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Figure 3. Aerial sitemap of SV-5/7. Locations of the five sampling locations are shown 
 

The gravel unit is overlain by finer-grained sediments also dating to the late Pleistocene. 

These have been interpreted as belonging to McDonald’s W3 unit, which consists of a mixture of 

silt and sand layers, and occasional finer grained gravel deposits (McDonald 2000), although this 

last component has not been observed by subsequent excavators (Schubert pers. comm. 2020). 

At site SV-1, the W3 layer reached a maximum thickness of 15 cm (McDonald 2000). Vertebrate 

megafauna remains are frequently found in this layer and much of the fossil material excavated 

from SV-5/7 is from the lowermost portion of layer W3 or the upper part of the W4 gravel layer. 

Recovered fossils from SV-5/7 by ETSU include but are not limited to Arctodus, Mammuthus, 

Mammut, Cervalces, Rangifer, and bivalve shells (Schubert pers. comm. 2020).  
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While one valley-scale geological description has been published (Cooper 1966), and 

some smaller site-specific descriptions exist (Peterson 1917; McDonald and Bartlett 1983; 

McDonald 2000), no detailed sedimentological analysis of the gravel unit at SV-5/7 has been 

previously reported.  

The SV-5/7 Gravel Unit 
 

The SV-5/7 gravel unit occurs in the same stratigraphic position as fluvial gravels noted 

across the Saltville Valley at other fossil sites, in that it is a gravel layer of variable thickness 

which is overlain by finer grained sedimentary units, and directly underlain by the Maccrady 

Formation. Because of this, it is likely it is the local equivalent of the valley wide W4 unit. While 

these W4 gravel layers have been repeatedly interpreted as being of fluvial origin, this 

interpretation has not been subjected to quantitative sedimentological analyses. McDonald 

(2000) noted that some of the gravels from the SV-2 locality were imbricated, though these were 

not figured. Continued excavation of the SV-5/7 locality over many years has opened a large 

window to the surface of the gravel unit and no imbrication has been observed. This led 

researchers to question whether the fluvial origin for these deposits is viable and to consider if 

other depositional hypotheses may have better explanatory power for the SV-5/7 gravel unit. 

Since fossils from Saltville were first described, researchers have noted variable 

preservation and taphonomic histories. Some are abraded to the point of being unidentifiable, 

while others are relatively pristine (Peterson 1917). These taphonomic differences could be the 

result of a fluvial depositional environment where fossils go through cycles of deposition, 

reworking, and redeposition (Peterson 1917). Some of the fossils recovered from the gravel layer 

appear to show signs of fluvial taphonomic processes such as abrasion (Silverstein 2017). 
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Carbonate concretions commonly form around the Saltville fossils, which may insulate some 

bone areas from abrasion while exposing others (Silverstein 2017). 

 Because the gravel unit is important for understanding the age and taphonomic history of 

SV-5/7, correctly identifying its depositional origin is of the utmost importance for site 

interpretation. Given the lack of evidence for a fluvial origin, the lack of imbrication within the 

SV5/7 gravel unit, and its unsorted appearance, quantitative sedimentological analyses of the 

gravels was undertaken in order to assess the validity of the assumed fluvial depositional model. 

The results of gravel grain size distribution analyses and evaluation of clast sphericity and 

rounding serve as a framework to begin assessing the depositional processes that resulted in the 

SV-5/7 gravels. Once this basic data is acquired, it can be compared to other potential 

depositional models such as a braided river, a meandering river, and debris flow events. 

Potential Facies Models for the SV-5/7 Gravels 
  
 Within this study, three primary depositional facies models are considered as candidates 

for the deposition of the SV-5/7 gravels. These three models (braided river, meandering river, 

and debris flow) were chosen because they are well represented in the literature, and 

identification of the deposits they leave behind is relatively straightforward. While other 

depositional processes could be responsible for the gravel deposition, these facies models have 

either been previously proposed for the gravel units within the valley or seemed to fit the earliest 

data and observations of current researchers working at SV-5/7. 

