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ABSTRACT

The Pella Formation of southeastern Iowa has been
correlated variously with the St. Louis Limestone and the
Ste. Genevieve Limestone of the upper Meramecian and
lower Chesterian stages, respectively, of the type Mississip-
pian succession. The age of the Pella Formation is of interest
because in Keokuk County the Pella immediately overlies
a fossil tetrapod deposit that is the oldest of its kind in North
America. It sits above Romer’s Gap in the fossil record of
early tetrapod evolution. Occurrences of the foraminifer
Asteroarchaediscus rugosus indicate that the Pella Formation
can be no older than the upper part of the Ste. Genevieve
Limestone. Foraminifers are not useful in constraining the
upper age limit of the Pella, but previously reported
conodonts assignable to the Gnathodus bilineatus–Cavusg-
nathus charactus Assemblage Zone (5Lower bilineatus Zone;
Faunal Unit 9) suggest that the unit can be no younger than
mid-Renault Limestone of the Chesterian reference area. The
foraminifer Holkeria avonensis occurs abundantly in the
Pella Formation. This is the youngest occurrence of the genus
and species anywhere in the world, as Holkeria spp.
previously were known only from the Holkerian–lower Asbian
stages (lower Upper Visean) in Britain, and from the lower
St. Louis Limestone (5Salem Limestone equivalent) in the
upper Meramecian of midcontinental North America.

INTRODUCTION

The Pella Formation is the youngest Mississippian rock
unit in Iowa. Its patchy surface distribution in the
southeastern part of the state is controlled both by modern
erosion and deep incision associated with the pre-Pennsyl-
vanian unconformity. Bain (1895) named the ‘‘Pella beds’’
as the uppermost of three stratal units assigned to the St.
Louis Limestone, later elevated to formation rank by Van
Tuyl (1925). The type area is near the town of Pella in
Marion County, with scattered outcrops also in Mahaska,
Wapello, Van Buren, Lee, Henry, Jefferson, Washington,
Keokuk, Poweshiek and Webster counties (Fig. 1; Rexroad
and Furnish, 1964). In the northwestern (type) part of its
distribution, the Pella consists of a lower, thin (1–2 m),
bioclastic and oolitic limestone and an upper, thicker
(,7 m), highly fossiliferous marl. The combined limestone
and marl strata locally reach a thickness of 15 m in the
subsurface. In the southeastern outcrop area, the Pella is
a 3–5 m thick limestone with no overlying marl (Witzke,
2004).

There has been some confusion regarding the placement
of the lower boundary of the Pella Formation. Van Tuyl

(1925), Rexroad and Furnish (1964), Johnson (1967), and
Johnson and Vondra (1969) included within the Pella
a sequence of non-marine limestones, Stigmaria-bearing
sandstones, and carbonaceous shales beneath bioclastic and
oolitic limestones of unquestioned marine origin. Witzke
(1987) redefined the Pella Formation to exclude non-marine
lithologies below the lowest brachiopod- and(or) bivalve-
bearing limestones. He reassigned the non-marine units to
the Waugh Member of the ‘‘St. Louis’’ Formation, while
noting that the ‘‘St. Louis’’ in Iowa is lithologically distinct
from the type St. Louis and probably should receive a new
name (see also Witzke and others, 1990; Witzke, 2004).
According to Witzke’s (1987) definition, followed herein,
the base of the Pella Formation is developed on a regional
disconformity, and the lowest limestones of the Pella are
marine transgressive deposits.

