
McGhee (1976) described a brachiopod-pelmatozoan-dominated 
faunal assemblage for the lower Mallow Member.

from McGhee, 1976, p. 120.

McGhee (1976) noted a brachiopod-dominated faunal assemblage
for the upper Mallow Member.  Note the presence of benthic algae
(circled).

from McGhee, 1976, p. 126.

McGhee (1976) interpreted the lower Mallow
as pro-delta deposits and the upper Mallow
as back-barrier lagoonal in origin.

lower 
Mallow

upper
Mallow

modified from McGhee, 1976, p. 133.
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ABSTRACT

Unusual microfossils recently recovered from the Upper Devonian Foreknobs Forma-
tion (Greenland Gap Group) of eastern West Virginia suggest that the paleoenviron-
mental model for the unit may need revision or refinement.  In 2012, during an in-
vestigation of fresh outcrop exposures of Devonian strata along the Corridor H highway 
construction project in Hardy County, east of Moorefield, WV, rock samples from lower-
most Foreknobs containing a large number of spherical fossil voids resembling ooids 
were recovered.  Because the Foreknobs is a siliciclastic unit with no associated 
carbonate, the discovery of ooids would be of significance.  Consequently, a number 
of thin sections were made and examined.  No ooids were present.  However, the 
spherical objects were determined to be calcispheres, identifiable as the fossilized 
spore bodies of algae.  Two types of calcispheres were present in equal number – 
Sycidium sp., attributed to fresh to brackish water green algae and Radiosphera sp., 
attributed to planktonic marine algae.  In addition, a single oncoid coated with filaments 
of the calcified cyanobacteria Girvanella sp. was observed.  The remainder of the 
grains composing the rock consisted of echinoderm fragments, small brachiopods, 
and detrital quartz.  Taken as a whole, this combination of sedimentary material sug-
gests paleoenvironments ranging from fluvial to brackish water lagoon to back-reef 
marine to normal marine shelf.  While the assemblage probably represents a storm 
deposit, it indicates sedimentary “sampling” of Foreknobs depositional environments 
that are not preserved or not yet exposed in this part of the Appalachians.
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Stratigraphic terminology for the Upper Devonian strata of eastern
West Virginia and western Virginia.  Lithologic description from 
Rossbach and Hall, 1998.  Terminology for the Greenland Gap 
Group from Dennison, 1970; 1988; 1996.

Sample CH-1-12 was recovered from the Corridor H right-of-way,
east of Moorefield, WV.  Location is shown plotted on a segment of
the Moorefield bedrock geologic map (Dean and others, 2004).

Pocahontas

Hardy

Lowermost Foreknobs material containing
calcisphere has been recovered from two
counties (Pocahontas and Hardy - see map
to the left).  Thus far, only the sample from 
Hardy County has been studied petro-
graphically.

The first example (PK-24-09) of Foreknobs material containing 
calcispheres was collected in Pocahontas County, WV during 
mapping reconnaissance in 2009.  At the time, the unusual tex-
ture of the rock was attributed to an unidentified “encrusting fossil”
and not examined in detail.  Coin is 3 cm in diameter.

Shown above is a large piece of Foreknobs float from the Hardy
County locality visited in 2012.  A distinct layer marked by numerous 
spheroidal voids is clearly visible - the authors speculated that these
might represent ooids lost by dissolution or plucking.  Coin is 3 cm in
diameter.

Sample CH-1-12 collected from the Hardy County locality was pre-
pared into a number of thin section slices taken parallel to and at 
right angles to bedding.  Coin is 3 cm in diameter.

Microphotograph of CH-1a-12 showing a calcisphere identified as 
Radiosphera sp.  The radially fibrous, isopachous outer wall and 
inner wall composed of opaque, framboidal pyrite (arrow)  are typical.
Crossed polars; transmitted, polarized light

Microphotograph of CH-1b-12 showing a calcisphere similar to 
CH-1a-12 except that there has been distortion of the shape of the 
sphere during compaction.  In addition, the central cavity is filled with
sparry calcite crystals.  Crossed polars; transmitted, polarized light.

Microphotograph of CH-1e-12 showing an oncoid with a coating of 
Girvanella sp. filaments (calcified cyanobacteria) intact and un-
abraided except for one margin.  Core of the grain appears to be 
primarily recrystallized micrite with inclusions of siliciclastic and 
other detritus.  Crossed polars; transmitted, polarized light.

Microphotograph of CH-1e-12 – further enlargement of the core of 
the oncoid showing angular quartz silt (qtz) and a single detrital zir-
con (zr) grain.  Girvanella sp. filaments are not notably micritized 
along their margins, suggesting relatively rapid burial.  Crossed 
polars; transmitted, polarized light.