 Fluvial regime is determined largely by energy (Pettijohn 1975). Generally, it is possible 

to characterize lower energy and higher energy streams of two different types. Braided rivers 

represent high energy systems, while meandering rivers tend to represent a lower energy 

environment. The braided river is a fluvial endmember facies characterized by high energy, 
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which can transport large clast sizes (Miall 1977; Collinson 1978). Within mountainous regions, 

this type of river typically occurs on steeper gradients and is often associated with alluvial fans 

and other areas where vegetation is unable to stabilize slopes against erosional forces (Pettijohn 

1975). The primary characteristics of a proximal braided river are their namesake low sinuosity 

and multiple channels, high and variable discharge levels, and a consistently coarse-grained 

bedload (Smith 1970; Miall 1977). Generally, the presence of alternating massive gravel layers, 

stratified gravels, and either laminated or crossbedded sands are considered indicators of a 

braided river environment (Miall 1977; Bryant 1983). Of particular importance are sedimentary 

structures such as crossbeds, lamination, ripple marks, and imbrication, as these ordered 

structures indicate an environment with at least occasionally consistent flow (Miall 1977; 

Lancaster et al. 2010). Recognition of alternating gravel and sand facies, created by multiple 

channels moving laterally within a valley, are also very important for identifying braided river 

deposits. During periods of high stream discharge coarser gravels are laid down as longitudinal 

bars, channel lags, or channel fills in areas where the carrying capacity is high (Miall 1977). 

Sandy sediments are abundant, and frequently infill the void spaces between large clasts in 

gravel deposits. The sandiest horizons are typically considered to represent sandbars, minor 

channel or scour hollows, and flood deposits (Pettijohn 1975; Miall 1977). Silt and clay horizons 

are rare within braided river deposits and represent only a small portion of total sediment volume 

(Pettijohn 1975; Miall 1977). Because energy tends to be higher in this depositional environment 

and reworking of recently deposited sediments is so common, silt particles are usually unable to 

settle, and are only present as mud drapes and channel fills within inert channels during times of 

flooding (Miall 1977; Hein 1984).  Overall, braided river deposits tend to be dominated mostly 

by coarse gravel and sand layers, when closest to their source, and dominated by alternating 
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layers of massive or stratified sands and gravel lags as a result of the high energy, highly 

variable, environment in which they form. While particle size analysis of braided rivers is an 

uncommon practice, some research suggests a distinct lack of silt and clay in the high energy 

upstream reaches of rivers (Kodama 1994).  If a braided fluvial system were responsible for the 

deposition of the SV-5/7 gravel unit, the expected stratigraphy of the gravels would be that of 

alternating imbricated gravels with stratified, crossbedded sand horizons, and very little silt or 

clay.  

A meandering river is the other fluvial endmember under consideration, and generally 

reflects a lower stream gradient, and therefore lower energy, than that of a braided stream (Smith 

1970; Pettijohn 1975). These rivers exhibit a higher sinuosity than their counterpart and tend to 

deposit a wider variety of grain sizes (Collinson 1978). Whereas the primary identifier for 

braided river deposits is the abundance of sandy channel fills and pebbly/gravely lags and a lack 

of silts and clays, meandering river deposits are defined by cyclical fining upwards sequences 

(Smith 1970; Pettijohn 1975). These fining upwards sequences are the result of a more orderly 

shifting of channel location caused by downstream meander migration, in contrast to the frequent 

channel shifting of a braided river. The highest energy environment represented in a meandering 

river is the channel floor, which deposits conglomerates, gravels, or coarse sands, scouring into 

an erosional surface (Pettijohn 1975). The intermediate energy environment within the 

meandering river deposits cross-bedded sands overlain by rippled sands and silts and is 

interpreted as having been deposited on the point bar of the river (Pettijohn 1975). The 

uppermost portion of the cycle is representative of overbank deposition, which occurs primarily 

when flood events bring water to higher levels which overflow existing banks (Hicken 1993). In 

this zone, silts and clay are deposited farther away from the channel on the river’s floodplain 
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(Pettijohn 1975). The thickness of these layers varies greatly from deposit to deposit, with single 

cycles ranging from 3 to 20 meters in total thickness, though in a single cycle the order from 

bottom to top is always coarse conglomerate/sand, crossbedded sand, rippled sands and- silts, 

and finally overbank silts and clay (Smith 1970; Pettijohn 1975). Thus, if a meandering river 

were responsible for the deposition of the SV-5/7 gravels, we would expect to observe a well-

defined, fining upwards sequence from coarse gravels to sands and silts and clays.  

