying weathered diabase 
residuum/colluvium. Due to their location in the Triassic region, we were particularly interested 
in the extent to which we could identify active redoximorphic features in these soils and whether 
the soils would meet the criteria for applicable Hydric Soil Indicators (HSI). Only one of the six 
profiles observed in the two floodplain landscapes met HSI criteria, but all of those profiles met 
jurisdictional hydrology criteria, reinforcing the well-known issues with application of HSI’s to 
these soil systems. However, the three non-red diabase derived profiles all easily met F3.  

The lack of redox features and HSI’s in the floodplain soils appears to be due to a combination of 
(a) relatively recent and frequent alluvium additions and (b) high ratios of labile Mn to Fe 
coupled with (c) their well-documented issues with formation of distinct redox depletions. All of 
the floodplain soils did contain observable redox features in their upper part, but they were too 
few in abundance and/or their associated matrix colors were too high in color value to meet 
current HSI criteria. Thus, while the recent addition of several new indicators (F19 and F21) 
provided wetland delineators with more tools for appropriate hydric soil identification, it is clear 
that many of these soils will continue to remain “problematic”, and other tools will be necessary 
for their confirmation.  

The overall hydroperiod magnitude of the floodplain soils was 35 to 50 cm, but did vary 
substantially within a given site and to a more limited extent between the two monitoring years 
(2012 vs. 2013). The annual hydroperiod of the Waxpool/diabase site was less (~30 cm) and 
much more uniform spatially. All of these soils clearly expressed perching (epiaquic conditions) 
of a near-surface water table above more massive shrink-swell layers at depth. Our nested 
monitoring arrays revealed a significant seasonal reversal of the vertical gradients at two of these 
sites.  During the winter and early spring months, local/regional groundwater was clearly 
discharging into/under these soils, but by early summer the vertical gradient quickly reversed to 
indicate direct recharge from the upper soil layers downward to local groundwater.  

The overall magnitude of hydroperiod of the created wetland at Cedar Run 3 was similar to that 
of the natural forested wetland nearby at Cedar Run 4.  However, the created wetland ponded 
deeper and remained ponded for a much longer extent. These data are only applicable to this one 
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direct site comparison, however, and should not be extrapolated to other regional created 
wetlands without appropriate further study.  However, these results do mirror our earlier findings 
(Daniels & Whittecar, 2004) and a recent summary study by Cole (2017) for a wide range (n = 
42) of created and natural wetlands in Pennsylvania.  

The forested wetland soils observed here generally contained less than 5% organic matter (OM) 
in their upper 10 to 15 cm, but frequently contained 1% OM or more to > 50 cm. Immediate 
surface A horizons at several sites approached or exceeded 10% OM, but those layers were 
thinner than 10 cm and sampling may have included some overlying Oe horizons. While these 
surface layers (0-10 cm) were somewhat lower in OM content than expected, the large amount of 
mass OM accumulated with overall depth, particularly in the two floodplain sites (150 and 230 
Mg/ha) was surprising. Long term annual rates of actual OM accumulation in wetlands would 
not be expected to be more than 2 to 3 Mg/ha (including sedimentation additions) under even 
ideal conditions, so the total amount of OM in these systems is striking. The much lower C:N 
ratio with depth > 50 cm in these soils also indicates significant long-term C storage capacity and 
possibly leaching of mobile stabile DOC and or clay/OM complex phases in these systems.   

All soils were moderately to strongly acidic in the upper 50 cm, but generally increased in pH 
down into less weathered materials, particularly in the Camp Snyder diabase derived soil. Plant 
available P was very low in these systems, but was clearly being bio-concentrated in surface 
layers via plant uptake and litterfall. The wetland soils observed here were much lower in bulk 
density and contained much stronger and well-developed structure (aggregation) with depth than 
the created wetland soils at Cedar Run 3 and others observed in our previous studies.  Overall 
rooting depth clearly corresponded with the overall hydroperiod in these soils. However, most 
rooting was concentrated in the upper 20 cm of these soils and only few or very few roots were 
noted in these soils immediately above their restrictive Btg or Btgss layers. Thus where perching 
designs for wetland creation require a highly impermeable subsoil, at least 35-50 cm of 
appropriately amended and loosened soil materials should be reconstructed to support forested 
wetland rooting demands. This can be accomplished via a number of methods including deep 
chisel-plowing of the entire restored soil profile or sequential disking of the subsoil and the 
topsoil layers following replacement. However, for either of these approaches to be effective, the 
soil materials must be (a) dry enough to support equipment and (b) allow for the tillage tools to 
actually disrupt mechanical compaction, while (c) remaining moist enough to actually allow 
tillage implements to work without pulling up large chunks of subsoil.   

Taken together, these results support ripping/loosening surface soils to a depth of 35 to 50 cm 
and adding a moderate amount of organic amendments. For a variety of reasons, we do not 
believe that the “5% OM target” is realistic.  First of all, it is clear from the data presented here 
that while the OM content of the native soil forest litter layer (Oe horizon) along with the upper 
0-5 cm of soil is commonly in the 5 to 10%+ range, the OM content of the upper 10-15 cm is 
typically considerably less than 5%. Secondly, to initially achieve these levels via additions of 
high quality compost or similar amendments requires very large additions (> 150 Mg/ha or 70 
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dry T/ac) to modify the soil to 10 to 15 cm.  Amendments at these rates are very expensive and 
quite difficult to adequately incorporate. Related work (Daniels et al., 2005; Bailey et al., 2007; 
Bruland et al., 2009) now indicates that lower addition rates (e.g. 50 to 75 Mg/ha or ~20 to 35 
T/ac) provide optimal stimulation of microbial function, redox feature development and wetland 
plant response that limit the amount of added C that is lost back to the atmosphere during 
turnover. Therefore, we suggest that when native OM rich topsoils cannot be replaced, more 
moderate initial soil OM targets (e.g. 2 to 3%) are appropriate as long as the appropriate 
hydroperiod can be restored to maintain sufficient wetness in the surface soil. 
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