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Abstract - The Beekmantown and St. Paul Groups in western Maryland, including the mostly complete section exposed along the Chesapeake & Ohio Canal National Historic Park, preserve the best record available of deposition during the Early and Middle Ordovician in the central Appalachian basin. Conodonts and trilobites from this area can be used, not only to document the age and correlations of the formations and their members, but also to test and constrain the sequence/cycle stratigraphy and depositional history for this time interval in this part of eastern Laurentia. 

 



         ____________________ 

Introduction

E

arly Paleozoic strata in the central Appalachian basin record a prolonged deepening and shallowing event (first-order cycle of Vail and others, 1977) that began in the latest Precambrian and continued into the early Middle Ordovician. Sloss (1963) termed the unconformity-bounded package created by this cycle the Sauk Sequence. Vail and others (1977) concluded that the transgressive apex of this first-order cycle coincided with shorter term second- and third-order transgressive episodes that all reached their maxima sometime in the early Ordovician. Although the stratigraphic position of this transgressive peak is evident throughout the cratonic interior of the United States, it is not as well constrained within the marginal orogenic belts, in part owing to regional tectonic signals. In the central Appalachians, this major deepening maximum resulted in the deposition of the Lower Ordovician Stonehenge Limestone, which Hardie (1989) and Taylor and others (1992) interpreted as a third-order cycle. If these interpretations are correct, the Stonehenge Limestone represents the time of maximum deepening for the Sauk Sequence, or at least for the highest of three subsequences (Sauk III) delineated by Palmer (1981) and subsequently recognized by Read (1989) as his Sequence 5. Rock exposures in and near C & O Canal National Historic Park in western Maryland provide one of the most complete stratigraphic sections to preserve a record for this interval of time anywhere in the Appalachian region. [As with all artifacts, plants, and animals, the fossils from this and other National Parks can be collected only with formal permission from the appropriate Park Superintendent.] The section described in this paper occurs along the Potomac River in Washington County, Maryland, approximately frommile-markers 101 to 103.5. It begins in the upper member of the Lower Ordovician Stonehenge Limestone and continues upward through the remainder of the Lower Ordovician and the entire Middle Ordovician. This paper reports on work in progress toward refining the cyclostratigraphy and biostratigraphy of the Beekmantown Group, which represents the apex and regressive phase of Sauk III in the central Appalachians. Brezinski provided the cyclostratigraphic interpretations. Repetski and Taylor contributed the sections on conodont and trilobite faunas, respectively. 

Lithostratigraphy

The stratigraphic section along the canal was first described by Sando (1957), who measured (up-section from west to east) 3852 feet (1174 m) of the Beekmantown Group (Stonehenge Limestone through Pinesburg Station Dolomite), 370 feet (113 m) of the St. Paul Group (Neuman, 1951), and 300 feet (91 m) of the Chambersburg Limestone. While this spectacular stratigraphic section spans most of the Lower and all of the Middle Ordovician, we will concentrate in this paper on the Lower Ordovician part of the section, i.e., the Beekmantown Group. The lowest formation in the group is the Stonehenge Limestone, a regionally-extensive limestone-dominated unit in the central Appalachians that is approximately 300 m thick in the study area. It is divisible into three members: the Stoufferstown Member at the base, overlain by unnamed middle and upper members (Sando, 1958). The Stoufferstown Member consists of ribbon-bedded, siliceous limestone and is up to 70 m thick. It is best developed in Pennsylvania and Maryland, north of the Potomac, and is not as easily recognized in northern Virginia. The middle member is composed of approximately 100 m of thick-bedded, locally cyclic microbial boundstone and associated grainstones that Taylor and others (1992) interpreted as representing a barrier reef complex. The upper member comprises 150 m of thin-bedded limestone with abundant grainstone beds that locally are oolitic.
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Figure 1— Generalized location map of the C&O National Historic Park and location of study section (inset).

