
MARINE OFFSHORE TO ALLUVIAL PLAIN TRANSITIONS WITHIN THE 
"CHEMUNG"-HAMPSHIRE 

INTERVAL (UPPER DEVONIAN) OF THE SOUTHERN CENTRAL 
APPALACHI~..NS 

by 

Wilson S. Mcclung 

Thesis submitted to the Faculty of the 

Virginia Polytechnic Institute and State University 

in partial fulfillment of the requirements for the degree of 

MASTER OF SCIENCE 

in 

Geological Sciences 

APPROVED: 

Dr. R. K. t3~mbach, Ch a i rman 

Dr. K. A. Eriksson Dr. · S .OY': 'scheckler 

April, 1983 
Blacksburg, Virginia 

I 



MARINE OFFSHORE TO ALLUVIAL PLAIN TRANSITIONS WITHIN THE 
"CHEMUNG"-HAMPSHIRE 

INTERVAL (UPPER DEVONIAN) OF THE SOUTHERN CENTRAL 
APPALACHIANS 

by 

Wilson s. Mcclung 

(ABSTRACT) 

The Upper Devonian "Chemung" and Hampshire Formations 

of the southern Central Appalachian basin constitute the up-

per strata of an eastward thickening wedge of elastic sedi-

ment. The sediments comprising the "Chemung" and Hampshire, 

deposited on a low-gradient marine shelf and alluvial plain, 

respectively, are syn- to post-orogenic (Acadian), and were 

derived from the erosion of the Acadian Mountains to the 

east. 

Facies of the "Chemung" indicate deposition within 

three major, laterally adjacent environments. The predomi-

nating facies assemblage constitutes upward-coarsening se-

quences interp=eted as off shore to upper shoref ace prograda-

tional successions. The sequences are storm- and 

wave-dominated and pass upward into storm- and wave-dominat-

ed shoal water delta facies or into low-energy subtidal to 



supratidal mudflat facies. The absence of beaches and tidal 

channels is indicative not only of low tidal ranges, but 

also of seaward dissipation of wave-energy within a very 

shallow intracratonic foreland basin. 

The easternmost sections of the Hampshire Formation are 

comprised of fluvial cycles interpreted as high-energy 

sheetflood deposits. This style of sedimentation developed 

in closest proximity to the source. The Hampshire of more 

western sections is constructed predominantly of cycles in-

terpreted as low-sinuosity braided stream deposits with a 

lesser abundance of cycles deposited by high-sinuosity mean-

dering streams and high-energy sheetfloods. Low deposition-

al slopes were associated with the alluvial plain. Braid-

ing, however, was probably . due to high runoff associated 

with high rainfall in a tropical climate and inadequate flo-

odplain stabilization by vegetation, resulting in periodic 

high discharge. 
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INTRODUCTION 

This project was designed to study the southern portion 

of the Devonian Acadian elastic wedge to gain knowledge of 

the facies that link New York and Pennsylvania with south-

western Virginia. The study area is located within the 

southern Central Appalachians of eastern West Virginia and 

northwestern Virginia (Fig. 1), the Acadian wedge of this 

region being comprised of the Millboro-Bralli-

er- "Chemung" -Hampshire interval (Fig. 2) . Only the upper 

portion of the wedge consisting of the "Chemung" and Hamp-

shire was investigated in this study, the latter unit repre-

senting the southernmost exposure of "Catskill" red.beds. 

From New York southward into Pennsylvania the "Chemung" 

and overlying "Catskill" complex is well known as a prograd-

ing elastic shoreline complex in which up to 1,720 m of non-

marine red.beds ("Catskill") overlie the similarly thick, ma-

rine "Chemung" (Barrell, 1913; Glaeser, 1963; Allen and 

Friend, 1968; Sutton et al., 1970; Glaeser, 1974). In 

southwestern Virginia the corresponding Devonian package is 

considerably thinner and consists only of the marine "Che-

mung" (Butts, 1940). The little studied intermediate region 

of eastern West Virginia and northwestern Virginia contains 

- 1 -



2 

Figure 1. Location map of study area. 
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Figure 2. Time-stratigraphic relationships of the 

units comprising the Upper Devonian Acadian 

wedge within the Virginias (from Dennison, 

1971). Thickness relations are not to scale. 



EUROPEAN NORTH AMERICAN 
WEST VA - VIRGINIA SYSTEM 

STAGE STAGE SERIES 

BRADFORD 
FAMENNIAN I ICHAUTAUQUAN 

CASSADAGA I ~ 
-0 CJ I (.11 ..... 

"COHOCTIN rr1 rn ::0 
FRASNIAN SENECAN < 

FINGER LAKES 0 z -
TAGHANIC 3:: I l> 

z 
MILLBORO I -0 

FORMATION GIVETIAN TIOUGHNIOGA ERIAN 0 r 
CAZENOVIA . 

. rr1 

I ..... 
"Chemung of Cooper et al. (1942) 



6 

the f acies transition between the thick orogenic wedge to 

the northeast and the thinner marine section to the south-

west. 

This study has two objectives. The first objective is 

to provide thorough descriptions and hydrodynamic interpre-

tations of the facies throughout the study region. The sec-

ond is to provide a paleoenvironmental model of deposition 

in order to understand more fully the southernmost effects 

of the Acadian orogeny. The study includes detailed mea-

sured sections of exposures from Frederick County, Virginia, 

westward to Hampshire County, West Virginia, and southwest-

ward to Pocahontas County, West Virginia. Vertical sequence 

relationships, sedimentary structures, gross petrography, 

flora and fauna, and biogenic structures are documented. 

Sedimentary structures are related to modern hydraulic re-

gimes and depositional processes. · Paleoenvironmental in-

terpretations and models are then presented which are based 

primarily upon modern depositional environments as well as 

inf erred controls on sedimentation. 



THE ACADIAN OROGENY AND RESULTING "CATSKILL 
CLASTIC WEDGE" 

The marine "Chemung" and overlying nonmarine "Catskill" 

redbeds of the North American Appalachian basin constitute 

the upper strata of a thick elastic wedge of sediment shed 

to the west from a rapidly uplifted tectonic highland to the 

east. The wedge thins to the west with the redbeds of the 

"Catskill" not extending as far as the underlying marine 

strata of the "Chemung" (Fig. 3). 

The disturbance responsible for the wedge is attributed 

to the Acadian orogeny. Acadian events commenced during the 

Early Devonian as documented by the presence of Early Devo-

nian deformed strata in southwest New Brunswick and adjacent 

Maine intruded by post-orogenic plutons also of Early Devo-

nian age (Mencher, 1939; Pajari et al., 1974). Events pro-

bably related to the Acadian orogeny are present as far 

south as the northern portion of the Southern Appalachians 

where movement and associated metamorphism ( 375-330 m. y. 

B.P.) has been recognized along the Brevard zone (Roper and 

Dunn, 1973). In addition, crustal thickening, regional me-

tarnorphisrn, and plutonisrn (400-360 rn.y. B.P.) occurred along 

the margin of the Carolina Slate Belt and Charlotte Belt 

proviI!ces (Sinha and Zietz, 1982). These events, when corn-

- 7 -
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Figure 3. Isopach map of Upper Devonian . rocks within 

the Appalachian basin (from Colton, 1970; Oliver 

et al., 1971). 
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bined, are timed from Late Silurian-Early Devonian to Late 

Devonian-Early Mississippian in age (400-330 m.y. B.P.). 

From a plate tectonic viewpoint, the proposed mechanism res-

ponsible for this orogeny has been interpreted as the clos-

ing of the Iapetus Ocean with subsequent collision between 

Laurentia, Baltica, Avalonia, and England (Scotese et al., 

1979). The suturing of Laurentia and Baltica formed the su-

percontinent Laurussia (Fig. 4). This collision resulted in 

a rapidly uplifted and geologically complex source area, 

known as the Acadian Mountains, which was comprised of low 

grade metamorphic rocks with some sedimentary, plutonic, and 

volcanic rocks (Allen and Friend, 1968). Within the United 

States, this mountain range stretched for at least some 500 

miles between the latitudes of the Virginias and New York 

State (see Fig. 3) and continued northward through what is 

now Scotland, Norway, Greenland, Spitzbergen, and the Arctic 

Islands (Scotese et al., 1979). 

The Acadian wedge which resulted from the erosion of 

the western slope of the Acadian Mountains has also become 

known as the "Catskill elastic wedge", named for the specta-

cular outcrops in the Catskill Mountains of New York. West-

ward sediment transport has been documented from paleocur-

rent analyses by Sutton ( 1959), Burtner ( 1963), Fletcher 

(1963), Leeper (1963), and Mciver (1970), mainly for the New 

York, Pennsylvania, and Maryland region. Westward prograda-
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Figure 4. Paleogeographic reconstruction of the Late 

Devonian (from Ziegler et al., 1979; figs. 7.4, 

7.6). Note the near-equatorial setting of the 

study area (arrow). Laurentia =present-day North 

America, Scotland, Greenland, Ireland (north 

of Caledonian suture), Spitzbergen, and the 

Chukotsk peninsula of eastern Siberia. 

Baltica = present-day northern Europe (north 

of Hercynian suture and west of Uralian 

suture). 
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tion of facies has been documented from facies analyses in 

the same states as the paleocurrent studies (Allen and 

Friend, 1968; McCave, 1968, 1969, 1973; Sutton et al., 1970; 

Walker and Harms, 1971; Glaeser, 1974). Temporal relations 

indicate the diachronous marine-nonmarine contact becomes 

younger towards the west. The contact is Early Devonian in 

eastern New York and Late Devonian in western New York and 

Pennsylvania, and in the Virginias (Barrell, 1913; Chadwick, 

1924; 1933a; 1933b; Cooper, 1930a; 1930b; 1933; Caster, 

1934; Butts, 1940). 

An isopach map of the Acadian wedge (Fig. 3) reveals 

that later Paleozoic faulting has diagonally truncated the 

wedge from northeast to southwest, thrusting Blue Ridge and 

Piedmont crystalline rocks through the thick southern part 

of the wedge which has since eroded off. As a result, the 

oldest and thickest portion of the wedge is preserved only 

to the northeast in New York, Pennsylvania, and Maryland. 



AREAL EXTENT OF THE "CHEMUNG" WITHIN THE 
SOUTHERN CENTRAL AND SOUTHERN APPALACHIANS 

The most accessible outcrops of the "Chemung" in West 

Virginia and Virginia are exposed in northeast to southwest 

directed strike belts which trend approximately parallel and 

adjacent to the state line (Fig. 1). 

In the southern Central Appalachians the belts are ex-

posed by the erosion of moderate to broad folds located bet-

ween thrust blocks comprised of lower Paleozoic rocks to the 

east and the mildly folded to flat lying post-Devonian rocks 

of the Appalachian plateau to the west. 

Within the study area the "Chemung" is thickest in 

Berkeley County, West Virginia, where it approaches 760 m 

(Grimsley, 1916). To the west the "Chemung" thins to ap-

proximately 365 m in Preston, Barbour, and Randolph Counties 

before dipping into the subsurface (Hennen and Reger, 1914; 

Reger, 1918). The "Chemung" thins gradually to the south-

west (within the Southern Appalachians) disappearing almost 

entirely near the Narrows of the New River in its most wes-

terly belt (Butts, 1940). Twenty-four miles further to the 

southwest along the same belt at Bluefield, West Virginia, 

the "Chemung" is totally absent and the Lower Mississippian 

Price Formation conf ormably overlies the Brallier Shale 

- 14 -
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(Butts, 1940) . This sequence persists to the southwest to 

Cumberland Gap, Tennessee. 

Directly southeast of Bluefield, West Virginia, in a 

more easterly strike belt, the "Chemung" is present just 

west of Mechanicsburg, Bland County, Virginia, and continues 

southwest thinning gradually to the vicinity of Mendota, 

Washington County, before finally disappearing. 



AREAL EXTENT OF THE HAMPSHIRE FORMATION 

Thickness relations of the Hampshire Formation are si-

milar to that of the underlying "Chemung". The Hampshire is 

thickest within the West Virginia panhandle region of Berke-

ly County and also in the eastern portions of Hampshire and 

Hardy Counties where it approaches 1065 m (Grimsley, 1916; 

Tilton et al., 1927). The Hampshire Formation thins to ap-

proximately 180 m to the west in Preston, Tucker, and Ran-

dolph Counties, before dipping into the subsurface (Hennen 

and Reger, 1914; Reger, 1923; Woodward, 1943). 

Redbeds of the Hampshire Formation may be traced still 

further westward by way of deep wells in the West Virginia 

counties of Monongalia, Marion, Harrison, Upshur, Wetzel, 

Tyler, Wirt, Clay, Boone, and Kanawha (Woddward, 1943). The 

redbeds continue to thin and pass westward into marine sand-

stones and shales of the "Chemung" (Fig. 3). The facies of 

the "Chemung", in turn, become more shaly to the west and 

are ultimately displaced by thin black shales (Tucker, 1936; 

Woodward, 1943). 

From its thickest development in Berkeley, Hampshire, 

and Hardy Counties, West Virginia, the Hampshire rapidly 

thins to the southwest where it is less than 70 m(?) thick 

about 5 miles northwest of Fincastle (Botetourt County), 

- 16 -
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the juncture o.f the Central and Southern 

Further to the southwest, 3 m of red mud-

stone overlies the "Chemung" on U.S. Route 460 on Brush 

Mountain, approximately 3 miles northwest of Blacksburg, 

Virginia. Southwest of this Giles County exposure, the Low-

er Mississippian Price Formation (Pocono) conformably over-

lies the marine "Chemung" without the development of inter-

vening redbeds. 



HISTORY OF STRATIGRAPHIC NOMENCLATURE 

Chemung Formation 

The Chemung Formation was named by James Hall ( 1839) 

from Chemung Narrows of the Chemung River, ten miles south-

east of Elmira, New York. The upper and lower contacts were 

designated so the unit could be distinguished both litholo-

gically and biostratigraphically throughout the state of New 

York. 

The name "Chemung Series" was carried southward into 

West Virginia by I.e. White in 1881 (in Dennison, 1970) be-

cause rocks occupying a homotaxial position in West Virginia 

carried the same general fauna as the Chemung of New York 

State. 

Catskill Formation 

The name "Catskill Formation" evolved from Mather's 

(1840) introduction of the "Catskill Mountain Group", named 

from localities in the Catskill Mountains of New York State. 

The lithologies of this group could be traced southward into 

the Virginias and originally included everything between the 

base of the "Marcellus" (equivalent lithology to the Mill-

boro Formation of West Virginia and Virginia, see E'ig. 2) up 

- 18 -
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to the base of the Mississippian Pocono Formation (Mather, 

1840). 

Jennings Formation and Hampshire Formation 

During the time of the earliest U. S. Geological Survey 

mapping in West Virginia and Virginia, Darton (1892) recog-

nized the light colored fossiliferous marine shale and sand-

stone of the "Chemung Series" underlying thick continental 

redbeds (Catskill Formation) and renamed them the Jennings 

Formation from Jennings' gap and Jennings' branch in western 

Augusta County, Virginia. Darton explained that a defini-

tion of the range of the more northern Chemung Formation was 

lacking and the name could not be employed to the south with 

any degree of definity. Darton's proposed Jennings Forma-

tion included not only the "Chemung Series" but also the un-

derlying sequence of darker shales which had been known as 

the "Portage Series" (now known as the Brallier Formation in 

West Virginia and Virginia, see Fig. 2). 

The name Hampshire Formation was also adopted by the U. 

S. Geological Survey for exposures of thick red.beds overly-

ing the Upper Devonian Jennings Formation ("Chemung Series") 

and underlying the Lower Mississippian Pocono Formation in 

Hampshire County, West Virginia (Darton, 1892). No type 

section was designated for this unit. 
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A Return to the Names "Chemung" and "Catskill" in West 
Virginia 

In 1914, the West Virginia Geological Survey issued the 

first county report (Preston County) which included Upper 

Devonian rocks. Within this report, Hennen and Reger (1914) 

reverted to the terms "Chemung Series" and "Catskill Series" 

so as to once again follow the nomenclature of New York 

State. These terms were used in the series of all subse-

quent West Virginia county reports and associated geologic 

maps through the 1930's. 

The Diachronous "Catskill Clastic Wedge" 

From work prior to, and finally reaching a climax dur-

ing the 1930's, it became evident to geologists that the en-

tire Middle to Upper Devonian "Catskill elastic wedge" was a 

thick diachronous package in which the constituent facies 

were thicker and older to the east and progressively thinner 

and younger towards the west. This was established primari-

ly by workers such as Barrell (1913), Chadwick (1924, 1933a, 

1933b), Caster (1934), Cooper (1930a, 1930b, 1933), Cooper 

et al. (1942), Willard (1935, 1939), Greiner (1957), McAles-

ter (1962), Bowen et al. (1974), Miller and Conlin (1961), 

Sutton et al. (1962), Glaeser (1963), Hoskins et al. (1963), 

Sutton (1963), Fletcher (1963), McCave (1968, 1969, 1973), 

Frakes (1963), Wagner (1963), Woodrow and Fletcher (1967), 

and Walker and Harms (1971). Comprehensive restudies of the 
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type "Chemung" and "Catskill" transpired during this interim 

and a total reclassification of the standard column was ini-

tiated. 

The gradual disappearance of "Chemung" and "Catskill" 

as formal formation names in New York and Pennsylvania has 

resulted in their redefinition to general and rather subjec-

tive terms identifying characteristic lithofacies and biofa-

cies. The term "Chemung" is used most often today as a term 

synonymous with the diachronous Middle to Upper Devonian fa-

cies assemblage of dominantly light colored sandstone and 

shale which outcrops from New York State southward into the 

Virginias (Rickard, 1975). These rocks contain a diverse 

and very characteristic marine fauna and underlie the "Cats-

kill" redbeds. Likewise, the most popular present usage of 

the name "Catskill" is to denote the rocks which include all 

the nonmarine redbeds sandwiched between the top of the 

"Chemung" and the base of the Lower Mississippian Pocono 

Formation (Chadwick, 1936; Rickard, 1975). 

Reclassification of the Upper Devonian of West Virginia and 
Adjoining States 

The abandonment of the term "Chemung Formation" as a 

formal rock stratigraphic term in New York and Pennsylvania 

initiated a reclassification to the south within a single 

outcrop belt in West Virginia and adjoining states. Denni-

son (1970) proposed the name Greenland Gap Group to be used 
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in place of the term Chemung Formation along the Allegheny 

Front from Corriganville, Maryland, southwest through east-

ern West Virginia to U. S. Route 250 in Highland County, 

Virginia. The proposed Greenland Gap Group, named from 

Greenland Gap, Grant County, West Virginia, consists of a 

lower Scherr Formation named from the village of Scherr, 

Grant County, and an upper Foreknobs Formation, named from 

the topographic feature known as the Fore Knob in the same 

county. The Foreknobs Formation was subdivided into, from 

bottom to top, the Mallow, Briery Gap Sandstone, Blizzard, 

and Pound Sandstone Members, in addition to a topmost Un-

named member. Dennison's proposed reclassification scheme 

included all new names with reference sections in accordance 

with the code of stratigraphic nomenclature. 

Although the name "Chemung" has encountered controversy 

south of the area of Dennison's proposed reclassification, 

no .appropriate nomenclatural resolution has yet been pro-

posed. The name "Hampshire Formation" has not been disputed 

since the name "Catskill Series" was used for these rocks 

earlier in the century. 



METHODS 

The name "Chemung" will be used through the remainder 

of this study for the rocks between the top of the Brallier 

Formation and the base of the Hampshire Formation. The 

writer feels that this is necessary in order to alleviate 

any regional discrepancies in nomenclature. 

As was the case with Walker's (1971) study of the Aca-

dian elastic wedge of east-central Pennsylvania, detailed 

correlation between the well-exposed sections of the corres-

ponding sequence in the Virginias is neither possible nor 

absolutely necessary to the establishment of vertical chang-

es within the elastic wedge at different locations. Time 

control during this depositional interval is lacking within 

the study area but it is hoped that future studies will be 

directed towards solving this problem. Nevertheless, later-

al contrasts in marine and shoreline sedimentation are indi-

cated within the Acadian wedge of the Virginias as well as 

major differences in marine and alluvial sedimentation dur-

ing the westward migration of facies. 

A total of thirteen sections were studied in various 

degrees of detail in this investigation. Eight sections 

were measured and described in as much detail as exposure 

- 23 -
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would allow or in the detail that provided significant data 

(Figs. 1 and 5; sections l,2,4,5,6,9,ll,13). Of these, only 

the Shenandoah Mountain sect:i,.on (section 11) was measured 

from the base of the "Chemung" to the top of the Hampshire 

Formation. The lower portion of the "Chemung" at Scherr 

(section 5) and Elkins (section 6) was not described due to 

the repetitive nature of li thologies. The Hampshire at 

Scherr was not described for the same reason. The remaining 

sections (sections 1,2,4,9,13) were very incomplete although 

enough exposures were usually present to satisfactorarily 

describe and interpret the "Chemung"- Hampshire interval. 

Due to their very incomplete nature, sections 3,7,8,10, 

and 12 (Figs. 1 and 5) were used for the description and in-

terpretation of portions of facies assemblages. For exam-

ple, a portion of the Augusta section (section 3) was mea-

sured to help document sequences and structures of the 

transition between the "Chemung" and Hampshire. A very 

short section within the "Chemung" was exposed and measured 

at Huttonsville (section 7) whereas an even shorter section 

was described within the Hampshire ("Chemung" not exposed) 

at Valley Head (section 8). 

The rt. 818 and 924 sections (sections 12 and 10, re-

spectively) were quickly traversed to determine the rough 

geometry of a conglomeratic facies within the "Chemung" of 

the intervening Shenandoah Mountain section. 
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Figure 5. Generalized measured sections of the 

"Chemung"-Hampshire interval. Refer to Fig. 1 

for location detail. The contact between the 

"Chemung" and Hampshire is diachronous and not 

a time line. 
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The "Chemung" is predominantly comprised of four con-

trasting facies assemblages (facies assemblages 'A', 'B', 'C', 

and 'D'; Figs. 1 and 5) whereas three types of cyclothems 

(A-,B-, and C-type cycles; Figs. 1 and 5) constitute the 

redbeds of the Hampshire Formation. Several B- and C-type 

cycles are present within the "Chemung" at Shenandoah Moun-

tain (Fig. 5; section 11). Each of these facies assemblages 

and cyclothems are described and hydrodynamically interpret-

ed within the following section. Paleoenvironrnental in-

terpretations of each are given only after all have been de-

scribed and hydrodynamically interpreted. An integrated 

facies model is then presented which accounts for all the 

facies interrelationships. 

Samples were taken from each of the comprising facies 

for gross petrographic work and documentation of sedimentary 

and biogenic structures. Sandstones in this investigation 

are classified according to Pettijohn, Potter, and Siever 

(1972), whereas mudstone terminology follows Blatt, Middle-

ton, and Murray ( 1972). Bedding thickness terms follow 

those of Ingram (1954). 



LITHOFACIES DESCRIPTIONS AND HYDRODYNAMIC 
INTERPRETATIONS 

Facies Comprising the "Chemung" 

Facies Assemblage ~ 

This assemblage constitutes sequences of bioturbated 

mudstone interbedded with repetitive sandstones which coar-

sen, thicken, and become amalgamated upward (Fig. 6). These 

sequences comprise the bulk of the "Chemung" throughout the 

study area. The only exception is at Charnbersville and 

Gore (Figs. 1 and 5; sections 1 and 2, respectively) where 

thick and fully developed facies assemblages 'A' and 'D' are 

absent. At these two sections, thin li thologies of these 

asserr~lages tend to be intimately interbedded (Fig. 7). 

Facies assemblage 'A' is fully developed at Romney, 

Scherr, Elkins, Durbin, and Marlington(?) (sections 4,5,6,9, 

and 13). The uppermost facies consisting of trough or tabu-

lar cross-stratified sandstone (Fig. 6) is absent or unex-

posed at the remaining sections. 

Upper portions of upward-coarsening sequences ( f acies 

assemblage 'A') are either interbedded with and overlain by 

facies assemblage 'C' at Elkins, Durbin, and Marlington(?) 

(Figs. 1 and 5; sections 6, 9, and 13, respectively}, or ov-

- 28 -
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Figure 6. Idealized column of a facies assemblage 'A' 

upward-coarsening sequence. 
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DESCRIPTION 
Tabular and/or trough cross-

stratification 

Sandstones thicken, coarsen, and 
become more abundant upward, 
frequent amalgamation and wave-
ripple caps, common fossil and 
pebble lags, plant fragments, 
and mica 

Thin- to medium-beds of siltstone to 
sandstone, erosive bases with flute-
casts (westward paleoflow), fossil 
lags, beds vary from massive to 

·plane-laminated to hummocky cross-
stratified, gradational tops, rare 
wave-ripples 

Predominantly mudstone (up to 90%) 
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Figure 7. Comparison of the vertical relationship 

between facies assemblages 'A' and 'D' at Scherr 

(left) and Gore (right). Refer to Figs. 1 and S 

for locations. Note the differences in scale. 
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erlain by facies assemblage 'D' at Augusta, Scherr, and She-

nandoah Mountain (Figs. 1 and 5; sections 3,5, and 11, re-

spectively). The "Chemung" is covered at Huttonsville and 

Valley Head (sections 7 and 8, respectively) to the extent 

that facies relationships are unclear. 

Description 

The rocks of these sequences vary from green to olive 

to gray in color when fresh whereas weathered surf aces are 

typically yellowish-brown. The lower portions of well-de-

veloped, upward-coarsening sequences consist predominantly 

of bioturbated mudstone (up to 90%) with some fissile shale 

in which there are minor and laterally impersistent in-

terbeds of very thin- to medium-bedded (rare thick-bedded) 

coarse siltstones to very fine-grained sandstones (Fig. 8A). 

The sandstones are moderately to well sorted, and range from 

quartz-arenites to sub-litharenites in composition. Indivi-

dual grains are subrounded to well-rounded. 

The bases of the coarser interbeds are usually sharp 

and flat, al though some occasionally display small flute-

casts or channel-like scours with less than 5 cm relief. 

The flute-casts record westward paleoflow (Fig. 9a). Occa-

sional ball and pillow load structures occur at the bases of 

beds. Basal fossil lags consisting of brachiopods and di-

sarticulated crinoid columnals are sometimes present. 

-------
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Figure 8. Sequence and structures typical of 

lower portions of well-developed f acies 

assemblage 'A' (upward-coarsening) sequences. 

A. Typical sequence predominated by bioturbated 

rnudstone, lesser amounts of shale, and minor, 

lenticular, thin- to medium-beds of coarse 

siltstone to very fine-grained sandstone 

(arrow). 4 meter scale. U.S. Rt. 33, 

Shenandoah Mountain, W.Va. 

B. Hummocky cross-stratified bed-- of very fine-

grained sandstone exhibiting a swale (S) 

and hummock (H). U.S. Rt. 33, Shenandoah 

Mountain, W.Va. 
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Figure 9. Paleoflow data within facies assemblage 'A' 

(upward-coarsening) sequences. Lower portions 

of well-developed sequences: 

(a.) flute-casts: Scherr (section 5), Shenandoah 

Mountain (section 11), and Marlington (section 

13); (b.) wave-ripples: Scherr (section 5) and 

Shenandoah Mountain (section 11). 

Middle to upper portions of well-developed se-

quences: 

(c.) flute-casts: Romney (section 4), Scherr (sec-

tion 5), Elkins (section 6), and Shenandoah 

Mountain (section 11); (d.) wave-ripples: Romney 

(section 4), Scherr (section 5), Elkins (section 

6), and Shenandoah Mountain (section 11); 

(e.) tabular cross-stratification: Scherr 

(section 5). 



37 

FACIES ASSEMBLAGE 'A' PALEOFLOW DATA 

LOWER PORTION OF 

272° .... 

FLUTE-CASTS 

UPPER PORTION OF 
FACIES ASSEMBLAGE 

I A I SEQUENCES 

n=25 
FLUTE-CASTS 

FACIES ASSEMBLAGE 'A' SEQUENCES 

~ 2830 [fil 
~@n=2 

----1030 
n=l9 ~ 

WAVE-RIPPLES 

WAVE-RIPPLES 
0 

~ 
n= 11 

\332° 

Gr\'\ . 
~n=I 

TABULAR CROSS-
STRATIFICATION 



38 

Valves of brachiopods lie parallel to bedding and often ex-

hibi t a convex-upward orientation. Many of the beds have 

been homogenized into the surrounding mudstone by burrowing, 

al though some of the beds are internally plane-laminated 

and/or hummocky cross-stratified and/or wave-ripple cross-

laminated. Plane-laminated beds often exhibit parting li-

neation whereas hummocky cross-stratified beds display hum-

mocks and swales (Fig. 8B) . The idealized laminated bed 

consists of (from bottom to top) : a basal scoured surface 

(with or without flute-casts or fossil lags); a plane-lami-

anted and/or hummocky cross-stratified zone; and a wave-rip-

ple cross-laminated zone which grades upward into bioturbat-

ed mudstone. Variations from this idealized sequence 

involve omissions and/or expansions of one or more of the 

structures. The tops of these beds are usually homogenized 

by bioturbation. Less frequently, wave-ripples with wavel-

engths of 10 to 30 cm may be preserved on the upper surf ace 

of the beds which are then sharply overlain by bioturbated 

mudstone. Several sets of ripples record a general east-

west wave oscillation pattern (Fig. 9b). 