The third depositional environment to be considered is a debris flow, or mass flow 

deposit. Debris flows are defined as the mass movement of sediments as a viscous fluid and are 

triggered by the addition of enough water to cause the fine-grained sediment (sand and mud) 

fraction to create a high-density fluid that can suspend or float, large clasts as they flow downhill 

(Blackwelder 1928; Prothero and Schwab 1996; Costa 1994; Scott and Yuyi 2004). Nearly all 

particle sizes, including massive boulders, can be transported by debris flows, and speeds of up 

to 10 meters per second are possible, making them dangerous events (Scott and Yuyi 2004). 

Because of this unusual mode of transport, grain sizes are not sorted as they are in fluvial 

deposits. Debris flow events deposits are typically poorly sorted (Prothero and Schwab 1996; 

Costa 1994), unstratified (Costa 1994; Scott and Yuy, 2004), have angular grains due to their 

short transport times (Lancaster 2010), and are characterized by a matrix which usually supports 

the larger clasts (Scott and Yuyi 2004; Lancaster et al. 2010). Scott and Yuyi (2004) list four 

identifying characteristics of debris flows in the field: (a) a fine-grained, muddy matrix 

surrounding the large clasts, (b) bimodal grain size histograms, (c), poor sorting with a large 

range of sediment sizes, and (d) having a massive/unstratified lithology. Importantly, the grain 

size histogram of debris flow deposits tends to be bimodal, trimodal, or polymodal. (Needham 

and Stuart-Smith 1987; Blair and McPherson 1992; Saula et al. 2002). Thus, if the SV-5/7 
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gravels are representative of debris flow deposition, we would expect the presence of very poorly 

sorted sediments containing clasts sizes of cobbles and larger, that have a large proportion of 

finer grain sizes as matrix. 

While this study will focus exclusively on these three facies models, it should be noted 

that these are not the only modes of deposition that could potentially have resulted in the SV-5/7 

gravels. Hypothesis testing in this study, while targeted, is by no means exhaustive, and even if 

one model fits the data well it does not rule out other untested modes of deposition. Additionally, 

it is possible that a combination of these models was responsible for the SV-5/7 gravels. For 

example, debris flow deposits have been known to rework fluvial deposits and vice versa 

(Lancaster et al. 2010), and thus it is possible that two or more of these depositional regimes 

could have acted on the examined sediments over time.  

In order to distinguish these three depositional models from one another, a varied and 

multidisciplinary approach was used. First, the gravel was sampled via digging, and the 

stratigraphy of sample areas within SV-5/7 was recorded. The stratigraphy allows for direct 

comparison with the three facies models and is likely to be informative given the major 

differences between the facies models. Particle size analysis is an essential step in determining 

the depositional environment. In combination with the stratigraphy, this method can potentially 

distinguish between facies on the basis of grain size histograms. This analysis aids in 

distinguishing between depositional environments, as sorting is a key component in identifying 

some of the facies models. Roundness of sand and finer materials was documented in thin 

section. These data correlate with transport distance and further assist in the determination of the 

depositional environments, in conjunction with other data. Long axis clast orientation on large 

clasts (> 5cm) was collected in the field. Analysis of these data will help assess flow direction. 
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This will aid in comparison between facies models and inform the direction of future research. 

Lithology of gravel clasts was determined by response to HCl acid and physical observations. 

Lithology of fine-grained samples was determined by loss on ignition of organics and carbonate 

minerals in bulk sediment samples. No prior lithological research has been conducted on the SV-

5/7 sediments, and while this only serves as a general analysis, it may have implications for the 

provenance, and thus possible history of the gravels. 

 

 Methods  
 

Sample Collection, Stratigraphy, and Preparation 
 

Rock hammers were used to sample the gravel layer in five locations at SV-5/7. Care was 

taken to remove large gravel clasts intact. With one exception (described below) the entire 

thickness of the gravel layer was sampled at each collection location, and the stratigraphy of each 

site was measured and recorded. Sample weights (Tab. 2) range from 6503 g to 12,113 g (in 

initial mass). All five wet samples were collected and stored in heavy duty ziplock bags until 

processing could begin. Prior to processing, small portions of the bulk samples were set aside for 

later analyses and were not included in analyses presented in this thesis. These samples were all 

given the designation of NMC, which stands for Nick/Mick Collection (Referencing collection 

by Nickolas Brand and Michael Whitelaw), followed by an identifying number so that the first 

sample is NMC-1, the second NMC-2, and so on.   