 

The contact between the Stonehenge and overlying Rockdale Run Formation generally is placed at the lowest tan, laminated dolomite or dolomitic limestone. The appearance of such dolomites reflects a change in depositional mode from accumulation of non-cyclic subtidal limestone in the Stonehenge, to deposition of peritidal cycles comprising shallow subtidal limestone and intertidal and supratidal dolomites in the Rockdale Run. The Rockdale Run Formation is more than 850 m thick and is dominated by fourth- or fifth-order cycles that range from 1-5 m in thickness. Subtidal lithologies at the base of a typical cycle include thin- to medium-bedded packstone to grainstone, burrow-mottled lime wackestone, and thrombolitic boundstone. These grade upsection into ribbony limestone, which is overlain by a laminated dolomite or dolomitic limestone that caps the cycle. The relative thickness of the limestone and dolomite portions of the cycles varies with their position within the formation. Low in the formation, cycles comprise thicker limestone intervals capped by thin (0.3 m) dolomites. Near the top of the formation, dolomite dominates the cycles and the limestone portions are thin (<1m) or absent.

Sando (1957) identified three lithologically distinct intervals within the Rockdale Run Formation in this area. He recognized that silicified algal masses are common in the basal 100-200 feet (30-60 m) of the formation, allowing this interval to be mapped as a chert-rich zone. About 200 feet (61 m) higher in the formation is an interval of similar thickness characterized by abundant oolitic grainstone that Sando (1957) informally termed the oolitic member. An abundance of dolomite in the upper third of the formation defined a third member, although the thickness of this upper dolomite member is highly variable. Overlying the Rockdale Run Formation is the Pinesburg Station Dolomite, the top formation of the Beekmantown Group. The Pinesburg Station is approximately 400-500 feet (120-160 m) thick and consists of cherty, laminated dolomite and burrow-mottled dolomite. Except for stromatolites, the Pinesburg Station lacks macrofossils. Conodonts are the only microfossils reported from the Pinesburg Station in this area (Boger, 1976; Harris and Repetski, 1982a). 

The Pinesburg Station Dolomite is overlain by a sequence of interbedded limestone and dolomite, termed the St. Paul Group by Neuman (1951). Neuman subdivided the St. Paul Group into a lower formation, the Row Park Limestone, and an upper unit, the New Market Limestone. The Row Park consists of massive lime mudstone with thin interbeds of laminated dolomitic limestone. It is approximately 280 feet (85 m) thick. Characteristic lithologies of the New Market Limestone include: 1) medium-bedded, burrow-mottled limestone, 2) stromatolitic limestone, and 3) gray to tan, laminated dolomite and dolomitic limestone. It is capped by a light to medium gray, micritic limestone. The New Market Limestone is approximately 220 feet (67 m) thick. Fossils are not common in either formation, but some fossiliferous horizons do occur in the upper part of the New Market Limestone. Macluritid gastropods (snails) dominate the fauna. Overlying the St. Paul Group is the Chambersburg Limestone, which comprises medium- to dark-gray, medium- to wavy-bedded and even nodular-bedded, shaly, fossiliferous limestone. 