Sandstones within facies assemblage 'A' sequences 

thicken, coarsen, and increase in abundance upward (Fig. 

10). Amalgamation of sandstone beds also increases upward. 

Sandstones near the upper portion of well-developed sequenc-

es are medium- to coarse-grained, moderately sorted, and 
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Figure 10. Sandstones thicken, coarsen, and increase 

in abundance upward within facies assemblage 'A' 

sequences. Note convex-up hummocks (arrows). 

Hammer for scale (right). U.S. Rt. 33, Shenan-

doah Mountain, W. Va. 
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sublitharenites in composition. 

bangular to subrounded. 

Individual grains are su-

Flute-casts at the bases of sandstone beds within the 

upper portions of well-developed sequences {Fig. 9c) tend to 

have more directive scatter than those within the lower por-

tions of sequences. Fossil lags {up to 20 cm thick) are 

common above the scoured bases of non-amalgamated sandstone 

beds but are less common higher up in amalgamated sequences. 

The fossil lags are similar to those previously described 

except they tend to be thicker and more abundant {Fig. llA). 

Well-rounded, ellipsoidal quartz pebbles and mudstone clasts 

up to 2. 5 cm in diameter are occasionally observed at the 

bases of sandstone beds and locally form conglomeratic lags 

{Fig. llB). The pebbles are set within a clast to matrix 

supported fabric of sandstone. Mica, as well as carbonized 

plant and ···wood fragments, increase in abundance upward. 

Sandstone beds capped by wave-ripples increase in abundance 

upward {Fig. llC). The wave-ripples record a scattered 

east-west wave oscillation pattern {Fig. 9d). Patterns of 

interference wave-ripples are rare. Mudstones interbedded 

with sandstones sometimes contain isolated specimens of bra-

chiopods. 

Amalgamation of sandstone beds frequently occurs near 

the top of well developed sequences and is formed by the re-

petitive scouring of one plane-laminated and/or hummocky 

cross-stratified bed into the top of another. Plane-lamina-
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Figure 11. Sequences and structures typical of the 

middle portions of facies assemblage 'A' (upward-

coarsening) sequences. 

A. Cross-section of bed, showing erosive base (E) 

and convex-up orientation of invertebrate 

valves (V) within basal fossil lag. Rt. 39, 

Marlington, W.Va. 

B. Lenticular-shaped quartz-pebble lag (L) at the 

base of a sandstone bed. Underlying sandstone 

bed is hummocky cross-stratified (H). U.S. 

Rt. 33, Shenandoah Mountain, W.Va. 

C. Amalgamation of a sandstone bed (0) into an 

underlying sandstone bed (U). Note the wave-

ripples capping the uppermost bed (R). U.S. 

Rt. 33, Shenandoah Mountain, W.Va. 
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in frequency over 

within thick amalgamated 

hummocky 

sandstones 

(Fig. 12A). Amalgamated sandstones up to 5 m thick some-

times occur. Thick amalgamated sandstones sometimes pass 

upward into several medium-scale trough or tabular cross-

statified sets of medium-grained to conglomeratic sandstone 

(Fig. 12B). Several sets of tabular cross-stratification at 

Scherr (section 5) record northwestward paleoflow (Fig. 9e). 

Hydrodynamic Interpretation 

The lower portions of well-developed sequences charac-

terized by a marine fauna and predominated by bioturbated 

mudstone are indicative of the combination of slow rates of 

sedimentation, low energy conditions, and long periods of 

relative quiescence where the action of burrowing and brows-

ing organisms was allowed to homogenize the sediments after 

they were deposited (Young and Rahmani, 1974; Howard and 

Reineck, 1981). 

Rare interbedded shale reflects sedimentation in the 

absence of burrowing organisms or more likely an increase in 

elastic sediment supply. 

Scour surfaces with flutes overlain by fossil debris 

and plane-laminated sandstones are indicative of the upper 

flow regime (Simons et al., 1965). The general westward di-

rection of the flute-casts suggest an eastern source. Bra-
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Figure 12. Sequences and structures typical of the upper 

portions of well-developed facies assemblage 'A' 

(upward-coarsening) sequences. 

A. Medium- to thick-bedded amalgamated sandstone 

structured by planar-lamination and subtle 

hummocky cross-stratification. Note convex-up 

hummocks (H). U.S. Rt. 33, Shenandoah 

Mountain, W.Va. 

B. Several sets of tabular cross-stratified 

coarse-grained sandstone capping a facies 

assemblage 'A' sequence. Bedding is parallel 

to the line above hammer. Stratigraphic-up 

is to the upper left corner of photograph. 

Rt. 42, Scherr, W. Va. 
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chiopod valves oriented in a convex-upward position indicate 

that they have been subjected to wave or current action 

(Brenchley and Newall, 1970). Hummocky cross-stratified 

sandstones are indicative of strong oscillatory wave action 

with surges of greater displacement and velocity than those 

required to form wave-ripples (Harms et al., 1975). Symme-

trical wave-ripples and wave-ripple cross-lamination indi-

cate that motion related to wave oscillation within the 

low-flow regime was dominant and unidirectional currents 

were negligible (Harms, 1969; Harms et al., 1975). 

The thin- to thick-bedded coarse si 1 tstones to very 

fine-grained sandstones within the lower portions of the se-

quences are characterized by an upward succession of de-

creasing flow-regime structures (scour, plane-lamination, 

hummocky cross-stratification, wave-ripple cross-lamination, 

bioturbated mudstone). This succession suggests the period-

ic action of waning wave energy events superimposed over a 

relatively quiet background of fines being deposited and 

subsequently bioturbated. The preservation of these physi-

cal structures lacking bioturbation suggest occasional rapid 

depositional events with no biogenic reworking . 

Rapid deposition of the coarse interbeds is also indi-

cated by the presence of occasional ball-and-pillow load 

structures. According to Reineck and Singh (1973), the only 

requirement for formation of this structure is the favored 
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rapid deposition of a denser layer of sand over a less dense 

and water-saturated hydroplastic layer of mud. Vertical 

movement results as the denser sand sinks into and displaces 

the underlying and less dense water-saturated mud. 

The passage upward into coarser-grained, thicker, and 

more frequent scour based sandstones with basal fossil and/ 

or conglomerate lags and structured of plane-laminated, hum-

mocky cross-stratified, and wave-ripple cross-laminated sets 

suggest deposition within a relatively higher energy setting 

than that of the mudstone- dominated f acies found lower in 

the sequences. The relative compositional and textural im-

maturity of the sandstones and conglomerates, together with 

abundant plant remains, suggest upward-shoaling and relative 

close proximity to a elastic source. An upward-shoaling 

bathymetry is also reflected in these sequences by an upward 

increase in importance of high- ene·rgy li thotypes ( amalga-

mated plane-laminated and subordinate hummocky cross-strati-

fied medium- to coarse-grained sandstones) as only high-en-

ergy events were recorded. 

Amalgamated plane-laminated and hummocky cross-strati-

fied sandstones which sometimes pass upward into medium-sca-

le trough cross-stratified sandstone is indicative of a 

transition from strong oscillatory wave action to more or 

less unidirectional currents moving dunes within the high-

realm of the low-flow regime (Harms et al., 1975). The 
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presence of tabular cross-stratification is indicative of 

the migration of sand waves, also of unidirectional current 

origin although commonly indicative of somewhat lower flow-

strength than dunes (Harms et al., 1975). 

Facies Assemblage ~ 

A sole occurrence of this assemblage was observed at 

Shenandoah Mountain where it overlies a f acies assemblage 

'A' sequence (Figs. 1 and 5, section 11). This assemblage 

is totally absent within the corresponding interval of the 

rt. 818 section (Fig. l, section 12) 12 miles to the nor-

theast and the rt. 924 section (Fig. 1, section 10) 7 miles 

to the southwest. The assemblage is comprised of a conglom-

erate facies overlain by a sandstone facies which is in turn 

overlain by strata comprising a facies assemblage 'D' se-

quence (Fig : 13). 

Description 

The lower facies of this assemblage is 10 m thick and 

comprised of a very poorly sorted oligomictic conglomerate 

in which the pebbles are ellipsoidal, moderately to well-

rounded, and up to 7.5 cm across. The pebbles are set with-

in a clast to matrix supported fabric of fine- to very 

coarse-grained sandstone (Fig. 14). They consist dominantly 

of vein quartz ( 95%) whereas fewer are metamorphic ( 5%), 
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Figure 13. Vertical sequence of facies assemblage 'B' 

and associated (underlying) upper portion of a 

facies assemblage 'A' sequence. U.S. Rt. 33, 

Shenandoah Mountain, W.Va. 
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DESCRIPTION 

Hummocky cross-stratified 
sandstone 

Conglomerate; internal channel-
shaped scours, crude cross-
stratification and pebble 
imbrication, abundant wood and 
plant fragments 3nd lenses of 
carbonaceous plant debris 

Interbedded mudstone-shale and 

-~ 

sandstone; sandstones are plane- w 
laminated, hummocky cross-strat- ~ 

~ ified and frequently amalgama- ~ 
~ ted: conunon conglomerate lags, w 
~ plant fragments, rare marine ~ 

fossils < 
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Figure 14. Poorly sorted oligomictic conglomerate 

comprising the lower facies of facies assem-

blage 'B'. The pebbles are predominantly vein 

quartz. End of hammer handle points strati-

graphically up. U.S. Rt. 33, Shenandoah Moun-

tain, West Virginia. 

' 
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consisting of schist or gneiss. The conglomerate cuts un-

derlying strata of facies assemblage 'A' and fills crude 

channel-shaped scours. The scours have up to several meters 

of relief. Bedding features within the channel-shaped bod-

ies are difficult to discern due to the small size of the 

outcrop and the coarse grain size of the rocks. Crude 

large-scale cross-stratification and an imbrication of peb-

bles, however, can occasionally be observed (Fig. 14). 

Large plant and wood (Archaeopteris) fragments up to 25 cm 

long and 5 cm wide are common within the conglomerate. 

There are also sporadic lenticular-shaped beds up to 6 cm 

thick which consist almost entirely of coalified and frag-

mented plant and wood debris. 

Underlying the conglomerate are rocks of facies assem-

blage 'A' in which the repetitive plane-laminated and hum-

mocky cross-stratified sandstones contain basal conglomerat-

ic lags (Fig. llB) up to 30 cm thick. The lags consist of a 

clast to matrix supported fabric of pebbles and sand matrix 

in which the pebbles are similar to those of the overlying 

conglomerate. Flattened cobbles of mudstone up to 3 cm 

thick and 20 cm across are also present but minor in abun-

dance. Plant fragments are occasionally found whereas ma-

rine fossils (brachiopods) are scarce. 

Immediately above the conglomerate of facies assemblage 

'B' is a 2 m thick sandstone facies characterized by arnalga-
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mated, hummocky cross-stratification. This facies closely 

resembles the amalgamated sandstone facies typical of the 

upper portion of facies assemblage 'A'. Individual beds of 

this facies are medium- to thick-bedded and the sandstone is 

medium- to coarse-grained, moderately to well sorted, and 

subli thareni tic in composition. Pebbles and conglomerates 

are absent within this facies. 

Hydrodynamic Interpretation 

Rocks of f acies assemblage 'A' (containing basal con-

glomerate lags) reflect deposition from strong traction cur-

rents generated by oscillatory wave action. The erosion of 

these beds by channel-shaped scour surfaces overlain by beds 

of poorly sorted pebble conglomerate characterized by crude 

cross-stratification and pebble imbrication indicates a sud-

den influx of sediment by relatively high flow-regime unidi-

rectional currents. The presence of abundant coalified 

plant debris is suggestive of water-logged material which 

was vigorously transported downcurrent, rapidly deposited, 

and covered before further organic deterioration could oc-

cur. 

The overlying sequence of amalgamated, hummocky cross-

stratified sandstone indicates the high-flow regime currents 

which supplied the conglomerate eventually halted and depo-

sition and reworking by strong oscillatory wave action re-

sumed. 
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Facies Assemblage ~ 

This assemblage overlies upward-coarsening sequences of 

facies assemblage 'A' at Elkins, Durbin, and Marlington 

(Figs. 1 and 5; sections 6,9, and 13, respectively). The 

assemblage is particularly well developed at Elkins and Dur-

bin where it is interbedded with sequences characteristic of 

the upper portion of facies assemblage 'A' (Fig. 15). Stra-

ta of f acies assemblage 

thems of the Hampshire 

cles). 

'c' are overlain by red.bed cyclo-

Formation (A-, B-, and C-type cy-

This assemblage is comprised of sandstone and dark-gray 

(carbonaceous) mudstone and shale. 

Description 

Sandstones are medium- to coarse-grained, poorly to 

moderately sorted, sublitharenites in composition, and gray 

to white in color. They are medium- to very thick-bedded 

and structure units up to 3.5 m thick (Fig. 16A). The units 

overlie scour surfaces with up to 1.5 m relief. Scattered 

rnudstone clasts and well-rounded ellipsoidal quartz pebbles 

are sometimes present and locally form conglomerates. 

Quartz pebbles are rare within the sandstones at Durbin and 

Marlington (sections 9 and 13) but are common at Elkins 

(section 6) . The sandstone beds are commonly massive or 

trough cross-stratified (Fig. 16B), and less commonly pla-
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Figure 15. Idealized vertical sequence of facies assem-

blage 'C' showing the underlying and interbedded 

relationship of sequences characteristic of facies 

assemblage 'A'. 



HAMPSHIRE FM. I 

58 

DESCRIPTION 
Dark-gray (carbonaceous) mudstone and 
shale, interbeds of planar-laminated 
and current-ripple cross-laminated 
siltstone to sandstone 

Occasional mudstone filled channels 
within trough and tabular cross-
stratified sandstone 

Frequent skolithos tubes in upper 
portion of sandstones 

trough cross-stratified sandstone 
with intrachannels, abundant plant 
fragments 

Sequence typical of FACIES ASSEMBLAGE 
'A' -

FACIES ASSEMBLAGE 'C': trough cross-
stratified sandstone, internal 
channel-shaped bodies, abundant 
plant fragments 

FACIES ASSEMBLAGE 'A': trough and/or 
tabular cross-stratification, 
scattered marine fossils 

Interbedded mudstone-shale and sand-
stone; sandstones are plane-lamina-
ted, hummocky cross-stratified, and 
often amalgamated: gradational to 
wave-rippled tops, marine fossils, 
conglomeratic lags 

II 
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Figure 16. Sequence and structures of facies assem-

blage 'c'. 

A. Trough cross-stratified sandstone (C) 

overlain by dark-gray mudstone-shale 

(F). Note the concave-up scour surface (S) 

within the sandstone overlain by dark-

gray mudstone and shale. 5 ft. jacob staff 

for scale. U.S. Rt. 33, "Elkins, W. Va. 

B. Trough cross-stratified sandstone. Note 

the scattered quartz pebbles (Q). U.S. 

Rt; ·· 33, Elkins, W.Va. 

C. Massive sandstone containing ''skolithos" 

tubes (T) are sometimes present within the 

upper portions of trough cross-stratified 

sandstones. U.S. Rt. 33, Elkins, W.Va. 
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nar-stratified and tabular cross-stratified. Internal chan-

nel-shaped bodies of massive or . trough cross-stratified 

sandstone from 2 m across and 0. 5 thick up to a size too 

large to discern in the extent of the outcrop are common. 

Carbonaceous films, plant fragments, and coaly lenses up to 

5 cm thick are frequent, particularly at the bases of sand-

stone uni ts and internal channel-shaped sandstone bodies. 

Vertical "skolithos" tubes are sometimes present within the 

upper portions of sandstone units (Fig. 16C). Concave-up-

ward erosional scours, with up to 1.5 m relief, overlain by 

sequences of dark-gray mudstone and shale are occasionally 

observed within the sandstones (Fig. 16A). 

Dark-gray, carbonaceous mudstones and shales are inter-

bedded with the previously described sandstone units (Fig. 

16A). Interbedded within the mudstone-shale are thin- to 

medium-bedded sheet- to lenticular-shaped coarse siltstones 

to fine-grained sandstones. These beds have sharp erosive 

bases, gradational tops, and are plane-laminated and/or rip-

ple cross-laminated, if not massive. Massive beds sometimes 

contain vertical "skolithos" tubes. Hummocky cross-strati-

fied beds are rare, but when present may be capped by wave-

ripples having 5 to 10 cm wavelengths which are sharply ov-

erlain by shale or mudstone. 

Hydrodynamic Interpretation 

Upward-coarsening sequences of facies assemblage 'A' 
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underlying the described facies are indicative of a shoaling 

bathymetry and deposition by strong oscillatory wave action. 

The overlying, composite, channel-shaped sandstone bodies 

structured by trough cross-stratification, planar-stratifi-

cation, 'and tabular cross-stratification indicate that chan-

nels were first eroded by high-flow regime currents and sub-

sequently filled with sediment under lower flow-regime 

conditions. Associated carbonaceous films, plant fragments, 

and coaly lenses (composed of broken wood and plant frag-

ments) indicate that vegetation was transported downcurrent 

where it was eventually deposited and rapidly covered before 

significant organic deterioration could occur. 

The dark-gray mudstone-shale facies containing in-

terbeds of plane-laminated to ripple cross-laminated coarse 

siltstone to sandstone is indicative of a background of 

quiet suspension deposition with a periodic influx of silt 

and sand with deposition under high- to low-flow regime cur-

rents. Interbedded hummocky cross-stratified sandstones 

with wave-ripple caps reflect the episodic influence of de-

position by oscillatory wave action. 
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Facies Assemblage ~ 

This assemblage overlies upward-coarsening sequences of 

facies assemblage 'A' at Augusta, Scherr, and Shenandoah 

Mountain (Figs. 1 and 5; sections 3,5,11, respectively). At 

Chambersville and Gore (sections 1 and 2, respectively), 

thick a'nd fully developed sequences of f acies assemblages 

'A' and 'D' are missing and are instead replaced by thin, 

interbedded li thologies characteristic of both assemblages 

(Fig. 7) . Rocks of facies assemblage 'D' are overlain by 

redbed cyclothems of the Hampshire Formation (A-, B-, and 

c-type cycles). 

Sequences comprised of shale, muds tone, and thin- to 

medium-bedded sandstone which pass upward into redbeds 

constitute this assemblage (Fig. 17). 

Description 

The lower portion of this assemblage consists of inter-

bedded very fine- to fine-grained sandstones (up to 35%) and 

shale and mudstone (up to 65%). The sandstone beds are 

thin- to medium-bedded and predominantly massive, although 

sometimes structured by planar-lamination, hummocky cross-

stratification, or wave-ripple cross-lamination. Scattered 

crinoid and abraded or broken brachiopod debris is rare 

within sandstone beds. Patterns of complex interference 

wave-ripples frequently cap the beds (Fig. 18A) and distin-

guish this facies from sandstone beds of facies assemblage 

j] 
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Figure 17. Vertical sequence of facies assemblage 'D'. 
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DESCRIPTION 
Red mudstone with root traces, thin- to 
very thick-beds of current-ripple cross-
laminated siltstone 

Red mudstone, small-scale lenticular and 
wavy bedding, wave-ripples (1-4 cm wave-
lengths) with mud drapes, desiccation 
cracks, intraclast rip-ups -

~------------------------------------------------------------1 0 

Mudstone and shale, minor interbeds of 
thin- to thick-bedded sandstone; 
sandstones mostly massive, less fre-
quently plane-laminated and hummocky 
cross-stratified, interference wave-
ripples with invertebrate tracks and 
trails, rare broken and/or abraded 
fossil debris, gray to olive in color 

Upper portion of FACIES ASSEMBLAGE 'A' 
sequence 
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'A'. Tracks and trails are occasionally observed on these 

rippled surf aces (Fig. 18A and B) . Interbedded shale and 

mudstone occurs in medium to very thick beds. 

At Charnbersville and Gore (sections 1 and 2, respec-

tively), thin to very thick beds of coarse siltstone to very 

fine-grained sandstone exhibit ripple cross-lamination. 

Flaser bedded siltstone to sandstone and interbedded shale 

is also present. 

These facies are vertically transitional with overlying 

reddish mudstones and interlaminated shales and very fine-

grained sandstones exhibiting small-scale lenticular and 

wavy bedding (Fig. 19A). Small-scale wave-ripples with mud 

drapes have wavelengths of 1 to 4 cm (Fig. 19B) and are fre-

quently associated with silt filled desiccation cracks and 

flat, rectangular, intraclast rip-ups. Thin- to medium-bed-

ded hummocky cross-stratified sandstones are sometimes in-

terbedded. Small-scale wave-ripples with 1 to 4 cm wavel-

engths are sometimes present capping these beds. Redbeds 

persisting for more than a few meters sometimes contain root 

disruptions. Medium- to very thick-bedded, current-ripple 

cross-laminated coarse siltstones to very fine-grained sand-

stones may also be present. Bedding surfaces of these beds 

often display ripples which are linguoid in form (Fig. 19C). 

Hydrodynamic Interpretation 

Structures within the lower portion of this assemblage 
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Figure 18. Structures typical of the lower portions of 

facies assemblage 'D' sequences. 

A. Thin sandstone bed displaying interference 

wave-ripples and invertebrate trails (T). 

U.S. Rt. 42, Scherr, W.Va. 

B. Close-up of invertebrate trails. Diameter of 

lens cap is approximately 6 cm. U.S. Rt. 42, 

Scherr, W.Va. 
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Figure 19. Structures typical within the upper por-

tions of facies assemblage 'D' sequences. 

A. Small-scale lenticular bedding interbedded 

with reddish siltstone. U.S. Rt. 50, Gore, 

Va. 

B. Small-scale wave-ripples (or wavy-bedding) 

with mud drapes (W) interbedded within reddish 

shale (S) and massive siltstone (M). U.S. 

Rt; - 50, Gore, Va. 

C. Plan view of linguoid current-ripples. U.S. 

Rt. 50, Augusta, W.Va . 
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indicate oscillatory wave depositional processes in a marine 

environment. Complex interference wave-ripple patterns in-

dicate the interplay of many time-related directions of wave 

travel. Rare disarticulated crinoid columnals and broken 

and abraded brachiopod fragments indicate transported or re-

worked skeletal debris. Significant bioturbation at Augu-

sta, Scherr, and Shenandoah Mountain (sections 3,5, and 11, 

respectively) is indicative of relatively quiet deposition 

in conjunction with the churning of sediment by organisms. 

Abundant ripple cross-lamination and subordinate flaser bed-

ding at Chambersville and Gore (sections 1 and 2, respec-

tively) is indicative of coarse silt to fine sand traction 

transport which, in the latter case, alternated with quiet 

mud deposition from suspension (Reineck and Wunderlich, 

1968). Deposition of these sediments occurred without sub-

sequent homogenization by organisms. 

The presence of red oxidized sediment within the upper-

most portion of this assemblage indicates periods of subaer-

ial exposure and/or the reduced influence of marine waters 

(Van Houten, 1973). The associated interlaminated shales 

and very fine-grained sandstones exhibiting prolific wavy 

and lenticular bedding ref le ct constantly fluctuating but 

relatively low energy conditions (lower flow regime) where 

brief periods of very fine sand and coarse silt bedload 
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transport alternated with sedimentation by suspension (Rei-

neck and Wunderlich, 1968; Hawley, 1981). Wave-ripples with 

wavelengths of only several cm are indicative of the action 

of extremely short period waves in very shallow water. 

Wave-ripples of this size are characteristic of those gener-

ated in ' shallow ponds, puddles, and experimental wave tanks 

(Walker, 1971). The presence of desiccation cracks in addi-

tion to intraclast rip-ups indicate that periods of subaeri-

al exposure alternated with currents which ripped up the 

previously deposited and mudcracked cohesive sediments and 

redeposited them. Occasional interbedded hummocky cross-

stratified sandstones indicate periods when strong oscilla-

tory wave action governed deposition. 

The eventual passage upward into root-disrupted mud-

s tones and siltstones indicates the establishment of quiet 

nonmarine suspension deposition with subsequent plant 

growth. Interbedded cosets of current-ripple cross-laminat-

ed coarse siltstone to very fine- grained sandstone indi-

cates deposition by unidirectional and low flow-regime cur-

rents. 
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Red.bed Cyclothems Comprising the Hampshire Formation 

The rocks of the Hampshire Formation vary in color from 

grayish-red to brownish-red. The facies constitute fining-

upward asymmetric cycles structured of coarse members (sand-

stone) which pass upward into fine members (predominantly 

mudstone). Sedimentary structures within coarse members de-

fine three contrasting cycle-types (A-, B-, C-type cycles). 

A-Type Cycle 

This cycle occurs sporadically within the Hampshire 

Formation at Romney, Elkins, Durbin, and Shenandoah Mountain 

(Figs. 1 and 5; sections 4,6,9, and 11, respectively). This 

cycle is absent within the Hampshire at Chambersville and 

Gore (Figs. 1 and 5; sections 1 and 2). Coarse member sand-

stones of this cycle are trough cross-stratified (Fig. 20). 

Description 

These cycles range from 8 to 19 m thick (Fig. 20). The 

lower coarse members vary from 4 to 12 m in thickness wher-

eas the upper fine members range from 1 to 12 m in thick-

ness. 

Coarse member sandstones typically fine upward from 

medium- to very coarse-grained at bases to very fine-grained 

at tops. Sorting improves upward within coarse members from 

poorly- to moderately-sorted at bases to moderately- to 

well-sorted near tops. Individual grains are typically su-
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Figure 20. Idealized vertical sequence of A-type cycle. 
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DESCRIPTION 

Mudstone with root traces; interbedded 
plane-laminated to current-ripple cross-
laminated siltstone to sandstone 

Current.-ripple cross-laminated siltstone 
to sandstone 

Upward decrease in: bedding thickness, 
scale of trough cross-stratification, 
grain size; bedding occasionally dips 
at angle (up to 20 degrees) from true 
bedding 

Minor thin- to medium-beds of planar-
lamina tion 

Intraformational conglomerate with plant 
fragments 

Basal low-relief scour with flute-casts 
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bangular to subrounded. The sandstones are sublitharenites 

to litharenites in compos~tion. 

The bases of coarse members are erosional and relief is 

low (less than . 5 m within the extent of the outcrop) . 

Large tool marks and flute-casts up to 15 cm long, 8 cm 

wide, and 5 cm deep are frequently present. The flute-casts 

record northwest to southwest paleoflow (Fig. 21). Carbon-

ized plant fragments and carbonaceous films are frequently 

associated with these scour surfaces. When basal scours of 

coarse members cut into the reddish mudstone (fine member) 

of an underlying cycle, up to .5 m of mudstone beneath the 

scours may be reduced to a greenish color. Rounded to flat-

tened intraf ormational clasts of red mudstone up to 10 cm in 

diameter are often abundant in the sandstones above the 

scours and sometimes form basal lenses of conglomerate up to 

30 cm in thickness. The abundance of these clasts tend to 

decrease upward within coarse members. 

Coarse members are structured of lenticular-shaped beds 

which tend to decrease in thickness upward from medium- to 

thick-bedded at the base to thin- to medium-bedded at the 

top (Fig. 22A). Infrequently, depending upon the lateral 

extent of the exposure, the bedding may be observed to be 

inclined up to 20 degrees from true bedding. The beds are 

internally constructed of trough cross-stratification (Fig. 

22B) which accordingly decreases in scale upward from rnedi-
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Figure 21. Paleoflow data from A-type cycles. 
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PALEOFLOW DATA FROM A-TYPE CYCLES 

FLUTE-CASTS 
ELKINS (6) 

FLUTE-CASTS 
DURBIN (9) 

FLUTE-CASTS 
MARLINGTON (13) 

FLUTE-CASTS 
ROMNEY (4) 

FLUTE-CASTS 
SHENANDOAH MOUNTAIN (11) 

276° 

n =I 

TROUGH CROSS-STRATIFICATION 
SHENANDOAH MOUNTAIN (11) 
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Figure 22. Sequence and structure typical of A-type 

cycles. 

A. Fining-upward coarse member (C) passing upward 

to fine member (F). Bedding thickness, grain-

size, and scale of trough cross-stratification 

typically decreases upward within coarse 

members. Note the thin reduced zones (R) 

within the fine member which appear as thin, 

mottled, light coloration. 5 ft. jacob staff 

for scale. U.S. Rt. 33, Shenandoah Mountain, 

W.Va. 

B. Medium-scale trough cross-stratification 

within coarse member. The scale of this 

structure typically decreases upward within 

coarse members. U.S. Rt. 33, Shenandoah Moun-

tain, W.Va. 

C. Massive siltstone bed within A-type cycle fine 

member penetrated by root traces. U.S. Rt. 

33, Shenandoah Mountain, W.Va. 
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um- to large-scale at the base of coarse members to small-

to medium-scale at the top of coarse members. Relatively 

minor thin- to medium-bedded sets of plane-laminated sand-

stone exhibiting parting lineation are occasionally inter-

spersed within the trough cross-stratified sets. Thin- to 

medium-bedded cosets of current-ripple cross-laminated 

coarse-siltstone to fine-grained sandstone are sometimes 

present before the lower coarse member grades upward into 

mudstone comprising the upper fine member. 

The upper fine members are predominantly comprised of 

reddish homogenous mudstone which typically weathers into 

small chips due to deformation. Sedimentary structures are 

rarely observed. Root traces are common and can be de-

scribed as dendritic, branching downward tubular structures 

which are no more than a few millimeters in diameter, and 

filled with -either a finer or coarser sediment fraction than 

the host rock . 