Correlation of the Pella Formation to equivalents in the
type Mississippian succession has been somewhat contro-
versial. Like Bain (1895), Worthen (1858) and White (1870)
regarded the then-unnamed ‘‘Pella beds’’ as part of the St.
Louis Limestone. Nickles and Bassler (1900) and Weller
(1909) were the first to suggest a correlation between the
‘‘Pella beds’’ and the Ste. Genevieve Limestone. Weller and
Van Tuyl (1915) reported field observations to further
support this correlation, so that equivalence between the
Pella and the Ste. Genevieve was accepted by Lees and
Thomas (1919), Van Tuyl (1925), Moore (1935) and most
subsequent workers. Conodonts from the Pella Formation
were studied by Youngquist and Miller (1949) and Rexroad
and Furnish (1964). Both studies demonstrated close
similarity between the faunas of the Pella Formation and
the Ste. Genevieve Limestone, although the former authors
regarded only the upper marl facies as the Pella Formation
while referring the lower marine limestone to the St. Louis
Limestone. Witzke (1987) and Witzke and others (1990)
reviewed additional evidence for correlating the Pella
Formation with the Ste. Genevieve Limestone. In the
earlier of the two papers, Witzke (1987) outlined three
possible correlations between the ‘‘St. Louis’’–Pella interval
in Iowa and the standard Mississippian section (Fig. 2). He
favored an interpretation that equated the Pella with
the lower Ste. Genevieve, and the Iowa ‘‘St. Louis’’ with
the type St. Louis (Fig. 2, case C). In the second paper,
largely on the basis of new transgressive–regressive cycle
correlations, Witzke and others (1990) adopted an alterna-
tive interpretation in which they regarded the Verdi and
Waugh members of the Iowa ‘‘St. Louis’’ as lower Ste.
Genevieve equivalents, and the Pella as an upper Ste.
Genevieve equivalent (Fig. 2, case B).

The Pella Formation has been assigned variously to the
Meramecian and Chesterian stages of the Mississippian
Subsystem. These contrasting chronostratigraphic assign-
ments mainly reflect instability with respect to the position
of the Meramecian–Chesterian boundary itself in the type
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Mississippian succession. Although the Ste. Genevieve
Limestone was not included in the original definition of
the Meramec Group by Ulrich (1904), it was placed in the
Meramecian Series (now Stage) by Weller (1920) and
subsequent authors, including those with U. S. Geological
Survey. Maples and Waters (1987) reviewed evidence for
excluding the Ste. Genevieve Limestone from the Merame-
cian Stage. They advocated placing the Meramecian–
Chesterian boundary at the base of the Ste. Genevieve
Limestone, a level that is both historically justifiable and
coincident with biostratigraphically-important changes in
conodont and foraminiferal faunas (Lane and Brenckle,
2005).

Interest in the age of ‘‘St. Louis’’ and Pella strata in
southeastern Iowa increased dramatically upon the 1985

discovery of a fossil vertebrate deposit in the Waugh
Member of the ‘‘St. Louis’’ Formation at Heimstra Quarry
near the town of Delta in Keokuk County (McKay and
others, 1987). The so-called ‘‘Delta Amphibian Site’’ is
remarkable for containing primitive tetrapods in addition
to a variety of bony fish and sharks (Bolt and others, 1988;
Lombard and Bolt, 1995; Bolt and Lombard, 2000, 2006).
The oldest known tetrapods are Late Devonian, but the
study of early tetrapod evolution is compromised because
specimens of Tournaisian–early Visean age are extremely
rare (Clack, 2002, 2006), an unfortunate deficiency in the
fossil record known as Romer’s Gap. The Delta site
contains one of the world’s oldest tetrapod assemblages
from immediately above Romer’s Gap, and it is the oldest
well-preserved tetrapod assemblage in North America.