 Samples were allowed to air-dry, then oven dried at 50° C. Once dry, the samples were 

weighed on a digital scale. The volume of the bulk samples required multiple individual weight 

measurements to be summed in order to calculate the total weight for each sample. After 
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weighing, the samples were picked by hand to identify clasts over 1 cm in diameter, which were 

removed and stored separately from the fine fraction. Large clasts were washed with deionized 

water and brushed clean. The residual sediment was recovered and returned to the fine-grained 

fraction. Once dried, the large clasts were weighed individually.  

 

Table 2. Gravel Samples Mass and Thickness. Initial Dry Mass of Collected Samples, and the 

Thickness of the Gravel Layer for Each Sample Collection Site. Reported Mass Does Not 

Include the Un-Used Subsamples. *Represents Thickness From Top of Upper Gravel Layer to 

Bottom of Lower Gravel Layer, Including Sand and Clay Layers in Between.  

Sample Number Initial Mass (g) Gravel Thickness (cm) * 

NMC-1 8647 10 

NMC-2 10859 31 

NMC-3 10625 >40 

NMC-4 7538 12 

NMC-5 5609 9 

 

Particle Size Analysis - Dry and Wet Sieving 
 
 After allowing the sediments to settle and dry, 10-15% of the remaining fine-grained 

fraction was subsampled for particle size analysis. Coarse-grained (> 2 mm) material was 

separated using a combination of wet and dry sieving. Fine-grained (2 mm and below) material 

was separated by wet sieving. The stickiness of the clays within the samples made dry screening 

impractical for separation of smaller material. The samples were screened one size class at a time 

in 5-gallon buckets partially filled with deionized water.  
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Fine-grained samples were wet-screened using 8-inch diameter nested sieves held 

directly on the surface of the water and agitated by hand. This resulted in the smaller grains 

collecting in the bottom of the bucket where they could be recovered and used in the next finest-

screen sieve. Sediments adhering to the side of the bucket were scraped off or removed with a 

deionized water squirt bottle until the sample bucket was completely clean and could be used to 

repeat the next step. 

 Recorded sieve sizes include: 128+ mm (-7 ɸ), 64 mm (-6 ɸ), 32 mm (-5 ɸ), 16 mm (-4 

ɸ), 8 mm (-3 ɸ), 4 mm (-2 ɸ), 2 mm (-1 ɸ), 1 mm (0 ɸ), 0.500 mm (1 ɸ), 0.250 mm (2 ɸ), 0.125 

mm (3 ɸ), and 0.063 mm (4 ɸ). Clast sizes well above 128 mm were noted in the field but were 

not collected. Sieving times were greater for the smaller fractions because the clays flocculated 

and clogged the mesh. In these instances, the sediment would either need to be scooped carefully 

away from the center of the mesh to allow for water to re-enter the sieve, or split into smaller, 

sievable portions to be processed. After sieving of the fine-grained fraction was completed, the 

sieved fractions were transferred to 50 mL tubes and centrifuged at 3000 rpm for 15 minutes. 

This ensured that water could be decanted to allow for air drying with minimal loss of sediment. 

These samples were dried at 50° C under vacuum.  

 The mud particles too small to be sieved easily (silt and clay), were allowed to settle and 

dry, and were not further separated for this study. This remaining fine fraction retained moisture 

for weeks even after standing water was removed, and the delicate use of a hair dryer on low 

heat and power at a distance (so as to not send particles airborne) was required to complete the 

drying process, as the COVID-19 pandemic rendered laboratory ovens temporarily unavailable. 

Once dried, the fine fraction was weighed on a digital scale. 
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 The weights of each size fraction for each subsample were recorded in a Microsoft Excel 

spreadsheet. The final recorded weight for all coarse-grained material was subtracted from the 

total weight of each sample in order to determine the total weight of fine material. The weight 

percentage for each size class of the fine-grained material was multiplied by the total weight of 

fine material to estimate the total weight of each fine-grained size class for each sample. Charts 

showing the cumulative weight, in percent of each particle size fraction, were created in 

Microsoft Excel, along with histograms showing the proportion of each grain size fraction for all 

five samples.  