Microphotograph of CH-1e-12 – enlargement of the core of the on-
coid showing angular quartz silt.  The calcite-cemented, siliciclastic
matrix of the rock is visible along the right margin.  Girvanella sp. 
filaments do not appear abraded from transport of the oncoid prior
to deposition.  Crossed polars; transmitted, polarized light.

Paleogeographic reconstruction by Blakey (2013) places West 
Virginia at 20-25° south latitude in the Late Devonian.  Examination 
of various COSUNA charts for states along this paleolatitude in-
dicates that the only significant carbonate accumulations of this age
are in AZ and NM (circled).
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modified from Kirchgessner, 1973, p. 58.

Kirchgessner (1973) interpreted the sediments of the Mallow
Member as upper slope turbidites and shelf-margin deposits.

Microphotograph of CH‐1c‐12 showing crinoids columnals (cr), a 
partially intact calcisphere (arrow) probably Radiosphera sp. (Ra), 
and an example of the Sycidium sp. (Sy) with poorly preserved
scalloping on the thick outer wall. A single brachiopod valve is 
visible near the right of the slide.  Crossed polars; transmitted, po-
larized light.  This slide, complete with abundant quartz silt, is repre-
sentative of sample CH-1-12.

Microphotograph of CH-1d-12 showing an example of Sycidium sp. 
with good preservation of scalloping on the exterior wall.  Crossed 
polars; transmitted, polarized light.

Microphotograph of CH-1c-12 showing an example of Sycidium sp. 
with a nearly intact scalloped outer wall.  Notice that the thick wall of 
the oogonium is composed of a single sparry calcite crystal.  
Crossed polars; transmitted, polarized light.

Devonian and Carboniferous calcispheres similar to Radiosphera sp.
have been interpreted as reproductive cysts of dasyclad algae (Mar-
szalek, 1975) or of planktonic green algae (Kazmierczak, 1975).

Calcified cyanobacteria like Girvanella sp. in Paleozoic deposits are 
associated with tidal and subtidal deposition in reef and carbonate
platform settings (Flügel, 2004, p. 410).

“Calcispheres”

Distribution of algal components in thin sections of Phanerozoic 
rocks.  Types of material encountered in the lower Foreknobs For-
mation are circled.  Modified from Flügel, 2004, p. 405. 

Environmental distribution of algal components encountered in 
the lower Foreknobs Formation (circled).  Although this figure was
prepared for Carboniferous strata, the components of interest are
believed to have had a similar origin in Upper Devonian deposits.
Modified from Flügel, 2004, p. 436.  NOTE: these environments 
are associated with a carbonate platform setting.

The algal materials seen in thin sections of the sample from the
lower Foreknobs are clearly allochthonous based on their pre-
sence in predominantly siliciclastic rocks.  However, their origin
appears to have been in a carbonate-producing environmental
setting.

DISCUSSION

The discovery of a suite of unusual calcareous microfossils in
siliciclastic strata of the Upper Devonian Foreknobs Formation
in eastern West Virginia, raises questions regarding the exis-
ting interpretation of depositional and paleoecological settings
for the formation.  Carbonate strata are not a “typical” com-
ponent of any portion of the Foreknobs and examination of the 
unit in eastern West Virginia would suggest that siliciclastic in-
put during deposition of the Foreknobs should have precluded
primary carbonate deposition.

During the Late Devonian, the paleogeographical position of
West Virginia at 20-25° S was not too dissimilar to that of
Arizona and New Mexico where carbonate deposits of that
age are present.  Upper Devonian carbonates are lacking in 
eastern North America probably due to the proximity of a 
major source of siliciclastics in the highlands directly to east.

The calcareous microfossils encountered in the Foreknobs
appear to have originated in a carbonate-producing environ-
ment.  Although ultimately deposited in a siliciclastic setting, 
the lack of abrasion and transport damage to relatively fragile 
carbonate materials suggests that the duration or intensity of 
transport was not great.  More importantly, the presence of 
these fossils raises the questions of where the suspected car-
bonate environments were situated and why there are not 
more examples or even indications of their presence preserved 
in the rock record.

  

Explanation and examples of calcispheres attributed to calcareous
green algae (charophytes).  Sycidium sp. is similar to “C.”  Modified 
from Flügel, 2004, p. 448.

Outcrop photo of the basal Foreknobs Formation showing a thin,
lenticular layer containing carbonate debris.  This material has been
collected and will be used for additional petrographic work.  We hope
to find more examples of the unusual spheroidal objects.  Hammer 
for scale.
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