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Abs tract 

The Snowden Member is the thickest and most mappable of 

the quartzose sandstone units of the heterogeneous Harpers 

Formation, the middle unit of the late Precambrian-early Cam­

brian(?) Chilhowee Group in centr a l Virginia. Petrographic 

analysis statistically classifies the Snowden as a quartz 

arenite that has been locally alter e d through pressure solu­

tion to a quartzite. The overall textural and compositional 

homogeneity of the Snowden , one of its most striking features, 

presumably reflects both the provenance and depositional en­

vironment of the sediment . 

The Snowden was der· v e d from the predominently chemical 

weathering in a humid environment of a low-lying, mixed 

source terrain of Precambrian high-grade metamorphic rocks 

(schists and gneisses) , acidic plutons, and pre-existing sed­

imentary rocks located northwest and proximal to the deposi-

tional basin. Deposition occurred in an offshore l inear 

barrier island or bar setting during a period of time where 

the rate of influx of sediment was low enough to allow the 

reworking of sediment already present or slowly entering the 

depositional basin . The models of the provenance and depos-

itiona l environment of the Snowden support the more general­

ized sedimentary framework p roposed previously for the Chil­

howee Group in central Vi rginia. 



Introduction 

This paper describes and interprets the texture, com­

position, provena nce , and depositional environment of t he 

late Precambrian-early Cambrian(?) Snowden M~mber, a 

thin, mappable, quartzose s andstone unit exposed as _a 

belt of outc r op within the Harpers Formati o n of centra l 

Virginia, the middle uni t of the Chilhowee Group. The 

data in this study was obtained from direct field obse r va­

tions, from study of h and specimens, and f rom the analysis 

of thin-sections using a petrographic microscope. 

The objectives of t his study are to qua l itat ively and 

quantitatively describe t h e t e xtur e and compo s i t i on of t he 

Snowden Member and t o u s e this information t o infer the 

most likely proven ance and depositional e nvi ronment f or 

the unit , incorporating the resultant depositional model 

into the mor e generalized s edimentary framework proposed 

previously for the Chilhowee Group (Schwab , 1970, 1971, 

1972). The Snowden Member is worthy of study bec au s e its 

position stratigraphically and geographically separates 

continental and shallow marine dep osits below and to the 

northwest from deep ma rine deposits above an d to t h e south-

east. A more complete understand ing of the provenance 

and depositional envi r onment of the units within t h e Chil­

howee Group (such as the Snowden Member) is critical to 

analysis of the sedimentation duri ng the early evolution 

of the Appalachian ge osyncline. 



Stratigraphy of the Chilhowee Group 

The Snowden Member 
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The Snowden Member was first described as a mappable 

horizon within the Harpers Formation by Bloomer and Werner 

(1955). The Harpers Formation itself is one of three sub-

divisions of the Chilhowee Group and was first named by 

Keith (1894). The Harpers Formation is the middle unit 

of the Chilhowee Group and i t consists of several hundred 

to over a thousand feet of alternating argillite, shale , 

siltstone, and fine-grained subgraywacke interbedded with 

quartzose sandstone (Werner , 1966~ Schwab, 1971). Bloomer 

and Werner (1955) describe t hree separate quartzose sand­

stone units within the Harpers, the lowest, thickest , and 

most mappable in the area between Balcony Falls, Virginia 

and Sherando, Virginia being the Snowden Member. They 

describe the Snowden as being 50 feet thick, but all sec­

tions of the Snowden in this study are considerably thick­

er (60 to ' l50 fee t thick) . The base of the Snowden is 

located 100 to 300 fee t above the base of the Harpers. 
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Lithology of the Chilhowee Group 

The Chilhowee Group consists of 1500 to 7500 fee t of 

late Precambrian-early Cambrian(?) elastic sediments ex­

posed along the northwestern flank of the Blue Ridge from 

Pennsylvania to Tennessee (Fig. 1). The thickness and 

age of the group is uncertain. Figure 2 shows the strati­

graphic relationships in the Chilhowee Group. On the 

basis of measured s ections , the Chilhowee Group thickens to 

the southwest. The Chilhowee Group invariably consists of 

three conformable formations. Although the names of the 

formations vary geographically, the vertical succession of 

rock types are remarkably con sistent . In this paper, the 

stratigraphic terminology used with refer e nce to the Chil-

howee Group applies to central Virginia. The lowermost 

conglomerate unit is called the Unicoi Formation, the mid­

dle sandy and shaly unit the Harpers Formation, and the 

upper quartzose sandstone the Antietam Formation. Pre-

cambrian igneous and met amorphic rocks of the Blue Ridge 

Basement Complex and the local catoctin Greenstone Forma­

tion are found beneath t he Chi lhowee Group. The lower 

contact of the Chilhowee Group is conformable above the 

Catoctin Greenstone Formation but is unconformable above 

the Blue Ridge Basement Complex. Carbonates, limestones 

and dolomites, of the Shady-Tomstown Formation conformably 

overlie the Chilhowee Group. 

The Unicoi Formation, the lowermost uni t of the Chil-
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howee Group, consists of 500 to 600 feet of volcanic rocks 

(greenstone flows and tuff), pebbly quartzite, intergrada­

tional conglomerate graywacke, subgraywacke, and arkose in­

terbedded with argillacious rocks. The Harpers Formation, 

the middle unit of the Chilhowee Group, consists of sev­

eral hundred t o more than a thousand feet of alternating 

argillite, shale, silts tone, and fine-grained subgraywacke 

interbedded with quartzose sandstone. The Snowden Member, 

the object of this study, is the lowest and thickest of 

the quartzose sandstones. Other quartzose sandstones ( 25 

and 30 feet thick) occur within the Harpers , and they are 

located at 100 to 300 foo t intervals above the Snowden . 

Separate, thinner beds of quartzose sandstone (a few inches 

to a few feet thick ) occur throughout the Harpers. The 

Antietam Formation, the uppermost and most homogeneous unit 

of the Chilhowee Group, consists of 600 to 800 feet of 

massive beds of compositionally and texturally mature 

quartz sandstone and orthoquartzite interbedded wi th sub­

ordinate shale and siltstone (Werner, 1966~ Spencer, 1968 ). 