Interspersed within the fine members are frequent thin-

to thick-bedded, sheet- to lenticular-shaped beds of coarse 

siltstone to fine-grained sandstone. The sandstones of 

these beds are moderately sorted and are sublitharenites to 

litharenites in composition. The beds are commonly massive 

and sometimes penetrated by root traces (Fig. 22C) . Less 

commonly the beds are current-ripple cross-laminated or 

plane-laminated. Basal surfaces of all bed types are usual-
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ly erosive and planar, al though basal surf aces of current-

ripple cross-laminated units are sometimes gradational with 

underlying mudstone. Both bed types are usually gradational 

with overlying mudstone. 

Thin reduction "layers" and "mottles 11 are frequently 

observed withiri fine members. These features characteristi-

cally discolor the mudstone to a whitish or greenish color 

(Fig. 22A). Carbonized plant impressions are sometimes 

found in the mudstones associated with this feature. 

Hydrodynamic Interpretation 
( 

The basal scoured surface of each cycle overlain by 

conglomeratic sandstone is indicative of waning upper-flow 

regime currents (Simons et al., 1965; Fahnestock and Haush-

ild, 1962). Large-scale trough cross-stratification which 

grades upward into smaller-scale trough cross-stratification 

associated with an accompanying upward decrease in grain 

size is indicative of unidirectional flow in which there was 

an upward transition from lunate and possibly linguoid dunes 

to smaller-scale linguoid ripples migrating downcurrent 

(Harms et al., 1975; Friend, 1965). Minor interspersed 

plane-laminated sandstones indicate intermittent high flow-

regime conditions. Trough cross-stratification structuring 

bedding which dips at low angles to true bedding is inter-

preted to be epsilon cross-stratification. This structure 



83 

is the product of lateral accretion on an inclined surface 

and is the surface upon which dunes and ripples migrated 

downcurrent forming intrasets of trough cross-stratification 

and ripple cross-lamination (Allen, 1963). 

The passage upward into current-ripple cross-laminated 

siltstone to very fine-grained sandstone is indicative of 

and very low-flow regime currents which carried and rapidly 

deposited large amounts of fines (Harms et al., 1975). Cur-

rents further diminished and reddish oxidized mud and silt 

was deposited and subsequently bioturbated by the establish-

ment of vegetation. 

Interbedded sheet- to lenticular-shaped, thin- to 

thick-bedded, current-ripple cross-laminated and plane-lami-

nated coarse si 1 tstone to sandstone beds within mudstone 

members indicate periodic influx of silt and sand and depo-

sition under low- to high-flow regime conditions. The ob-

servation that these beds often have erosive bases and gra-

dational tops is indicative of the abrupt incursion of 

relatively high flow-regime currents which gradually weak-

ened to previous conditions of quiet suspended mud deposi-

tion. 
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B-Type Cycle 

This cycle constitutes most of the exposed lower por-

tion of the Hampshire Formation at Chambersville and Gore 

(Figs. 1 and 5; sections 1 and 2, respectively). The cycle 

occurs sporadically at all the other Hampshire Formation 

sections (Figs. 1 and 5; sections 4,6,9,11,13, respective-

ly). Coarse member sandstones of this cycle are predomi-

nantly plane-laminated (Fig. 23). 

Description 

Coarse members of this cycle vary from 1. 0 to 9. 2 m 

thick whereas fine members range from 9 cm to over 20 m 

thick. Coarse member sandstones are fine- to coarse-

grained, poorly to moderately sorted, and are subli thare-

ni tes in composition. 

Basal surfaces of coarse members are erosive and essen-

tially flat. Flute-casts are rare but when present, record 

northwest to south paleoflow (Fig. 24). The coarse members 

are structured of plane-laminated sandstones which occur in 

medium- to very thick-bedded multistory units. Parallel la-

minations are the dominant sedimentary structure and the la-

minae are horizontal and parallel, closely spaced a few mil-

limeters apart (Fig. 25A). Parting lineation is often 

associated. Carbonized plant fragments and intraformational 

conglomerates consisting of rounded to flattened reddish 
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Figure 23. Idealized vertical sequence of B-type cycle. 
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DESCRIPTION 

Thin- to thick-bedded cosets 
of planar-lamination 

Mudstone with root traces 
.and interbeds of planar-
laminated or current-ripple 
cross-laminated siltstone to 
sandstone 

Current-ripple cross 
lamination 

Thin- to thick-bedded cosets 
of planar-lamination, occa-
sional intraformational 
conglomerate 

Mudstone with root traces 
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Figure 24. Paleoflow data from B-type cycles. 
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PALEOFLOW DATA FROM B-TYPE CYCLES 
( FLUTE-CASTS) 

ROMNEY (SECTION 4) 

DURBIN (SECTION 9) 

n=2 

0 p 
SHENANDOAH MOUNTAIN (SECTION 11) 
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Figure 25. Structures typical of B-type cycles. 

A. Medium- to thick-bedded, plane-laminated 

sandstone characteristic of B-type cycle 

coarse members. U.S. Rt. 50, Chambersville, 

Va. 

B. Current-ripple cross-laminated coarse silt-

stone to very fine-grained sandstone. 

Diameter of lens cap is approximately 6 cm. 

U.S. Rt. 33, Shenandoah Mountain, W.Va. 
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siltstone and mudstone clasts up to 2.5 cm in diameter are 

frequently scattered throughout the beds but are more abun-

dant immediately above scour surfaces. 

Plane-laminated sandstones frequently pass directly up-

ward into mudstone although sometimes current-ripple cross-

laminated coarse siltstone to fine-grained sandstone (Fig. 

25B) may intervene which in turn grades upward into mud-

s tone. These rippled units consist of sets from 2 to 6 cm 

thick forming cosets up to 1.5 meters thick. 

The upper fine members are predominantly comprised of 

reddish mudstone similar to those of the previously de-

scribed cycle-type in containing root traces and interbeds 

of massive, plane-laminated, and current-ripple cross-lami-

nated coarse siltstone to fine-grained sandstone. 

Hydrodynamic Interpretation 

The basal scoured surface of each cycle indicates ero-

sion within the upper realm of the high flow-regime (Simons 

et al., 1965). Abundant intraclasts of the same lithology 

as the previously deposited mudstone of the underlying fine 

member indicates that cohesive muds were ripped up during 

the scouring action, rounded, and transported downcurrent 

where they were deposited along with sand. The overlying 

plane-laminated sandstones associated with parting lineation 

are indicative of the lower realm of the high-flow regime 
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(Simons et al., 1965). Parting lineation is produced by a 

parallel preferred-dimensional orientation of sand grains 

along with a grain imbrication as the grains stream along in 

thin sheets (Allen, 1964a). Plane-laminated sandstone over-

lain by current-ripple cross-laminated coarse siltstone to 

fine-grained sandstone indicates that vigorous high-flow re-

gime currents rapidly declined to lower-flow regime condi-

tions (Simons et al., 1965). High aggradation rates are 

also associated with current- ripple cross-laminated fine 

sediment (Harms et al., 1975). 

The overlying fine members, predominantly comprised of 

red mudstone with root traces, indicate that currents furth-

er declined and oxidized mud and silt was deposited (Harms 

et al., 1975). The absence of observable primary sedimenta-

ry structures and the presence of root disruptions is indi-

cative of fines which were deposited under quiet hydrodynam-

ic conditions and bioturbated by plant roots, and possibly, 

the action of burrowing organisms. 

The presence of thin- to thick-bedded, sheet- to lenti-

cular-shaped, plane- laminated and current-ripple cross-la-

minated siltstone and sandstone within fine members indicate 

periodic influx of silt and sand with deposition under low 

to high-flow regime conditions. 
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C-TyPe Cycle 

This is the most abundant cycle comprising the Hamp-

shire Formation at every section but Chambersville and Gore 

(Figs. 1 and 5; sections 1 and 2, respectively). Coarse 

members of this cycle are often vertically stacked and con-

tain a complex suite of sedimentary structures (Fig. 26). 

Description 

Coarse members of this cycle range in thickness from 

1.5 to 56.0 m whereas fine members vary from 0.0 to 6.0 m. 

Coarse member sandstones are fine- to coarse-grained, poorly 

to moderately sorted, and subli thareni tes in composition. 

Individual grains are subangular to subrounded. 

A distinguishing feature of this cycle is the abundance 

of coarse members underlain by channel-shaped or concave-up-

ward erosion surfaces (Fig. 27A). The reduction of underly-

ing reddish mudstone to a greenish color up to .5 m beneath 

scours is common (Fig. 27A) as are large flute-casts up to 

35 cm long, 10 cm wide, and 10 cm deep (Fig. 27B) at the 

bases of coarse members. Carbonaceous films (Fig. 27B) as 

well as plant and wood fragments up to 20 cm in length (Fig. 

27C) are commonly associated with scour surfaces. The 

coarse members, when observed at outcrops where they can be 

studied laterally, are often composites of many mutually 

erosive channel-shaped sandstone bodies up to 3 m or more in 
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Figure 26. Idealized vertical sequence of C-type cycle. 
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I DESCRIPTION 
Mudstone with root traces; inter-

~ 

bedded plane-laminated to current- WW 

ripple cross-laminated siltstone to a §3 
sandstone ""'~ 

Upward decrease in scale of trough 
cross-stratification 

Trough cross-stratification grading 
up to current-ripple cross-lamina-
tion and then mudstone 

c:n 
~ w 
§3 

Large-scale tabular cross-stratifi- ~ 
cation w 

~ < Intraformational conglomerate over- 0 u 
lain by trough cross-stratification 

""' 0 

Upward decrease in scale of trough w 
E-1 

cross-stratification H 
c:n 
0 

Current-ripple cross-lamination ~ 
overlying planar lamination 0 u 

Large-scale tabular cross-strati-
fication 

Trough cross-stratification over-
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Figure 27. Structures and features typical of C-type 

cycles. 

A. Coarse member structured of a composite of 

channel-shaped sandstone bodies. Note the 

light-colored zone of reduction (R) within the 

red mudstone immediately beneath the basal 

scour. 5 ft. jacob staff for scale. U.S. Rt. 

33, Shenandoah Mountain, Va. 

B. Large flute-cast (F) and carbonaceous film (C) 

often associated with basal scours of coarse 

members. U.S. Rt. 33, Shenandoah Mountain, 

Va. 

C. Carbonaceous plant fragments often associated 

with basal scours of coarse members. U.S. Rt. 

250, Durbin, W.Va. 

D. Lenticular-shaped pebble lags (quartz in this 

case) often associated with basal scours of 

coarse members. U.S. Rt. 50, Romney, W.Va. 
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cross-section and from 0.5 to 6 m thick (Fig. 27A). Carbo-

naceous films and flute-casts are also associated with the 

basal scours of the interior sandstone bodies. The flute-

casts associated with scours at the bases of and within 

coarse members record north, to west, to south paleoflow 

(Fig. 28). No consistent lateral direction of channel ero-

sion or migration can be discerned within the coarse members 

as the different erosional events appear to be random. In-

trac lasts of reddish mud stone up to 10 cm in diameter are 

found ·throughout coarse members but are particularly abun-

dant near the bases of coarse members and internal channel-

shaped sandstone bodies. Quartz pebbles or quartz-pebble 

conglomerates are rare (Fig. 27D). 

Internally, the sandstone bodies are predominantly 

trough cross-stratified. Trough cross-stratified sets range 

from small- to large-scale and tend to decrease in scale up-

ward within a given sand body. These sets are rarely ob-

served three-dimensionally, but when observed, record west-

ward paleoflow (Fig. 29}. Mud drapes are sometimes present 

between sets of trough cross-stratification. Tabular 

cross-stratified sets up to 2.0 m thick are sometimes pre-

sent and seem to have no preferred level within coarse mem-

bers (Fig. 30}. Several sets of these at Durbin (section 9} 

record southward paleoflow (Fig. 29}. Also present are com-

mon thin- to thick-bedded sets of plane-laminated sandstone 
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Figure 28. Paleoflow data from flute-casts within 

C-type cycles. 
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Figure 29. Paleoflow data from cross-stratification 

within C-type cycles. 
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Figure 30. Large-scale tabular cross-stratification 

(T) overlain by planar-stratification (P) in turn 

truncated by a second set of large-scale tabular 

cross-stratification (T2). Truncation surfaces 

have been outlined in black. General bedding is 

parallel to near horizontal line above jacob 

staff (5 ft.). U. S. Rt. 33., Shenandoah 

Mountain, W.Va. 

Figure 31. Concave-up scour (S) overlain by red rnud-

stone. U.S. Rt. 33, Shenandoah Mountain, W.Va. 
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(Fig. 30) and rare current-ripple cross-laminated coarse 

siltstone to very fine-grained sandstone. 

The coarse members are overlain by fine members con-

sisting predominantly of reddish oxidized mudstone with thin 

to thick interbeds of sheet- to lenticular-shaped, coarse 

siltstone to fine-grained sandstone as described earlier in 

the two previous cycle-types. 

One peculiar occurrence of this particular cycle-type 

which should be noted here is the presence of abundant bro-

ken and whole brachiopods incorporated within the coarse 

members of a few cycles well up into the Hampshire Formation 

at Romney (section 4, see appendix I). 

It should also be mentioned here that interspersed 

within all three of the described cycle-types of the Hamp-

shire Formation are occasional channel-shaped scour surfaces 

(with up to 1 m relief) overlain by reddish muds tone (Fig. 

31). 

Hydrodynamic Interpretation 

Channel-shaped or concave-upward based sandstone bodies 

comprised of an upward decrease in scale of trough cross-

stratification are the product of unidirectional high flow-

regime currents which cut channels and then vertically fill 

them under progressively lower flow regime conditions (Col-

linson, 1978). Abundant intraclasts of reddish mudstone are 



106 

indicative of previously deposited cohesive muds which were 

ripped up and redeposited down current. Internal mud drapes 

are indications of sudden cessations of energy as mud set-

tled from suspension during times of slack. 

Tabular sets interbedded within and among channel-

shaped sand bodies are indicative of the migration of sand 

waves or bars within the lower flow regime (Harms et al., 

1975). Occasional plane-laminated and current-ripple cross-

laminated sets are indicative of periodic high- and low-flow 

regime conditions, respectively. 

Coarse members overlain by fine members (mudstone) con-

taining root traces indicate that currents diminished and 

fine sediment settled from suspension and was 

bioturbated by the action of plant roots. 

subsequently 

Interbedded 

sheet- to lenticular-shaped siltstone to fine-grained sand-

stone characterized by planar-lamination or current-ripple 

cross-lamination indicate periodic influxes of silt and sand 

with deposition under high- to low-flow regime conditions. 

The presence of occasional channel-shaped scour surfac-

es overlain by mudstone indicate that a lateral shift of 

currents occurred subsequent to channel erosion and resulted 

in the channels being eventually filled by fine-grained sus-

pension sedimentation. 



PALEOENVIRONMENTAL INTERPRETATIONS 

All the facies assemblages and cyclothems comprising 

the "Chemung" and Hampshire Formations, respectively, have 

been described in detail and it is now possible to compare 

them with modern depositional environments and similarly in-

terpreted ancient deposits. 

Facies Comprising the "Chemung" 

Facies Assemblage 'A': Low-Gradient Shelf Upward-Shoaling 
Sequences 

The marine fauna and structures characteristic of storm 

and wave processes indicate the deposition of this assem-

blage within a marine setting (Fig. 32). 

The lower mudstone predominated portions of these se-

quences can be compared with modern bioturbated silty muds 

which are characteristically deposited seaward of fairweath-

er wave base on the offshore shelves of West Africa (Allen, 

1964b), the Gulf of Mexico (Fisk et al., 1954), the eastern 

United States (Kumar and Sanders, 1976), the southern coast 

of California (Howard and Reineck, 1981), and the Gulf of 

Paria (van Andel, 1967). Generally, from the shoreline sea-

ward, physical sedimentary structures become less abundant 

and biogenic reworking increases (Howard and Reineck, 1981). 
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Figure 32. Paleoenvironrnental interpretation of a well-

developed facies assemblage 'A' (upward-coarsening) 

sequence. 
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Accompanying this is a seaward decrease in grain size. Ac-

cording to Howard and Reineck (1981), these principles are 

fundamental to all modern and ancient shoreline sequences 

and are the · result of increasing depth and its influence on 

the relative position of fairweather wave base. Minor in-

terbedded shales probably reflect higher sedimentation rates 

which initiated physical stress and inhibited the coloniza-

tion of organisms (Fisk et al., 1954; Parker, 1956; Allen, 

1964b; van Andel, 1967; Bowen et al., 1974). 

Minor interbeds of siltstone to very fine-grained sand-

stone characterized by structures indicative of an upward 

decrease in w~ve-energy are probably the result of periodic 

and high-energy storms (Hayes, 1967; Reineck and Singh, 

1972; Harms et al., 1975; Howard and Reineck, 1981; Kreisa, 

1981). These deposits are interpreted as having been depo-

sited consistently below fair-weather wave base but above 

storm wave base (Fig. 32). The thick interbedded mudstones 

indicate long periods of fairweather deposition dominated by 

biogenic processes. 

The consistent westward paleoflow direction of flute-

casts at the bases of the coarse siltstone and sandstone 

beds indicates westward flowage. According to Hayes (1967), 

seaward flowing bottom density currents may be initiated by 

sea level rises along shorelines during storms due to the 

piling up of water along the shore by wind generated wave 
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action. This increased sea-level is known as wave surge 

(Hayes, 1967) and the subsequent seaward flowing density 

current is known as storm ebb (Hayes, 1967). These sedi-

ment-laden, density currents are inferred to carry sediment 

across the shoreface and into the offshore environment 

(Hayes, 1967; Walker, 1979; Hobday and Morton, 1981). 

A modern example of a storm-generated density flow was 

generated by Hurricane Carla on the Texas shelf in 1961 

(Hayes, 1967). This density flow deposited a layer of sand 

a minimum distance of 20 km offshore which continued well 

below the depth of fair-weather wave base. After the storm 

abated, normal fair-weather deposition of bioturbated mud 

resumed (Hayes, 1967; Wright and Walker, 1981). In addi-

tion, Nelson (1982) describes laminated sand layers on the 

Bering shelf which were transported seaward and deposited by 

storm- generated ebb-currents. 

A storm-surge generated ebb-current origin for the low-

er portions of the upward-coarsening sequences is further 

strengthened ·by the results of a sedimentological study of 

the Brallier Shale (Fig. 2). According to Lundegard et al. 

(1979), the Brallier is a thick (600 m to 900 m) regressive 

sequence of distal to proximal turbidites comprised of in-

terbedded siltstones, olive-gray mudstones and shales, and 

organic-rich black shales. This sequence is transitional 

westward to the thinner, distal, Devonian black shale fa-
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cies, and eastward to the "Chemung" described in this study. 

Lundegard et al. ( 1979) proposed a turbidi te sedimentation 

model for the Brallier which is different from the more 

traditional views on turbidite deposition and will be stated 

here: 

"The uniformity of turbidi te bed thickness, 
implying a triggering mechanism of uniform inten-
sity, and the absence of slump structures in the 
proximal facies suggest that turbidity currents 
were initiated by means other than localized mass 
movement. Storm surges or high . river discharges 
are more likely mechanisms. 

The Brallier depositional sequence differs 
significantly from existing submarine-canyon-fan 
models in that it lacks large-scale radial disper-
sal patterns as well as canyon and channeled in-
ner-fan facies. Rather than radial progradation, 
characteristic of a large, stable submarine fan, 
uniform progradation from multiple point sources 
built a elastic ramp composed of a coalescing ser-
ies of small, short-lived submarine fans. This 
uniform progradation is indicated by the disposi-
tion of lithofacies and consistent westerly paleo-
current trends." 

The upper sandstone-dominated portions of facies assem-

blage 'A' sequences are the result of multiple episodes of 

high-energy deposition. The structures are characteristic 

of storm-wave activity above storm wave base but below 

fair-weather processes such as currents generated by normal 

tidal cycles, longshore mechanisms, or shoaling waves. The 

lesser importance of mudstone upward as plane-laminated and 

minor hummocky cross-stratified and wave-ripple cross-lami-

nated sandstone beds bec9me coarser, thicker, and more amal-

gamated indicates a shoaling bathymetry as higher energy 
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conditions prevailed with recurrent sand deposition (Goldr-

ing and Bridges, 1973; Kreisa, 1981; Dott and Bourgeois, 

1982). 

The westward scatter of flute-casts within the upper 

portions of sequences is suggestive of a lower gradient de-

positional setting as opposed to that of the lower portions 

of the sequences. The overall east-west oscillation pattern 

of wave-activity recorded on the tops of sandstone beds pro-

bably reflects waning wave-energies associated with the 

storms that emplaced the beds and internally imprinted the 

hummocky cross-stratification. 

These deposits, characteristic of the upper portion of 

facies assemblage 'A' sequences, are very similar to modern 

storm-dominated lower shoreface deposits of the North Sea 

(Reineck and Singh, 1972), the Gulf of Gaeta, Italy (Reineck 

and Singh, 1972), the Gulf of Mexico (Hayes, 1967), the east 

coast of the United States (Kumar and Sanders, 1976), and 

the southern coast of California (Howard and Reineck, 1981). 

Ancient deposits which are similar and have been interpreted 

as of storm-dominated lower shoreface origin are present 

within the Cretaceous Gallup Sandstone of the San Juan ba-

sin, New Mexico (Harms et al., 1975), the Moosebar and Gates 

Formations of western Canada (Leckie and Walker, 1982), and 

the Grayson Formation of northeast Texas (Hobday and Morton, 

1981); the Jurassic Upper Sundance Formation of Wyoming and 
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Montana (Brenner and Davis, 1973), the Fernie-Kootenay tran-

sition of the Canadian Rockies (Hamblin and Walker, 1979) 

and some carbonate deposits of the western High Atlas Moun-

tains of Morocco (Ager, 1974); the Permian Ecca Group of 

South Africa (Vos and Hobday, 1977); the Carboniferous Kin-

safe Formation of Ireland (deRaaf et al., 1977); the Devoni-

an Son yea Group of New York (Bowen et al. , 197 4) and the 

Baggy Formation of southwest England (Goldring and Bridges, 

1973); the Silurian- Devonian Arisaig Group of Nova Scotia 

(Cant, 1980) and the Upper Silurian Read Bay Formation of 

Somerset Island, Arctic Canada (Jones and Dixon, 1976); Or-

dovician (Ashgillian) sandstones of the Oslo area of Norway 

(Brenchley et al., 1979), and the Martinsburg Formation of 

southwest Virginia (Kreisa, 1980; 1981); and the Upper Cam-

brian Nolichucky Formation of southwest Virginia (Markello 

and Read, 1981). 

Amalgamated plane-laminated and hummocky cross-strati-

fied sandstone which passes upward into trough cross-strati-

fied sandstone is very similar to modern high-energy upper 

shoreface deposits of the southern Oregon coast which have 

prograded over lower shoreface deposits (Clifton et al., 

1971). Clifton et al. ( 1971) observed that trough cross-

stratified sets f orrn in response to the migration of lunate 

megaripples associated with breakers in the zone of wave 

build-up. The stronger of the two opposing transient cur-
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rents caused by passing waves produces trough cross-strati-

fied sets with a shoreward orientation. Laminated sand and 

minor mud of lower shoreface origin overlain by trough 

cross-stratified sand is also the typical sequence deposited 

by strong longshore currents and rip channel migration in 

barred upper shoref ace systems along the southern coast of 

Oregon (Hunter et al., 1979), the southern coast of Califor-

nia (Cook, 1970), and the eastern shore of Lake Michigan 

(Davis and Fox, 1972). 

Amalgamated plane-laminated and hummocky cross-strati-

fied sandstone which passes upward into sets of tabular 

cross-stratified sandstone is similar to the vertical se-

quence through nearshore sand bars of the southern Oregon 

coast (Hunter et al., 1979) and the eastern coast of Lake 

Michigan (Davis and Fox, 1972). Tabular sets result in 

these environments as breakers and surf build bars which 

form and shift by the slow lateral migration of sand waves. 

According to Davis and Fox (1972), the migration of bars 

typically occurs as small breaking waves move sand over the 

bar crest and down the prograding slip face. 

Therefore, the upper portions of some of the "Chemung" 

upward-coarsening sequences indicate shoaling above fair-

weather wave base into the zone of wave build-up (Fig. 32). 

Ancient examples of similar upward-shoaling sequences inter-

preted as of lower to upper shoreface in origin have been 
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described from the Cretaceous Gallup Sandstone of New Mexico 

(Harms et al., 1975), the Late Paleozoic Ecca Group of South 

Africa (Vos and Hobday, 1977), and the Ordovician (Upper 

Ashgillian) ·near Oslo, Norway (Brenchley et al., 1979). 

Facies Assemblage 'B': Conglomeratic Delta Distributary 
Channel Complex 

The presence of strata deposited by marine wave pro-

cesses both below (hummocky cross-stratified and wave-rip-

pled sandstones of facies assemblage 'A' ) and above (hum-

mocky cross-stratified sandstone of facies assemblage 'B' ) 

the conglomerate is evidence indicating the conglomerate 

represents a pebbly delta distributary channel complex which 

prograded seaward (Fig. 33). The abundance of plant debris 

associated with the channelized conglomerates supports this 

interpretation. A distributary channel complex (point 

source) interpretation is also field supported in that no 

conglomerates are found in the rt. 818 section (Fig. 1) 12 

miles to the northeast nor within the rt. 924 section (Fig. 

1) 7 miles to the southwest of the Shenandoah Mountain sec-

tion. 

According to Shepard (1973), occasional high-flow re-

gime surges are capable of scouring and filling delta dis-

tributary channels with sand and gravel during times of 

flood when rivers are debouching considerable loads of sedi-

ment into the sea. 



117 

Figure 33. Paleoenvironmental interpretation of facies 

assemblage 'B' and associated (underlying) upper 

portion of a facies assemblage 'A' sequence. U.S. 

Rt. 33, Shenandoah Mountain, W.Va. 
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The underlying hummocky cross-stratified sandstones 

(with conglomeratic lags) of the upper portion of a facies 

assemblage 'A' sequence probably represent sediment which 

was transported seaward away from distributary channel-

mouths by storm-ebb currents (Fig. 33). Hummocky cross-

stratification was probably imprinted on the beds by the 

same storms that emplaced the beds. The channel-complex ev-

entually prograded over these deposits. Similar sharp-based 

conglomerates associated with hummocky cross-stratification 

have been described by Leckie and Walker (1982) within the 

Moosebar-Lower Gates interval (Cretaceous) of western Cana-

da. According to Leckie and Walker (1982), the conglomer-

ates were probably transported and emplaced seaward from a 

gravelly beach and river-mouth complex by storm-generated 

rip-currents. The sharp-based, marine conglomerates are la-

terally transitional with the latter facies. 

Directly overlying the conglomerate facies is a 2 m 

thick sequence of amalgamated hummocky cross-stratified 

sandstone which suggests storm and wave reworking of the up-

permost portion of the deposit after the channel-complex was 

abandoned (Fig. 33). No conglomerates (or pebbles) are 

found within this strata nor within the overlying sequence 

of rocks constituting facies assemblage 'D'. 
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Facies Assemblage ~: Storm-/Wave-Dominated Delta 

The facies described structure fining-upward cycles 

which are very similar to the cycles deposited by fluvial 

processes (Allen, 1965b). The observation that the cycles 

not only cut underlying sequences of marine mudstone and 

storm- and wave-dominated sandstones (upper portion of fa-

cies assemblage 'A' sequences), but are also interbedded 

with them, is highly suggestive of a deltaic origin (Fig. 

34). 

Upper portions of facies assemblage 'A' sequences which 

pass upward into fining-upward cycles structured of facies 

assemblage 'C' are similar to the deposits of modern wave-

dominated delta front to lower delta plain transitions (Fig. 

34). Examples of these transitions are the marine to dis-

tributary channel to adjacent interdistributary swamp or 

coastal-plain basin deposits of the modern Niger Del ta of 

West Africa (Allen, 1964b), the Rhone Delta of southern 

France ( Oomkens, 1970), and the Mekong Del ta of southeast 

Asia (Kolb and Dornbusch, 1975). According to McBride et 

al. ( 1975), sheetlike sand deposits similar to those within 

the upper portion of facies assemblage 'A' sequences are 

typically associated with wave-dominated deltas, where they 

underlie distributary channel sands and represent wave-re-

working of delta front sands. Within this environment, sed-

iments are constantly subjected to reworking by waves gener-
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Figure 34. Paleoenvironmental interpretation of facies 

assemblage 'C' showing the underlying and inter-

bedded relationship of facies assemblage 'A' 

sequences. 
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ated in open water beyond channel mouths (Coleman et al., 

1964). Extensive shoal deposits of clean, well-sorted sand 

occur off the mouths of the active Mekong di stributaries 

(Kolb and Dornbusch, 1975) where enormous quantities of sand 

move as bedload along the bottoms of distributary channels 

and are redistributed by storms and waves in the shallow 

coastal areas off their mouths. 