FIGURE 1. Index map to southeastern Iowa, with surface distribution of Mississippian units shaded; and columnar stratigraphic sections showing
positions of microfossil samples. Localities as follows: locality 1, SW NE NW sec. 30, T76N, R15E, Mahaska County; locality 2, NW SE SE sec. 14,
T74N, R13W, Keokuk County; locality 3, NW SW sec. 13, T74N, R13W, Keokuk County; locality 4, SW SE SE sec. 36, T71N, R13W, Wapello
County; locality 5, NW NE SW sec. 1, T68N, R10W, Van Buren County. Map provided by B. J. Bunker (Iowa Geological Survey). Columnar section
for locality 5 redrawn after Witzke (2004).
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Efforts to establish the precise age of the ‘‘St. Louis’’ beds
at Heimstra Quarry include Woodson’s (1987) study of
foraminifers from the Verdi Member. Although the Verdi
foraminiferal fauna is fairly diverse, it lacks diagnostic taxa
and was interpreted tentatively as early Chesterian (early
Ste. Genevieve) largely on the absence of typical St. Louis
forms such as Eoendothyranopsis Reitlinger and Rostovt-
seva in Reitlinger, 1966, Eoforschia Mamet, 1970, Globoen-
dothyra Reitlinger in Voloshinova and Reitlinger, 1959, and
the problematicum Koninckopora Lee, 1912. Separately,
Riley and others (1999) reported the foraminifer Holkeria
Strank, 1982 from an unspecified section of the Pella
Formation near the tetrapod site. Because Holkeria is
a short-ranging genus in Western Europe, they suggested
a correlation between the Pella and the Holkerian to lower
Asbian stages of Britain (5Livian to lower Warnantian
stages of Belgium). According to correlations presented by
Lane and Brenckle (2005), the Holkerian–lower Asbian
interval is equivalent to the upper Warsaw–St. Louis
interval of the type Mississippian, a level that is slightly
older than the Ste. Genevieve with which the Pella
Formation has been correlated in recent years. In order to
resolve this and other problems in Iowa’s Mississippian
stratigraphy, Witzke and Bunker (2005) included a study of
foraminifers from the Pella Formation in their list of
important projects for further research.

LOCALITIES AND SAMPLING

Samples for this study were collected at five localities in
Mahaska, Keokuk, Wapello and Van Buren counties
(Fig. 1). The stratigraphy of the Pella Formation at the
localities in Mahaska and Keokuk counties is remarkably
similar: in both areas the formation consists of a thin, basal
limestone overlain by a thicker marl. Six samples were
taken from the lower limestone unit along the north wall of
an abandoned quarry immediately south of the Mahaska
County Conservation Center (Fig. 1, loc. 1). Ten and nine
samples, respectively, were collected from the lower
limestone at two localities in Keokuk County (Fig. 1, locs.
2 and 3) situated just a few kilometers south of the
vertebrate-bearing Heimstra Quarry. Both of the Keokuk
County localities were described in detail by McKay and
others (1987). The first (loc. 2) is a section exposed in the
cutbank and streambed of an unnamed tributary to Waugh
Branch on the Kessel family property, approximately
180 m upstream from the nearest road crossing. The second
(loc. 3) is at the southwest corner of the abandoned Taylor
Quarry about 0.5 km northeast of the Kessel property site.
Eight core samples from southern Wapello County (Fig. 1,
loc. 4) were obtained from an Iowa Geological Survey coal
exploration well that penetrated the Pella Formation at
depths of 43.5–48.9 m beneath the surface. The Pella in this

FIGURE 2. Possible correlations of the upper Warsaw–Pella interval in southeastern Iowa with the standard Mississippian section in Illinois
(modified from Witzke, 1987). Conodont faunal units (FU) as follows: FU 7 5 texanus Zone; FU 8 5 scitulus-scalensus Zone; FU 9 5 Lower
bilineatus Zone; FU 10 5 Upper bilineatus Zone [see Lane and Brenckle (2005) for discussion]. Witzke and others (1990) erected the Yenruogis
Member of the ‘‘St. Louis’’ Formation in Iowa between the Croton and Verdi members, but for simplicity it is not shown here.
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well consists entirely of limestone, with the marl facies
absent because of non-deposition or pre-Pennsylvanian
erosion. Ten samples were collected from the 4.5-m-thick
Pella Formation at an abandoned Civilian Conservation
Corps quarry in Lacey-Keosauqua State Park in Van Buren
County (Fig. 1, loc. 5). No marl is present at this section,
which was described in detail by Witzke (2004).

FORAMINIFERAL BIOSTRATIGRAPHY

Occurrences of calcareous foraminifers, algae, and
problematica at each of the five localities are shown in
Figure 3. Representative specimens are illustrated in
Plates 1 and 2. Upper Meramecian–Chesterian foraminif-
eral occurrences in the midcontinent region that form a basis
for comparison with the Pella assemblage have been
documented by E. J. Zeller (1950), D. E. N. Zeller (1953),
Browne and Pohl (1973), Browne and others (1977), Baxter
and Brenckle (1982), Brenckle (1991), and Lane and
Brenckle (2005). Composite stratigraphic ranges of taxa
occurring in the St. Louis Limestone–Beech Creek Lime-
stone interval of the type Mississippian succession are
shown in Figure 4.