Additional description of the units of the Chilhowee Group 

relevant to the interpr etation of t he depositional environ­

ment of the Snowden Member and the Chilhowee Group appears 

later in this paper . 
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Age of the Chilhowee Group 

Early Cambrian trilob ites and brachiopods have been 

collected, but only from t he upper p art of the Antietam For­

mation (Butts, 1940 ). Therefore , the exact age of the low­

er part of the Antietam and all of the Harpers and Unicoi 

Formations remains uncertain. King (1949) states that the 

Chilhowee Group is "a closely knit sequence of deposi ts 

laid down in conformable succession, with none of its parts 

greatly different in age from the other parts ." King 

therefore suggested that the base of the Cambrian be placed 

at the base of the Chilhowee Group. I accept King's rea­

soning and therefore, this p aper will regard the Harpers 

Formation, including the Snowden Member, as early Cambrian 

in age, although I concede that the issue has not been as 

yet conclusively resolved . 
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Area of Study 

In central Vi rginia , t h e Chilhowee Group outcrops a long 

the northwestern f lanks of the Blue Ridge Mountains adjacent 

to the Great Valley of t he Valley and Ridge Province (Fig. 

3). The area of study is a 25 mile section of the Chilhowee 

Group outcropping along strike between Balc ony Falls , Vir-

ginia, and Shera ndo, Virgin ia. The Snowde n Member outcrop s 

continuousl y a long northeastern strike i n the southwestern 

part o f the study a rea, but to the northeast, exposure s of 

the Snowden are interrupted by minor thrust faulting t o the 

northwest. 



0 

·Chilhowee Group in yellow. 

Snowden Member i n blue. 
Thrust faults in r ed. 
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This map was compi l ed from The Geologic Map of 
the Blue Ridge in Central Virginia (Bloomer and 
Werner , 1955). 
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Method of Study 

The data and i nterpretations in this paper are b ased on 

field observations and sampl es collected at 6 complete meas­

ured sections of the Snowden Member exposed within the Harp­

ers outcrop belt between Ba lcony Falls, Virginia and Vesuvi­

us, Virginia. Samples of e ach section were collected ran­

domly but were spread out in each section from top t o bottom. 

Figure 3 shows the geographi c location of -each measured sec­

tion. Figure 4 shows the specific location of each s ample 

relative to the base and top of the Snowde n Member in e ach of 

the 6 measured sections. 

Gross lithology, beddin g characteristics , primary sedi­

mentary structures, f ossil c ontent, weathering, and d iagenet­

ic alterations wer e r ecorded in the field at the six measured 

sections. Crossbed d ing a zimuths were measured at the Snowden 

section, and these measurements were correcte d for t e ctonic 

tilt by Stereonet ( Potter and Pettijohn, 1977 ). Pressure 

solution, limited e xposure, and weathering made it di fficult 

to detect and measure a s ignificant amount of cros s b e dding 

at the other sections. 

Petrographic data on bot h text ure and composition of the 

Snowden Member is b ased on the anal ysis of 26 thin-sections 

made from the samples collected at the 6 measured sections. 

For eac h t hin-section, 2 50 p oints were counted for textural 

data and 500 points were counted for compositional data. Grain 

size distribution in phi uni ts was plotted on cumulative prob­

ability p aper, and compositional data was plotted on QFL diagrams. 
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Lithological and Field Description 

When Bloomer an d Werner (1955) proposed the name "Snow­

den Member" for the lowermost quartzite member of the Harpers 

Formation, they chose as the type locality a roadcut on u.s . 

Highway 501 about 1/4 mile northwest of the Snowden Post Of­

fice. Figure 5 is a detailed columnar section of the Snow-

den Member at the type locality. The quartzites of the Snowden 

are easily . distinguished from the shales, siltstones, and 

subgraywackers of the Harpers Formation (Plate 1), and the 

contacts above and below the Snowden are s harp . Problems 

of definite identification arise wh ere significantly thick 

(greater than 1500 cm-) sec ions of t he Snowden are not ex­

posed because the Snowden is textur ally and c ompositionally 

very similar to the other quartzites in the Harpers and to 

the quartzites in the Ant iet am. This confusion is especi­

ally true in areas of complex structural deformation , where 

stratigraphic continuity is lost. All sections of the Snow­

den used in this report were identified using Bloomer and 

Werner's Geologic Map of the Blue Ridge i n Central Virginia 

(1955). 

Mos t of the Snowde n Member is a texturally and c omposi­

tionally mature, white to l ight blue gray, medium to f ine­

grained quartz arenite that has b een locally altered t o a 

quartzite through pressure solution (Pettijohn, 1973). Al l 

26 samples show evidence of pressure solution, and approxi­

mately 80% of the samples show at l east 75% of the grain to 
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grain contacts sutured throu gh pressure solution. Pre ssure 

solution presents a p roblem in interpreting sedimentary 

t e xtures because i t erases o riginal grain boundaries mask­

ing roundness and surface t extures and obscuring pri mary 

sedimentary structures s uch as crossbedding and lami nations. 

The white to l i ght b lue gray quartzite s of the Snowden 

weather to a characteristic tan to rust b rown color (Plate 

2). The r ust brown c oloration is due to t he oxi dation o f 

ferrous iron to fe rric iron. Plate 2 not only · shows the 

d arker coloration of the wea thered (oxidized ) surface , but 

it also shows a cha r acter isti c band ing (top an d bottom of 

photograph) that i s p roduced on the weather e d sur fac e . 

Pe t rographic analysis of fre s h surf aces also show a s light 

oxidation of iron . The de g ree of oxidation is dependent 

o n the amount o f fe r r ic i ron presen t in the rocks. Ferric 

iron content is variable from locality to locality with no 

recognizable trend . 

Individual quartzite b eds wi t hin the Snowden are s ub­

equal to une qual in thick nes s , late rally uniform i n thick­

ness, and c ontinuous (Plates 1 and 3). In s ome localities, 

occasional i nterbeds of siltstone or shale are laterally 

uni fo rm in t hickne ss and continuous~ elsewhere they can be 

laterally variable in thickness an d discontinuous (Plate 

4). The discon tinuity o f siltstone or shale beds is p rob­

ably the result o f c h anneling , i. e . , scour and fil l . The 

thickness of i n d ividual quartzite beds range from medium 
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strat ified (30 to 60 cm) to thickly stratified (60 to 90 cm, 

Plate 3). The rare siltstone or shale beds interbedded 

within the quartzite beds a r e stratified (7-1/2 to 15 cm 

thick) and are restricted to the upper third of all section s 

(Figure 5). 

Both massive and internally laminated beds occur . Lam­

ination is more widespread .than internal massiveness, (a 

few millimeters to a few centimeters thick) and appears to 

occur throughout the Snowden, except where disrupted by bur-

. of 
rowing or marine organisms (Scolithus) or masked by pressure 

solution. The internal massiveness is probably a product 

of alterat ion, i.e., pres u re solution. 

imbricated fabrics are not present. 

Graded bedding or 

Crossbedding is the most common primary sedimentary 

structure (Plate 5). Again, pressure solution and burrow-

ing of marine organisms (Scolithus) masks the presence of 

crossbedding. Where present, crossbedding is of the trough-

f estoon type and ranges from 7 to 13 cm in thickness. 