Lithologic Description 
 
 After sieving was complete, each size fraction (excluding silt and clay fractions) was 

analyzed to assess rough lithology, for all five samples. Dilute hydrochloric acid was used to test 

for the presence of carbonate, and if there was little to no effervescing, the clast was scratched 

(or many fine-grained clasts were crushed) and acid treatment was performed again to test for the 

presence of acid resistant grains, specifically. Where possible, clasts were identified by lithology 

(carbonate, sandstone, siltstone, shale, etc.), and notes were compared across the samples to 

determine the consistency of lithologies across location and grain size.  

 

Thin Section Analysis and Roundness 
 

Thin sections of the fine-grained fraction of each gravel sample were created for analysis. 

Subsamples (~1 cm3) were randomly selected from the bulk samples and placed into small 

plastic containers. The containers were then filled with epoxy resin (Epson 30-minute slow cure 

epoxy) and swirled with mixing sticks to create a random distribution of grains. The resin was 
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allowed to cure for 2 hours before being removed from the plastic containers with the use of a 

saw. 

 An Ingram model 65C saw/grinder was used to make thin sections close to finished 

thickness. Thin sections were finished by hand on a glass grinding plate with 80/220/500 grit and 

checked by using the petrographic properties of quartz grains as a relative control for standard 

thickness. Two thin sections were prepared for each sample, for a total of 10 thin sections. 

Roundness of individual sediment grains (angular to well-rounded) was recorded 

following Pettijohn (1975) using a petrographic microscope. Random slide transects were 

performed and roundness recorded for each grain in the transect until 100 grains from each slide 

had been characterized. This resulted in 200 grains per sample. Any grains large enough for 

roundness to be characterized were included. 

Sediment Sorting 
 
 An initial estimate of sediment sorting was carried out by visual examination of each 

gravel sample in the field. In the lab, after sediments were weighed, these visual estimates were 

compared to the grain size fraction distribution of the sieved fractions. The Inclusive Graphic 

Standard Deviation of the cumulative weight formula, “StdDev = ((ɸ84% - ɸ16%) / 4) + ((ɸ95% 

- ɸ5%) / 6.6)) )” from Folk (1980) was used to calculate the relative sorting of each sample. A 

standard deviation within a range of values indicates a level of sorting as seen in Table 4.  
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Table 3. Sorting Calculation Values. Calculated Sorting Standard Deviation Values and Their 

Associated Sorting Levels. (After Folk, 1980.) 

Calculated Value Indicated Sorting 

Below 0.35ɸ Very well sorted 

Between 0.35 ɸ and 0.50 ɸ Well sorted 

Between 0.50 ɸ and 0.71 ɸ Moderately well sorted 

Between 0.71 ɸ and 1.0 ɸ Moderately sorted 

Between 1.0 ɸ and 2.0 ɸ Poorly sorted 

Between 2.0 ɸ and 3.0 ɸ Very poorly sorted 

Over 4.0ɸ Extremely poorly sorted 
 

Orientation of Gravel Clasts 
 
 During the 2019 paleontological field season, the orientations of in situ clasts from the 

exposed SV-5/7 gravel surface were measured to assess preferred orientation. The orientation of 

the long axis of each grain was determined as an azimuth using a Brunton compass. Within a 2-

meter square area the orientation of every grain visibly larger than 5 cm in any dimension was 

measured until a sample size of 50 long axis orientations had been collected. Although the small 

sample size precludes rigorous estimates of orientation, it is adequate for field analysis of grain 

orientation (Karatson et al. 2002).  

 Because each clast could have the long axis oriented in either direction (180 degrees 

apart), an opposing orientation was calculated for each measurement as is standard in long axis 

orientation analyses. A rose diagram of this dataset was created using the freeware program 

GeoRose 0.5.1 (Yong Technology Inc. 2014; http://www.yongtechnology.com/georose/), in 

order to quickly assess the potential for preferred orientation. Visually, there is a preferred 
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orientation, however these data were further subjected to statistical analyses in order to quantify 

the presence or absence of a preferred orientation within the gravels.  