The Pella Formation contains a low-diversity assemblage
of calcareous microfossils including certain long-ranging
forms of minimal biostratigraphic utility such as Earlandia
spp. (Pl. 1, Figs. 27, 28), Asphaltinella sp. (Pl. 1, Figs. 24,
26), and salebrids (Pl. 1, Figs. 23, 25, 29, 32). Encrusting
foraminifers (calcitornellids and calcivertellids; Pl. 1, Figs.
14, 15) also occur in the Pella, and they have been observed
elsewhere as low as the upper Salem Limestone–lower St.
Louis and as high as the Permian. Their occurrence in the
Pella Formation indicates only a late Meramecian or
younger age. Endothyra ex gr. E. bowmani Phillips, 1846
emend. Brady, 1876 (Pl. 1, Figs. 33–36) and Endostaffella
discoidea (Girty, 1915) (Pl. 1, Figs. 16–22) are relatively
minor elements of the Pella assemblage. Neither is known
below the upper St. Louis Limestone of the type
Mississippian area, further constraining the lower age limit
of the Pella Formation. The most significant foraminiferal
occurrence in the Pella is that of Asteroarchaediscus rugosus
(Rauser-Chernousova, 1948) (Pl. 1, Figs. 1–9). This and
other Asteroarchaediscinae (e.g., Asteroarchaediscus spp.
and Neoarchaediscus spp.) have not been observed else-
where below the upper Ste. Genevieve Limestone (Lane and
Brenckle, 2005), and they range upward into the lower part
of the Middle Pennsylvanian. Thus, on the basis of A.
rugosus, the Pella can be no older than upper Ste.
Genevieve.

The upper age limit of the Pella is less well constrained
because all of the recovered taxa are known to range
upward into the Pennsylvanian Subsystem or higher.
Moreover, post-Ste. Genevieve strata of the lower and
middle part of the type Chesterian succession are difficult to
characterize foraminiferally because few new taxa appeared
before the Menard Limestone of late Chesterian age (Lane
and Brenckle, 2005). Conodonts from the Pella Formation
were assigned by Rexroad and Furnish (1964) to the
Gnathodus bilineatus–Cavusgnathus charactus Assemblage
Zone, which was equated by Lane and Brenckle (2005) with
the Lower bilineatus Zone (5Faunal Unit 9). This suggests

that the Pella is no younger than mid-Renault, where the
boundary between the Lower and Upper bilineatus zones
occurs (Lane and Brenckle, 2005). The conodont evidence is
somewhat equivocal, however, because the base of the
Upper bilineatus Zone (Faunal Unit 10) is defined by the
disappearance of Rhachistognathus n. sp. (5Spathognatho-
dus muricatus of Thompson, 1972), and further character-
ized by the disappearances of Geniculatus claviger (Roundy,
1926) and Cavusgnathus charactus Rexroad, 1957, none of
which has been reported from the Pella. Thus, the Pella is

FIGURE 3. Calcareous microfossil occurrence chart.
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regarded as pre-Upper bilineatus Zone partly on negative
evidence.

Specimens assigned to Holkeria avonensis (Conil and
Longerstaey in Conil and others, 1980) are by far the most
abundant foraminifers in the Pella assemblage. Their
occurrence is not central to the present biostratigraphic
interpretation, but it requires discussion insofar as Holkeria
spp. are generally rare in North America and previously
have not been observed above the lower part of the St.
Louis Limestone of the type Mississippian (Lane and
Brenckle, 2005, fig. 55). The genus and all of its constituent
species are known from Britain where they are biostrati-
graphically useful in shelf carbonates of the Holkerian and
lower Asbian stages (Conil and others, 1980; Fewtrell and
others, 1981; Strank, 1982; Ebdon and others, 1990; Riley,
1993; Barclay and others, 1994). Correlations by Lane and
Brenckle (2005) equated the Holkerian–lower Asbian
interval with the Meramecian Stage of the North American
midcontinent. If these correlations are correct, then the

Pella occurrences of H. avonensis represent not only an
upward range extension of the genus and species in North
America, but also the youngest known occurrences in the
world.