The on ly fossil type found in the Snowden Member is t he 

trace fossil Scolithus. Scolithus tubes occur elsewhere 

in othe r quart z i te units within the Harpers and generally 

within the Antietam Formation (King, 1949~ Bloomer and 

Werner, 1955~ Schwab, 1971). Scolithus is interpreted a s 

a trace fossil produced by a burrowing worm (Seilacher , 1967). 

Plate 6 shows the Scolithus tubes, the cylindrical structures 

4 to 8 cm in diameter originating at the bedding surface and 
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extending downward perpendicular to the bedding ( Plate 7) 

for lengths up to 90 cm (Schwab, 1970). According to 

Seilacher (1967), Scolithus facies are characteristic of 

littoral sands in sha l low water mar ine environments . 

Scolithus is confined to the upper t hird (top 900-1500 cm) 

of the Snowden Member. 
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Petrography 

Petrographic data on both the texture and composition 

of the Snowden Member is based on the analysis of 26 thin­

sections made from samples collected randomly from 6 c om­

plete measured sections (Fi g. 4). For each thin-section, 

500 points were counted f or composi tional data and 250 

points were counted for t extural data. Table 1 summarizes 

the grain-size data, and Figures 6 through 12 graphically 

illustrate the general composi tional data, and Table 6 sum-

marizes the heavy mineral s uites. 

ventional QFL ternary di agram. 

Figure 13 is a con-
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Te x tur e 

Grain size distr ibut i on was obtained by meas uring the 

maximum grain diameter o f 250 point s for each of the 26 

thin-sections. Grain s i ze diameter in millimeters was 

converted to grain s ize i n ph i uni t s, and appropr iate grain 

size classes were assigned a fte r Wentworth , 192 2 . Prob-

ability plots of tota l grain s ize distribu t i on for eac h 

sample yielded raw phi 9 5 , ph i 84 , phi 50 , phi 16 , and phi 

5 values which were then converted t o sieve size equivalents 

after Friedman, 1 9 58: c onve rted thin-section diameter= 

0.3815 + 0.9027 (observed thi n- s ection diameter) . Values 

for phi mean, phi median , s o rting , a nd skewness we r e cal­

culated by the following equations (Folk, 195 7 ): 

phi mean - 1/2 (ph i 84 ± ph i 16 ) 

phi median - ph i 50 

sorting - 1/2 (phi 8 4 - phi 16) 

skewness - (phi mean - phi median) 7 sort ing 

Table 1 summarizes the grain size d i s t r i buti on f or 

each of the six sections and a l so p r esents statisti cal sum­

maries of grain siz e di s tribu t i on f or the l ower, middle , 

and upper third of the unit over the enti re s ample belt . 

Because the top third o f the Balcony Falls, Pedlar Gap , and 

Vesuvius sections was covered, t ext ural data for the top 

third was obtained from only t he Snowden, Enchanted Creek, 

and Buena Vista sections . Figure s 6, 7, 8, 9 , a n d 10 plot 

the various statistical measures against one another and 
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form the basis for the following discussion. Figures 11 

and 12 are the summarized cumulative probability p lot s for 

the lower, middle, and upper t hird of the unit over the 

entire sample belt and fo r each of the six sections . 

Figure 6, a graph of sorting vs. mean phi, indicates 

the boundaries betwe en the different degrees of s orting 

(poorly sorted to very we ll sorted) and the different grain 

s i z e c l asses (coarse sand t o very fine sand). Each s ampl e 

is plotted and labeled, an d t here i s no obvious grouping or 

clus t ering of points. This lack of clustering would imply 

that although the sorting v a l ues r ange from moder ate to 

very well sorted and t h e e an phi values range from medium 
I 

to very fine sand, t he unit is texturally homogeneo u s when 

t he samples are _graphed as a whole. Slight lateral and 

vertic al t r ends a re r ecogni zed, however, when the a verage 

of each section and the average of 

each s trat igraph i c third is plotted on the graph of sorting 

vs. mean phi (Fig. 7). Vert i cally , the tren d is f o r t h e 

unit to become better sorted and f iner graine d upward. 

Horizontally, the t rend i s for the unit to become bet ter 

sorted and finer grained from the Snowden section NE to the 

Buena Vista section, but f rom the Buena Vista section t o 

the Vesuvius section , the t rend i s for the unit to bec ome 

less sorted and coarser grained (resembling the texture o f 

the Snowden and Balcony Fall s secti ons). However , because 

these trends are only slight, especially when standard 
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deviations are taken into account, the texture of the Snow­

den is strikingly homogeneous. 

In a classic article on distinguishing dune, beach, 

and river sands on the basis of textural characteristics, 

Friedman, 1961, provides graphs of skewness vs. sorting for 

distinguishing beach sands from river sands and graphs of 

skewness vs. mean phi for di stinguishing beach sands from 

dune sands. Figure 8 is a graph of skewness vs. sorting , 

and the dashed line represents the boundary (according to 

Friedman, 1961) between the beach s and field and the river 

sand field. Eighteen s amples fal l in the beach sand field 

and eight samples fall in t he river sand fie l d (70% beach 

sand). In a later study , Friedman (1968) demonstrated 

that breaking waves generate a back and forth flow of water 

which causes beach sands to be better sorted than river 

sands. Friedman also s uggests that beach sand values tend 

to cluster around slightly positive to negative ske·wness 

while river sand values tend to be more spread out and more 

positively skewed (Fig . 8). 

Figure 9 is a graph of s kewnes s vs. mean phi, and the 

dashed line represents the boundary (according to Friedman, 

1961) between the beach sand field and the dune sand field. 

Ten samples fall in the beach sand field and fourteen 

samples fal l in the dune sand field (58% dune sand). Dune 

sands are usually characterized by a positive skewness and 

a somewhat finer grain s ize than beach sands (Blatt , 1980). 
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The positive skewness i n dune sands arises from the truni­

c ation of the coarse tail of dune sands as wind is incap­

able of transporting the coarser particles. It is sig­

nificant that 58% of the samples fall in the dune sand 

field. Perhaps to the degree to which we can rely on text­

ural analysis for environmental determination, parts of the 

Snowden underwent deposition in a supra-tidal eolian envir­

onment as well as a deposition in an aqueous beach a bar 

environment. 

Figure 10 is a graph o f standard deviation vs. median 

phi. Such a graph has been used to distinguish sediments 

deposited by river processes from s ediments deposited by 

wave processes (Stewart, 1958~ Amar a l and Pryor, 1977, 

Goldbery, 1980). Of particul ar interest is Goldbery's 

(1980) use of grain size data to interpret the depositional 

environment of the Pliocene Pleshet Formation, Beer Shera, 

Israel. Grain size data from the Snowden closely re­

sembles grain size data from t he Pl eshet Formation on a 

graph of standard deviation vs . med ian phi (Fig. 10). 