Cycle Stratigraphy

Three different scales of cyclicity are represented by sedimentary cycles within the Beekmantown Group. Hardie (1989), Taylor and others (1992), and Cecil and others (1998) interpreted the Stonehenge as a single third-order transgressive-regressive cycle, with maximum deepening occurring during depostion of the middle member. The Stoufferstown Member appears to represent the transgressive phase, and the upper member the regressive phase of the cycle. The Rockdale Run Formation was deposited in shallow to very shallow waters during deposition of hundreds of fifth-order cycles, which are superimposed on larger (fourth- and third- order) cycles. Hardie (1989) and Cecil and others (1998) have argued that three (or more) third- or perhaps fourth-order sea level cycles are evident in this formation (Figure 2). These larger scale cycles become increasingly dolomitic toward the top of the Rockdale Run, suggesting that the deepening accomplished at the apex of each cycle was somewhat less than that achieved at the transgressive peak of the preceeding cycle. This led Cecil and others (1998) to speculate that these third- to fourth-order cycles in the Rockdale Run Formation were superimposed on an even larger scale cycle. In that context, Cecil and others (1998, fig. 13) also suggested that the faunas recognized by Sando (1957, 1958) may reflect ecological responses to deepening episodes during deposition of the Rockdale Run. Consequently, the major transgression manifested in the Stonehenge Limestone is interpreted here as apex of the Sauk III subsequence. The upper member of the Stonehenge and overlying Rockdale Run Formation are treated here as the physical record of the following regression.
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Figure 2— Relationship between lithostratigraphy, fauna and cycle stratigraphy of the Stonehenge through lower St. Paul Group along the C&O Canal at the study locality (modified from Cecil and others (1998). Conodont zonation follows that of Ross and others (1997) for the Lower Ordovician, i.e., through R. andinus Zone, and that developed by Harris and Repetski (1982b) for eastern North America/Laurentia for the lower Middle Ordovician.

The vertical arrangement of lithologies within the Pinesburg Station Dolomite and St. Paul Group led Mitchell (1982) and Brezinski (1996) to interpret these units as separate transgressive and regressive pairs. In most areas of North America, a lowstand in sea level in the early Middle Ordovician produced a major unconformity that separates the Lower and Middle Ordovician Series. Based on conodont data from scores of sections spanning the Lower to Middle Ordovician boundary interval along the U.S. Appalachians from Alabama to Vermont, Harris and Repetski (1982a, b; Repetski and Harris, 1982; 1986) demonstrated that the major unconformity, known in the central Appalachians as the Knox/Beekmantown unconformity, was pre-Blackriveran, with the maximum lowstand most likely occurring during the late Whiterockian or Chazyan. Derby and others (1991), using numerous fossil groups, as well as physical stratigraphy, applied to the thick Ordovician succession of southern Oklahoma, concluded that the maximum regional regression marking the Sauk III-Tippecanoe mega-sequence boundary occurred during the middle Whiterockian. Placed thusly, this event boundary falls within the middle to upper part of the Pinesburg Station Dolomite in the central Appalachian basin depocenter, that is, in the area including the C & O Canal section. The subsequent Ordovician deepening event in the central Appalachians produced the Chambersburg Limestone and likewise was the result of the onset of downwarping that occurred during the Taconic orogeny. This deepening produced the graptolitic black shales of the overlying Martinsburg (Brezinski, 1996). 

Biostratigraphy
Conodonts 

The conodont succession of the Lower and Middle Ordovician of the central Appalachians is known only in the broad sense, as very few of the details of that succession are published. However, it is clear that they are among the most useful guides for the correlation of these strata. Conodonts are present in nearly all of the lithologies of the Beekmantown and St. Paul Groups sampled thus far, even though rather large samples (ca. 6 kg) often are needed in the dolomites of the intertidal to supratidal facies to extract useful faunas. 

Conodonts identified by Wilbert Hass, of the U.S. Geological Survey, were the first published from the Sauk III succession of the eastern U.S. (in Sando, 1958). These small collections were extracted from limestone chips remaining from Sando's splitting for crack-out trilobites, brachiopods, and mollusks in the latter's study of the Beekmantown in western Maryland, south-central Pennsylvania, and northwestern Virginia. Hass had available only two previous publications on Lower Ordovician conodonts from North America on which to base his identifications, so most of his taxa are in open nomenclature. However, he was able to characterize correctly, if somewhat broadly, the stratigraphic position of nearly all of Sando's faunas in terms of the Missouri (Branson & Mehl, 1933) and upper Mississippi Valley (Furnish, 1938) successions that were the subjects of those previous studies. 