Plane-laminated and hummocky cross-stratified sand-

stones of facies assemblage 'A' which pass upward into the 

dominantly channeled and trough cross-stratified sandstone 

of facies assemblage 'C' are very similar to the vertical 

sequence within abandoned distributary channels of the Niger 

River delta (Allen, 1964b). The abandoned channels of the 

latter consist of erosively-based cosets of trough cross-

stratified sand and contain abundant quartz pebbles, mud-

stone clasts, and plant fragments. The channel sands over-

lie parallel- to near parallel-laminated marine sands of the 

delta front. Planar-lamination, trough and tabular cross-

stratification, mudstone clasts, plant fragments, and thin 

clay beds are characteristic of the abandoned distributary 

channel sands of the Rhone delta complex ( Oomkens, 1967; 

1970) . According to Oomkens (1970), the abandoned channel 

sands of the Rhone delta range in thickness from .5 to 11.0 

m. These thicknesses are comparable with the thicknesses of 

trough cross-stratified sandstones (abandoned channels) 

within facies assemblage 'C' . Occasional sets of tabular 
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cross-stratified sandstone within the sandstone facies of 

facies assemblage 'C' are similar to the internal stratifi-

cation of distributary channel sand bars of the Mekong Delta 

(Kolb and Dornbusch, 1975). Tabular sets may indicate the 

distributary channels were characterized by a braided pat-

tern rather than a meandering pattern (Kolb and Dornbusch, 

1975). Tabular cross-stratification is rare in meandering 

channel deposits (Allen, 1970). 

Sequences predominated by carbonaceous mudstone and 

shale of facies assemblage 'C' are similar to interdistribu-

tary basin deposits of the Mekong (Kolb and Dornbusch, 

1975), Niger (Allen, 1964b), and Rhone (Oomkens, 1970) river 

del ta·s. These deposits form by vertical accretion when 

floodwaters spill over the banks of the channels and deposit 

fines from suspension in interdistributary flats distal from 

channel complexes (Fig. 34). Erosively based thin- to medi-

um-bedded fine-grained sandstones structured of current rip-

ple-lamination interbedded within the mudstones are very si-

milar to modern deposits which originate by sediment-laden 

flood waters spilling over into interdistributary areas, de-

positing fine sand by suspension during the waning stages of 

flood events. Deposits of this nature are present within 

the Colorado River delta (McKee, 1939), the Mississippi del-

ta (McKee, 1966), and the Niger River delta (Allen, 1964b). 

Layers of fine sediment rich with peaty plant remains and 
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blackish in color are common in modern delta-plain sequences 

such as within that of the Mississippi (Fisk et al., 1954; 

Coleman et al, 1964), the Niger (Allen, l 964b), and the 

Rhone ( Oomkens, 1970) river deltas where plants establish 

themselves in interdistributary marshes and basins. 

The presence of hummocky cross-stratified thin- to med-

ium-bedded sandstones interbedded within both the lower 

channel and the upper floodplain f acies of facies assemblage 

'C' indicate the periodic influence of marine processes su-

perimposed over delta-plain processes. 

Facies Assemblage 'D': Low-Energy Marine-Nonmarine 
Transitions 

This assemblage is predominantly comprised of mudstone 

and shale with minor interbeds of sandstone containing os-

cillatory wave origin structures (predominantly ripple 

cross-laminated sil tstones to fine-grained sandstones and 

flaser bedding at Chambersville and Gore, sections 1 and 2, 

respectively). These beds pass upward into redbeds of non-

marine origin which indicates upward-shoaling conditions. 

Sedimentary structures and grain size indicate a very low-

energy setting and that sand was relatively scarce and una-

vailable at the time of deposition. 

This facies assemblage is indicative of an upward tran-

si ti on from relatively weak wave-action in a shallow, low-

energy, subtidal setting to a periodically inundated supra-
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Figure 35. Paleoenvironrnental interpretation of facies 

assemblage 'D' . 
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tidal mudflat (Fig. 35). The vertical sequence of facies 

can be closely compared to modern tidal flat facies of . the 

German Bay (Wunderlich, 1970), the Dutch Wadden Sea (van 

Straaten and Kuenen, 1957), and the North Sea (Reineck and 

Wunderlich, 1968). Within these settings, deposition at or 

lower than mean low tide level is dominated by bedload 

transport (common ripple cross-lamination, flaser bedding, 

and interference ripples). Mid tidal level deposition at 

these settings is intermediate between bedload transport and 

suspended fallout (common lenticular and wavy bedding), 

while deposition at mean high tide level is dominated by 

suspended fallout of fines in very shallow water with per-

iods of subaerial exposure (wavy and lenticular bedding with 

small-scale wave-ripples, desiccation cracks, and intra-

clasts). Landward of these deposits are typically salt 

marshes characterized by root disrupted mudstones. 

According to van Straaten (1954), most modern mud domi-

nated subtidal to supratidal flats are located within very 

low-gradient settings behind barrier bars or beaches where 

wave energies are dissipated by the sheltering influence of 

the coastal barriers. A similar relationship exists within 

the "Chemung" as upward-coarsening and upward-shoaling se-

quences (offshore to upper shoreface transitions within 

well-developed sequences) of facies assemblage 'A' are over-

lain by low-energy marine-nonrnarine transitions of facies 
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assemblage 'D' . A modern example of a similar setting is 

the Southern Bight of the North Sea where Houbolt (1968) and 

Mc Cave ( 1971; 1972) describe shallow areas off shore where 

sand is constantly being reworked by wave and tidal process-

es whereas shallower and quieter water landward is the site 

of mud deposition. 

Other environments where muddy tidal flats are found 

are in very shallow, low-gradient, and low-wave-energy coas-

tal areas adjacent to rivers which supply an enormous amount 

of suspended mud to the shoreline, often by way of longshore 

drift processes (van Straaten and Kuenen, 

of this setting include the shorelines 

1957). Examples 

adjacent to river 

mouths along the Venetian Plain of the northern Adriatic 

Sea, the Guiana coast adjacent to the Amazon River mouth 

(McCave, 1971), the mud and tidal flats adjacent to the Co-

lorado River delta, northwestern Gulf of California (Thomp-

son, 1968), and the southwestern coast of Louisiana adjacent 

to the Mississippi River delta. Gould and McFarlan (1959), 

Byrne et al. (1959), and Beall (1968), describe prograding 

muddy shorelines along the modern Chenier Plain of Louisiana 

which receive large quantities of mud and relatively little 

sand. According to Harms et al. (1975), large quantities of 

mud is supplied to the coast by southwestward longshore 

drift of fines from the distant but adjacent Mississippi 

delta system. As a result, this process has caused signifi-
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cant progradation of coastal mud flats and marshes. The 

possibility exists that adjacent river mouths or delta sys-

tems may have existed at the time the described sequences of 

the "Chemung" were deposited. These sources could have sup-

plied mud to longshore processes in a similar way as the mo-

dern Mississippi River. The close proximity of a river 

mouth or delta system is supported in these deposits by the 

often close vertical association of strata and sedimentary 

structures suggestive of fluvial influence (overlying redbed 

cyclothems of the Hampshire Formation). 

The presence of interbedded hummocky cross-stratified 

beds almost identical to underlying marine deposits (except 

without the presence of basal fossil lags and conglomerates) 

suggests periodic storm deposition over the mudflats. Ac-

cording to Davis ( 1978), sea level rises along shorelines 

during storms due to the piling up of water may initiate 

wave surge (Hayes, 1967) and cause marine water to trans-

gress inland up to 30 km. Waning energy associated with 

periodic storm induced transgressions could have been res-

ponsible for the deposition of sandy storm layers over coas-

tal mudflat sequences. The rare presence of small-scale 

wave-ripples having wavelengths of 1 to 4 cm capping these 

beds is suggestive of oscillatory wave action in very shal-

low water left standing following the storm. 
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The frequent vertical passage of nonmarine red.beds up-

ward into the basal marine sequence of another similar tran-

sition reflects transgression followed again by prograda-

ti on. These cyclic transitions are very analagous to simi-

lar transitions within the ancient Silurian-Devonian Arisaig 

Group of Nova Scotia (Cant, 1980) and the Upper Devonian Ir-

ish Valley Member within the "Catskill" of Pennsylvania 

(Walker and Harms, 1971; Walker, 1971). 

Red.bed Cyclothems Comprising the Hampshire Formation 

The combination of unidirectional current structures 

and frequent channelized sandstone bodies within coarse mem-

bers as well as abundant root-disruptions within fine mem-

bers indicate that these cycles were deposited by fluvial 

processes on an alluvial plain. The reddish color and oxi-

dized nature of these rocks also supports this conclusion. 

Coarse member structure reveals deposition by three contras-

ing types of streams. 

A-Type Cycle: High-Sinuosity (Meandering) Stream Cycles 

This cycle of the Hampshire Formation is very similar 

to the point bar and floodplain deposits of modern meander-

ing streams and rivers (Fig. 36) such as the Red River, 

Louisiana (Harms et al., 1963), the Mississippi River of 

Louisiana and Mississippi (Fisk et al. , 1954) , the Niger 
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~i ver, West Africa (Allen, l 964b), the Brazos River, Texas 

(Bernard and Major, 1963), the Yukon River, Alaska (Eardley, 

1938), and Watts Branch, Maryland (Wolman and Leopold, 

1957). Similar ancient deposits which have been interpreted 

as of at least in part meandering stream origin include the 

Devonian Wood Bay Series of Spitsbergen (Friend, 1965), the 

Devonian Lower Old Red Sandstone of England (Allen, 1962, 

1963, 1964a, 1964c; Allen and Tarlo, 1963), and the "Cats-

kill" of Pennsylvania and New York State (Walker and Harms, 

1971; Allen and Friend, 1968). 

The lower coarse member of this eye le was deposited 

principally during flood-times by lateral accretion on the 

convex (inner) bank of a stream meander as the stream mi-

grated laterally toward the erosional or concave bank (Al-

len, 1965a) (Fig. 36). Supporting this interpretation is the 

observation that coarse members are sometimes characterized · 

by epsilon cross-stratification. This structure is inter-

preted to be the product of lateral accretion on an inclined 

surface, such as a point bar (Collinson, 1978). 

Studies of modern meandering streams indicate that 

different parts of the scoured surface underlying a point 

bar deposit formed at different times as a localized zone of 

erosion migrated laterally (Allen and Friend, 1968). Scour 

surf aces overlain by lenticular shaped sandstones containing 

abundant mudstone intraclasts are common at the bases of mo-
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Figure 36. Paleoenvironrnental interpretation of A-type 

cycle. 
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dern point bar sequences and indicate depths within reach of 

the scouring action of major floods (Happ, 1940; 1944). 

Pebble and cobble sized debris is transported slowly and in-

frequently for only short distances during the highest 

stream discharges and is found typically in the deeper parts 

of stream beds. Here it accumulates in a lenticular fashion 

and in the course of time becomes buried by finer grained 

sediments (Happ et al., 1940; 1944). Allen (1970) and Wol-

man and Eiler (1958) explain that cobbles may be moved only 

during exceptional floods which have frequencies of many 

years. The lags are most frequently intraformational rip-up 

clasts composed of mudstone and are probably derived from 

the erosion of underlying and previously deposited cohesive 

overbank muds or slumped material from eroding banks (Lerand 

and Oliver, 1974; Allen, 1965a). Carbonaceous films and 

plant fragments also tend to be abundant at the bases of 

most fluvial sand bodies due to floods transporting vegeta-

tive debris downstream (Pettijohn, Potter, and Siever, 

1972). 

The transition from large-scale trough cross-stratified 

sets near the bases of coarse members to smaller-scale sets 

toward the tops of coarse members implies a decreasing 

strength of stream flow from the deeper bottoms of channels 

closest to the thread of maximum current velocity up to the 

shallow tops of the point bars away from the main thread of 

stream flow (Harms et al., 1975; Friend, 1965). 
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The occasional presence of current-ripple 

cross-laminated coarse siltstone to very fine-grained sand-

stone overlying small-scale trough cross- stratification im-

plies deposition of fines over the top of the point bar dur-

ing the waning phase of flood activity (Bernard and Major, 

1963; McKee, 1939). 

Friedman and Sanders ( 1978) explain that because of 

periodic floods in rivers, there is little correlation bet-

ween everyday depth of water in the channel and the thick-

ness of the point bar sequence deposited. This thickness is 

instead determined by the depth of flood discharge, which 

may be several times that of ordinary discharge. Modern 

point bar deposits extending up from lag deposits of scour 

pools to the tops of the bars range from 1 m in thickness in 

Watts Branch, Maryland (Wolman and Leopold, 1957), to 24 m 

thick in the Mississippi River (Fisk et al., 1954). The 

coarse members of the Hampshire Formation cycles fall well 

within these values and suggest the depositing streams dur-

ing Hampshire times ranged from small streams to larger riv-

ers. 

The overlying fine members of the cycles are interpret-

ed to represent vertical accretion on floodplains adjacent 

to channels. This mode of deposition primarily occurs dur-

ing over bank flood events when si 1 t and mud laden waters 

spill over channel banks (Allen, 1965a; Elliott, 1974). 
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These sequences may become quite thick if the meander belt 

wanders away for long periods of time without returning. 

The silty muds may be finely laminated immediately following 

deposition but are usually later homogenized by the action 

of plant roots and other forms of bioturbation (Elliott, 

1974; Friend, 1965). 

Lenticular-shaped, thin- to medium-bedded siltstones 

and sandstones structured by planar-lamination and current-

ripple cross-lamination interbedded within floodplain mud-

stones can also be interpreted as having a flood related or-

igin. Crevassing is a process whereby flood waters gouge 

and cut a new channel across the floodplain via small cre-

vasse channels cut into the levee crest along the convex 

bank where the thread of maximum flow is greatest (Allen, 

196Sa; Elliott, 1974). Sharply based plane-laminated sands 

may result from a single flood event as sand and silt laden 

waters spill across the floodplain forming deposits known as 

crevasse-splays. Plane-laminated beds are probably indica-

tive of the proximal portion of such a deposit whereas the 

current-ripple cross-laminated beds may have more of a dis-

tal origin as the energy of the flood waters wane at some 

distance from the originating crevasse channel. The obser-

vation that the beds are sometimes homogenized and return 

upward into bioturbated mudstone indicates the return to 

quieter rates of floodplain mud deposition in conjunction 

with organic bioturbation. 
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The thin discolored "layers" and "mottles" typ.ical of 

fine members apparently is a result of the reduction effects 

of associated plant material deposited within the mudstone. 

B-Type Cycle: High-Energy Sheet-Flood Cycles 

Coarse members consisting almost entirely of plane-la-

minated sandstone are indicative of high-flow regime deposi-

tion and closely resemble modern high-flow regime flat-bed-

ded sands of segments of the Red River, Louisiana (Harms et 

al., 1963), and the Brazos River, Texas (Bernard and Major, 

1963), the flood deposits of Bijou Creek, Colorado (McKee et 

al., 1967), and some stream-flood and sheetflood deposits of 

various ephemeral streams of northeastern Utah (Picard and 

High, 1973), Israel (Karcz, 1972), and central Australia 

(Williams, 1971). Similar facies of the Middle Devonian 

Trentishoe Formation of North Devon, 

terpreted by Tunbridge (1981) as 

sheetflood deposits. 

England, have been in-

ephemeral high-energy 

A sheetf lood origin for the coarse members of Hampshire 

cycles (Fig. 37) is supported by the absence of observed 

channel-fills or structures indicative of lateral accretion. 

Modern parallel-laminated sands deposited from a single 

flood event can be surprisingly thick (Tunbridge, 1981) . 

Williams (1971) failed to reach the base of a parallel-lami-

nated sand deposit in a trench 1.5 m deep in the stream bed 
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Figure 37. Paleoenvironrnental interpretation of B-type 

cycle. 
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of the ephemeral Finke in southern Australia while McKee et 

al. (1967) found sands over 1.0 m thick deposited by a sin-

gle flood in Bijou Creek, Colorado. 

Many workers (Bernard and Maj or, 1963; Harms et al. , 

1963; Williams and Rust, 1969; Smith, 1970; and Tunbridge, 

1981) have noted that plane-laminated sands are reported 

from both modern meandering and braided perennial streams 

but that invariably the structure is subordinate to cross-

bedding and is almost never the sole constituent of the san-

dy part of a cycle produced by these two types of streams. 

Plane-laminated sets of sandstone passing upward into 

finer-grained current-ripple cross-laminated sets and even-

tually into mudstone with root traces is indicative of wan-

ing flood conditions with subsequent quiet floodplain depo-

sition. This vertical transition also illustrates the 

lateral proximity of subenvironrnents which must have existed 

during the time of deposition (i.e. , main flood, marginal 

flood, and flood extremity, Fig. 37). 

C-Type Cycle: Low-Sinuosity (Braided) Stream Cycles 

These cycles exhibit characteristics of braided stream 

deposits. Coarse members consisting of a composite of sand 

bodies underlain by concave upward erosional surfaces indi-

cate that they were not deposited by the lateral migration 

of a single highly-sinuous channel. Instead, the coarse 

members were deposited by multiple systems of low-sinuosity 
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channels (Fig. 38). The channels were filled by vertical 

and lateral accretion processes and eventually abandoned as 

channels switched within braided tracts (Collinson, 1978). 

Trough ·cross-stratified sandstone overlying ·concave-up-

ward scour surfaces is the dominant structure and is similar 

to vertically aggrading 

(Williams, 1971; Mi al 1, 

channels of modern braided rivers 

1977; Cant and Walker, 1978). An 

upward decrease in scale of trough cross-stratification sup-

ports this interpretation. In the braided South Saskatche-

wan River of Canada, for example, sinuous to irregularly 

crested megaripples are the most common bedform within major 

channels at almost all stages of flow (Cant and Walker, 

1978). According to Cant and Walker ( 1978), the scale of 

the megaripples is directly related to channel depth. 

The tabular cross-stratified sets within the described 

cycles of the Hampshire Formation are very similar to the 

internal stratification of cross-channel bars within braided 

reaches of the modern Donjek River, a tributary of the Yukon 

(Williams and Rust, 1969), the Platte River of Colorado and 

Nebraska (Smith, 1970; Matthews, 1974), the Durance and Ar-

diche Rivers, both tributaries of the Rhone River (Doeglas, 

1962), and the South Saskatchewan River of Saskatchewan, Ca-

nada (Cant and Walker, 1978). According to Cant and Walker 

(1978), large-scale solitary sets of tabular cross-stratifi-

cation (up to 2.5 m in height) are typical of the internal 
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Figure 38. Paleoenvironrnental interpretation of C-type 

cycle. 
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stratification of cross-channel bars within the South Sas-

katchewan River. The formation of cross-channel bars is at-

tributed to high-stage sand-wave migration in areas of flow 

expansion. Areas where flow expansion occurs include chan-

nel junctions or places where channels widen (Cant and Walk-

er, 1978). Tabular 

deposited by highly 

al., 1975). 

sets are generally absent from cycles 

sinuous meandering streams (Harms et 

Minor planar stratification interbedded unsystematical-

ly within and among channel deposits is indicative of high-

energy flooding during high water stages. Within modern 

braided streams, this mode of deposition may occur at any 

level within the formation of a cycle (Doeglas, 1962; Wil-

liams and Rust, 1969; Smith, 1970; Shelton and Noble, 1974; 

Matthews, 1974; Collinson, 1978). Within the South Saskat-

chewan River, sets of planar-lamination up to .4 m thick are 

deposited during f load stages on the upper parts of sand 

flats. Sand flats initially form during falling stage when 

a small part of the crest of a cross-channel bar becomes em-

ergent. 

Ripple cross-laminai:ion within modern braided streams 

is typically deposited during final stages of channel-fill-

ing and during falling stage over sand flats. 

The upper fine members comprised of predominantly root 

disrupted, oxidized mudstone were deposited on adjacent flo-
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odplains at some distance from main channel-system courses. 

Due to their higher gradient, braided stream deposits tend 

to be dominated by thick coarse members with rare or thin 

fine members and this relationship can be observed within 

the Hampshire cycles by the frequency of coarse member 

stacking. 



INTEGRATED FACIES MODEL 

A review of the vertical facies relationships of the 

more western sections (Figs. 1 and 5; sections 3 through 13) 

reveals that Brallier Formation turbidi tes deposited on a 

low-angle ramp pass upward into the "Chemung" consisting do-

minantly of a series of marine upward- shoaling sequences 

( facies assemblage 'A' ) . The sandstone beds of these se-

quences coarsen and thicken upward and have an above storm 

wave base storm- and wave-origin on a low gradient "shelf" 

setting. The upper portion of some of these sequences in-

dicate reworking by fairweather processes. These sequences 

pass upward into either a series of relatively lower energy 

marine to shoreline intertidal mudflat transitions (facies 

assemblage 'D'; sections 3,5, and 11; Figs. 1 and 5) or into 

storm-/wave-dominated delta facies ( facies assemblages 'B' 

and 'C'; sections 6, 9, 11, and 13?; Figs. 1 and 5). Facies 

assemblages 'C' and 'D' are overlain by redbed fluvial cy-

cles (A-, B-, and C-type cycles) of the Hampshire Formation 

whereas facies assemblage 'B' is overlain by a facies assem-

blage 'D' sequence. This latter sequence is in turn over-

lain by fluvial cycles of the Hampshire Formation. Cycles 

deposited by low-sinuosity streams (C-type cycle) predomi-

nate in abundance with a lesser abundance of cycles deposit-

- 147 -
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ed by high-sinuosity streams and high-energy sheetfloods 

(A-, and B-type cycles, respectively). 

The relatively high-energy and coarse-grained marine 

deposits (upper portion of facies assemblage 'A' sequences) 

which pass upward into low-energy marine to shoreline mud-

flat transitions (facies assemblage 'D') indicate that 

wave-energy was dissipated seaward. Coarse-grained and 

high-energy shoreline deposits such as foreshore beaches or 

tidal-flat associated tidal channels are absent within ma-

rine-nonmarine transitions and indic~te that shoreline tidal 

ranges were not only relatively low, but that wave and ti-

dally induced currents were weak along the shorelines adja-

cent to delta systems. 

A review of the vertical facies relationships of the 

more eastern sections (sections 1 and 2) reveals that thick 

and well developed sequences of both facies assemblages 'A' 

and 'D' are missing. Instead, the upper portion of the 

"Chemung" at these two sections consists of thin and inter-

bedded lithologies characteristic of both assemblages. 

These lithologies are eventually overlain by fluvial cycles 

deposited by high-energy sheetfloods (B-type cycle). 
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Global and Climatic Setting 

The global position of a region places contraints on 

climate which ultimately governs the erosion, transporta-

tion, and deposition of sediments, as well as the types of 

sediment produced (i.e., carbonates vs. elastics). Late De-

vonian reconstructions indicate the study area existed ap-

proximately five degrees south of the equator (Fig. 

4)(Scotese et al., 1979; Ziegler et al., 1979). This places 

the area within a tropical climate which is characterized by 

high temperature and rainfall. In addition, tropical cli-

mates above five degrees latitude tend to be periodically 

disturbed by the development of intense tropical storms that 

often depend upon the many interrelationships between the 

existing general atmospheric circulation pattern, upper air 

currents, and continental topography (Muller, 1974; Marsag-

lia and Klein, 1983). According to Ziegler et al. ( 1979), 

the high heat and runoff associated with tropical climates 

encourages rapid weathering and abundant production of muddy 

sediment. 

Hydraulics of Epeiric Sea Sedimentation 

The "Catskill elastic wedge" was deposited on a craton-

ic setting as the Acadian Mountains to the east eroded and 

deposited sediment into an epeiric (shallow, intracratonic) 

sea to the west . According to Irwin (1965), three main hy-
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draulic energy zones (which are in effect environments of 

deposition) are thought to occur in epeiric seas (Fig. 39). 

These are: ( 1) a hundreds-of-kilometers wide, low-energy 

zone (zone X) prevailing in the open sea beneath wave base 

where periodic storm-induced currents are the only form of 

hydraulic energy acting upon the bottom, ( 2) an intermedi-

ate, high-energy belt (zone Y), tens-of-kilometers wide, be-

ginning where waves first impinge upon the sea floor and 

thus expend their kinetic energy upon the bottom, extending 

landward to the limit of tidal action, and (3) an extremely 

shallow, low-energy zone (zone Z), tens-to hundreds-of-ki-

lometers wide, occurring landward in which there is little 

circulation of water, where tides are essentially wanting, 

and in which the only wave action is that produced by local 

storms. The most important point here is that the zone of 

waves and tides may be tens-to hundreds-of-kilometers from 

shore, preventing the formation of beach deposits. 

Irwin (1965) explains that in contrasting oceanic coas-

tal areas, where shelves typically drop off to relatively 

steep continental slopes, the low-energy landward zone (zone 

Z) is typically very narrow or missing altogether. This 

causes wave and tidal actions to extend to the shore and 

produce a beach. 

This basic principal of shallow marine sedimentation 

provides the best hydrodynamic model for the deposition of 

the marine facies described within this study. The vertical 
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Figure 39. Hydraulics of epeiric sea sedimentation 

(modified from Irwin, 1965). 
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succession of lithofacies within the "Chemung" can be 

explained using Irwin's model as follows. 

Facies Assemblage 'A' 

Low-Energy Seaward Zone. 

The low energy seaward zone (zone X) prevails in the 

open sea beneath fairweather wave base and corresponds to 

the lower portion of the marine upward-shoaling sequences of 

facies assemblage 'A'. The lower portion of the sequences 

are comprised of bioturbated mudstone with interbeds of 

coarse siltstone to very fine-grained sandstone character-

ized by a diverse marine fauna and structures indicative of 

waning storm conditions below fairweather wave base but 

above storm wave base (Fig. 40). Flute-casts within the 

lower portion of "Chemung" upward-shoaling sequences and the 

underlying and westward equivalent Brallier Formation 

(Lundegard et al., 1979) indicate westward (seaward) trans-

port of storm-ebb generated "turbidites" down a gentle slope 

or ramp. 

High-Energy Intermediate Zone. 

The upper portion of "Chemung" upward-shoaling sequenc-

es (facies assemblage 'A') are structured of medium-grained 

to pebbly plane-laminated and subordinate hummocky cross-

stratified sandstone with amalgamated bedding and little or 
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Figure 40. Depositional model of the "Chemung" within 

the southern Central Appalachians (facies assem-

blages 'A' and 'D', see text). 
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no interbedded muds tone. This f acies represents shoaling 

towards the intermediate high-energy zone (zone Y of Irwin, 

Fig. 40). Trough and/or tabular cross-stratified sandstones 

sometimes cap thick amalgamated sandstones within well de-

veloped sequences and correspond to further shoaling into 

the high energy zone (zone Y). Within this zone, sand was 

reworked by shoaling waves, and possibly other fairweather 

processes not recorded. 

Facies Assemblage 'D' 

Low-Energy Landward Zone. 

Landward of zone Y is zone Z where wave and tidal ener-

gies are dissipated by friction due to the shallowness of 

water. Within zone Z were deposited sequences of shale and 

bioturbated mudstone interbedded with relatively thin sand-

stones which are never observed to be amalgamated and are 

sometimes capped by complex patterns of interference wave-

ripples (lower portion of facies assemblage 'D' ). This fa-

cies shoals upward into reddish and relatively fine-grained 

strata interpreted as having an intertidal mudflat origin 

(upper portion of facies assemblage 'D', Fig. 40). 

The eventual passage upward from intertidal mudflat fa-

cies into strata of fluvial origin (A-, B-, and C-type cy-

cles of the Hampshire Formation) records the permanent es-

tabli shrnent of an alluvial plain. 
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Discussion 

The vertical succession from the upward-coarsening and 

upward-shoaling sequences of facies assemblage 'A' into the 

low-energy and fine-grained marine to nonmarine transitions 

of facies assemblage 'D' is very reminiscent of modern emer-

gent coastal barrier and backbarrier f acies typical of the 

southeastern and Gulf coast of the United States, the Afri-

can Gulf of Guinea (Schwartz, 1973), and the coast of India 

(Ahmad, 1972) . The upper portion of facies assemblage 'A' 

upward-shoaling sequences (interpreted as of lower to upper 

shoreface in origin), however, never pass upward into depo-

sits characteristic of an emergent high-energy fore shore 

and/or backshore environment and, therefore, probably repre-

sent submerged offshore bars (Fig. 40) rather than emergent 

barrier complexes. According to Shepard ( 1973), offshore 

submarine sandbars are found off some coasts, particularly 

those with gently sloping shorelines. 

A similar ancient analogy has been recently proposed by 

Boyles and Scott (1982) for submarine "shelf" sandbars which 

are now encased in marine mudstones of the Mancos Shale (Up-

per Cretaceous) in northwestern Colorado. Similar sequences 

to the "Chemung" upward-shoaling (facies assemblage 'A') se-

quences are described which also lack evidence of foreshore 

or emergent deposits and pass upward into shallower and 

"protected" shaly facies. This latter facies can be corn-
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pared with the lower subtidal deposits of facies assemblage 

'D'. 

Whether or not the "Chemung" sandbars of the upper por-

tion of facies assemblage 'A' sequences had vertical relief 

above the "shelf" floor cannot be demonstrated, but the ove-

rall thicknesses of the trough and/or tabular cross-strati-

fied sandstones suggest that maximum relief could have been 

no greater than a meter or so. The possibility also exists 

that the bars were emergent, or locally emergent, but that 

emergent facies were not preserved. 

Higher-Gradient Marine Profile 

At Chambersville and Gore (sections 1 and 2, respec-

tively), relatively thin, interbedded lithologies of facies 

assemblages 'A' and 'D' are puzzling at first. These two 

sections represent the easternmost studied and the "Chemung" 

in each case is comprised of interbedded hummocky cross-

stratified sandstone, mudstone, shale, ripple cross-laminat-

ed si 1 ts tone to sandstone, and the intertidal mudflat li-

thology characteristic of the upper portion of facies 

assemblage 'D' sequences. Interbedded mudstones, shales, 

and minor sandstones characteristic of the lower portion of 

f acies assemblage 'D' of more western sections are repre-

sented at Chambersville and Gore by ripple cross-laminated 

coarse siltstone to sandstone. Thin sequences of these rip-
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pled beds (often less than several meters thick) sometimes 

separate medium-bedded and sometimes amalgamated hummocky 

cross-stratified sandstone (typical of facies assemblage 

'A') below from reddish intertidal mudflat sequences (typi-

cal of the upper portion of facies assemblage 'D') above. 