TAXONOMIC NOTES

Strank (1982) designated Rhodesina avonensis Conil and
Longerstaey in Conil and others, 1980 as type species of the
genus Holkeria. Her original diagnosis reads as follows
(Strank, 1982, p. 145): ‘‘Thick undifferentiated agglutinated
wall, droplet shaped chambers; cribrate aperture in final
one or two chambers.’’ On the basis of our examination of
the type illustrations and approximately 300 specimens
from the Pella Formation, we have observed that the wall is
not agglutinated but rather a secreted, microgranular,
calcareous layer with scattered adventitious grains (Pl. 2,
Figs. 5, 13, 14, 19). The final one or two chambers in
specimens with 2–2.5 volutions normally are larger and

FIGURE 4. Composited stratigraphic ranges of uppermost Meramecian through lower Chesterian calcareous microfossils of the type Mississippian
succession [not all lithostratigraphic units shown; redrawn from figures 55 and 56 in Lane and Brenckle (2005)]. Taxa denoted by the letter ‘‘P’’ are
those recovered from the Pella Formation. Age of the Pella (shaded rectangle) is no older than upper Ste. Genevieve on the basis of foraminifers, and
probably no younger than mid-Renault on the basis of conodonts.
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more inflated than earlier chambers, and in some specimens
both the apertural face and the final septum are cribrate
(Pl. 2, Figs. 11, 12). The Pella Formation includes many
specimens in which two or more uniserial chambers are
added to the last part of the coiled test to produce
a rectilinear, uncoiled, final growth stage. The aperture in
the uncoiled chambers is reduced to a single circular or
ovate opening in the center of the apertural face (Pl. 2, Figs.
15, 16). Furthermore, the bimorphic tests differ from the
more typical ones in the apparent absence of cribration in
the final few septa of the coiled stage. Uncoiled specimens
of H. avonensis have not been reported previously.
Nevertheless, we assign these specimens to H. avonensis
because they occur in samples along with unquestioned H.
avonensis (Fig. 3), and because the coiled portion of the
bimorphic tests generally resembles the tests of typically
coiled H. avonensis. The bimorphic specimens also resemble
Granuliferelloides nalivkini (Malakhova, 1956) from upper
Kinderhookian to lower Osagean strata in North America,
and from upper lower to upper Tournaisian strata in
Europe (Brenckle and Hance, 2005). Specimens referrable
to Granuliferelloides McKay and Green, 1963 have never
been observed above the lower Osagean in cratonic North
America (Lane and Brenckle, 2005). If our uncoiled
specimens are in fact assignable to Granuliferelloides and
not Holkeria, then the known range of Granuliferelloides
would be extended upward quite significantly.

The Pella Formation contains some very small endothy-
roideans with an initial skew-coiled volution followed by
two planispiral or nearly planispiral whorls (Pl. 1, Figs. 16–
22). These specimens exhibit an undifferentiated microgranu-
lar wall without secondary deposits. They closely resemble
specimens described and illustrated by Rich (1980) as Priscella
sp. B from Chesterian strata in the southern Appalachians.
The genus Priscella Mamet, 1974 is probably a junior
synonym of Endothyra Phillips, 1846 emend. Brady, 1876
because its type species, Endothyra prisca Rauser-
Chernousova and Reitlinger in Rauser-Chernousova and
others, 1936, possesses secondary floor deposits (Brenckle,
2005, p. 27). Accordingly, we refer our specimens to
Endostaffella aff. E. discoidea. The Pella specimens are
generally smaller and possess fewer volutions than the types
of E. discoidea from the lower Chesterian Batesville Sandstone
of Arkansas, but these differences may be ecophenotypic.
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