 A variety of tests are available to statistically test for the presence of a preferred 

orientation within a circular dataset. The standard for assessing orientation preference in circular 

data within paleontological and geological analyses is the Rayleigh test, and has been utilized 

consistently for decades across both disciplines (Hein 1984; Karatson et al. 2002; Domingo et al. 

2017). The underlying assumptions of the Rayleigh test are that the data are not diametrically 

bilateral, and that they are assumed to be unimodal (Landler et al. 2019). Because the Saltville 

gravel resulted in a bilateral (peaks 180 degrees apart) and strongly polymodal (3 or more peaks) 

distribution of orientation, the Rayleigh test is inappropriate for this dataset. Therefore, other 

tests are required if the possibility of preferential orientation is to be quantitatively assessed.  

 Other tests that can be used to assess uniformity within circular data are the Pycke test, 

and the Hermans-Rasson test. Recent, robust, statistical analyses have been performed that have 

illustrated the utility of the Hermans-Rasson test when attempting to assess uniformity within a 

multimodal sample (Landler et al. 2019), and thus this test is most appropriate for the current 

analysis. The Pycke test is another tool that was developed to address the weaknesses of the 

Rayleigh test in properly analyzing multimodal samples (Pycke 2010). When compared to the 

new Hermans-Rasson test, trials suggested that the Pycke test performed similarly, although it 

tended to have greater power with larger sample sizes (Landler et al. 2019). This power appears 

to have come with the trade-off of being less powerful compared to the new Hermans-Rasson 

test if the data were not concentrated tightly around the modes (Landler et al. 2019). For 

comparative purposes, the Rayleigh test was performed, but only the results of the Hermans-
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Rasson tests and the Pycke test will be treated as accurate and informative if discrepancies arise 

between the results. 

All tests were run using RStudio and the R package “circular,” (Agostinelli and Lund 

2017) which handles circular statistics. This package included a built-in function for the 

Rayleigh test. R code provided in supplemental data by Landler and colleagues (2019) was used 

to craft and execute the Pycke, and Hermans-Rasson tests. 

Loss on Ignition 
 
 As a method for determining the volume of siliciclastics relative to organic and carbonate 

content of the fine-grained (2 mm and smaller) fraction of the sediments, weight loss on ignition 

(LOI) was used. This method is often used in paleolimnological studies to estimate the 

percentage of organic carbon and inorganic carbonate within a sediment sample (Heiri et al. 

2001; Wang et al. 2010). 

 A small (~1.5 mg) subsample was collected from the fine-grained (2 mm and smaller) 

fraction of each gravel sample, homogenized in a crucible, and weighed prior to processing. An 

oven was heated to 500 C°, and the crucibles were placed inside for one hour. The crucibles were 

then removed, and the specimens allowed to cool to room temperature before being weighed to 

determine how much organic carbon had been burned away (% ORG). The oven was then heated 

to 900° C and the crucibles were once again placed inside for one hour. Then samples were 

allowed to cool to room temperature before being weighed in order to determine the percentage 

by weight of inorganic carbonate (% CO3) that had been removed by heating.     
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Results 
 

Sample Collection, Stratigraphy, and Preparation 
  
 The gravel unit at SV-5/7 was examined both on the surface and in cross section in the 

five collection sites designated NMC-1 through NMC-5. Gravel deposits at most of the sampling 

locations were determined to be dominantly clast supported, although some areas appeared to be 

matrix supported. No vertical grading was observed nor did there appear to be any dominant 

clast orientation. For all but one location, where samples were collected, the gravel unit was 

unstratified throughout its entire thickness (Fig. 4). Stratification was only apparent in NMC-2. 

Vertical contacts, where present, were measured from the gravel surface.  

 The gravel at NMC-1 was 10 cm thick. Surface gravels and matrix were gray while the 

layers beneath had a matrix with clouds of reddish and gray colors. No internal structure was 

observed during collection. The total weight of collected sediment for NMC-1 was 8.97 kg. 

NMC-2 was excavated to a depth of 31 cm. This collection site displayed stratification, 

where the uppermost gravels rested atop a thin sand layer, a set of red and gray bedded clays, and 

then another gravel layer with notably angular clasts. As in NMC-1, the surface of the gravels 

was a dark gray color, while the gravels beneath were embedded within a reddish and gray 

matrix. The NMC-2 sample weighed a total of 12.11 kg.  