The problem can be explained when one examines the ver-

tical sequence of li thologies present to the northeast in 

Pennsylvania. According to Walker ( 1971) and Walker and 

Harms ( 1971), sandstones characterized by hummocky cross-

stratification so typical of the "Chemung" in the Virginias 

are absent to the northeast in east-central Pennsylvania. 

Within the latter region, thick sandstones interpreted as of 

turbidite origin pass directly upward into ''motifs" (Walker 

and Harms, 1971) consisting of low-energy marine-nonmarine 

transitions (very similar to facies assemblage 'D' of this 

study). This evidence is interpreted to indicate that the 

marine paleoslope in Pennsylvania was relatively steeper 

than that of the Virginias and that sequences indicative of 

a wide and low-gradient "shelf" were not recorded. 

The Chambersville and Gore, Virginia, sections may 

represent an intermediate environment betwee·n steeper slopes 

with turbidite deposition to the northeast and low-gradient 

marine "shelf" deposition to the southwest (Fig. 

Chambersville and Gore, the often small vertical 

41). At 

distance 

between thick, amalgamated, hummocky cross-stratified sand-
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Figure 41. Evolution of marine sedimentation from east 

(east central Pennsylvania) to west (West 

Virginia) as the Chemung-Hampshire shoreline 

regressed from east to west. 
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stones and small-scale lenticular and wavy bedded redbeds 

suggest a relatively higher gradient marine profile which 

pushed Irwin's (1965) zone Y landward causing a narrowing of 

the belts. ·The landward low-energy zone (facies assemblage 

'D' -zone Z) could have been very turbid, causing physical 

stress to organisms and subsequently responsible for the un-

bioturbated nature of the facies preserved within this belt. 

The transition within the Central Appalachian Acadian wedge 

from eastward turbidite deposition to westward "shelf" depo-

sition may imply an evolutionary trend within the large sea-

le westward migration of facies. During the initial stages 

of Acadian wedge deposition, marine depositional slopes may 

have been relatively high due to sedimentation occurring 

primarily on the alluvial plain, constructing a thick wedge 

of sediment there. As westward progradation advanced and 

"basin-filling" continued, the marine depositional slope may 

have gradually decreased to form the low gradient marine 

profile characteristic of the more western sections of this 

study. 

Storm- and Wave-Dominated Shoal Water Delta 

The vertical sequence of facies assemblages 'B' and 'C' 

suggest storm- and wave-dominated shoal water delta complex-

es in contrast to the more fluvial dominated birdfoot delta 

system such as that of the modern Mississippi River. Marine 
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upward-shoaling sequences (facies assemblage 'A') underlying 

(and sometimes interbedded with) delta distributary channel 

sandstones and associated floodplain deposits (facies assem-

blage 'C') represent destructive episodes whereby delta de-

posits were reworked by storms and waves. 

The sections within the study area lacking deltaic fa-

cies indicate that shoreline sediments were muddy ( facies 

assemblage 'D' ) and sandy beaches were lacking. A model, 

therefore, must be proposed which will explain both the del-

ta system and adjacent low-energy and muddy shorelines (zone 

Z, Fig. 40). 

Due to the very low gradient of the marine depositional 

profile, deltaic systems prograded rapidly and constructive-

ly seaward across the shoreward low-energy zone (zone Z) to 

the high energy zone (zone Y) where waves and storms des-

tructively reworked and redistributed the introduced sedi-

ments along the intermediate belt of high-energy (zone Y). 

These prograding delta systems stranded the adjacent shore-

lines in the low-energy belt (zone Z), starving them of 

coarse sediment (Fig. 42). The model presented here is a 

modification of modern wave- dominated deltas, such as the 

Rhone (Oomkens, 1970), Niger (Allen, 1964b), and shoal-water 

lobes of the Mississippi (Fisk et al., 1954), where marine 

processes redistribute sand from channel-mouth bars to 

flanking parts of the delta front (McBride et al., 1975). 
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Figure 42. Depositional model of shoal-water delta 

facies (facies assemblage 'C', see text) within 

the "Chemung"-Hampshire interval of the southern 

Central Appalachians. 
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The primary difference between these three modern examples 

and "Chemung" delta facies exists in the regional setting. 

Marine depositional slopes seaward of the Rhone, Niger, and 

Mississippi ·delta systems are relatively high causing waves 

and surf to redistribute delta front sediments along shore-

line beaches. Within the "Chemung"-Hampshire interval, how-

ever, the high-energy zone was located seaward (zone Y) due 

to the low gradient of the marine depositional profile. In-

stead of the formation of wave-formed beaches, the eventual 

destruction of prograding channel-mouth bars occurred furth-

er off shore by the formation of wave-formed shoals and sub-

marine bars. Sand was continually reworked offshore within 

the intermediate high-energy zone (upper, amalgamated por-

tion of facies assemblage 'A' sequences-zone Y), while per-

iodic storms were probably responsible for transporting sand 

basinward by a storm-generated ebb-current mechanism (Bral-

lier Formation and l _ower portion of facies assemblage 'A' 

sequences). This mechanism would also maintain the adjacent 

and landward muddy shorelines (facies assemblage 'D' ). 

Distributary channel facies structured of composites of 

channel-shaped sandstone bodies and occasional tabular 

cross-stratification indicate that the channels were braid-

ed. This was perhaps due to periodic high discharges relat-

ed to high rainfall and insufficient floodplain stabiliza-

tion. The lack of dense plant cover (compared to the 
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modern) and total absence of grasses during the Late Devoni-

an were responsible for relatively poor floodplain stabili-

zation. (Schumm, 1968; Woodrow et al., 1973; Scott, 1980). 

The 10 m thick composite of channels within facies as-

semblage 'B' at Shenandoah Mountain (Figs. 1 and 5, section 

11) represents a rapidly prograding and pebbly distributary 

channel complex (Fig. 43) which was eventually abandoned. 

Wave and/or storm destruction subsequent to abandonment re-

worked the upper portion of the deposit before it was pro-

graded by a quiet, muddy shoreline complex ( facies assem-

blage 'D' sequence). 

Alluvial Plain 

The Hampshire Formation consists of three different 

types of cyclothems which are characteristic of three con-

trasting alluvial origins: ( 1) high-sinuosity (meandering) 

streams (A-type cycle), (2) high-energy sheetfloods (B-type 

cycle), and (3) low-sinuosity (braided) streams (C-type cy-

cle). 

According to Rahn (1967) and Collinson (1978), modern 

sheetfloods typical of higher gradient alluvial fans grade 

into shallow sheetflows which generally do not persist very 

far, develop upper-flow regime structures, and deteriorate 

downstream into patterns of low-sinuosity channels and bars 

which dissect the upper surface of the sediment sheet. In 
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Figure 43. Depositional model of pebbly diatributary 

channel-complex of facies assemblage 'B' 

(Shenandoah Mountain, section 11). 
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turn, patterns of low-sinuosity streams typically grade 

downstream into high-sinuosity streams characteristic of 

gentle gradient coastal plains. 

High-energy sheetflood cycles comprise almost the en-

tire lower portion of the Hampshire Formation at Chambers-

ville and Gore (sections 1 and 2) whereas the Hampshire of 

western sections is predominantly comprised of cycles depo-

sited by low-sinuosity streams. Interspersed amongst the 

low-sinuosity stream cycles are occasional cycles deposited 

by both high-sinuosity streams and high-energy sheetfloods. 

The Chambersville and Gore sections (sections 1 and 2) 

are the easternmost within this study and, therefore, the 

closest to source. These sections evidently represent a 

more proximal (higher gradient?) alluvial setting where 

flashy, high-flow regime flood sedimentation alternated with 

periods of quieter floodplain deposition. 

The general rule of high-sinuosity streams being char-

acteristic of gentle gradient coastal plains seems to be 

questionable within the Hampshire Formation because even the 

westernmost Hampshire sections are dominated by cycles depo-

sited by low-sinuosity streams. It will be proposed here 

that the high percentage of low-sinuosity stream cycles may 

have primarily been due to the combined effects of periodic 

flood-induced high discharges and the lack of sufficient 

vegetation which covered these Upper Devonian floodplains 

(Woodrow et al., 1973; Scott, 1980). 
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Woodrow et al. ( 1973) suggest that since grasses did 

not exist during the Upper Devonian, floods were probably 

short-lived, intense, and highly erosive. Schumm (1968) 

discusses that with the appearance of terrestrial vegetation 

(Middle Silurian) and its subsequent colonization of the 

earth's surface, the severity of runoff and flood peaks have 

decreased. This concept has important repercussions today 

since modern grasses and dense vegetation act as a baffle 

and stabilize floodplain sediments which is of prime impor-

tance in creating meandering channel conditions (Woodrow et 

al. I 1973) • 

The effect of vegetated floodplains can be discussed in 

conjunction with a review of the three major factors govern-

ing channel morphology. These three intimately related fac-

tors are (1) slope, (2) bedload, and (3) discharge. A quick 

summary of the effects of these three factors reveals that 

(1) an increase in slope (gradient) is directly related to 

an increase in flow regime and inversely related to channel 

sinuosity, (2) an increase in bedload induces not only the 

widening of channels, but also the formation of mid-channel 

bars, leading to braiding, and (3) an increase in peak disc-

harge values may cause a previously meandering stream to 

widen and become braided, the braided stream commonly having 

a more variable pattern of discharge than the previous mean-

dering stream as indicated by the frequency of mid-channel 
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bars, clogging of channels, and rapid fluctuation of flow 

regime (Schumm, 1969; Collinson, 1978). 

High rainfall (associated with a tropical climate) in 

conjunction with low floodplain stabilization could have re-

sulted in intense peak discharges and high bedload trans-

port, causing channels to widen and mid-channel bars to 

form, leading to braiding (Schumm, 1969; Collinson, 1978). 

These conditions would inhibit the preservation of cycles 

deposited by high-sinuosity streams because meandering tends 

to be favored by a high suspended load/bed load ratio, sta-

bilized cohesive bank sediments, and relatively steady disc-

harges (Leopold and Wolman, 1957; Schumm and Kahn, 1972; 

Collinson, 1978). 

Periodic high discharge resulting in both temporary 

high bedload transport and relatively higher flow regime 

conditions are capable of outweighing the effect of low gra-

dient which is often associated with high- sinuosity channel 

conditions. A low gradient profile during Hampshire times 

is supported by the abundance of relatively thick fine mem-

bers and the presence of frequent transgressions in the 

transitions between the "Chemung" and the Hampshire Forma-

tion which are recorded by the deposition of marine deposits 

over cycles deposited by low-sinuosity streams and high-en-

ergy sheetfloods. Additional evidence indicating a low gra-

dient profile is the appearance of marine brachiopods (Cyr-
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tospirifer) within several low-sinuosity stream cycles well 

up into the Hampshire Formation at Romney (section 4). 

These fossils are difficult to explain as no strata of ma-

rine origin ·appear to be present. The best explanation for 

the presence of these fossils may be that the cycles were 

deposited very close to the shoreline where shell debris may 

have occasionally been transported landward by stor~ surges . 
. , 

An alternative explanation is that these cycles may have 

been deposited at some distance from the shoreline, but that 

due to a very low paleoslope, transgressive "kick-backs 11 

caused marine waters to temporarily flood far landward, pos-

sibly washing in shell debris over the alluvial plain. 

Upper Devonian Clastic Ramp and Low-Gradient Shelf 

The vertical succession of facies and structures within 

the marine strata of the Upper Devonian Acadian elastic 

wedge of the southern Central Appalachians suggest a rela-

tively low-gradient elastic ramp (Brallier Formation turbi-

dites) sloping seaward (westward) from a very low-gradient 

shelf setting ("Chemung"). The term ramp was originally ap-

plied to carbonate deposition by Ahr (1973) and has recently 

been applied to elastic low-angle turbidi te deposition by 

Lt:.ndegard et al. , ( 1979) . According to Ahr (1973) and Read 

( 1980), low slopes allow large-scale migration of facies 

through time, which accounts for the vertical succession of 

basin (Millboro Shale) ramp (Brallier Formation) low-
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gradient shelf ("Chemung") alluvial plain (Hampshire 

Formation) facies at any given section. High slopes, typi-

cal of modern shelf margins, tend to inhibit regional migra-

tion of facies such as these (Read, 1980). 

Cyclicity, common within the "Chemung"-Hampshire inter-

val, is also favored by low angles of depositional slope in 

that slight changes of relative sea level permit large-scale 

shifts in the position of the shoreline (Woodrow et al., 

1973; Ahr, 1973; Read, 1980). Transgressive "kick-backs" 

followed by progradation are represented in the ''Chemung" by 

the often frequent repetition of upward-shoaling sequences 

(sequences of facies assemblages 'A' and 'D') at any given 

section. 

Regional Foreland Basin Setting 

Brallier and "Chemung" deposition occurred on the gen-

tle slope of a elastic ramp and an adjacent low-gradient 

shelf, respectively. These units were deposited on a rela-

tively stable cratonic region just westward of an orogenic 

belt. These relationships define the regional depositional 

setting as a foreland basin (Donaldson and Shumaker, 1981). 



CONCLUSIONS 

The interpretations and models presented provide in-

sight on the effects of the Acadian orogeny in the southern 

Central Appalachians. 

The results of this study can be summarized as follows: 

1. The "Chemung" -Hampshire interval of the southern 

Central Appalachians represents the western portion of the 

southermost Acadian elastic wedge (marine-alluvial plain 

transition). Late Paleozoic faulting truncated the wedge 

from northeast to southwest, cutting out the eastern portion 

of the wedge to the south. Paleocurrent data from this stu-

dy in addition to other paleocurrent studies and previously 

prepared isopach maps indicate the paleoslope dipped to the 

west and an orogenic source existed to the east. 

2. A tropical equatorial setting characterized by high 

rainfall and periodic tropical storms explains: ( 1) "Che-

mung" storm- and wave-dominated marine facies, ( 2) seaward 

storm-ebb transport of sand, (3) storm- and wave-destructive 

shoal water delta sedimentation, and (4) Hampshire Formation 

high d i scharge, high bedload, and sheetflood sedimentation. 

3. Turbidites of the Brallier Shale previously inter-

preted by Lundegard et al. ( 1979) as of below storm wave 
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base origin and deposited by storm-generated ebb currents on 

a low angle elastic ramp are overlain by "Chemung" storm se-

quences. These sequences are interpreted by the writer to 

have been deposited below fairweather wave base but above 

storm wave base on a low-gradient shelf. The sediments com-

prising these sequences were probably supplied by delta sys-

tems and subsequently transported seaward by storm-generated 

ebb currents. 

4. "Chemung" deposition is here compared to a model of 

shallow epeiric sea sedimentation proposed by Irwin (1965). 

This model proposes that high-energy surf processes occur 

seaward (rather than at the shoreline) where the energy of 

breaking waves is dissipated by friction in shallow water. 

This mode of deposition is supported in the "Chemung" by the 

presence of thick-bedded and coarse-grained amalgamated ma-

rine sandstones deposited by storm and wave processes which 

sometimes pass upward into sandstones deposited by fair-

weather processes (shoaing waves). These sequences pass up-

ward into either shoal water delta facies or into fine-

grained and relatively low-energy shoreline mudflat facies. 

High-energy shoreline deposits such as foreshore beaches or 

tidal channels are absent. 

5. The "Chemung" of the more eastern Chambersville and 

Gore sections (northwestern Virginia) differs in that thick 

and well-developed upward-shoaling sequences are lacking and 
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instead replaced by similar (lithologically), although very 

thin, upward-shoaling sequences. These two sections were 

intermediate between earlier and steeper slope turbidite de-

position to the northeast (east-central Pennsylvania) and 

later and much lower-gradient marine "shelf" deposition to 

the west. This implies an evolutionary trend in marine de-

position within the Acadian wedge during the large-scale 

westward migration of facies. 

6. The overlying Hampshire Formation consists of redbed 

facies of alluvial plain origin. The more eastern Hampshire 

Formation sections are dominated by fluvial cycles deposited 

by high-energy sheetfloods which suggest a relatively near 

source depositional setting. 

7. The more western Hampshire sections are comprised 

of cycles deposited by predominantly low-sinuosity (braided) 

streams. It is suggested here that a low-gradient deposi-

tional slope most likely existed but that braiding predomi~ 

nated due to periodic floods and the lack of adequate flood-

plain stabilization by plants. 

8. The cyclic character of the facies comprising the 

marine-alluvial plain transition of the Brallier-"Chemung"-

Hampshire interval is evidence of facies migration on a 
' 

low-angle ramp, shelf, and alluvial plain, respectively. 

9. The low-angle ramp-shelf-alluvial plain transition 

existed during Upper Devonian times in a foreland basin set-

ting west of pre- and syn-orogenic deformation. 
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APPENDIX 

Measured Sections: Sections were measured from bottom to top 
and are in numerical order as presented in Fig. 1 of the 
text. 

Chambersville Section (section 1): Frederick Co., Va.; Hay-
field, Va., 7.5' quad.; northwest limb of Mt. Pleasant syn-
cline; measured along north side of U.S. Highway 50, begin-
ning . 8 mi le east of Highway 50 and Rt. 600 junction and 
continuing east. 

Measured section begins approximately 123.0 m below the top 
of the "Chemung", the lower portion is partially exposed but 
was not measured. 

Unit Lithology Thickness Cumulative 
(Meters) Thickness 

1 Ripple cross-laminated siltstone 
(vaguely), green-gray. 

3.0 

2 Interlaminated mudstone, shale, and 
coarse siltstone exhibiting small 
scale lenticular and wavy bedding, 
root traces scarce, red . · 

18.3 

3 Sandstone, medium bedded, amalgamated, 2.1 
HCS, plane laminated, one bed ·contains 
medium scale trough cross stratification, 
medium grained, gray-olive. 

4 Mudstone with interbedded thin to med. ~.6 

bedded sandstones, erosive bases, plane 
laminated, HCS, gradational tops except 
a few with wave rippled (10 cm spacings) 
caps. Scarce brachiopod lags. 70% 
mudstone, 30% sandstone, olive-gray, 
weathers yellowish-brown. 
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3.0 

21. 3 

23.4 

28.0 
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5 Sandstone, medium bedded, amalgamated, 5.0 
HCS, plane laminated, medium grained, 
olive-gray. 

6 Mudstone and shale, olive-gray, 8.0 
weathers yellowish-brown. 

7 Thick to very thick beds comprised 61.0 
of interlaminated very fine-grained 
sandstone and shale exhibiting 
small scale lenticular and wavy 
bedding, interbedded with mudstone 
with root traces, and minor thin 
bedded coarse siltstones to fine-
grained sandstones, erosive bases, 
ripple cross-lamination, gradational 
tops, red (some rippled beds greenish). 

8 Covered interval, shaly? 21.0 

33.0 

41.0 

102.0 

123.0 

Hampshire Formation: only lower portion (285.5 m) exposed. 

9 Interlaminated very fine-grained 20.1 
sandstone and shale exhibiting 
small-scale wave-ripples with 2-3 cm 
spacings(mud draped), small scale 
wavy, lenticular bedding. Minor 
medium beds of mudstone with scarce 
root traces. Sporatic thin to very 
thick bedded very fine to fine 
grained sandstones, plane-laminated, 
ripple cross-laminated, 90% mudstone-
shale, 10% sandstone, red. 

10 Cycle? Lower l.6m sandstone, erosive 4.9 
base, plane laminated, fine grained. 
Upper 3.3 m mudstone and minor shale, 
small scale wave ripples with 2 . 5cm 
spacings, root traces, red. 

11 Cycle. Lower 2.7 m sandstone, erosive 7.6 
base, medium to thick bedded plane 
laminated sets interbedded with thin 
to medium bedded current ripple cross- , 
laminated sets, fine grained. Upper 
4.9 mudstone. Red. 

12 Cycle? Lower 19.0 m sandstone, 22.2 
erosive base, thin to thick bedded, 
plane-laminated, minor medium scale 
trough cross-stratification, minor thin 

143.1 

148.0 

155.6 

177.8 
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to thick bedded mudstones. Upper 3.2 m 
mudstone. Red. 

13 Cycle? Lower 8.5 m sandstone, 27.4 
erosive base, thin to thick bedded, 
plane-laminated, minor thin to medium 
bedded mudstone-shale partings. Upper 
18.9 m mudstone, lower portion contains 
thin-medium bedded (lenticular) very fine 
grained sandstone, erosive bases, current-
ripple cross-laminated, gradational 
tops. 

14 Sandstone, erosive base, plane-
laminated, fine-medium grained. Red. 

15 Covered interval. 

15 Cycle? Lower l.5m sandstone, massive, 
broken, medium grained. Upper 1.5 
mudstone, red. 

17 Cycle. Lower 6.4m sandstone, erosive 
base, plane-laminated, fine-medium 
grained. Upper 1.2 m mudstone, red. 

18 Cycle. Lower 4.2m sandstone, erosive 
base, plane-laminated, fine-medium 
grained. Upper .7m mudstone, red. 

19 Dominantly mudstone with sporadic 
interbeds of medium to thick bedded 

2.4 

18.9 

3.0 

7.6 

4.9 

5.8 

very fine grained sandstones, lenticular, 
erosive bases, current ripple cross-
laminated, gradational tops, red. 

20 Cycle? Lower .9m sandstone, erosive 5.8 
base, plane-laminated, very fine 
grained. Upper 4.9 m mudstone with root 
traces, red. 

21 Cycle? Lower l.9m sandstone, erosive 14.9 
base, very fine grained, current 
ripple cross-lamination (in sets up to 
5 cm thick). Upper 13.0 m mudstone 
with sporadic thin to medium bedded 
current-ripple cross-laminated very 
fine grained sandstones, gradational 
or erosive bases, gradational tops. 

22 Sandstone, broken, weathered, massive, 3.6 

205.2 

207.6 

226.5 

229.5 

237.1 

242.0 

247.8 

253.6 

268.5 

272.1 
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medium grained, gray. 

23 Covered 

24 Cycle. Lower 3.0 m sandstone, flat 
erosive base, several low-relief 
scours overlain by plane-
lamination, current ripple cross-
lamination, fine grained. Upper 
3.1 m mudstone with several medium-
bedded, lenticular sandstones, 
erosive bases, massive, very fine-
grained, red. 

25 Cycle. Lower 9.5 m sandstone, flat 
erosive base, dominantly plane-
laminated, minor medium scale trough 
cross stratification, fine-medium 
grained. Upper 11.8 m mudstone with 
many interbedded medium to thick 
bedded very fine grained sandstones, 
lenticular, erosive bases, massive 
or current-ripple cross-laminated, 
gradational tops, root traces 
penetrate the tops of many. Red. 

42.0 

6.1 

21. 3 

26 Cycle? Lower 21.9 m sandstone, flat 25.6 
erosive base, plane laminated, minor 
medium scale trough cross-stratification 
(several thick bedded zones}, minor 
tabular cross-stratification (single 
.5 m set near top), fine-medium grained. 
Upper 3.7 m mudstone with several medium-
bedded sandstones, massive, fine-
grained, tops penetrated by root traces. 
Red. 

27 Cycle (2)? Lower 1.8 m sandstone, 
1.6 m relief scoured base (channel 
shaped}, medium scale trough cross-
stratification, medium grained. Upper 
3.1 m mudstone (with root traces) 
with an isolated channel-shaped 
sandstone body .5 m thick(max) trough 
cross-stratification, medium grained. 
Red. 

28 Cycle. Lower 7.6 m sandstone, erosive 
base, medium- to thick-bedded, plane-
laminated, fine- to medium-grained. 
Upper 1.5 m mudstone (with root 

4.9 

9.1 

314.1 

320.2 

341.5 

367.1 

372.0 

381.1 
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traces) with several thin to medium 
bedded, lenticular sandstones, current 
ripple cross-lamination, erosive to 
gradational bases, gradational tops. 
Red. 

29 Cycle. Same as Unit 28 below except 
lower sandstone is 3.1 m thick. 

30 Cycle. Same as unit 28 below except 
lower sandstone is 9.2 m thick. 

31 Dominantly sandstone(85%), erosive 
bases, thick to very thick bedded, 
plane-laminated, medium-grained; 
interbedded with medium to thick 
mudstone(l5%). Red. 

Top of exposed Hampshire Formation. 

6.1 387.2 

12.2 399.4 

9.1 408.5 
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: 

Gore Section (section 2) : Frederick Co. , Va. ; Gore, Va. , 
7. 5' quad.; southeast limb of Whitacre syncline; measured 
along west bound lane of U.S. Highway 50, beginning O. 07 
mile east of Highway 50 and Rt. 259 junction and continuing 
west (upper portion of section measured along east bound 
lane). 

Measured section begins approximately 261.0 m below the top 
of the "Chemung". The lower portion of the "Chemung" is ex-
posed but was not measured. 

1 Mudstone and shale, grayish-olive. 4.0 

2 Shale and mudstone interbedded with 6.1 
minor sandstone (thin to thick bedded, 
fine grained, one contains abundant 
ellipsoidal quartz pebbles up to 4 cm 
in diameter, plane laminated, HCS, up 
to 15 cm basal relief, greyish-olive). 
30% sandstone, 70% shale-mudstone. 

3 Shale and minor mudstone, grayish- 6.1 
olive. 

4 Lower .6m sandstone, an upper .3m bed 
scours (15 cm relief) into a lower 
.3 m bed, HCS, medium-grained. Over-
lain by 15 cm of quartz pebble 
conglomerate (pebbles ellipsoidal and 
up to 2.5 cm in diameter, planar-
laminated, sand matrix supported) 
in turn overlain by .75 m shale, 
grayish-olive. 

5 Shale and mudstone interbedded with 
sandstone (basal scours, medium to 
thick bedded, lenticular, plane 
laminae, HCS, fine-medium grained, 
grayish-olive). 60% sandstone, 40% 
shale-mudstone. 

1. 5 

1. 5 

6 Interbedded shale and ripple cross- 9.1 
laminated siltstone, some lenticular 
and flaser bedding. Lower 1.3 m 
greenish, upper 7.8 m reddish-brown. 

7 Lower 8.2 m green ripple cross- 15.8 
laminated siltstones. Upper 7.6 m 
shale with a few medium bedded massive, 
very fine-grained sandstones, 

4.0 

10.1 

16.2 

17.7 

19.2 

28.3 

44.1 
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lenticular, brownish-olive. 

8 Shale interbedded with sporadic thin 14.9 
to medium bedded, very fine grained 
sandstones, erosive bases, lenticular, 
plane-laminated, HCS. Olive-gray. 

9 Lower 1.3 m sandstone, basal .3 m 1.8 
relief scour, plane laminae, HCS, 
medium grained. Upper .5 m ripple 
cross laminated siltstone, reddish 
brown. 

10 Mudstone and shale, brown. 6.1 

11 Lower .3 m sandstone, lenticular, 4.0 
massive, medium-grained. Upper 3.7 m 
interlaminated shale and siltstone 
displaying small scale lenticular 
bedding. Reddish-brown. 

12 Interbedded shale, mudstone, ripple 19.8 
cross laminated siltstone, and 
minor medium bedded sandstones, 
erosive bases, HCS. Greenish to 
brown in color. 

13 Lower 1.0 sandstone, erosive base, 11.0 
medium bedded, amalgamated, HCS, 
fine grained, reddish brown. Grades 
up into 10.0 m of flaser bedded very 
fine grained sandstone and shale. 
Greenish. 

14 Lower 2.0 m sandstone, erosive base, 3.0 
medium-bedded, amalgamated, HCS, capped 
by wave ripples having 9 cm spacings, 
fine-grained. Upper 1.0 m mudstone. 
Olive-gray. 

15 Ripple cross-laminated siltstones, 14.0 
fine to medium bedded, interbedded 
with thick bedded sandstones, erosive 
bases (up to .7 m relief), amalgamated, 
HCS, fine to medium grained, greenish. 

16 Lower 2.8 m thin bedded sandstones 4.0 
(fine-grained) and mudstone, some 
flaser bedding. Upper 1.2 m shale. 
Greenish. 

59.0 

60.8 

66.9 

70.9 

90.7 

101.7 

104.7 

118.7 

122.7 
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17 Lower 6.2 m sandstone, erosive base 6.4 
(.3 m relief), medium-bedded, 
amalgamated, HCS. Upper .2 m shale. 

18 Cycles? 4 cycles consisting of: a 13.4 
basal fine-medium grained sandstone 
(up to 1.0 thick), basal erosive 
surface, relief up to .3 m, medium-
bedded, amalgamated, HCS, passes 
upward into ripple cross-laminated 
up to 1.0 m thick, greenish; passes up 
to interlaminated coarse siltstone, 
mudstone, and shale exhibiting small 
scale lenticular and wavy bedding, 
desiccation cracks, intraclasts (up to 
.5 cm thick, 8 cm across), red. 

19 Interbedded sandstones (50%), thin to 19.9 
medium bedded, fine-grained, erosive 
bases (up to .3 m relief), massive, 
HCS; and ripple cross-laminated 
siltstones (50%), thin to medium 
bedded. Greenish. 

20 Interbedded thick to very thick 5.8 
bedded shale and medium bedded 
sandstone, erosive bases (up to 
15 cm relief), massive, fine-
grained. Gray. 