Since 1958, J. Boger (1976; Boger and Bergström, 1976) examined the conodonts of the upper part of the Rockdale Run Formation, Pinesburg Station Dolomite, and St. Paul Group from several localities in western Maryland, and Repetski and A.G. Harris collected the C & O Canal section, largely as part of their larger study of the Lower/Middle Ordovician boundary interval in the U.S. Appalachians (Harris & Repetski, 1982a, b; Repetski & Harris, 1982, 1986). These collections, as well as others collected recently in the course of our study of the Stonehenge interval (e.g., Taylor and others, 1992; Taylor and others, 1996) contributed to this study as well. Because of these previous studies, most of our data are from these two intervals; currently we are filling in the database for the lower through middle parts of the Rockdale Run Formation. 

From our work elsewhere in the central Appalachians, we know that the base of the Stonehenge, representing the onset of a broad regional transgression, falls at or near the base of the Cordylodus angulatus Zone (following the North American Lower Ordovician conodont zonation as used in Ross and others, 1997). The succeeding Rossodus manitouensis Zone begins well into the Stoufferstown Member of the Stonehenge. As elsewhere, this zone extends through a thick stratigraphic interval, and, while distinctive and widespread, its resistance to reliable subdivision thus far has hampered somewhat its utility for more precise correlation. The R. manitouensis Zone extends a short way, a few feet to a few tens of feet, depending on one's specific choice of contact horizon, into the basal part of the Rockdale Run Formation, where a major faunal turnover occurs (Ethington & Clark, 1971; Ethington and others, 1987). The succeeding "Low Diversity Interval" spans part of Sando's (1957) lower chert member of the Rockdale Run, thus also largely coinciding with the shallowing episode of depositional Cycle 2 as used herein. 

Our preliminary work on the lower and middle parts of the Rockdale Run Formation indicates that the Macerodus dianae Zone ranges from low in the oolitic member through some part of the overlying Lecanospira local macrofaunal zone at the C & O Canal section. Thus, the temporal range of the M. dianae Zone approximates much of the transgressive-regressive depositional Cycle 2 in this area. Details of the boundaries of this zone, and of the overlying Acodus deltatus—Oneotodus costatus Zone are not yet precisely known. However, the appearance of Oepikodus communis and Diaphorodus delicatus at at least 435 ft below the top of the Rockdale Run indicates that the base of the O. communis Zone falls within the transgressive part of depositional Cycle 3. 

The upper part of the Rockdale Run and all of the Pinesburg Station Dolomite represent chiefly very shallow environments (Cycle 4 herein). Macrofossils are extremely scarce (Rockdale Run) to lacking entirely (Pinesburg Station) through this interval, suggesting stressed conditions most likely involving elevated salinities. Thus, dating and correlation using shelly fossils is difficult to impossible. The conodonts are present in this interval but are scarce at many levels. Enough diagnostic taxa have been obtained to enable identification of all of the recognized biozones of the early and middle Whiterockian for warm shallow-water carbonate facies of eastern North America (Harris and Repetski, 1982b). The Sauk III-Tippecanoe sequence boundary, which most likely occurs in the upper part of the Histiodella holodentata or lower part of the Phragmodus polonica Zone, thus falls within the middle or upper part of the Pinesburg Station. Physical evidence for unconformity has not been demonstrated in the western Maryland area, and all of the zones are represented. Thus, any hiatus in this interval would be of minor magnitude. Strata of the overlying St. Paul Group are limestones, reflective of more normal marine conditions accompanying the initial transgressive phase of the Tippecanoe sequence. They contain more eurytopic conodont taxa and also show the return and upward increase of macrofaunas. 