The NMC-3 collection site was dug >40 cm deep but did not encounter the Maccrady 

Formation. The gravel here was visually sandier in some areas than seen in NMC-1 and NMC-2. 

The gravels at the surface and uppermost section of the sample site tended to be larger, while the 

gravels immediately below were smaller (but still poorly sorted). The contact between the gravel 

units was sharp suggesting that the layers may represent separate horizons, rather than a single 
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heterogeneous one. The gravel matrix appeared mostly grayish, with little to none of the red 

coloration seen at depth in the other sites. The total bulk weight of sample NMC-3 was 11.85 kg.  

At NMC-4, the gravels were similar to those seen at the surface of the other NMC sample 

sites. These gravels were 12 cm thick and rested atop at least 14 cm of red clay interpreted to 

represent the Maccrady Formation. A bulk sample of 8.70 kg was collected from this site.  

Site NMC-5 was located 12 centimeters southeast of a large boulder resting on the top of 

the SV-5/7 gravels. At this site the gravel was 9 cm thick, and underlain by a layer of sand and 

clays for at least another 23 cm. The Maccrady was not reached here, but a 6.50 kg bulk sample 

of the gravels was collected for study.  

All samples had large amounts of gravel present, and all remained sticky and extremely 

difficult to separate by either dry or wet sieving methods. Therefore, a subsample of the bulk 

sample was selected to permit quicker screening.  Future work may benefit from the use of 

chemical disaggregation. As sample processing began NMC-1, NMC-2, and NMC-3 were all a 

gray color, while NMC-4 was a darker gray with reddish-brown areas, and NMC-5 was a lighter 

gray than the other samples. When processing finished, the silt and clay fractions for NMC-1, 

NMC-2, and NMC-4 were all dark gray. The NMC-3 clays and silts ended processing with a 

reddish-brown color, while the NMC-5 clays and silts were a light gray color. The final colors 

may have been produced by oxidation, as the wet sieving process required specimens to remain 

wet or in water for large amounts of time. Unfortunately, Munsell color charts were not available 

during field collecting and early processing. Future work may benefit from a more quantitative 

analysis of sediment color.  
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Figure 4. Stratigraphic columns for each NMC sample. Thickness of uppermost gravel layers 
may vary due to history of repeated excavations and removal of pond scum via spraying 

Particle Size Analysis - Wet Sieving 

 When sieving was complete, the percentage by weight of specific phi size ranges were 

collected for each subsample. The ranges were < ɸ -1 (pebbles and larger grains), ɸ0 (very 

coarse sand), ɸ1 (coarse sand), ɸ2 (medium sand), ɸ3 (fine sand), ɸ4 (very fine sand), and > ɸ5 

(silt and clay). The sediment fractions by weight (and total weight) are reported in Table 4. When 

interpreting the histograms, any local maximum where the bin was higher than the bins to either 

side was treated as a peak. If two adjacent bins were both taller than the surrounding bins, they 

are treated as one peak.  
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 By weight, NMC-1 was 65 % gravel, 10 % sand, and 25 % silt and clay (Fig. 5). Very 

coarse sand made up nearly the entirety of the sand fraction, accounting for 9.0 % of the total 

sample weight, and 86.5 % of the sample’s sand weight. Compared to the other samples, NMC-1 

had the highest percentage of gravel, and the lowest total percentage of sand. The histogram for 

NMC-1 shows a trimodal distribution with peaks at the -7 ɸ/-6 ɸ (cobble), 0 ɸ (very coarse 

sand), and 5+ ɸ (silt and clay) sizes.  

 

   

Figure 5. Histogram of grain size frequency by percentage of weight for NMC-1 
 
 

 The NMC-2 subsample contained 53 % gravel, 32 % sand and 15 % silt and clay (Fig. 6).  

The contribution to weight of the very coarse grains was less in this sample than in NMC-1, 

while the smaller sand sizes were well represented in the subsample. The histogram for NMC-2 

was strongly trimodal with peaks at -7 ɸ (cobbles), 0 ɸ (very coarse sand), and 5+ ɸ (silt and 

clay) sizes.  
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