21 Shale (65%), medium to very thick 26.8 
bedded, interbedded with ripple 
cross-laminated siltstone (25%) 
medium to thick bedded, green, which 
frequently passes upward into red 
interlaminated coarse siltstone, 
and shale (10%) exhibiting 
small scale lenticular and wavy 
bedding. Sporatic thin bedded and 
lenticular fine-grained sandstone, 
gray. 

22 Basal .6 m sandstone, erosive base, 12.6 
lenticular, medium-grained, grades 
up into shale (8.8 m thick) with 
sporadic medium-bedded sandstones, 
massive; grades up into .6 m ripple 
cross-laminated siltstone, green; in 
turn overlain by 2.6 m mudstone. 

23 Cycle. Lower 2.0 m sandstone, . erosive 3.0 

129.1 

142.5 

162.4 

168.2 

195.0 

207.6 

210.6 
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base, plane-laminated, fine-grained. 
Upper 1.0 m mudstone. Red. 

24 Lower 3.0 m sandstone, erosive base, 6.1 
medium bedded, massive, fine-grained, 
brown. Upper 3.1 m ripple cross-
laminated siltstone, green. 

25 Shale. Brown. 10.7 

26 Covered interval. Shaly. 15.2 

27 Sandstone, medium to thick bedded, 16.0 
amalgamated, scoured bases have up 
to 8 cm relief, plane laminated, HCS, 
some wave-ripple cross-lamination capping 
beds, fine-grained, greenish. 

28 Shale, weathered, brown. 2.4 

216.7 

227.4 

242.6 

258.6 

261.0 

Hampshire Formation: lower 277.9 m portion intermittently 
exposed, but measured. Upper portion very poorly exposed 
and weathered off. 

29 Sandstone, medium bedded, basal scours 3.0 
with up to 25 cm relief, fine-grained, 
massive, brown. 

30 Siltstone, plane-laminated, ripple 7.6 
cross-laminated, reddish-brown. 

31 Cycle. Lower 1.5 m sandstone, erosive 6.1 
base, planar laminated. Upper 4.6 m 
siltstone, current ripple cross-
laminated and some shale. Red. 

32 Cycle. Lower 2.3 m sandstone, erosive 4.6 
base, massive, fine-grained. Upper 2.3 m 
shale (partly covered), red. 

33 Very weathered. Medium bedded sand- 15.2 
stones (plane laminated, current-
ripple cross-laminated) interbedded 
with thick bedded shales and mudstones. 
Brown. 

34 Cycle. Lower 1.8 m sandstone, erosive 3.0 
base, massive. Upper 1.2 m inter-
laminated siltstone and shale displaying 
small-scale wavy and lenticular bedding, 
desiccation cracks, intraclasts, red. 

264.0 

271.6 

277.7 

282.3 

297.5 

300.5 
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35 Very weathered, partly covered. Inter- 58.2 
bedded sandstone (medium to very thick 
bedded) and mudstone, shale (medium to 
very thick bedded). Brown. 

3 6 Covered interval . 49. 3 .· 

37 Badly weathered sandstone, medium- 2.7 
grained, red. 

38 Cycle. Lower 4.2 m sandstone, erosive 16.1 
base, bottom half is plane laminated 
(few mm spacing), medium-grained, upper 
half is current ripple cross-laminated, 
very fine grained. Upper 11.9 medium 
to very thick bedded mudstone with 
several medium bedded sandstones, 
erosive bases, current ripple cross-
laminated, gradational tops, red. 

39 Current-ripple cross-laminated very 1.8 
fine grained sandstone, gradational 
with mudstone of underlying unit 38 
and overlying mudstone of overlying 
unit 40. Red. 

40 Mudstone with sporadic medium to thick 11.0 
beds of current ripple cross-laminated, 
very fine grained sandstones, erosive 
bases, gradational tops. 

41 Cycle. Lower 6.7 m sandstone, erosive 18.6 
base with flute casts (11 X 4 X 3 cm), 
planar laminated, minor interbedded 
(thin bedded) current-ripple cross-
laminated, fine-grained. Upper 11.9 m 
mudstone with several medium-bedded 
fine-grained sandstones, erosive 
bases, massive. Red. 

42 Covered. Shaly interval. 15.2 

43 Cycle. Lower 9.8 m sandstone, 13.10 
erosive base with carbonaceous film, 
plant f~agrnents, lower 8.7 m plane 
laminated, fine grained; upper 1.1 m 
current ripple cross-laminated, coarse 
siltstone to very fine grained sandstone. 
Grades upward into 3.3 m mudstone with 
root traces. Red. 
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44 Cycle. Lower 9.9 m sandstone, erosive 10.7 
base, lower 1.7 m plane laminated, 
fine-grained; upper 8.2 m current 
ripple cross-laminated, very fine 
grained, sporadic thin bedded shale 
partings. Grades upward into .8 m 
mudstone with root traces. Red. 

45 Cycle. Lower 3.0 m sandstone, erosive 7.0 
base, plane-laminated, fine-grained, 
sporadic thin bedded shale partings. 
Upper 4.0 m mudstone with several thin 
bedded sandstones, massive, gradational 
tops and bottoms. Red. 

46 Cycle. Lower 2.9 m sandstone, erosive 7.0 
base, lower .5 m plane laminated, fine 
grained; upper 2.4 m current ripple 
cross-laminated, very fine-grained. 
Upper 4.1 m mudstone with several 
lenticular, medium bedded, very fine 
grained sandstones with erosive bases, 
massive, root traces. Red. 

47 Sandstone, erosive base with scattered 6.4 
mudstone clasts (up to 1 cm in diameter), 
plane-laminated, fine grained, sporadic 
medium bedded mudstones. Red. 

48 Cycle. Lower 9.4 m sandstone, erosive 17.0 
base, internal channel shaped scours 
(up to 1.7 m relief), medium scale 
trough cross stratification, medium 
grained. Upper 7.6 m mudstone with 
many medium bedded, very fine-grained 
sandstones, erosive bases, massive. 
Red. 

49 Cycle. Lower 1.2 m sandstone~ erosive 4.3 
base (.3 m relief), plane laminated, 
medium grained. Upper 3.1 m mudstone 
with sporadic thin bedded coarse 
siltstones to very fine grained sand-
stones, lenticular, current ripple 
cross-laminated, erosive bases, 
gradational tops (some have gradational 
bases, also). 

497.2 
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Augusta Section (section 3): Hampshire Co., W.Va.; nor-
thwest limb of Sideling Hill syncline; measured along north 
side of U.S. Highway SO, beginning .lS mile west of Highway 
SO and Rt. 29 junction and continuing east approximately .OS 
mile east of the same junction. 

Section begins approximately 84 m below the base of the 
Hampshire Formation. This transition interval between "Che-
mung" and Hampshire measured to document type of shoreline 
complex present within this section. 

1 60% sandstone, 40% mudstone-shale. 10.0 
Sandstone, thin to thick bedded, 
erosive bases, massive, HCS, plane 
laminated, tops are usually gradational, 
occasional wave ripples (10-15 cm 
spacings). Mudstone, thin to thick 
bedded, grayish-olive, weathers 
yellowish-brown. 

2 3S% sandstone, 6S% mudstone-shale. 20.5 
Sandstone, thin to thick(rare) 
bedded, mostly massive, some HCS, 
frequent interference wave-ripple 
caps, rare crinoid debris, grayish-
olive, weathers yellowish-brown. 

3 Interlaminated coarse siltstone 1.5 
and shale exhibiting small-scale 
lenticular and wavy bedding, small 
scale mud-draped wave-ripples with 
3-4 cm spacings. 

4 Sarne as unit 2 below. 13.7 

5 Sarne as unit 3 below. 3.0 

6 Sarne as unit 2 below, occasional . 7 
fossil (crinoid, brachiopod) debris. 

7 Sarne as unit 3 below. 1. 4 

8 Sarne as unit 2 below. 9.1 

9 Sarne as unit 3 below. 3.0 

10 Sarne as unit 2 below. 21. 3 

11 Sarne as unit 3 below. 3.6 

12 Coarse siltstone to very fine-grained 1. 8 

10.0 
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sandstone, current-ripple cross-
lamination, linguoid in plan view, 
red. 

Hampshire Formation: intermittent exposures, only lower 
5.4 m measured. 

13 Red sandstone and mudstone. Sandstone, 
trough cross-stratified, plane 
laminated, interbedded mudstone with 
root traces, sporadic lenticular 
interbeds, etc. 

30+ 119.6 
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Romney Section (section 4): Hampshire Co., W.Va.; Northwest 
limb of Town Hill syncline; measured along the north side of 
U.S. Highway 50, beginning at the junction of Highway 50 and 
Rt. 10 (approx. 1. 3 miles east of Romney) and continuing 
east. 

Section begins approximately 142 m below the top 
"Chemung"; the lower portion of the "Chemung" is 
unexposed and was not measured. 

of the 
mostly 

1 Lower 9.7 m interbedded sandstone, 12.8 12. 8 
(medium to thick bedded, erosive 
bases with flute-casts, NlOW,N76W, 
HCS, fine to medium-grained) and 
mudstone (thin-medium bedded). 65% 
sandstone, 35% mudstone. Upper 3.1 m 
sandstone, erosive base, medium to thick 
bedded, plane-laminated, trough cross-
statified, medium to coarse grained. 
Grayish-olive, weathers yellowish-brown. 
N20E;35SE. 

2 Interbedded sandstone (medium to thick 2.0 
bedded, erosive bases with flute-
casts, N52W, HCS, fine- to 
medium-grained) and mudstone (thin to 
medium bedded). Grayish-olive, weathers 
yellowish-brown. 60% sandstone, 40% 
mudstone. 

3 Covered. Shaly? 45. 7 

4 Sandstone, medium to thick bedded, 9.8 
amalgamated, HCS, trough cross-
stratified bed (.6 m thick) 7.0 m from 
base, medium to coarse grained, olive-
gray, weathers yellowish brown. 

5 Interbedded sandstone (medium -. bedded, 2.6 
erosive bases with flute-casts, Nl74W, 
wave-ripples with 12 cm spacings, N30E, 
some amalgamation, medium-grained) and 
mudstone (thin bedded). Grayish-olive, . 
weathers yellowish brown. 80% sandstone, 
20% mudstone. 

6 Interbedded mudstone (medium to 12.9 
very thick bedded) and sandstone (thin 
to medium bedded, massive, some HCS, some 
wave ripples, 8 to 12 cm spacings, fine 

14.8 

60.5 

70.3 

72.9 

85.8 
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grained), yellowish brown, 85% mudstone, 
15% sandstone. 

7 Covered. Shaly. 56.4 142.2 

Hampshire Formation: only lower portion (234.6 m) exposed. 

8 Cycle. Lower 2.0 m sandstone, erosive 6.1 
base with flute-casts, Nll7W, 
basal .4 m plane laminated, passes 
up to 1.2 m trough cross-stratification, 
interrupted by concave up erosional scour 
(.4 m relief) overlain by .4 m plane 
lamination, medium-grained. Upper 4.1 
mudstone. Red. 

9 Cycle. Lower 7.0 m sandstone, 14.0 
channel-shaped erosive base with 
flute-casts (Nl68W), internal 
channel-shaped scours, planar-laminated, 
medium scale trough cross-stratified, 
coarse to medium grained, red mudstone 
clasts up to 4 cm in diameter in lower 
3.0 m. Upper 7.0 m mudstone with sporadic 
thin to medium bedded (lenticular) coarse 
siltstones to fine-grained sandstones, 
massive, plane-laminated (erosive bases, 
gradational tops), and current-ripple 
cross-laminated (erosive or gradational 
bases, gradational tops). A few concave 
up scours overlain by mudstone (with 
root traces). Red. N26E;30SE. 

10 Cycle. Lower 8.0 m sandstone, 16.4 
channel-shaped erosive base with 
flute-casts (Nl33W), internal 
channel-shaped scours, interbedded plane-
lamination, medium scale trough cross-
stratification, minor tabular cross-
stratification (single 50 cm~ thick set), 
coarse to medium grained (fining 
upward), and mudstone clasts up to 5 cm 
in diameter in basal 20 cm. Upper 8.4 m 
mudstone with minor interbedded units ~s 
in unit 9 below. Red. 

11 Covered. Shaly? 6.1 

12 Cycle. May be a number of cycles, 
actually. Lower 25.0 m sandstone, 
channel-shaped erosive base with 

29.9 
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flute-casts (N81W), many internal 
channel-shaped erosional scours 
(up to 1.6 m relief) with flute-casts 
(N95W,N67W), planar lamination 
and medium scale trough cross-
stratification complexly interbedded, 
minor current-ripple cross-lamination, 
coarse to medium grained, red mudstone 
clasts up to 5 cm in diameter scattered 
near base of each channeled unit, 
abundant plant fragments. Upper 4.9 m 
mudstone with several medium bedded 
very fine grained sandstones (erosive 
bases, trough cross-stratification, 
gradational tops). Red. 

13 Cycle. Lower 1.4 m sandstone, erosive 
base with flute-casts (Nl23W,Nl45W), 
planar laminated, fine grained, 
gradational top. Upper .4 m mudstone 
with root traces. Red. 

14 Cycle. Similar to unit 13 below except 
lower .7 m sandstone. Basal flute-
casts(N99W). 

15 Cycle. Lower .4 m sandstone containing 
abundant ellipsoidal quartz pebbles 
(up to 1.5 cm in diameter), matrix 
medium to coarse grained, small scale 
trough cross-stratification. Upper 3.2 
m mudstone (yellowish-brown). 

16 Cycle. Lower .4 m similar to con-
glomerate of unit 15 below. Upper 
.2 m yellow-brown mudstone. 

17 Covered interval. Shaly? 

18 Cycle. Lower 5.0 m sandstone, 
erosive base with flute-casts 
(N71W), lower 3.0 m portion plane-
laminated (several mm spacing), 
medium-grained; upper 2.0 m portion 
current-ripple cross-laminated (sets 
up to 4.5 cm thick). Sandstone 
grades up into 1.4 m mudstone (with 
root traces) and single .3m 
thick erosive based, massive, very 
fine grained sandstone. Red. 

1.8 216.5 

1.5 218.0 

3.6 221.6 

. 6 222.2 

9.4 231.6 

6.4 238.0 
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19 Thick to very thick bedded mudstone- 35.3 
shale, red, interbedded with medium 
to very thick bedded sandstones, 
erosive bases, sometimes lenticular, 
current-ripple cross-laminated, planar 
laminated, small scale trough cross-
stratified, gradational tops (some 
current rippled units have gradational 
bases also), some massive, very fine 
to medium grained. In one case, a 
.3 m relief scour is overlain by 
mudstone(N135W). Red. 70% mudstone, 
30% sandstone. N30E;25SE. 

20 Cycle. Lower 4.1 m sandstone, 7.6 
erosively based, bedding 
(lenticular) thickness decreases 
upward (thick to medium bedded) 
and is at an angle(20) to true bedding. 
Large scale trough cross-
stratification passes up to medium 
scale, coarse grained at base to 
medium grained near top. Grades up 
to 1.0 m of current ripple cross-
laminated fine sandstone. Upper 
3.5 m mudstone. Red. 

21 Cycle. Lower .9 m sandstone, concave 3.3 
up erosional base, massive, 
medium-grained, upper 2.4 m mudstone. 
Red. 

22 Cycle. Lower 2.2 m quartz pebble 4.3 
conglomerate, pebbles ellipsoidal 
and up to 5 cm in diameter, medium 
to coarse grain sand matrix. Upper 
2.1 m mudstone with several medium 
bedded very fine grain sandstones, 
erosive bases, massive, gradational 
tops. Upper portion of conglomerate 
and lower portion of mudstone is cut 
by a 1.0 m thick, massive, fine-
grained sandstone overlying 1.0 m 
relief channel-shaped scour. 

23 Cycle. Similar to unit 20 below 14.3 
except lower sandstone 6.1 m thick 
and bedding does not "dip". 
Minor interbedded thin to thick bedded 
plane laminated beds. No current-
ripple cross-laminated zone. Upper 8.2 

273.3 
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284.2 
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m mudstone with several interbedded 
medium bedded fine grained sandstones 
overlying erosive bases, and displaying 
plane-laminations. Red. 

24 Cycle. Lower 3.3 m sandstone, erosive 6.7 
base (carbonaceous film) with flute-
casts(Nl08W), basal .5 m portion 
is plane laminated, abundant plant 
fragments, passes up to 2.7 m of 
medium-scale trough cross-stratification, 
passes up to .1 m thick current-ripple 
cross-laminated fine-grained zone. 
Upper 3.4 m mudstone. Red. 

25 Covered. 46.0 

26 Lower 4.3 m interbedded thick bedded 
sandstones and mudstones. Sandstones, 
medium scale trough cross-stratified, 
current ripple cross-laminated, 
medium grained, micaceous, abundant 
mudstone clasts up to 2.5 cm in 
diameter, abundant brachiopods (whole 
and broken). Upper 3.0 m mudstone. 
Red. 

27 Sandstone, medium to small scale 
trough cross-stratified(N71W,N74W), 
current-ripple cross-laminated, 
very micaceous, abundant red 
mudstone clasts up to 5 cm in 
diameter and broken and whole 
brachiopod debris. Sporatic thin 
to medium bedded mudstone-shale 
partings. 

7.3 

14.0 

309.5 

355.5 

362.8 

376.8 

Top of exposed Hampshire Formation, upper portion poorly 
exposed, weathered off. 
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Scherr Section (section 5) : Grant Co. , W. Va. ; measured 
along north side of West Va. Route 42, beginning approxi-
mately 1.3 miles northwest of Scherr and continuing north, 
up the mountain. 

The measured section by J. M. Denni son and O. D. Naegele 
within Dennison (1970)(see 'references') was used as a guide 
during the measuring and description of this section. 

Lower portion of the "Chemung" is very shaly, poorly ex-
posed, and was not measured. 

1 Interbedded sandstone (15%) and 30.5 
mudstone-shale (85%). Sandstone, 
thin to medium bedded, erosive 
bases with flute-casts(N58W,N87W), 
massive, less commonly plane-
laminated and HCS, very fine grained, 
fossil debris (crinoid, brachiopod) 
concentrated in basal lags (up to 
2 cm thick, valves oriented convex 
up), occasionally capped by wave-
ripples (up to 20 cm spacings). 
Gray-olive, weathers yellow-brown. 
N36E;35NW. 

2 Similar to unit 1 below except: 80.8 
sandstone (25%) and mudstone-shale 
(75%); sandstone, thin to thick 
bedded, very fine to fine grained. 

3 Similar to unit 2 below except: 144.8 
sandstone (30%) and mudstone-shale 
(70%), dominantly fine-grained, some 
units contain based quartz pebble 
conglomerate lags (ellipsoidal, up 
to 1.5 cm across; lags up to 6 cm 
thick), sparse plant fragments. 

4 Sandstone(90%), mudstone-sha1e(l0%) 19.8 
Sandstone, medium to thick bedded, 
amalgamated, plane laminated (with 
parting lineation), HCS subordinate, 
basal scours (up to 10 cm relief) 
with flute-casts(Nl73W,Nl36W), 
wave-ripples(l2 cm spacings, N83W) 
cap one bed, scattered quartz 
pebbles (ellipsoidal, up to 1.5 cm 
cm across), micaceous, medium 
to coarse grained, plant fragments, 

30.5 

111. 3 

256.1 

275 . 9 
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scattered brachiopod fragments, olive-
brown. N36E;40NW. 

5 Similar to unit 3 below. Basal 121.6 
flute-casts(N73W,Nll6W). Wave-ripples 
cap one bed(N55E). 

6 Similar to unit 4 below, except: 9.1 
sandstone (80%), rnudstone-shale (20%). 

7 Similar to unit 3 below except lacks 15.2 
quartz pebble conglomerate. Basal 
flute-casts(NllOW,Nl03W,N60W,N81W, 
Nl20W,N71W,N96W). N36E;45NW. 

8 Sandstone (85%) and rnudstone-shale 7.0 
(15%). Sandstone, medium to thick 
bedded, erosive bases with flute-
casts(Nl08W), some amalgamation, 
HCS, plane-laminated, some wave-rippled 
caps (10-12 cm wavelengths,N54E) with 
tracks and tnd trails, medium to coarse 
Upper .8 m is tabular cross-stratified 
coarse-grained sandstone(N22W). 

9 Sandstone (50%) and mudstone-shale 1.4 
(50%). Sandstone, thin to medium 
bedded, erosive bases, massive, some 
HCS and plane-laminae, a few inter-
ference wave-rippled caps (complex) 
with abundant tracks and trails, fine 
to medium grained. 

10 Covered. Shaly interval. Gray. 

Base of Hampshire Formation. 

22.9 

11 Partly to wholly covered mudstones 33.5 
and siltstones. Red. 

12 Sandstone; erosively based with flute 3+ 
casts (up to 8 X 2 X 2 cm), trough 
cross-stratified, medium to coarse 
grained, etc., red. 

397.5 
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Elkins Section (section 6): Randolph Co., W.Va.; Southeast 
limb of Deer Park anticline; measured along east bound lane 
of U.S. Highway 33, beginning approximately .07 mile west of 
Highway 33 and Kelly Mountain Road junction and continuing 
down the east slope of Cheat Mountain toward Alpena. 

Measured section begins approximately 330 m below the base 
of the Hampshire. 

1 Dominantly amalgamated HCS coarse 6.1 
siltstone to very-fine grained sand-
stones. Thin to thick bedded, grayish, 
weathers yellow-brown. 50 cm thick 
trough cross-stratified bed 65 cm from 
base. Brachiopods and crinoids in basal 
2 m. Interbedded minor thin to medium 
bedded bioturbated mudstone, 15% 
mudstone, 85% siltstone. 

2 Dominantly amalgamated HCS very fine- 6.1 
to-fine-grained sandstones. Medium 
to thick bedded, micaceous, gray. 
Rare, scattered brachiopods and 
crinoid columnals. Interbedded minor 
medium bedded bioturbated mudstone. 
HCS units have erosional bases with 
flute-casts(N22W,N9W,N68W,N140W, 
N97W) and gradational tops. 85% sand-
stone, 15% mudstone. N22E;l4SE. 

3 Covered interval (probably shaly). 

4 Cycle. Lower 4 m is a trough cross-
stratified (medium scale) medium to 
coarse grained sandstone, with 
scattered mudstone clasts and el-
lipsoidal quartz pebbles up to 2 cm 
in diameter, wood and plant frag-
ments up to 10 cm X 2 cm, erosive 
base, olive gray in color, grades 
upward into 3.3 m thick 
dark gray shale with several 
homogeneous medium bedded very fine-
grained sandstones. 

5 Cycle. Lower 4.3 m is a trough cross-
stratified (medium scale) fine to 
coarse-grained sandstone, with 
scattered mudstone clasts 
and ellipsoidal quartz pebbles 

51.8 
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up to 1.5 cm in diameter. concave-
up erosional base. Upper .3 m is 
dark-gray bioturbated mudstone. 

6 Dominantly amalgamated HCS coarse 7.9 
siltstones to very fine-grained 
sandstones, medium to thick bedded, 
erosive bases with flute-casts 
(N171W,Nl36W,Nl67W}, micaceous 
grayish to yellow-brown. Lower 
.8 m portion is tabular cross~ 
stratified, rare brachiopods (broken}, 
mudstone clasts up to . ~ cm in diameter. 
Interbedded medium bedded gray 
bioturbated mudstone. 90% coarse 
siltstone to sandstone, 10% mudstone. 

7 Cycle. Lower 3.3m is a trough cross- 5.2 
stratified (medium scale) medium to 
coarse-grained sandstone, with 
scattered quartz granules and mud-
stone clasts up to 1.5 cm in diameter, 
with erosive base. Interior channel-
shaped bodies? Upper 1.9.m is dark-
gray shale over concave-up erosion 
surface. 

8 Amalgamated HCS medium to very coarse 5.1 
grained sandstone, medium to very 
thick bedded, micaceous, gray in 
color. Uppermost bed grades upward 
into unit 9. 

9 Dark-gray bioturbated mudstone. 4.0 

10 Trough cross-stratified (medium scale) 1.0 
fine to medium grained sandstone. 

11 Thick to very thick bedded dark-gray 20.1 
bioturbated mudstone with some. shale 
interbedded with medium· to thick 
bedded plane-laminated and HCS fine 
to medium grained sandstones, some 
beds are capped by wave-ripples with 
10-15 cm spacings(NlOE,N2SE), a 
.2m thick bed 2m from base 
contains abundant ellipsoidal quartz 
pebbles up to 1.5 cm in diameter. 70% 
mudstone, 30% sandstone. 

12 Trough cross-stratified (medium 1.9 
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scale) fine-to-medium-grained 
sandstone. 

13 Dark gray bioturbated mudstone 
with two interbedded medium bedded 
homogenous fine-grained sandstones. 

3.0 

15 Amalgamated HCS medium grained 4.9 
sandstone. Medium to thick bedded. 
Gray in color. Uppermost bed grades 
upward into unit 15. 

15 Dark gray bioturbated mudstone and 4.8 
and shale interbedded with grayish 
medium to thick bedded HCS sandstones. 
HCS units have erosive bases and 
gradational tops. 

16 Red bioturbated mudstone, weathers 2.4 
into chips. 

17 Cycle. Lower 4.3 m is a plane- 12.2 
laminated and trough cross-stratified 
(medium scale) medium-grained 
micaceous sandstone, with scattered 
plant fragments, overlies erosional 
surface, olive-gray in color. Upper 
.7 m of sandstone overlies a concave-
up erosional surf ace cut into the 
underlying sandstone. Upper 7.9 mis 
homogeneous red mudstone with several 
interbedded medium-bedded current 
ripple laminated very-fine grained 
sandstones with erosional bases and 
gradational tops. 

18 Cycle. Lower coarse member is 13.1 m 14.3 
thick and is internally composed of 
numerous sandstone bodies overlying 
concave-up erosional surfaces~ 
Upper fine member is 1.2 m thick and 
contains several thin to medium 
bedded HCS fine-grained sandstones 
with erosional bases and wave-
rippled caps. 

19 Dominantly amalgamated HCS fine to 9.5 
medium-grained sandstone, basal 
erosional scour with flute-casts 
(Nl25W,N98W,Nll0W,Nll5W,Nl09W, 
Nl39W), medium to thick 
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bedded, plant fragments and 
rare broken brachiopods present. 
Grayish to yellowish-brown in color. 
Minor interbedded, gray, thin to 
thick bedded bioturbated mudstone is 
present within the lower 4.5 of unit. 

20 Covered interval. 112.8 

21 Dark-gray shale and bioturbated 3.3 
mudstone with abundant plant 
fragments. 

22 Cycle. Lower 4 mis an erosively 7.6 
based trough cross-stratified (large 
scale) medium-to-coarse grained 
sandstone, with scattered mudstone 
clasts (up to 3 cm in diameter) and 
plant and wood fragments, unit is 
grayish-brown and contains internal 
concave-up erosional surfaces. 
Grades to fine-grained sandstone at 
top. Bedding thickness decreases 
upward into a 3.6 m thick dark-gray 
mudstone containing several inter-
bedded thin to medium bedded fine-
grained homogeneous sandstone 
lenticels with wave-ripples on top. 
Lenticels have erosive bases. 

23 Cycle. Similar to unit 22 below 6.1 
except lower coarse member is 2.4 m 
thick and composed of fine-to-medium 
grained sandstone. Within this coarse 
member is a 1 m thick (maximum) channel-
shaped body of dark-gray shale and 
mudstone overlying an erosional 
surface. Upper fine member is 3.7 m 
thick. 

24 Cycle. Lower 4 mis an erosively 7.6 
based medium to thick-bedded unit 
of massive medium-grained sandstone 
containing interior channel-shaped 
sandstones which are trough cross-
stratified, many plant fragments 
and coaly lenticels (up to 5 cm 
thick) near top, thin (several mm) 
vertical burrows in some of the 
massive beds. Upper 3.6 rn is dark-
gray mudstone with a number of thin 
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to medium-bedded lenticels of current-
ripple laminated very fine grained 
sandstones, with erosional bases 
and gradational tops. A single 40 cm 
thick sandstone near base of mudstone 
contains abundant quartz pebbles and 
mudstone clasts up to 2 . 5 cm in 
diameter, bed has a wave-rippled 
top. 

25 Cycle. Similar to unit 24 below 2.4 
except lower coarse member is only 
2.1 m thick. Beds decrease in thick-
ness upward (thick to medium) and grades 
upward into .3 m of dark gray mud-
stone and shale. A 6 cm thick (max-
imum) lenticel of sandstone within 
the mudstone contains abundant 
vertical scolithus tubes. 

26 Cycle. Lower 11.7 mis a medium 12.8 
to very thick bedded, massive, fine 
to coarse-grained sandstone in which 
there are shale partings every few 
meters. Sandstones are frequently 
burrowed up to 20 cm deep immediately 
below shale partings. Occassional 
conglomeratic (quartz pebbles) lenses 
and channel forms are present. Near 
top of unit is a 1.5 m thick (maximum) 
channel-shaped body consisting of 
dark-gray shale and mudstone. Upper 
1.1 mis red mudstone. 

27 Cycle. Similar to unit 25 below 4.9 
except erosional base has high relief 
(1.5 m). Lower sandstone is 3 . 8 m 
thick and is fine to medium grained, 
and locally congomeratic (ellipsoidal 
quartz pebbles up to 2 cm in _diameter). 
Upper dark-gray mudstone is 1.1 m 
thick and contains an erosively based 
plane-laminated bed 21 cm thick. 