Trilobites 

Trilobites collected from the lowest and highest beds of the Stonehenge Limestone establish the position of the transgressive and regressive phases of the Stonehenge depositional cycle within a finely resolved framework of zones and subzones developed for basal Ordovician strata in Oklahoma (Stitt, 1983). Collections from the basal few meters of the Stonehenge in northern Virginia (Orndorff and others, 1988) and central Pennsylvania (Taylor and others, 1992) include Clelandia texana Winston and Nicholls, and Hystricurus millardensis Hintze. These species are restricted to the Symphysurina Zone and occur only in the middle (Symphysurina bulbosa Subzone) to upper (Symphysurina woosteri Subzone) part of that zone. No trilobites have been recovered yet from the basal beds of the Stonehenge Limestone along the C & O canal. Identifiable specimens have been found at two horizons within the basal Stoufferstown Member in a pasture exposure near St. Pauls Church, approximately two miles north of the canal. Both collections, one (Sample SP4) from the basal bed of the Stonehenge and another (Sample SP5.9) from 47 feet (14.3m) above the base of the formation, are dominated by several species of Symphysurina. Sample SP4 includes two cranidia (central portion of the head) and one pygidium (tail). The cranidium (Figure 4A-B) differs from that of all previously described species of Symphysurina in possessing a deep, trough-like border furrow at the front. The same bed yielded one pygidium (Figure 4C), but too few specimens were recovered from that horizon to evaluate whether it represents the same species as the new cranidium. While discovery of a new species is always welcome, it obviously has little immediate utility for correlation to other areas. 

Sample SP5.9, collected from a thin, normally-graded bed, provided a much larger collection. The dominant species (Figure 4D) exhibits a typical, non-furrowed cranidium with a small, shelf-like anterior border. The associated pygidium is more distinctive, with a posterior margin that is flared outward slightly, particularly near the axis, producing a distinctly triangular shape. This species has not been identified yet, but a systematic search of the literature is underway to evaluate the more than 25 species of Symphysurina that have been named in previous studies. Sample SP5.9 also provided a second Symphysurina pygidium (Figure 4F), which resembles that of Symphysurina woosteri, the eponymous species of the highest of three subzones recognized by Stitt (1983) in the Symphysurina Zone in Oklahoma. However, no cranidium or librigena ("free cheek") was recovered to allow confident assignment to this species. 

Sample 5.9 also provided a few specimens of Clelandia, another genus whose species are useful for determining position within the Symphysurina and Bellefontia-Xenostegium Zones. Although the material is fragmentary, some specimens (Figure 4E) were complete enough to display distinct lateral glabellar furrows like those that characterize C. texana and C. albertensis, the two species that occur in the lower to middle part of the Symphysurina Zone throughout North America. Collectively, therefore, species recovered from the Stoufferstown Member of the Stonehenge Limestone near St. Paul's Church support earlier studies that attributed the transgression at the base of this formation to sea-level rise during deposition of the middle subzone (Symphysurina bulbosa Subzone) of the Symphysurina Zone. Additional study of the collections already in hand, and supplemental sampling of the upper half of the Stoufferstown Member in and near the C&O Canal, should allow refinement of correlation between the Appalachians and the Oklahoma standard succession. 

Additional sampling is needed to establish the position of the base of the Bellefontia-Xenostegium Zone within the Stonehenge Limestone. Neither of the collections from the St. Pauls Church section includes species of Bellefontia and Xenostegium, indicating that the base of the Bellefontia-Xenostegium Zone lies higher within the formation. Recent discovery of Clelandia parabola and Xenostegium franklinense, two species characteristic of the lower part of the Bellefontia-Xenostegium Zone, in the upper half of the Stoufferstown Member in central Pennsylvania (Taylor, in press) assigns the highest beds of that member and all of the overlying reef-dominated middle member to the Bellefontia-Xenostegium Zone in that area. No diagnostic trilobite species have yet been identified from the upper Stoufferstown or the middle member in Maryland to establish whether that zonal boundary lies at approximately the same level within the Stonehenge in the Great Valley. For that reason, we align that zonal boundary with the member boundary in Figure 2, adding a question mark to express the uncertainty as to its position within the formation. 