Goldbery divides the Pleshet Formation into 6 units or 

facies. Unit 1, an upper shoreface facies, was deposi ted 

by river processes . Unit 2, an upper shore face to fore 

shore facies, was deposited by wave processes, and unit 4 , 

a predominently fo reshore fac ies wi th some upper shore 

face facies, plots in an area outsid e and bel ow the area 

bounded by river and wave processes . 
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Data from the Snowden is subdivided into top, middle, 

and bottom thirds (Fig. 10). While b ottom and top thirds 

tend to lie in the "wave process" field, middle thirds and 

some top and bottom thirds are not c oncentrated in any par­

ticular area. The best interpretation would be that dur­

ing initial deposition (bottom third), both river and wave 

processes dominated. As deposition continued (middle 

third), no single process dominated, and the homogeneity 

of the grain-size distribution of the middle samples re­

flects this. As deposition was coming to an end (top 

third), wave processes tended to dominate generating bet­

ter sorted and finer grained sediment. 



Sect· 

Snowden 

Balcony Falls 

Enchanted Creek 

Pedlar Gap 

!Buena Vista 

rvesuvius 

Top Third 

Middle Third 

Bottom Third · 

Average from 
6 sections 

# 
Samol 

3 

3 

5 

6 

6 

3 

3 

6 

6 

SUMMARY OF GRAIN SIZE DATA 

M 

l.85~ 
0.28mm 

l.43<J) 
0 . 37mm 

1.91(1> 
0.2 7mm 

l.47<f> 
0.36mm 

2. 7 5<f> 
0.15mm 

l.4l{J) 
0.38mm 

2.23{t 
0 .21mm 

l.72{J) 
0.30mm 

1.77() 
0. 29mm 

l .80{J) 
0.29mm 

· Standard 
Deviation Mod 

0.47$ 1-2<1> 

0.35<J) l-2(p 

0.19{J) 1-2~ 

0 . 56$ l - 2(J> 

0.32(1) 2-3{J) 

o. 72<1) 0-l<f> 

0.29$ 2-3<J) 

0 . 68{J) 1 - 2<!) 

0. 46{J) 1-2~ 

0 .44{J) l- 2{J) 

Sort· 

0.53 
mod.-well sorted 

0.61 
mod. sorted 

0.37 
well sorted 

0. 4 5 
wel l sorted 

0.34 
very we l l sor ted 

0.55 
mod.-well sorted 

0.35 
very well sorted 

0.45 
well sorte d 

0.49 
well sorted 

0.48 
well sorted 

Table 1.- Summary of grain size data from petrographic analysis. 
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Fig. 7,- Sorting vs . mean phi: The average mean and sorting 
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are plotted. The standard deviation bars indicate the 
lack of real trends or variation in texture in the Snowden. 
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Bulk Mineralogy 

The lithology of the Snowden Member is classified on 

the basis of its mineralogical composition according to Pet-

tijohn {1973, p. 158). Although the Snowden is a quartzite , 

ordinarily a metamorphic rock, a sedimentary rock classifi­

cation is still applicable where the quartzitic texture is 

produced by secondary silica cementation and the pressure 

solution of the quartz grains during burial and compaction 

rather than the thermal and pressure affects of convention-

al metamorphism. This appears to be the case with the 

Snowden, because the initial mineralogica l composi tion of 

the sandstone is preserved Pettijohn , 1973~ Skolnick, 1965). 

The preservation of primary s edimentary structures {cross­

bedding) and trace f ossils {Scolithus) in . the Snowden fur­

thur substantiates the conclusion that it was derived pri­

marily from low temperature secondary silica cementation 

and pressure solution of what was originally a quartz 

arenite. 

Tables 2, 3, 4, and 5 list details of sandstone petro-

graphy. The framework {QFL) composition of the Snowden 

{Fig. 13) shows that twenty-five of twenty-six samples plot 

in the quartz arenite field {> 95% quartz) with the twenty-

sixth sample a subar kose { 90% < quartz <. 95% and 

spar ~ % li thic fragments) • 

°' 

% fe ld-

Monocrystalline quartz is the dominent framework com-

ponent {aver a ge 93%, standard deviation 1.3). The ma jor-
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ity of the monocrystalline quartz g rains exhibit undulatory 

extinct i on. The high percentage of undulatory quartz may 

b e t he result of post-depositional strain associated with 

the structurally deformed (folded and faulted ) Rapers For-

mation (Conolly, 1965). Few abraded, authi g enically over-

grown grains were observed suggest ing that t h e bulk o f this 

mate r i al is first cycle. However , p r e ssu re solution may 

have erased some abraded secondary overgrown grain s as 

original grain boundaries were destroyed. Neverthe l ess, 
least 

even i n samples/affecte d by pressure solution , t h e firs t 

cycle : multicycle quartz r atio i s onl y 10% lower than aver­

a ge, and in no samples i s t he ratio l e s s t h a n 76:24. 

Feldspar is the next mos t abun d ant f r ame work component 

(ave rage 2.1%, standard deviation 0 .9). Potassium feld-

spar (mi crocline and orthoclase ) occurs more ofte n than 

plagioclase feldspar. Untwinned orthoc l ase was identified 

on the basis of opti c a l properties and alt e r ation (Scholle, 

1 9 79). Authigenic overgrowt h s are r a r e , and abraded over-

g rowths were not seen. 

Lithic fragments are almost a s abundant a s f eldspars 

(average 2.0%, standard deviation 0.8 ). The most common 

lithic fragment is polycrystalline quartz (80% o f a l l 

lithi c fragments are p o lycrysta l l ine quartz). Seventy two 

percent of the polycry stalline quartz is composed of 6 or 

mo r e crystals, and about half of the polycrystal l ine quartz clasts 
~~ 

/2--s compose d of elongate crystals. Schist fragments a re 
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present )although not abundant (average 0.1%). 

Detrital mica, rarely an abundant framework component, 

is typically muscovite ( average 0.4%, standard deviation 

0.1). Traces of biotite occur in one out of 26 samples . 

The heavy mineral suite (average 0.7%, standard deviation 

0.1), listed in Table 6, includes epidote, t ourmaline, 

apatite , zircon, magnetite, rutile, and sphene. Epidote 

and tourmaline are the most abundant (40% and 16% respec­

tively of total heavy minerals). Epidote clasts are 

rounded to well rounded, and tourmaline clasts are angular 

to rounded. 