Base of Hampshire Formation 

28 Cycle. Lower 10 m is an erosively-
based fine to medium grained trough 
cross-stratified (large scale) 
and tabular cross-stratified 
sandstone in which there are many 
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interior channel-shaped erosional 
scours with flute-casts (N25W,N87W, 
N52W,Nl49W). Upper 1 m portion 
is medium scale trough cross-
stratified. Upper 1.8 m of this 
unit is red mudstone. 

29 Sandstone. Brown in color . Trough 3.6 
cross-stratified. Somewhat in-
accessible. 

30 Covered or inaccessible. 20.7 

31 Cycle. Lower 5.2 m is an erosively 8.5 
based fine-to-medium-grained trough 
cross-stratified (medium scale) 
and tabular cross-stratified 
sandstone, with many interior channel-
shaped erosional scours with Gray-brown 
flute-casts (N126W,N106W,Nll2W). 
in color and abundant plant fragments 
and wood near basal scour surfaces, 
also micaceous. Top of this unit 
grades up into 3.3 m of brown mud-
stone interbedded with thin to 
medium bedded lenticels of current 
ripple laminated fine grained sand-
stones (with erosional bases and 
gradational tops). 

32 Cycle. Similar to unit 31 below 2.7 
except basal sandstone is fine-
grained and only 1.5 m thick. 
Gradationally overlain by 1.2 m of 
homogeneous red mudstone with root 
traces. 

33 Cycle. Basal .9 m portion is plane- 1.8 
laminated fine-grained sandstone over-
1 ying a flat erosional surface. 
Clasts of red mudstone (up to 1.5 cm 
in diameter) are present in basal 10 cm 
of unit. Sandstone is overlain by .9 m 
of homogeneous mudstone. 

34 Sandstone. Grayish-brown in color. 4.0 
Micaceous, contains red mudstone 
clasts in basal 15 cm of unit. 
Somewhat inaccessible. 

35 Covered interval. 26.5 
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36 Red mudstone with minor interbedded 1.8 
thin-to-medium bedded current-ripple-
laminated fine-grained sandstones 
which are lenticular in shape and 
have erosional bases and gradational 
tops. 

37 Fine-to coarse-grained trough cross- 9.1 
stratified (large scale) and tabular 
cross-stratified sandstone, 
rnicaceous, grayish-brown in color. 
Basal erosional relief is 2 m. 
Abundant red mudstone clasts (up to 
3 cm in diameter) and internal cross-
cutting channel-shaped erosional 
scours. Scattered coalified wood 
fragments up to 15 cm X 2 cm. 

38 Covered interval. Shaly? 1.8 

39 Interbedded thick-to very thick- 8.4 
bedded red mudstone and thin to medium 
bedded lenticular-shape current-ripple 
laminated fine-grained sandstones 
(with erosional bases and gradational 
tops). Micaceous. 65% red mudstone, 
35% sandstone. 

40 Covered interval. 58.8 

41 Red mudstone. 1.5 

42 Cycle. Poorly exposed. Lower 4.6 m 7.3 
is an erosively based (with 
flute-casts, Nl37W) trough 
cross-stratified (scale decreases 
upward from large to medium) sand-
stone (grain size decreases upward 
from coarse at base to fine at top). 
Grayish-brown in color, micaceous, 
plant fragments, medium to very thick 
bedded. Upper 2.7 mis red mudstone. 

43 Cycle. Poorly exposed. Lower 4.9 m ll.O 
is an erosively based (2 m relief) 
fine-grained trough cross-stratified 
(medium scale) sandstone. Grayish-
brown in color, micaceous, medium 
bedded. Upper 6.1 mis red mudstone 
with fossil root traces. 
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44 Virtually covered to the base of 
the Greenbier Limestone. Appears to 
be dominantly shaly. 

122.8 

I 

632.8 
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Huttonsville Section (section 7): Randolph Co., W. Va.; 
Southeast limb of Deer Park anticline; measured along north 
side of U.S. Highway 250, beginning approximately 2.65 miles 
east of the Tygart River bridge (Highway 250) and continuing 
east. 

Lower portion of "Chemung" covered. 

1 Interbedded sandstone (20%) and 15.2 
mudstone-shale (80%). Sandstone, 
thin to medium bedded, erosive bases, 
massive, less commonly plane-lam-
inated or HCS, very fine to fine 
grained, fossil debris (crinoid, 
brachiopod) concentrated in basal 
lags (lenticular and up to 3.5 cm 
thick). Gray-olive. 

2 Similar to unit 1 below except: 12.2 
sandstone (65%), mudstone-shale (35%) 
thin to (more frequently) thick bedded, 
some amalgamation, fine to medium 
grained. 

3 Sandstone (95%), mudstone-shale (5%). 3.0 
Sandstone, medium to thick bedded, 
amalgamated, frequent basal lags (up 
to 6 cm thick) composed of fossil 
debris (crinoids, brachiopods, convex 
up clams), frequently capped by wave-
ripples (10-12 cm spacings), some 
in-phrase climbing ripple lamination 
in shaly beds (thin bedded) above 
sandstone wave-ripple caps, medium 
to coarse grained, gray. 

4 Similar to unit 1 below. 25.9 

Upper portion of "Chemung" covered. 
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Durbin Section (section 9): Pocahontas Co., W. Va.; Nor-
thwest limb of Blackwater anticline; measured along north 
side of U.S. Highway 250, beginning approximately . 4 mi le 
east of Durbin and continuing west (through Durbin) and up 
the slope of Back Allegheny Mountain. 

Lower portion of "Chemung" covered. 

1 Mostly covered. 65% mudstone-shale, 45.7 
35% sandstone. Mudstone, thick to 
very thick bedded. Sandstone, thin 
to medium bedded, some amalgamation 
(up to 1.4 m thick), massive, plane-
laminated, HCS, fine to medium 
grained, scattered fossil lags 
(crinoids, brachiopods, valves 
convex up), grayish-olive, weathers 
yellow brown. 

2 Sandstone, erosive base, medium to 11.9 
thick bedded, massive, some plane 
laminated, HCS, medium to coarse 
grained, olive-tan, weathers whitish-
gray. 

3 Sandstone, vague medium scale trough 4.1 
cross stratified, medium to coarse-
grained, upper .8 m of this unit 
contains scattered and lenses of 
quartz pebbles (ellipsoidal and up 
to 2.5 cm in diameter), olive-tan, 
weathers whitish-gray. 

4 Sandstone, massive, fine to medium- .8 
grained, contains scattered fossils 
(bryzoans, crinoids, brachiopods) with 
random orientation, basal conglomerate 
(quartz pebbles up to 2.5 cm in 
diameter). 

5 Partly covered. 75% mudstone-shale, 25.0 
25% sandstone. Mudstone, medium to 
very thick bedded. Sandstone, thin to 
medium bedded, rare amalgamation, 
massive, some plane-laminated, HCS, 
fine-grained. 

6 Sandstone (85%) mudstone-shale (15%). 2.4 
Mudstone, thin to medium bedded. 
Sandstones, medium to thick bedded, 
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plane-laminated, HCS, fine to medium 
grained, fossil lags (mostly brachio-
pods, convex-up) up to .3 m thick, 
fine to medium grained, olive-gray, 
weathers yellow-brown. 

Enter town limits of Durbin: undetermined thickness be-
tween underlying and overlying sections due to possible 
folding. 

7 Cycle. Lower 10.7 m sandstone, thin 11.6 
to thick bedded, mostly massive, some 
vague tabular or trough cross-strati-
fication, medium grained, micaceous. 
Sporatic thin to thick bedded (len-
ticular) mudstone-shale partings, 
whitish-gray. Upper .9 m shale, red, 
containing thin, in-phase, climbing 
ripple lamination, thin to 
medium bedded (lenticular) ripple 
cross-laminated fine-grained sand-
stones. 

8 Cycle. Similar to unit below 6.7 
except lower sandstone is 5.4 m 
thick. 

9 Massive sandstone (1.3 m thick), 1.8 
medium to coarse grained, whitish-
gray, overlain by mudstone (gray-
olive). · 

10 Cycle? Lower 5.8 m sandstone, medium 25.6 
to thick bedded, massive, cut by 
channel-shaped sandstone bodies 
(medium to very coarse grained, some 
granules} up to 3.0 m across and 1.0 
thick, characterized by medium scale 
trough cross stratification, abundant 
plant fragments and coaly lenticels 
up to 5 cm thick. Sporatic thiri to 
medium bedded shales contain thin 
beds of in-phase climbing ripple 
lamination (coarse siltstone to very 
fine-grained sandstone). Upper 
19.8 m is dominantly shale-mudstone 
with sporadic thin beds of in-phase 
clirr~ing ripple lamination 
(coarse siltstone to very fine 
grained sandstone), and thin to 
medium lenticular-shaped beds of 
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massive sandstone (very fine to 
fine grained) capped by wave-ripples. 

11 Sandstone, medium to very coarse- 1.5 
grained, massive, abundant plant 
fragments and coaly lenticels up to 
7.5 cm thick, whitish-gray. 

12 Sandstone, medium to thick bedded, 10.7 
massive, cut by channel-shaped 
sandstone bodies characterized by 
trough cross-stratification (medium 
scale), gray. 

13 Covered interval. 45.7 

14 Sandstone (45%) and shale-mudstone 6.4 
(55%). Sandstone, medium to very 
thickly bedded, erosive bases (one 
unit has 20 cm relief), 
HCS, gradational tops 
or capped by wave-ripples (10 cm 
spacing) medium-grained, scattered 
plant fragments, gray. 

15 Sandstone, erosive base, plane- 1.8 
laminated, scattered cobbles of 
mudstone (up to 7 cm in diameter), 
very fine to fine grained, reddish. 

16 Sandstone; medium beds of plane 4.7 
lamination alternating with medium 
beds of vague ripple cross-lamination, 
very fine-grained, reddish. 

17 Cycle? Lower 8.1 m sandstone, cross- 8.4 
cutting channel-shaped bodies filled 
with trough and tabular cross-
stratified sandstone (medium to coarse 
grained}, sporadic medium bedded 
mudstones contain abundant plant 
fragments. Upper .3 m is mudstone. 
Olive-gray. 

18 Sandstone, erosive base, massive, 2.1 
cobbles up to 5 cm in diameter are 
present. 

19 Covered. 39.6 

20 Sandstone (45%) and mudstone-shale 19.2 
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(55%). Sandstone, erosive bases (up 
to .2 m relief), thin to thick 
bedded, massive, HCS, occasional 
wave-ripple caps, fine-grained, gray. 

21 Sandstone, erosive base, medium to 
thick bedded, amalgamated, massive, 
HCS, scattered mudstone clasts (up 
to 1.5 cm in diameter). 

3.3 

22 Similar to unit 20 below except 
sandstone (40%) and mudstone-shale 
(60%). 

15.5 

Base of Hampshire Formation. 

23 Cycle? Lower 8.3 m sandstone, erosive 10.4 
base with scattered red mudstone 
clasts (up to 2.5 cm in diameter), 
medium bedded, lenticular, lower 2.0 m 
is whitish and plane laminated (partly 
bioturbated), upper 6.3 mis reddish 
and massive with vague ripple cross-
lamination, and trough and tabular 
cross-stratification, medium grained. 
Upper 2.1 m is very weathered mudstone. 

24 Cycle? Lower 3.6 m sandstone, erosive 9.7 
base, medium scale trough cross-
stratified, medium grained. Upper 6.1 m 
interbedded (medium to very thick beds) 
mudstone and coarse siltstone, massive, 
plant fragments, reddish black. 

25 Cycle. Lower 7.0 m sandstone, erosive 7.6 
base, mudstone clasts · (up to 2 cm in 
diameter) in basal .5 m, medium scale 
trough cross-stratified, scattered 
ellipsoidal quartz pebbles about 1.6 m 
up from base, medium grained. Upper 
.6 m mudstone. Red. 

26 Cycle. Lower 10.7 m sandstone, 13.7 
erosive base with flute-casts(N130W), 
lenticular bedding (decreases in 
thickness upward from thick at base 
to medium at top), large to medium 
scale trough cross-stratification 
(scale decreases upward), medium-(base) 
to fine-(top) grained. Upper 3.0 m 
mudstone with several medium bedded 
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sandstones, erosive bases, current-
ripple cross-laminated, gradational 
tops. Red. 

27 Cycle? Lower 1 m sandstone, erosive 4.6 
base, very lenticular (thins to .3 m 
in outcrop), trough cross stratified 
(medium scale) and some vague ripple 
cross-lamination, medium-grained. 
Upper 3.6 m mudstone with several 
medium bedded sandstones, erosive 
bases, very lenticular, massive. Red. 

28 Cycle (may actually be a number of 22.5 
cycles). Lower 19.9 sandstone, 
erosive base, contains internal 
channel shaped scours with flute-
casts(Nl68W,N38W,N20W,Nl72W), medium 
scale trough cross stratification, 
tabular cross stratification, and planar 
sets (medium to thick bedded), fine 
to coarse-grained (random). Upper 
2.6 m mudstone containing several 
medium to thick bedded sandstones, 
lenticular, erosive bases, massive, 
fine grained. Red. N25E;l5NW. 

29 Sandstone (60%), shale (40%). 1.8 
Sandstone, thin to medium bedded, 
erosive bases, lenticular, small 
scale trough cross stratified, vague 
ripple cross lamination. Shales, thin 
to very thin bedded. Red. 

30 Cycle. Lower 7.3 m sandstone, erosive 16.1 
base, medium scale trough cross 
stratified, tabular cross-
stratified, medium grained. Upper 
8.8 m mudstone with numerous thin 
to medium bedded sandstones, erosive 
bases, massive, fine to very fine 
grained. Red . 

31 Coarse siltstone, very fine grained 4.9 
sandstone, medium to thick bedded, 
lenticular, mostly massive but with 
some vague ripple cross lamination, 
sporadic thin mudstone partings. 
Red, except for uppermost .1 portion 
which is reduced (whitish-gray). 
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32 Cycle. Lower 2.3 m sandstone, 
erosive base (carbonaceous film) 
with flute-casts(N125W), lower 1.9 m 
trough cross-stratified (scale 
decreases upward from large to 
medium scale}, grain size decreases 
upward from coarse to medium, upper 
.4 m current ripple c~oss laminated, 
fine-grained. Upper 4.7 rn of unit is 
mudstone with several thin to medium 
bedded sandstones, erosive bases, 
massive, fine-grained, root traces. 
Red, except for upper .2 m portion, 
reduced, grayish-green. 

33 Cycle. Lower 7.0 m sandstone, 
erosive base, carbonaceous film, 
plant fragments, similar to unit 
32 below. 

34 Mudstone interbedded with thin to 
medium bedded coarse siltstones to 
very fine grained sandstones, 
erosive to gradational bases, massive, 
plane-laminated to ripple cross-
laminated, gradational tops. Red. 

7.0 

9.7 

9.4 

35 Cycle. Lower 5.3 m sandstone, 6.1 
erosive base with flute-casts(Nl20W}, 
trough cross-stratified (scale 
decreases upward from large to 
medium scale}, medium grained. Upper 
.8 m mudstone (fossil root traces) 
with a single, lenticular (30 cm to 
5 cm thick}, massive, fine-grained 
sandstone in mid portion. 

36 Cycle (may actually be a number 17.4 
of cycles). Lower 13.4 m sandstone, 
erosive base, lower .7 mis l~rge 
scale trough cross-stratified, over-
lying 2.3 mis current ripple cross-
larninated (cosets up to 4 cm thick}, 
remaining portion is small-medium-
large scale trough cross-stratified, 
all randomly interbedded, internal 
erosional surfaces with flute-
casts(N98W,Nl02W), sporadic mudstone 
pockets, drapes, and thin to medium 
bedded partings, scattered to 
abundant red mudstone clasts (up to 
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4 cm in diameter), a 1.3 m thick zone 
8.8 m from the base contains 
abundant large plant fragments 
(woody sterns, etc.) in medium scale 
trough set~, fine to coarse grained. 
Upper 4.0 m mudstone with a few 
thin bedded, fine grained sandstones~ 

erosive bases, current-ripple cross-
laminated (to massive), gradational 
tops. Red. 

37 Cycle. Lower 3.9 m weathered, broken 4.6 · 
sandstone, erosive base, medium to 
large scale trough cross-stratified, 
fine to medium grained. Upper .7 m 
mudstone. Red. 

38 Cycle. Lower 6.2 m weathered and 11.2 
broken sandstone, erosive base, 
internal channel-shaped scours 
with flute-casts (N77W,N87W) in 
lower 4.0 rn portion (large scale 
trough cross-stratification and 2 sets 
tabular cross-stratification, .5 m 
and 1.5 m thick), medium grained, 
Upper 2.2 m portion small scale 
trough and current-ripple cross-
laminated, coarse silt to very 
fine grained sandstone. Upper 5.0 m 
mudstone with several thin to medium 
bedded very fine grained sandstones, 
massive, root traces. Red. 

39 Cycle. Lower 2.3 m sandstone, 4.4 
erosive base, lower 1.0 m portion 
small scale trough cross-stratified, 
upper 1.3 m portion current-ripple 
cross-laminated (sets up to 4.5 cm 
thick). Upper 2.1 m mudstone. Red. 

40 Cycle. Lower 1.7 sandstone, broken, 6.8 
erosive base, tabular cross-stratified 
unit (.3 m thick) sandwiched between 
medium scale trough cross-stratification, 
a .3 m thick plane-laminated bed 
forms top of sandstone. Upper 5.1 m 
mudstone with several medium to thick 
bedded very fine grained sandstones, 
massive, some plane laminated. Red. 

41 Cycle. Lower 2.5 m sandstone, 5.5 
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erosive base with flute-casts(N78W), 
plane-laminated, fine-grained. 
Upper 3.0 m mudstone. Red. 

42 Cycle. Lower 6.1 m sandstone, 9.1 
weathered, broken, erosive base, 
interbedded medium to large scale 
trough and tabular cross-stratifi-
cation (Nl74W,Nl61W), upper 
.7 mis plane-laminated. Upper 
3.0 mudstone. Red. 

43 Partly to wholly covered mudstone 26.0+ 
with thin to medium bedded interbeds 
of sandstone. Red. 

387.2 
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Shenandoah Mountain Section (section 11): Pendleton Co., 
W.Va., and Rockingham Co., Va.; northwest limb of Shenandoah 
Mountain syncline; measured along north side of U.S. Highway 
33, beginning approximately 3. 2 miles east of the HWY. 33 
and the Sugar Grove Rd. junction (Brandywine, W.Va.) and 
continuing east up Shenandoah Mountain to approximately . 7 
mile east of the top of the mountain (West Va. -Va. State 
line). 

Base of "Chemung". 

1 Dominantly thick to very thick 10.4 
bedded bioturbated mudstone (with 
some shale) interbedded with massive 
thin to medium bedded coarse silt-
stones to very fine grained sandstones. 
Basal fossil lags (up to several cm 
thick) infrequent, some have flat 
erosive bases with small scale flute 
casts(N78W,Nl35W,Nl40W,N20W), occasionally 
plane-laminated or HCS, olive to yellow-
brown in color. Units grade up into 
mudstone. 90% shale-mudstone, 10% 
coarse siltstone to sandstone. Sample 
SM-1, typical coarse interbed. 
N34E;39SE. 

2 Similar to unit 1 below except plane 35.3 
laminae and HCS are more dominant. 
These coarser interbeds are sometimes 
overlain by wave ripples having 10-15 
cm spacings(N26W). Ball and pillow load 
structures occasional. 75% shale-
mudstone, 25% coarse siltstone to 
sandstone. Samples SM-2, Sm-3, 
typical coarse interbeds. 

3 Similar to unit 2 below except 26.8 
coarser interbeds become coarser 
(dominantly very fine to fine 
grained sandstone), thicker, and more 
common. Basal relief increases in 
some cases up to 5 cm. Ball and 
pillow load structures. 60% 
sandstone, 40% mudstone-shale. 
Sample SM-4, typical coarse interbed. 

4 Similar to unit 3 below except 16.0 
sandstones are medium to very thick 
bedded and are interbedded with thin 
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bioturbated mudstones. Sandstones 
are plane-laminated with parting 
lineation (HCS less fequent), oc-
casional plant fragments, broken 
brachiopods, and mudstone clasts. 
Wave-ripples often cap sandstones 
(10-12 cm spacings)(N81W). Sandstones 
coarsen upward from fine-grained 
to medium and coarse grained at top 
of unit. One bed near top (32 cm 
thick) contains abundant ellipsoidal 
quartz pebbles up to 2 cm in diameter 
90% sandstone, 10% mudstone. 
Sample SM-5, typical sandstone. 

5 Medium to thick bedded bioturbated 4.4 
mudstone and shale interbedded with 
thin bedded massive to HCS coarse 
siltstones to very fine grained sand-
stones. 65% mudstone-shale, 35% coarse 
siltstone to very fine grained 
sandstone. Samples SM-6, Sm-7, 
typical coarse interbeds. 

6 Covered interval. Shaly. 70.1 

7 Similar to unit 3 below. 55% mud- 9.7 
stone shale, 45% sandstone. Flute-
casts(N33W,N80W). 

8 Dominantly amalgamated (medium-to- 10.7 
very thick bedded) sandstone which 
coarsens upward from fine-grained to 
very coarse grained (and granule) 
sandstone at top. Plane laminae 
dominate, minor HCS. Wave-ripples 
(with 10-15 cm spacings}, sometimes 
cap sandstone beds(N76W). Interbedded 
thin to thick bedded mudstone and 
shale more common in lower portion. 
75% sandstone, 25% mudstone and 
shale. Olive to yellow-brown in 
color. Samples SM-8, SM-9, typical 
sandstone beds. 

9 Covered interval. Shaly. 

10 Interbedded medium to thick bedded 
fine-grained sandstones and bio-
turbated mudstone and shale. Olive 
to yellow-brown in color. Sandstones 
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have erosive bases with flute casts 
(N58W) and are dominated by HCS, some 
have wave-rippled caps with 10-12 
cm spacings(N65W). 50% sandstone, 
50% mudstone-shale. N34E;37SE. 

11 Amalgamated medium to thick bedded 7.6 
medium grained sandstones with oc-
casional mudstone clasts and ellip-
soidal quartz pebbles up to 1.5 cm 
in diameter. Rare disarticulated 
crinoid columnals. Plane-laminated 
(with parting lineation) and minor 
HCS. Unit is capped by wave ripples 
having 10-15 cm spacings. 

12 Covered interval. Shaly. 20.1 

13 Medium to very thick bedded medium 13.2 
to coarse grained sandstones inter-
bedded with thin to very thin mud-
stones and shale. Sandstones are 
plane-laminated and HCS. A bed 20 cm 
thick containing abundant ellipsoidal 
quartz pebbles occurs near the top of 
the unit. 95% sandstone, 5% mudstone-
shale. 

14 Covered interval. Shaly. 106.7 

15 Cycle. Lower 3.6 m is an erosively 19.5 
based, reddish, fine-grained, plane 
laminated sandstone which grades up 
into a 15.9 m thick sequence of red 
mudstone containing interspersed 
lenticular, thin to medium bedded, 
erosively based current ripple-
laminated fine-grained sandstones, 
some containing ball and pillow load 
structures at their bases. 

16 Cycle. Lower 8.0 m is an erosively 10.4 
based, reddish, fine-grained, plane-
laminated sandstone which grades 
upward into a .8 m thick current-
ripple laminated (forming sets up to 
5 cm thick) coarse siltstone to very 
fine-grained sandstone which grades 
up to 1.6 m of red mudstone with 
root traces. 

I 
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17 Cycle. Similar to underlying unit 16 12.8 
except basal plane laminated sand-
stone is 10.8 m thick, ripple lam-
inated zone is missing. Sandstone 
grades up to 2.0 m of red mudstone. 

18 Cycle. Lower 3.3 m sandstone, 4.0 
medium-grained, trough 
cross-stratified (medium scale) 
and plane-laminated, reddish, sand-
stone with 1.2 m relief basal scour. 
Upper .7 mis pink mudstone. 

19 Covered interval. Shaly. 11.3 

20 Partly covered. Dominantly yellow- 9.1 
brown shale and mudstones interbedded 
with minor lenticular, thin-to-medium 
bedded, fine-grained sandstons con-
taining HCS and wave ripples. Some 
thinly bedded sandstone and shale 
forms flaser bedding. 

21 Dominantly red mudstone and inter- 3.0 
laminated very fine-grained 
sandstone and shale forming small-
scale wavy and lenticular bedding. 

22 Thick to very thick bedded mud- 6.1 
stone interbedded with thin to 
medium bedded erosively based current 
ripple laminated very fine grained 
sandstones which grade up into 
mudstone. Red. 

23 Amalgamated medium-grained sandstone 4.3 
with plane-laminae and HCS. Base of 
unit has .3 m relief. Medium to thick 
bedded. Scattered ellipsoidal quartz 
pebbles (up to 2 cm in diameter) and 
plant fragments. Unit overlain by 
wave-ripples(N90W,N35W). Gray. 

24 Bioturbated mudstone and shale. 1.5 
Yellow-brown in color. 

25 Similar to unit 23 below except base 1.8 
of unit has no relief, and quartz 
pebbles are absent. Wave-ripples 
(10 cm spacing) overlie one bed 
(N41E). 
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26 Identical lithology to unit 20 below. 25.9 

27 Covered interval. 73.1 

28 Basal .8 mis medium grained sandstone 2.7 
including scattered brachiopod frag-
ments and a basal 10 cm quartz peb-
ble conglomerate overlying a scoured 
surface with 30 cm relief. Overlying 
the sandstone is yellow-brown mud-
stone and shale. Sample SM-10, 
sandstone. 

29 Similar to unit 28 below except no 2.0 
quartz pebble conglomerate and basal 
scour has only 8 cm relief. Sandstone 
is .9 m thick. Sample SM-11, 
sandstone. 

30 Interbedded laminated to thinly 2.9 
bedded, fine sandstones, shale, and 
mudstone. Sandstones are often 
lenticular and exhibit flaser bedding. 
Yellow-brown in color. 

31 Interlaminated siltstone, very fine- 1.8 
grained sandstone, and shale, ex-
hibiting small scale lenticular 
bedding. Red in color. 

32 Thick-bedded, massive, medium 2.1 
grained sandstone with scattered red 
mudstone clasts (up to 1.5 cm in 
diameter) interbedded with thick 
bedded red mudstone. 

33 Dominantly yellow-brown mudstone and 9.1 
shale with minor lenticular-shaped 
and thin bedded coarse siltstones 
exhibiting flaser bedding. 

34 Dominantly amalgamated, medium- 13.4 
bedded, erosive bases, one with 
flute-casts(N60W), medium-
to-coarse grained sandstone, 
very conglomeratic with mudstone 
clasts and ellipsoidal quartz pebbles 
(up to 2 cm in diameter). Dominantly 
plane-laminated with minor HCS. 
Sample SM-12, typical sandstone. 
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N33E;35SE. 

35 Medium to very thick bedded mudstone 19.2 
and shale interbedded with very thin 
to medium bedded fine-grained sand-
stone exhibiting flaser bedding. Sand-
stones are sometimes capped by wave 
ripples and interference ripples, 
yellow-brown in color, 75% mudstone-
shale, 25% sandstone. 

36 Thick to very thick bedded red mud- 28.6 
stone and laminated shale and 
siltstone (exhibiting small scale 
wavy and lenticular bedding) inter-
bedded with medium to thick bedded 
fine-grained sandstone exhibiting 
plane laminal and HCS. Beds are 
lenticular and sometimes capped by 
small scale wave ripples with 4-6 cm 
spacings. 65% mudstone-shale, 35% 
sandstone. 

37 Cycle. Lower .6 m is a fine-grained 7.0 
plane-laminated sandstone which passes 
upward into 4.0 m of current-ripple 
cross laminated (sets up to 5 cm 
thick) very fine grained sandstone. 
Reddish in color. Grades up .into 2.4 m 
of red mudstone and shale. 

38 Interbedded mudstone-shale and medium 6.1 
to thick bedded, massive, fine-grained 
sandstone. One sandstone bed is 
capped by complex interference ripples. 
50% sandstone, 50% mudstone-shale. 

39 Thick to very thick bedded 6.1 
interlaminated shale and siltstone (ex-
hibiting small scale wavy and lenticular 
bedding) interbedded with thick bedded, 
massive, fine-grained sandstone. Red-
dish in color. 50% shale-mudstone, 
50% sandstone. 

40 Covered interval. 24.4 

41 Red mudstone. 

42 Current-ripple cross-laminated very 
fine grained sandstone. Red. 

1.0 

.2 

634.0 

662.6 
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43 Red mudstone. 1.5 

44 Lenticular, massive, fine-grained .5 
sandstone over .3 m relief scoured 
surface. Red. 

45 Red mudstone. 1.5 

46 Covered interval. 19.8 

47 Dominantly red mudstone with fossil 9.1 
root traces interbedded with minor 
thin to medium bedded, lenticular, 
current-ripple cross laminated very 
fine to fine-grained sandstones with 
erosive bases. Red. 

48 Current-ripple cross laminated fine- 1.0 
grained sandstone overlain by small 
scale wave ripples (2 cm spacings). 
Red. 

49 Red mudstone. .8 

SO Current-ripple cross laminated fine- 1.2 
grained sandstone. Red. 

51 Similar to underlying unit 1. 4.6 
90% shale-mudstone, 10% coarse silt 
to sandstone. Sample SM-13, typical 
coarse interbed. 