Interstitial material , matrix and cement is rare (av­

erage 0.8% and 0.6%, stand ard deviation 0.1 and 0.1 re­

spectively) because pressure solution has eliminated orig­

inal i n tergranular pore spaces. In all cases, the cement 

is silicious and was probably derived through pressure 

solution as described by Pettijohn (1973, p. 424). The 

matrix component is more likely to be secondary than detri­

tal because quartz arenites are deposited in environments 

capable of winnowing out matrix size clasts . Secondary 

mQtrix typically results from the disaggregation of lithic 

clasts or weather ing of feldspars (Dickinson, 1970~ Petti­

j ohn, 1975). Locally, some secondary matrix may have been 

the result of shearing and recrystallization, and this is 

evident as some matrix· exhibits an elongate fabric along a 

restricted planar section. The matrix is primarily com-
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posed of quartz with some feldspar and mica. 

For the purpose of detecting possible lateral or vert­

ical variations in compositions, the compositional data of 

the Snowden has been grouped laterally (along strike) in 

Tables 3 and 4 and vertically in Table 5. Along strike, 

the composition of the Snowden remains fairly homogeneous. 

There is a slight deer ase in tne amount of monocrystalline 

quartz and a slight increase in the amount of lithic frag­

ments along strike to the northeast. The first cycle: 

multicycle quartz ratio decreases to the northeast, but 

petrographic analysis shows that samples to the northeast 

are least affected by pressure solution. Lack of pressure 

solution preserves original grain boundaries so that abraded 

overgrowths may be recognized. The heavy mineral suite 

remains generally homogeneous along strike. Epidote is 

the most common heavy mineral in 5 o f the 6 sections. To 

the northeast there is a decrease in the amount of apatite 

and an increase in the amount of zircon (Table 6). 

Vertically there are no significant differences in com­

position (Table 5). · Monocrystalline quartz becomes slight­

ly less abundant and total feldspar becomes slightly more 

abundant upward, but these changes in abundance are only 

on t h e order of one percent or less. Epidote remains the 

dominant heavy mineral in all cases, and tourmaline becomes 

s lightly but insignificantly less abundant upward. 

The lack of any significant vertical or lateral vari-
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ation in composition coupled with the slight variation in 

texture (Table 1) is a striking feature of the Snowden. 

This overall compositional and textural homogeneity o f the 

Snowden presumably reflects both the provenance and depos­

itional environment of the sediment. 



Quartz 
1st cycle: multicycle 

undulatory: nonund. 

Microcline 
0rthoclase 
Plagioclase 

Total Feldspar 

Muscovite 

Bioti te 
Total Mica 

Chert 
Polycrystalline Quartz 

(~6 crystals) 
(elongate crystals) 

Schist Fragments 
Total Rock Fragments 

Heavy Minerals 
Silicious Cement 

Matrix 

Total 

Mean Standard 
(percent) deviation 

93. 4 1 . 3 

87 :13 
86:14 

0.5 
1.2 
o.4 
2.1 

o.4 
trac e 
o.4 

0 .3 
1.6 

(72%) 
( 51%) 
0.1 
2 .0 

0.7 
o.6 
o.8 

100.0 

0.2 

o.4 
0.2 

0.9 

0.1 

0.1 

0.1 

0 . 7 

0.1 

0.8 

0.1 

0.1 

0.1 

Range 
( 1 ow ) ( high) 

89.6 97.2 
76:24 96:4 
64:36 96:4 

o.o 
o.4 
o.o 
o.6 

o. o 
o.o 
o.o 

o.o 
0.2 

( 56%) 
( 20%) 

o.o 
o. 4 

0.2 

0.2 

o.o 

1.4 
2.2 

1.6 

J.6 

1.0 

trace 
1.0 

o.8 
3.2 

(88%) 
(76%) 
o.6 
J.6 

1.6 
2.0 

2.8 

Table 2. - Averages, standard deviations, and ranges of the 
resul ts of petrographic analyses (26 samples). 



Snowden Balcony Enchanted 
Falls Creek 

Quartz 94.6 93 . 9 93 .1 
1st cycle 1 mul ticycle 89:11 91:9 88: 12 
undulatory : nonund 88112 87 :1J 79:21 

Microcline 0.7 o .6 0.2 
0rthoclase 1.1 1.6 0.9 
Plagioclase 0.3 0 .2 0.2 

Total Feldspar 2.1 2 . 4 1.3 

Muscovite 0.4 0.1 0.6 
Bioti te 0.1 

Total Mica o.4 0 .1 0.7 

Chert 0.3 0.2 0.7 
Polycrystalline Quartz 0.8 1. 5 1.9 

( ~ 6 crystals ) (73%) (77%) (74%) 
( elongate crystals) ( 51%) (50%) ( 44%) 

Schist Fragments 0 .J 
Total Rock Fragments 2.1 2. 0 2.3 

Heavy Minerals o.6 0 .7 0.5 
Si l icious Cement 0.8 o.4 1.2 
Matrix 0.9 1.7 

Total 100.0 100.0 100.0 

Table 3. - Compositional data from petrographic analys i s, 
grouped by mean percent for each s ec t i on: Snowden, 

Balcony Falls, and Enc hanted Creek sections. 



Quartz 

1st cycle : multicycle 
undulatory: nonund. 

Microcline 
Orthoclase 
Plagioclase 

Total Feldspar 

Muscovite 
Bio ti te 

Total Mica 

Chert 
Polycrystalline Quartz 

(~6 crystals) 

(elongate crystals) 

Schist Fragments 

Total Rock Fragments 

Heavy Minerals 
Silicious Cement 
Matrix 

Total 

Pedlar 
Gap 
9.3.9 

89:11 
86 :14 

0.3 
0.9 

1.2 

0.5 

o.4 
1.7 

(71%) 
( 5.3%) 

2.1 

o.6 
0.8 

0.9 

100.0 

Buena 
Vista 

93.9 
87: 13 
87 :13 

0.8 

0.7 
1.1 
2.6 

o.4 

o.4 

0. 1 

1.9 
( 60%) 

( 57%) 

2.0 

0.7 
o.4 

100 .0 

Vesuvius 

91.9 
80:20 

87a1J 

0.2 

1.7 
0.3 
2 .2 

0.2 

0.2 

0.1 

~-9 
(79%) 
( 52%) 
0.J 
2. J 

0.5 
1.2 

1.7 

100.0 

Table 4.- Compositional data from petrographic analys is, 
grouped by mean percent for each section: Pedlar Gap, 
Buena Vista, and Vesuvius sections. 



Quartz 
1st cycle : multicycle 
undulatory: nonund . 

Microcline 
0rthoclase 
Plagioclase 

Total Feldspar 

Muscovite 
Bioti te 

Total Mica 

Chert 
Polycrystalline Quartz 

(2: 6 crystals) 
(elongate crystals) 

Schist Fragments 
Total Rock Fragments 

Heavy Minerals 
Silicious Cement 
Matrix 

Total 

Bottom 
Third 
94.3 

87 :1J 

87 :1J 

0.5 
1.0 

0.2 

1.7 

0.J 

0.J 

0.2 

1.J 
( 7 5%) 
( 48%) 
0.1 

1.6 

o.6 
0.7 
0.8 

100.0 

Middle 
Third 

93.6 
85 :15 
81 :1 9 

0. 4 

1.0 

o.4 
1.8 

0.J 

0.J 

0.5 
1.8 

(73%) 
(49%) 
0. 2 

2. 5 

o.4 
0.8 
0.6 

100.0 

Top 
Third 

93.4 
91:9 
BJ: 17 

0.5 
1.1 
o.4 
2.0 

0.5 
0 .1 

o.6 

0.J 
1.6 

(63%) 
( 56%) 

1.9 

1.0 

o.4 
0.7 

100.0 

Table 5.- Compositional data from petrographic analysis, 
grouped by mean percent for each stra tigraphic third: 
bottom, middle, and top thirds. 



Section 

Snowden 
Balcony Falls 
Enchanted Creek 

Pedlar Gap 
Buena Vista 
Vesuvius 

Top Third 

Middle Third 

Bottom Third 

Heavy minerals: relative abundance in 
decreasing order of abundance 

epidote, apatite , tourmaline , rutile 
epidote, magneti te , apatite, rutile, zircon 
epidote, tourmaline, magnetite , apatite , 

rutile, zircon 
tourmaline, apatite , epidote, zircon 
epidote, zircon, magnetite 
epidote, magnetite, sphene 

epidote, t ourmaline, rutile, zircon, 
magnetite 

epidote , tourmaline, apatite, rutile, 

zircon,magnetite, sphene 
epidote, apa ti te, zircon, tourmaline, 

rutil e , magnetite 

Total relative abundance based on actual point count: 

epidote = 40 .J% 
tourmaline = 16 .1% 
apatite = 14.5% 
zircon = 11.J% 
magnetite = 9.7% 
rutile = 6.5% 
sphene = 1.6% 

100.0% 

Table 6.- Distribution and relative abundance of heavy 
mineral clasts. 
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Provenance 

The composi tion and primary sedimentary structures of 

the Snowden Member suggests that the Snowden was derived 

from the weathering of a proximal, low-lying heterogeneous 

source terrain of Precambrian sedimentary, igneous, and 

metamorphic rocks located in the craton, northwest of the 

depositional basin. The composition of the source terrain 

is inferred from the mineralogical composition of the Snow­

den using provenance indices proposed by Blatt and Christie 

(1963), Blatt (1967), Boggs (1968) , Dickinson (1970), Pet-

tijohn (1973, 1975), and Scholle ( 1 9 79). Interpretation 

of source climate and topogi phy is based largely on cri­

teria suggested by Folk (1968 ) and Suttner, Basu, and Mack 

(1981); transport direction and di s tance from the source 

terrain to the depositional basin i s largely based on 

earlier models proposed by Schwab (1971, 1972) and a general 

methodology developed by Petti john (1973, 1975). 

Source Area Composition 

The presence of detrital chert , rounded heavy minerals, 

and a high overall abundance of monocrystalline quartz 

grains, many exhibiting abraded overgrowths, implies that 

pre-existing sedimentary rocks constituted at least portions 

of the source terrain. However , b ecause pressure solution 

makes it impossible to accurately determine the ratio of 

first cycle to multicycle quartz cla sts , I cannot quantita­

tively estimate the overall abundance of sedimentary rocks 
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in the source terrain. Even with extensive pressure solu­

tion, between 10 and 20% of the monocrystalline quartz 

clasts are at least second cycle. Consequently, substanti-

al portions of the source terrain must have been sedimentary 

assemblages. The high overall abundance of orthoclase rel­

ative to microcline relative to plagioclase {Table 2) is 

also indicative of a sedimentary source terrain {Blatt, 

1967) . 

The erosion of coarse-grained metamorphic rocks, par­

ticularly schist and gneiss, can also be inferred based on 

high overall abundance of polycryst l line quartz as well as 

the presence of schist f r gments. Polycrystalline quartz 

may be derived both from i gneous and metamorphic rocks. 

However, most {72%) of the polycrystalline quartz clasts 

consist of 6 or more quartz crystals, many {51%) of which 

are elongate cyrstals, characteristics typical of coarse­

grained, foliated metamorphic rocks (Blatt and Christie, 

1963~ Blatt, 1967). Because fine-grained metamorphic rock 

fragments, particularly slate and phyllite, are generally 

preserved during weathering and transport {Boggs, 1968), 

their comparative absence relative to fragments of schist 

would suggest that the metamorphic t errain was predomi­

nantly composed of the deeper-seated, coars er-grained, 

foliated lithologies. This inference is compatable with 

the observation that epidote, the most common heavy min­

e ral in the Snowden, is generally derived f rom high-grade 
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metamorphic (gneissic) sources. 

Plutonic rocks probably also occurred in the source 

area. This conclusion is suggested by much of the data. 

For example, approximately 86% of all monocrystalline 

quartz exhibits undulatory extinction, and the plagioclase/ 

total feldspar ratio is very low (average= 0.157). The 

erosion of acidic plutons (such as granite) characteris­

tically produces such sediment presently (Blatt and Chris­

tie, 1963~ Dickinson, 1970). Angular clasts of tourmal­

ine, apatite, and magnetite also are generated by weather­

ing a granitic source (Pettijohn, · 1973). 

The above lines of evidence suggesting that the source 

for the Snowden was a mixed terrane of high-grade metamor­

phic rocks (schists and gneisses) and acidic plutons, 

mantled by or including subordinate belts of sedimentary 

rocks, logically point to the underlying Blue Ridge Base­

ment Complex as the most likely source for the unit. 

Werner (1966) described the local Virginia Blue Ridge Base­

ment Complex in detail and defined three principle units: 

the Marshall Granite, the Levingston Formation (granite­

gneiss), and the Pedlar Formation (quartz monzonite). Of 

particular interest is the Pedlar Formation because it is 

partially composed of unakite (55% potassic feldspar, 25% 

epidote, and 20% quartz). The r elative abundance of 

detrital epidote clasts in the Snowden would be explained 

by the presence of a source terrain partially rich in epi-
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Clastic sediments of the Precambrian Swift Run For-

mat i on, which unconforrnably overlie t he "deeply weathered 

surface of the Pedlar" (Werner, 1966, p. 11), we re also 

included in the source terrain. In surmnar y, the source 

terrain of the Snowden appears to be the dominent coarse­

grained, low to high grade metamorphic and acidic igneous 

r ocks of the Precambrian Basement Complex. Precambrian 

e lastic sediments were evidently also erode d, but p rob­

ably were less extensive in the source. 