52 75% sandstone, 25% mudstone-shale; 11.6 
sandstone-medium to thick bedded, 
frequently amalgamated, HCS, plane 
laminated (parting lineation), wave 
ripples (10 cm spacing) cap one bed, 
fine to medium grained, micaceous, 
mudstone clasts up to 20 cm X 3 cm-
larger ones flattened, frequent basal 
quartz pebble (up to 3 cm in diameter) 
lags up to 20 cm thick, rare 
clams, minor mudstone and shale 
is thin to thick bedded, olive-
gray. Sample SM-14, typical sand-
stone. 

53 80% sandstone, 20% mudstone; sand- 2.4 
stone-medium to very thick bedded, 
frequently amalgamated, plane-lami-

708.9 

709.4 

712.4 
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741.3 

742.3 

743.1 
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nated, minor HCS, medium to coarse 
grained, micaceous, quartz pebble 
lags up to 15 cm thick, abundant 
plant fragments, olive-gray to gray; 
Mudstone and shale is very thin to 
medium bedded. Sample SM-15, 
typical sandstone. 

54 Mudstone and minor shale. 3.2 

55 45% sandstone, 55% mudstone-shale; 10.2 
sandstone-thin to thick bedded, minor 
amalgamation, HCS, plane-laminated, 
medium to coarse grained, quartz 
pebble conglomerate lags as in unit 
53 below, plant fragments, uppermost 
bed is 1.37 m thick and has basal 
relief of 30 cm; mudstone and shale 
is medium to thick bedded. 

56 Oligomictic conglomerate, 95% quartz 10.0 
pebbles, 5% meta. lithic pebbles, 
ellipsoidal to well rounded, matrix 
(fine to very coarse ss) to clast 
supported, channel-shaped scours (up 
up 2 m relief) filled with up to 2 m 
of conglomerate, crude cross-bedding, 
imbrication, abundant plant fragments 
(up to 25 X 5 cm), sporadic lenticels 
of coaly material up to 6 cm thick. 

57 Sandstone-medium to thick bedded, 2.0 
amalgamated, HCS, medium to coarse-
grained, olive in color. 

58 75% mudstone-shale, 25% sandstone; 25.6 
sandstone-medium bedded, mostly 
massive, minor HCS and plane lamina-
tions, fine grained, rare brachiopod 
fragments. 

59 65% siltstone-shale, 35% sandstone; 7.3 
interlaminated siltstone and shale 
displaying small-scale lenticular 
and wavy bedding, very 
red in color; sandstones-lenticular, 
medium bedded, massive, some HCS, 
fine grained, red to olive-gray in 
color. 

Base of Hampshire Formation. 

766.1 

776.3 

786.3 

788.3 
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60 Cycle. Lower 6.5 m sandstone-erosive 
base, plane laminated, one trough 
cross-stratified unit .6 m thick 
in mid-portion, medium grained, 
mudstone clasts in basal portion (up 
to 4 cm in diameter), micaceous, 
plant fragments; upper 2.6 mudstone 
and minor shale, red. N30E;28SE. 
Sample SM-16, middle portion of 
sandstone. 

9.1 

61 Cycle. Lower 4.3 m is sandstone- 6.4 
erosively based, base is plane-
laminated, upper portion weathered, 
medium-grained; upper 2.1 red 
mudstone. 

62 Cycle. Lower 1.9 m sandstone, 5.8 
similar to unit 61 below. 

63 Sandstone; basal erosive surface 17.1 
with flute-casts (N99W), 
trough cross-stratified 
(small to medium scale), plane 
laminated, medium grained, zones of 
red mudstone clasts (up to 3 cm in 
diameter), micaceous. Sporadic very 
thin to medium bedded shale partings. 
Red. Sample SM-17, lower portion 
of sandstone. 

64 Sandstone-erosive base, lower .6 m 4.6 
is plane-laminated, fine grained; 
upper 4.0 m is current ripple cross-
laminated (sets up to 4 cm thick), 
very fine to fine grained. 

65 Mudstone-shale, with minor thin 1.5 
bedded massive sandstone (fine-
grained). Mudstone overlies channel-
shaped scoured surface with 70 cm 
relief. 

66 Cycle. Lower 3.2 m sandstone- 7.6 
erosive base, lower 10 cm has 
rounded red mudstone clasts up to 
1.25 cm in diameter. Plane-laminated, 
fine to medium grained, upper 1.0 m 
portion is current-ripple cross-
laminated (sets up to 4.5 cm thick). 

830.3 
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Upper 4.4 m red mudstone with fossil 
root traces and several lenticular, 
erosively based thin to medium 
bedded very fine grained, current 
ripple cross laminated sandstones 
with gradational tops. 

67 Cycle. Lower 7.5 m sandstone- 10.7 
erosive base, bedding decreases 
upward (very thick up to medium 
bedded), indistinct trough cross-
stratified(N87W), very coarse to 
medium grained (grain size decreases 
upward), scattered red 
mudstone clasts (up to 2.5 cm in 
diameter), upper 3.2 m red mudstone. 
Sample SM-18, middle portion of 
sandstone. 

68 Interbedded medium to very thick 6.1 
bedded sandstones (erosive bases, 
lenticular, plane-laminated, current 
ripple cross-laminated, small scale 
trough cross stratified) and thin 
to thick bedded red mudstone 
with root traces. 

69 Partly covered, medium bedded silt- 21.6 
stone and mudstone with minor thin 
to medium bedded plane-laminated and 
current ripple cross-laminated very 
fine to fine-grained sandstones, 
erosive bases, gradational tops. 
Red. 

70 Cycle. Lower 5.4 m sandstone, 10.4 
erosive base, fine to medium grained, 
plane-laminated, overlain by 2.6 m 
of medium bedded current-ripple 
cross-laminated very fine grained 
sandstone, erosive bases, gradational 
tops (to thin and medium bedded mud-
stone); overlain by 2.4 m of mudstone. 
Red. 

71 Cycle. Lower 4.0 m sandstone, 5.2 
erosive base, medium grained, 
plane-laminated, scattered red 
mudstone clasts (up to 1.5 cm in 
diameter); upper 1.2 m mudstone. 
Red. 

884.0 

890.1 

911.7 

922.1 
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72 Cycle. Lower 9.2 m sandstone, 10.4 
erosive base, medium to coarse 
grained, internal channel-shaped 
erosion surfaces, large scale trough 
cross-stratified, sporadic mud 
drapes and thin to medium bedded 
shale partings; upper 1.2 m mudstone. 
Red. Sample SM-19, lower portion of 
sandstone. 

73 Sandstone; partly covered, erosive 13.4 
base with flute-casts(N66W), large 
scale trough cross-stratified. 

74 Mudstone, thin to very thick bedded, 39.0 
fossil root traces; scarce sandstone, 
thin to medium bedded, fine to 
medium grained, massive, rare ripple 
cross-lamination. 

75 Cycle (may actually be a no. of 43 . 0 
cycles). Lower 39.7 sandstone, 
erosive base with flute-casts 
(N168W), many internal channel-
shaped erosion scours with flute-
casts,NSW,N72W,N8W,N43W) with up 
to 1.2 m relief, large to small 
scale trough cross-stratified, 
some tabular cross-stratification 
and planar-lamination, channeled 
units fine upward (coarse to very 
fine-grained), abundant plant 
fragments, zones of red mudstone 
clasts (up to .5 m thick, clasts 
up to 13 cm in diameter), mud 
drapes, mudstone and shale partings 
(thin to thick bedded), upper 1.0 m 
portion current ripple cross-laminated 
very fine grained sandstone; upper 
3.3 m red mudstone with thin 
reduction layers. 

76 Cycle. Lower 21.0 m sandstone, 
erosive base with flute-casts 
(N80W), internal channel-shaped 
erosion scours with carbon-
aceous films and flute-casts 
(Nl37W,Nl23W,Nl46W), large scale 
trough cross-stratified, channeled 
units fine upward (medium to fine-

22.5 
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951.1 
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1033.1 
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grained), zones of red mudstone 
clasts (up to .5 m thick, lenticular, 
clasts up to 3.5 cm in diameter), 
abundant carbonaceous matter in 
mudstone clast zones; upper 1.2 m 
mudstone. Red. N28E;26SE. 

77 Cycle. Lower 2 m sandstone, 3.0 
erosive base with flute-casts 
(Nl74W), plane-laminated, medium-

·grained, grades up to .5 m 
massive siltstone, grades up to 
.5 m mudstone with fossil root 
traces. Red. Sample SM-20, middle 
portion of sandstone. 

78 Sandstone, erosive base with 15.8 
flute-casts(Nl89W), internal 
channel-shaped scours over-
lain by large scale trough cross-
stratif ication (N85W), several 
sets of tabular cross-strati-
fication, coarse to fine 
grained (fining upward over scours). 
Zone of red mudstone clasts (30 cm 
thick, up to 10 cm in diameter) 8 m 
from base. Red. 

79 Mudstone, erosive base (scour .9 
has 40 cm relief). Red. 

80 Cycle. Lower 9.8 m sandstone, 14.8 
erosively based, bedding (lenti-
cular) thickness decreases upward 
(thick to medium bedded), dips 
20 from general bedding, large-scale 
trough cross-stratification passes 
up to medium scale trough cross-
stratification, basal portion contains 
red mudstone clasts (up to 2.5 cm in 
diameter). Coarse SS at base to 
fine SS at top. Grades up to 1.0 m 
of current ripple cross laminated 
fine to very fine SS. Upper 4.5 m 
is mudstone with root traces. Red. 

81 Sandstone, erosively based with 
flute-casts (N146W), internal 
scours with flute-casts (Nl8W, 
Nl28W,N48W), very thick bedded, 
large scale trough cross-strati-

7.6 
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fied, coarse to medium grained. 
Sample SM-21. 

82 Cycle. May actually be a no. of 52.4 
cycles. Lower 48.0 m sandstone; 
erosively based, contains a number 
of ·channel shaped erosional scours 
(up to ·65 cm relief) with flute-
casts (Nl66W,N42W,N47W,N177W) 
and carbonaceous films, 
abundant large scale trough 
cross-stratification, minor tabular 
cross-stratification forms up to 
2 m thick sets, minor thin to 
thick bedded sets of planar-
lamination, mud drapes, mudstone-
shale partings up to 60 cm thick. 
Upper 4.4 m mudstone with fossil 
root traces and minor interbedded 
thin to thick bedded fine-grained 
sandstones, erosive bases, planar 
laminated, gradational tops. 
Sample SM-22, basal portion of 
unit. 

83 Cycle. Lower 1.5 m sandstone, 2.4 
erosively based-carbonaceous film, 
medium scale trough cross-stratified 
(medium grained), grades up to current 
ripple cross laminated very fine 
grained sandstone. Upper .9 m 
mudstone. Red. 

84 Cycle. Lower 9.1 m sandstone, 11.3 
erosively based (carbonaceous film), 
bedding (lenticular) thickness 
decreases up (thick at base to 
medium at top), plane-laminated 
at base (lenticular, 10 cm thick) 
passes up to large scale trough 
cross-stratification which passes 
up to medium scale trough cross-
stratification, medium grained 
(basal) to fine grained (top). 
Upper 2.2 m mudstone. Red. 

85 Cycle. Similar to unit 83 below 2.4 
except lower sandstone is 2 m 
thick. 

86 Cycle. Lower 2.1 m sandstone, 26.8 

I 
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erosively based, medium scale 
trough cross-stratified, medium 
graine~, red mudstone clasts (up 
to 1 . 5 cm in diameter) in lower 
8 cm. Upper 24.7 m mudstone 
(fossil root traces) with minor 
lenticular, thin to thick bedded, 
massive, coarse siltstones to 
very fine grained sandstones. 
Sample SM-23, upper siltstone 

·of unit. 

87 Sandstone, erosive based 1.5 
(carbonaceous film}, reduced .5 m 
below scour, trough cross-
stratified, medium grained, red 
mudstone clasts (up to 1.5 cm 
in diameter) in lenticular 12 cm 
thick bed above scour . Red. 

88 Covered. 16.8 

89 Cycle. Lower 8.2 m sandstone, 21.5 
erosive base, internal channel-
shaped scours (carbonaceous films) 
with flute-casts(N89W,N20W,NllOW}, 
dominantly large scale trough cross-
stratification (N86W}, minor 
planar-lamination and tabular 
cross stratification, coarse 
to medium grained (fining upward 
above scours), red mudstone clasts 
scattered throughout (up to 2.5 cm 
in diameter). Upper 13.3 m mudstone 
(root traces) with minor medium 
bedded, massive, very fine grained 
sandstones (sample SM-24). Red. 
Nl9E;l9SE. 

90 Cycle. Lower 2.0 m sandstone~ 4.7 
erosive base, flute casts 
(10 cm X 3 cm X 2 cm}, lower 
25 cm plane-laminated, 
upper portion medium-scale 
trough cross-stratified, 
medium grained. Upper 2.7 m 
mudstone. Red. 

91 Cycle. Similar to unit 90 below 1.4 
except lower sandstone is .9 m 
thick. Red. 
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92 Cycle. Similar to unit 90 below 
except basal plane laminated zone 
and flute casts absent. Lower 
sandstone is · .8 m thick. Red. 

93 Cycle? Lower 1.3 m sandstone, 
erosive base, basal 30 cm plane-
laminated, upper 1.0 m tabular 
cross-stratified (single set), 
medium grained. Upper 13.0 m 
mudstone (with root traces) 
interbedded with medium to very 
thick bedded coarse siltstones 
to medium grained sandstones, 
massive, micaceous and felds-
pathic (samples SM-25, SM-26, 
SM-27, SM-28). Red. 

2.0 

14.3 

94 Cycle? Lower 1.4 m sandstone, 2.7 
erosive base, massive, medium 
grained. Upper 1.3 m mudstone. 
Red. 

95 Sandstone, erosive base, plane 7.3 
laminated (few mm spacing) with 
parting lineation, medium grained. 
Sporatic thin shale-mudstone 
partings. 

96 Sandstone: 3 channel-shaped units, 1.2 
load structures (ball and pillow), 
massive, medium grained. 

97 Cycle. Lower 12.8 m sandstone, 14.3 
erosive base (channel-shaped, 
.5 m relief) with flute-casts 
(N160W,N156W), internal erosional 
scours (up to .6 m relief, flute-
casts, Nl30W,Nl30W,Nll6W,N60W, 
NlOlW), large to small scale trough 
cross-stratification, minor 
tabular cross-stratification, 
fining upward over scours 
(coarse to fine-grained); Upper 
1.5 rn rnudstone, upper .2 m 
reduced, whitish. Red. 
Samples SM-29 (base of unit) and 
SM-30 (middle portion of sand-
stone). 
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98 Sandstone, erosive base (flute 
casts up to 10 X 3 X 2.5 cm)(NlOW) 
with carbonaceous fi:m, large scale 
trough cross-stratification grades 
up to medium scale trough cross-
stratification, medium grained, 
abundant plant fragments and 
mudstone clasts (up to 3 cm in 
diameter) at base. 

99 ·sandstone, erosive base with flute 
casts (N70W) and carbonaceous film, 
lenticular shaped beds (decrease in 
thickness upward from very thick 
at base to medium at top), scale 
of trough cross-stratification 
decreases upward (large to medium), 
coarse-(bottom, sample SM-31) to 
medium-(top) grained; lower .6 m 
is lenticular bedded, plane-
laminated, very coarse grained, 
contains rnudstone clasts (up to 
4 cm in diameter) and plant 
fragments. 

2.7 

7.9 

100 Covered. 12.2 

101 Cycle. Similar to unit 89 below 9.1 
except lower 7.0 m sandstone. 
Upper 2.1 m mudstone. Sample 
SM-32. Red. 

102 Cycle. Lower 9.2 m sandstone and 10.7 
similar to sandstone member of unit 
89 below except uppermost 1.5 m is 
current ripple cross-laminated very 
fine grained sandstone (sets up to 
3.5 cm thick). Upper 1.5 m mudstone. 
Red. 

103 Cycle. Similar to unit 99 below 6.7 
except lower 6.0 m sandstone. 
Micaceous. Largest mudstone clasts 
2.5 cm in diameter. Flute-casts 
(NlSOW). Nl9E;20SE. 

104 Cycle? Lower .5 m sandstone, .9 
erosive base with carbonaceous 
film, planar-lamir.ated, medium-
grained, lower 5 cm contains red 
mudstone clasts up to 1.5 cm in 

1282.6 
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diameter. Upper .4 m mudstone. 
Red. 

105 Cycle. Lower 4.5 m sandstone, 5.2 
erosive base, lower 1.9 m portion 
trough cross-stratified, red 
mudstone clasts up to 2 cm in 
diameter, upper 2.6 m portion 
plane-laminated (spaced few mm), 
parting lineation , medium-grained. 
Upper .7 m mudstone. Red. 

106 Cycle? Lower .6 m sandstone, 1.8 
erosive base with carbonaceous 
film, plane-laminated (medium 
grained) with upper 10 cm current 
ripple cross-laminated (thickest 
set is 3.5 cm thick, fine-
grained). Upper 1.2 m mudstone, 
sample SM-33. Red. 

107 Cycle. Lower 3.0 m sandstone, 4.0 
erosive base with carbonaceous 
film, medium scale trough cross-
stratified, coarse to medium-grained 
(sample SM-34), plant fragments, 
red mudstone clasts up to 1.5 cm 
in diameter. Upper 1.0 m mudstone 
with some massive siltstone and 
very fine-grained sandstone. Red. 

108 Cycle? Lower 1.3 m sandstone, 6.1 
erosive base, massive, medium-
grained (sample SM-35). Upper 
4.8 m mudstone with root traces, 
thin reduction beds (whitish in 
color). Red. 

109 Cycle. Similar to unit 80 below 19.2 
except: lower sandstone member is 
11.7 m thick, no red mudstone 
clasts, upper .6 m of sandstone is 
thin-medium bedded current ripple 
cross-laminated. Basal flute-
casts (Nl60W). 

110 Cycle. Similar to unit 80 below 17.0 
except lower 4.9 m sandstone, flute 
casts (up to 9 x 3 x 2.5 cm, Nl45W), 
upper .6 m current-ripple cross-
laminated (sample SM-36). Upper 

1335.3 

1337.1 
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12.1 m mudstone with a single 
25 cm thick bed of fine-grained 
sandstone, erosive base, homo-
genous. Red. 

111 Sandstone, erosive base, 
trough cross-stratified, medium-
grained, red. 

112 Covered. Dominantly shaly? 

113 Mudstone, root traces, red. 

114 Massive coarse siltstone, some 
reduction (whitish) mottling. 

115 Mudstone, red. 

116 Current-ripple cross-laminated 
coarse siltstone to very fine 
grained sandstone. Erosive base, 
gradational top. 

117 Mudstone, root traces, red. 

.9 

7.9 

1.2 

.3 

1. 8 

. 8 

4.0 

118 Sandstone (sample SM-37), struc- 5 . 5 
tured similar to unit 80 below 
but without the upper current-
ripple cross-laminated zone, 
basal flute casts (Nl42W). 

119 Covered. Dominantly shaly? 32.0 

120 Cycle. Lower 11.0 m sandstone, 12.2 
similar to sandstone of unit 80 
below except upper current-ripple 
cross-laminated zone is 2.1 m thick, 
Upper 1.2 m mudstone with a single 
interbed (20 cm thick) of current-
ripple cross-laminated very fine 
grained sandstone with gradational 
base and top. Red. 

121 Cycle, very weathered. Lower 1.7 m 2.0 
sandstone, erosive base (.6 m relief), 
trough cross-stratified, medium 
grained. Upper .3 m mudstone. Red. 

122 Cycle, very weathered. Lower 5.6 m 8.7 
sandstone, erosive base (23 cm 
relief), lower 3.0 m trough cross-

1384.3 
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stratified, medium grained, upper 
2.6 m current ripple cross-laminated, 
fine grained. Upper 3.1 mudstone, 
some reduction (whitish) mottling 
(sample SM-38). Red. 
Red. 

123 Covered. Shaly. 

124 Cycle? Badly weathered, bleached 
to yellowish-brown in color. 
Lower 12.2 m sandstone, erosive 
base, very fractured, some plane 
laminae and trough cross-stratifi-
cation evident, very coarse to 
medium-grained (sample SM-39). 
Upper 6.1 m mudstone. 

125 Sandstone, erosive base, several 
internal channel-shaped erosive 
scours, massive. Coarse to medium 
grained, bleached yellowish-brown. 

126 Covered. Shaly. 

127 Sandstone, bleached yellowish-
brown, massive, medium-grained, 
(sample SM-40). 

Base of Pocono Formation. 

3.0 1463.7 

18.3 1482.0 

3.6 1485.6 

3.6 1489.2 

9.1 1498.3 



251 

Marlington Section (section 13): Pocahontas Co., W.Va.; 
Northwest limb of Brown's Mountain anticline; measured along 
north side of Rt. 39, beginning at the junction of Rt. 39 
and W. VA. Rt. 11 (1 mile west of Huntersville) and continu-
ing west toward Marlington. 

1 80% mudstone-shale, 20% sandstone. 12.2 
Sandstone, thin (common) to 
medium (rare) bedded, lenticular, 

·flat erosive bases with flute-
casts(N91W,Nll4W,Nl02W,N93W), 
massive(50%), plane-laminated-
HCS (50%), thicker beds have 
wave-ripple cross-laminated 
tops, fine grained, occasional 
basal fossil lags (up to 10 cm 
thick, crinoids, brachiopod 
valves convex-up}. Olive-gray, 
weathers yellowish brown. 
N36E;25NW . 

2 Sandstone, medium to thick bedded, 2.1 
amalgamated, erosive base(s), plane 
laminated, HCS, fine to medium 
grained, base of unit has 13 cm 
thick fossil debris lag, olive-gray. 

3 50% sandstone, 50% mudstone-shale. 4.0 
Mudstone-shale, thin to medium 
bedded. Sandstone, thin to medium-
bedded, very lenticular (pinch and 
swell}, flat erosive bases, massive 
(50%}, plane-laminated, HCS (50%), 
fine grained, olive-gray, weathers 
yellowish brown. 

4 70% sandstone, 30% mudstone-shale. 10.7 
Sandstone, thin to thick bedded, 
erosive bases (up to 15 cm relief, 
plane-laminated), HCS (subtle), 
fine-medium grained, rare basal 
fossil lags (up to 2 cm thick). 
Mudstones, thin bedded. Olive-gray. 

5 50% sandstone, 50% mudstone-shale. 2.1 
Sandstone, thin bedded, erosive 
bases, massive, gradational tops, 
fine-medium grained. Mudstones, 
thin bedded. Olive-gray. 

12.2 

14.3 

18.3 

29.0 

31.1 
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6 Similar to unit 2 below except 1.2 
without basal fossil lag. 

7 Same as unit 3 below except 7.5 
sandstone beds thicken upward 
(from thin to thick bedded), olive-
brown. 

8 Covered. A few thin bedded, HCS 10.5 
sandstones are visible, fine-
grained. 

9 Similar to unit 3 below. Oc- 12.5 
casional brachiopods observed in 
mudstones gradational with under-
lying sandstone beds. 

10 Siltstone, bioturbated, scattered 3.0 
calcareous disarticulated crinoid 
columnals. 

11 Same as unit 3 below except becomes 7.3 
reddish-brown near top of unit. 

12 Sandstone (95%), mudstone (5%). 3.3 
Sandstone, thin to medium bedded, 
erosive bases, some amalgamation, 
plane laminated-HCS, medium-grained. 
Scarce thin bedded mudstones. 
Reddish. 

13 Same as unit 3 below except all 4.3 
beds thin-bedded. Brown. 

14 Covered. 12.2 

15 Sandstone (80%), mudstone-shale 16.8 
(20%). Sandstone, medium to thick 
bedded, some amalgamation, erosive 
bases (up to 8 cm relief), plane 
laminae, HCS, some massive, 
gradational tops if not amalgamated, 
fine to medium grained, micaceous, 
basal fossil lags (crinoids, clams, 
brachiopods, convex-up) up to 4 cm 
thick. Mudstone-shale, thin to 
medium bedded. Reddish. 

16 Similar to unit 3 below except 10.7 
micaceous, many basal fossil lags 
(crinoids, clams, brachiopods, 

32.3 

39.8 

50.3 

62.8 

65.8 

73.1 

76.4 

80.7 

92.9 

109.7 

120.4 
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convex-up) up to 4 cm thick, 
abundant plant fragments, reddish. 

17 Similar to unit 15 below, many red 
mudstone clasts (up to 1.5 cm in 
diameter). 

18 Covered. Undetermined thickness. 

10.7 

19 Sandstone, thin to medium bedded, .7 
·erosive bases, plane-laminated, 
HCS, scattered quartz pebbles and 
mudstone clasts (up to 1.5 cm in 
diameter), medium to coarse 
grained, white. 

20 Sandstone, erosive base, medium .3 
scale trough cross-stratified, 
scattered quartz pebbles (up to 
1.5 cm in diameter, medium to 
coarse grained, white. 

21 Partly covered and very weathered 7.6 
pinkish-yellowish-brown mudstone-
shale. 

22 Sandstone, erosive base, medium 7.0 
medium scale trough cross-stratified, 
medium to coarse grained, micaceous, 
abundant quartz pebbles and mudstone 
clasts (up to 2.0 cm in diameter), 
plant fragments, whitish-gray. 

Base of Hampshire Formation. 

23 Sandstone, erosive base, medium 
scale trough cross-stratified, 
medium grained, red. 

24 Covered. Shaly. 

25 Partly covered and broken. Cycle. 
Lower 6.7 m sandstone, erosive 
base with flute-casts(N58W), 
large to medium scale trough 
cross-stratified (bottom to top, 
respectively), coarse to fine 
grained (bottom to top), 
micaceous, feldspathic. 
Upper 3.0 m mudstone. Red. 
N36E;l1NW. 

1.0 

48.8 

9.7 

131.1 
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1.0 

8.6 

15.6 

16.6 

65.4 

75.1 
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26 Partly covered and broken. Cycle? 10.2 
Lower .8 m sandstone, erosive base, 
plane-laminated (parting lineation), 
fine to medium-grained. Upper 9.4 m 
mudstone. Red. 

27 Partly covered and broken. Cycle. 14.3 
Lower 9.7 m sandstone, erosive 
base, medium to large scale trough 

·cross-stratified, medium-grained, 
micaceous. Upper 4.6 m mudstone. 
Red. 

28 Sandstone, very lenticular, erosive .3 
base, lower 20 cm small scale trough 
cross-stratified, upper 10 cm current 
ripple cross-laminated, fine-grained, 
gradational top. Red. 

29 Mudstone, red. .7 

30 Sandstone, very lenticular (grades .5 
laterally into red mudstone) erosive 
base, lower .3 m small scale trough 
cross-stratified, upper .2 m current 
ripple cross-laminated, fine-grained, 
gradational top. Red. 

31 Mudstone (75%), sandstone (25%). 7.6 
Sandstone, erosive bases, medium 
to thick bedded, very lenticular, 
small scale trough cross-stratified, 
plane laminated, with current 
ripple cross-laminated tops 
gradational with mudstone, fine to 
very fine-grained, red. 

32 Covered mudstone, red. 9.1 

33 Partly covered and broken. 4.6 
Mudstone, lower 2.0 m portion 
contains sporadic medium bedded 
sandstones, massive to vague 
ripple cross-laminated, fine-
grained. Red. 

34 Broken, weathered. Sandstone, 10.7 
erosive base, internal channel-
shaped erosion surfaces overlain 
by sets and cosets of small to 

85.3 

99.6 

99.9 

100.6 

101.1 

108.7 

117.8 

122.4 

133.l 
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large scale trough cross-
strati fication and plane 
stratification, upper parts 
of some units are current ripple 
cross-laminated, within 1.0 m of 
bottom is a very lenticular (0 to 
1.6 m thick) body of conglomerate, 
matrix (medium to coarse sandstone), 
to clast supported, quartz 
pebbles up to 10 cm in diameter, 
some mudstone clasts up to 5 cm 
in diameter, abundant large plant 
fragments (Archaeopteris), medium 
to coarse-grained, reddish. 

35 Covered red mudstone. 

36 Sandstone, broken, erosive base 
with flute-casts (Nl55W), lower 
1.3 m large scale trough cross-
stratified, middle 2.7 m plane-
laminated, upper .9 m small to 
medium scale trough cross-
stratified, this unit is very 
lenticular (thins to 0 along 
outcrop). 

37 Sandstone, broken, erosive base 
with flute-casts(Nl48W), medium 
scale trough cross-stratified, 
this unit very lenticular (thins 
to 1.1 m along outcrop). 

38 Covered. Mudstone? 

39 Cycle. Lower 2.7 m sandstone. 
very broken, medium to large scale 
trough cross-stratified, medium 
grained. Upper 4.9 m covered 
mudstone. Red. 

40 Cycle. Lower 4.3 m sandstone, 
broken, erosive base, 
lower 2.7 m portion small 
to medium scale trough cross-
stratified, fine to medium grained, 
upper 1.6 m current ripple cross-
laminated, very fine grained, 
grades up into 8.5 m mudstone. 
Red. 

5.5 138.6 

4.9 143.5 

5.2 148.7 

13.7 162.4 

7.6 170.0 

12.8 182.8 
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41 Sandstone, broken, erosive base 
with flute-casts(Nl21W), 
medium to large scale trough 
cross-stratified, a few tabular 
sets of cross-stratification (up to 
.6 m thick), medium-grained, red : 

5.2 188 . 0 
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