Climate and Relief 

The climate of any source area c ontrols the type of 

~eathering (¢hemical vs. physical) and is ultimately re­

sponsible for the kind of detritus provided to the deposi-

tional basin. Therefore climate is a majo r facto r in de-

termi n ing sandstone composition and must be taken into ac-

count in provenance studies. In a recent article on 

"Climate and the Origin of Quartz Arenites," Suttner, Basu, 

and Mack • (1981) analyzed the mineralogical composition of 

Holocene fluvial sands derived from three dist~nct types 

of source terrains: 1) plutonic, 2) low-grade metamorphic, 

and 3) high-grade metamorphic. They compared the weather-

ing products produced from such source rocks under two con­

trastin g climates, arid and humid. Figu re 14 summa r izes 

their conclusions by plotting sandstone framework (QFL ) and 

sup e r i mpo s ing climatic bounding conditi ons. The composi-

tion o f the sands were then quantiatively modified to "il-
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lustrate the effects of theoretical transport of 75 km fol­

lowed by theoretical deposition in a shallow marine environ-

ment"(Suttner, Basu, and Mack, 1981, p. 1240). Figure 

14 consists of the "adjusted" QFL diagrams drawn by Suttner 

et al. Figure 14a is a summary plot of just the medium 

sand fraction, and the compositional data from the Snowden 

plots in the metamorphic source field exposed to a humid 

climate. Figure 14b separates the various sources: plu-

tonic source, low-grade metamorphic source , and high-grade 

metamorphic source. In all cases , regardless o f the source 

composition, the data from the Snowden plots in the humid 

climate field. A humid climate would tend to promote the 

decomposition of feldspars and lithic fragments and promote 

the deposition of a cleaner, more quartz-rich, sandstone 

such as the Snowden. 

The above analysis is based on a uniformitarian earth. 

1r assume that 
That is, processes at work on the earth during the Cambrian 

were the same as those during the Holocene. 

of weathering this is not necessarily true. 

In the case 

Vegetation 

is a major factor in weathering as the presence of vegeta-

tion tends to reduce the degree of weathering. Because 

land plants were not present on the earth during the Cam­

brian, weathering during the Cambrian probably took p lace 

at a faster rate than it does today, during the Holocene . 

This is not to imply that a comparison of data from the 

Cambrian and the Holocene is unjustified. Rather, factors 



such as vegetation must be taken into account in studies 

based on a uniforrnitarian earth. 
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What relief did the source area mos t likely possess? 

According to Folk (1968), a source area of high relief ex­

posed to a humid climate for a brief time will produce 

abundant angular, coarse-grained feldspar. On the other 

hand, a source area of low relief exposed to a humid cli­

mate (chemical weathering) for a prolonged time will pro-

duce little or no feldspar. Lack of abundant feldspar 

or lithic clasts in the Snowden would imply that the source 

area was of low relief and exposed to a humid climate. It 

should be mentioned, however, that l ack of feldspar or lith­

ic clasts could be explained by prolonged distance of trans­

port o r inheritance--the source terrain could have been 

lacking in these framework components to begin with. The 

fact that there is a significantly higher percentage of 

muscovite (o.4%) than biotite (trace) in the framework of 

the Snowden further suggests that the relief of the source 

area was low~ sediments derived from source a reas of low 

relief typically contain more grains of muscovite relative 

to biotite. The presence of angular clasts of magnetite, 

tourmaline, and some feldspars and resistent lithic clasts, 

would suggest that source terrain was proximal to the de­

positional basin. 

Figure 15 is a paleocurrent map of the Chilhowee Group. 

The rose diagram from the Snowden Member is b a sed on the 
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orientation of 15 sets of cross-bedding azimuths measured 

at the Snowden section. Cross-bedding azimuths indicate 

a principal dispersal direction to the southeast (-144°). 

Therefore, the source terrain for the Snowden was located 

to the northwest of the depositional basin. The rework-

ing of sediment by longshore currents flowing northeast 

and southwest is inferred on the basis that numerous azi­

muths are oriented in this direction. 

Tectonic Setting 

A modern consensus exists that, "the key relations be­

tween provenance and basin are governed by plate tectonics, 

which thus ultimately controls the distribution of differ­

ent types of sandstone (Dickinson, 1979, p. 2164)." Fig­

ure 16, a triangular QFL plot showing compositional dis­

tinctions believed to exist between sandstones derived from 

different tectonic provinces, is included to evaluate the 

sedimentary tectonic framework. In this type of diagram , 

polycrystalline quartz is conventionally grouped with mono­

crystalline quartz. Compositional data from the Snowden 

invariably plots in the "continental block provenance" or 

the "recycled orogen provenance". Sands derived from con­

tinental blocks are characterized by a high quartz content 

and a high ratio of K-feldspar to plagioclase (Dickinson; 

1979) . Such characteristics imply intense weathering on 

cratons (both shield and platform areas) with low relief. 

Crustal stability and slow erosion allows time for the 
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reworking and cleaning of the sediment. 

Recycled orogenic belts, located adjacent to the con­

tinental block, were also included in the source area. Re­

cycled orogenic belts invariably mean source terrains com­

posed of uplifted and structurally deformed strata and gen-

eration of multicycle sediments (Dickinson, 1979). In rare 

cases, wnile a unique combination of extreme conditions 

(climate, relief, and rate of sedimentation), may produce 

first-cycle quartz arenites (Suttne r, Basu, and Mack, 1981), 

generally such sands are multicycle in origin. The over-

all compositional maturity of the Snowden (>95% monocry­

stalline quartz grains) suggests a source terrain rich in 

monocrystalline quartz, and the best source for a high per­

centage of monocrystalline quartz is one that includes pre-

existing quartz arenites. Then, the pre-existing quartz 

grains are merely re-cycled into younger sediments, the 

Snowden in our case. 
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Fig. 14 .- A) Climatic bounding conditions based on a study of 
Holocene fluvial sands derived from a number of different 
sources (Suttner et al. , 1981 ) . Data from the Snowden plots 

in the metamorphic source t errain in a humid climate. 

B) Suttner et al. (1981) adjus ted the climatic boundaries 
for shallow marine deposits, a nd they separated the various 

sources . Data from the Snowden invariably plots in the 
humid climate field regardless of the source composition. 
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Fig. 16 . - Triangular QFL plot showing mean framework modes 

for selec ted sandstone suites derived from different 
types of provenances (Dickinson , 1979). 
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Depositional Environment 

The Chilhowee Group represents deposition in a sequen­

tial variety of environments. The _prominent lithology of 

the Unicoi Formation is a coarse-grained, conglomeratic, 

channeled, arkosic, and graywacke sandstone interpreted to 

have been deposited in an alluvial channel and floodplain 

environment (Schwab, 1971). On the basis of t~xtural and 

compositional maturity, abundant crossbedding, and a shal­

low marine fossil assemblage, a shallow marine suite of en­

vi-ronments (beach, bar, and deltaic fringe) has been pro­

posed for the Antietam Formation (Schwab, 1971). However, 

the Harpers Formation, the unit that "hosts" the Snowden, 

is composed of a much more heterogeneous suite of lithol­

ogies, a nd it is difficult to propose only a single deposi­

tional environment for the entire unit. 

Schwab (1971) subdivided the Harpers Formation into 

four compositional facies, and suggested for each a con­

trasting depositional environment. His facies 1 (quartz 

arenite, i.e., for example, the Snowden Member) and facies 

2 (lithic and feldspathic arenite) were interpreted as 

being deposited in a series of shallow water marine environ­

ments, beach, longshore bars, tidal flats, etc., much like 

the bulk of the Antietam Formation. The compositional 

variations were interpreted to be the result of differences 

in weathering , sediment supply, and rate of sedimentation . 

Conversely, facies 3 (wacke) and facies 4 (shale) were in-

I 
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terpreted as deeper-water deltaic and/or turbidity current 

{fan?) deposits. This paper conc entrates on defining, as 

specifically as possible, only the depositional environment 

of the Snowden Member {Schwab's facies 1). The interpreta­

tion is mainly based on analogies with shallow marine en­

vironments described by Pettijohn {1 973), Selley {1978), and 

Reineck and Singh {1980). 

The compositional and textural maturity of the Snowden 

Member {95% monocrystalline quartz in well rounded, well 

sorted grains) implies a shallow marine depositional envir-

onment. Shallow marine trace fossils, Scolithus , and 

shallow marine primary s e i mentary structu res, bimodal 

festoon crossbedding with low dips and slightly dipping lam­

i nations, suggests that re-working of sediments and final 

d e position occurred in a beach or offsho re bar environment 

{Reineck-Singh, 1980). Al though the bur,rowing of marine 

a nimals and the diagenetic effects of pre ssure solution have 

made it difficult to use primary sedimentary s t ructures to 

"fingerprint" specific depositional environments {an objec-

tive t h a t sedimentary structures alone rarely attain in any 

case), other characteristics of the Snowden s u g ge st that 

deposi t ion occurred in a linear elastic shorelin e of an off­

shore barrier isla nd or bar. 

A modification o f this depos itional model is probably 

warranted . Adjacent to offshore islands or bars, marine 

currents a r e s trong enough to rewor k deltaic sediments or 
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other land detritus, sufficiently to generate quartz arenite 

deposits (Selley, 1978). Such deposits tend to contain: 

1) concentrations of rounded heavy minerals (rounded clasts 

of epidote and other heavy minerals a re common in the Snow­

den ) , 2) exqellent sorting and a very high grain-matrix ra­

tio (sediment of the Snowden is very well sorted and contains 

only secondary matrix), 3) bimodal c r ossbedding and marine 

burrows (the Snowden is characterized by these), 4) channel­

ing, i.e., scour and fill ( this is e vident in the Snowden,-· 

Plate 5), 5 ) vertical increase in grain size (the grain size 

of the Snowden increases from the bottom third to the middle 

third, and the decrease in grain size from the middle third 

to the top t hird may be explained by minor marine trans­

gressions because fine-grained siltstones and shales over­

lie the Snowden), 6) an elongate and linear sand body (this 

is the geometry of the Snowden), an d 7 ) associated litho-

logical types (laterally, the Snowden tends to separate 

terrestrial deposits of the Unicoi and lower Rapers from t h e 

deeper marine turbidite deposits of the Upper Harpers)~ 

(Pettijohn, 1973). 

Figure 17 is an illustration o f the proposed deposi-

tional environment of the Snowden Member. The depositional 

environments of the Unicoi a nd the Harpers Formations are 

incorporated in the illustration to stress lateral and ver­

tical relationships. 

In summary , the Snowden is characterized by a "beach 
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sand" lithology and suite of primary sedimentary structures 

and trace fossils. On the basis of lateral lithological 

variations , geometry. of the sedimentary body, and other 

characteristics mentioned above, the Snowden is interpreted 

to have been deposited in an offshore linear barrier island 

or bar during a period of time where the rate of influx of 

sediment was low enough to allow the rework~ng, compositional 

and textural maturing of sediment already present or slowly 

entering the depositional basin. 
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Fig. 17.- Depositional model for the Snowden Member and the 
lower and middle Chilhowee Group. Based on a modern 
beach-shelf profile by Reineck and Singh (1980). 

Summary 

1) The Unicoi Fm. is interpreted as a continental, allu­
vial fan and floodplain deposi t (Bloomer and Werner , 
1955), and it was deposited northwest of the marine basin. 

2) The Lower Harpers Fm. , including the Snowden Member, is 
interpreted as a marine shelf deposit (slow subs idence of 
the basin, Schwab , 1971). 

The Upper Harpers Fm. is interpreted as a marine basin 
deposit, a turbidite (more rapid subsidence of the basin, 
Schwab, 1971). 



3) Minor marine transgressions and regressions produce 

intertonguing of lithologies , and as transgression 
ultimately dominates, a shoreward migration of facies 
occurs; due to: 

a) repitious uplifts and subsidence of the basin. 
(tec tonic instability) 

b) lateral migration of the shoreline. 
(varying the rate of s ediment supply) 

4) Major marine transgression c oupled with tectonic 

stability allows deposition of the Antietam Fm. 
(blanket sandstone) and the Shady Fm. (shallow 
marine carbonate). 
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Plate 1.- Contact between the Snowden Member and the 
Harpers Fm. (Balcony Falls section). 

Plate 2.- A weathered surface of the Snowden is char­
acterized by iron staining due to oxidation. The 
fresh surfaces are light colored and the weathered 
surfaces are dark (Vesuvius section). 



Plate 
in 

J.- The quartzite beds of the Snowden are uniform 
thickness and laterally continuous. Bedding thick­

ranges from JO to 120 cm. The staff is 2 meters 
(Vesuvius section). 

ness 
long 



Plate 4.- Locally, discontinuous shale beds are inter­
bedded with the quartzite beds of the Snowden. These 
shale beds are interpreted as being the result of 
channeling, ie. scouring and fill, during deposition. 
The discontinuous shale bed on the right is an example. 
Cleavage in the shale is oriented at an angle to the 
bedding surface of the quartzite beds (Snowden section). 



Plate 5,- Cross-bedding in 
festoon type and ranges 
(Snowden section). 

the Snowden is of the trough­
from 7 to 15 cm in thickness 



-

Plates 6 & 
fossil) 
burrows 
dicular 

7 Scolithus tubes, the only fossil (trace 
found in the Snowden, are interpreted as worm 

These tubes are invariably oriented perpen­
to the bedding surface (Snowden section) 
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