The scarcity of trilobite collections within the middle member also poses a problem in establishing the position of subzonal boundaries within the Bellefontia-Xenostegium Zone. The abundant occurrence of Bellefontia collieana in grainstones of the upper member in Pennsylvania and Maryland assigns those beds to the middle subzone, the Bellefontia collieana Subzone. Whether the apex of the Sauk Sequence, represented by the middle member of the Stonehenge, lies within that subzone or the underlying Xenostegium franklinense Subzone, cannot be established in the absence of trilobite data from that member. Additional sampling in the middle member is planned to resolve that issue. 

Trilobites from the upper member of the Stonehenge constrain the timing of the regression recorded by a return to cyclic peritidal deposition at the contact with the overlying Rockdale Run Formation. This culmination of the "Stonehenge Regression" apparently occurred during deposition of the Bellefontia collieana Subzone of the Bellefontia-Xenostegium Zone because the highest collections from the upper member of the Stonehenge in Maryland and Pennsylvania contain Bellefontia collieana (Figure 4G-K), which is restricted to the subzone that bears its name. The recovery of Xenostegium franklinense (Figure 4L) from beds near the top of the upper member in the C&O Canal section provides additional support for that subzonal assignment. This species occurs only in the lower two subzones of the Bellefontia-Xenostegium Zone in Oklahoma; it is not known to occur as high as the Bellefontia chamberlaini Subzone.

Collections from the upper member of the Stonehenge lack Bellefontia chamberlaini, whose lowest occurrence defines the base of the B. chamberlaini Subzone in Oklahoma. Similarly, Hystricurus missouriensis, which is also characteristic of the highest subzone, has not been found despite the recovery of large collections that include at least three other species of Hystricurus from the upper member in central Pennsylvania. Little information on faunas younger than the Bellefontia collieana Subzone is likely to emerge from the central Pennsylvania succession because the Stonehenge is overlain in that area by the Nittany Dolomite, which provides very few macrofossils, especially from low within the formation. The less pervasively dolomitized facies of the Rockdale Run Formation, exceptionally well-exposed along the C&O Canal, offers much greater potential for advancing our knowledge of trilobite faunas and conditions through the Early Ordovician as additional sampling is conducted in the Beekmantown Group in the central Appalachian region. 

Conclusions

Our preliminary work demonstrates the importance of integrating biostratigraphic and physical stratigraphic data in interpreting the depositional history of the Beekmantown Group. Improved biostratigraphic control provides greater accuracy and precision in identifying and correlating specific depositional cycles within the thick Lower Ordovician carbonate succession of this region. For example, by better constraining the limits of the Macerodus dianae conodont Zone, we can determine whether the oolitic member of the Rockdale Run Formation (Cycle 2 in this paper) correlates with an interval of off-platform carbonates at the top of the Grove Limestone in the shelfbreak succession in the Frederick Valley of Maryland (Taylor and others, 1996). Work in progress in both these areas is aimed at increasing our level of biostratigraphic control at the C & O Canal section and surrounding areas. 
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Figure 3— Scanning electron photomicrographs of some Lower and Middle Ordovician conodonts from the C & O Canal section, Washington Co., MD, and related units in the central Appalachians. Specimens are reposited in the type collections of the Department of Paleobiology, U.S. National Museum of Natural History (USNM), Washington, D.C. 20560. A, Phragmodus flexuosus Moskalenko. Lateral view of ramiform (S) element, X 70; 48 feet below top of Pinesburg Station Dolomite, section near Marion, Franklin Co., PA, USGS fossil locality no. 9302-CO, USNM 506993. B, Paraprioniodus costatus (Mound). Upper anterolateral view of P(?) element, X 105; 520 ft below top of Bellefonte Dolomite (largely correlative with upper Rockdale Run through Pinesburg Station formations), section near Tyrone, PA, USGS loc. no. 11568-CO, USNM 506994. C, Leptochirognathus quadratus Branson & Mehl. Inner lateral view of quadratiform element, X 70; Pinesburg Station Dol., same sample as fig. A, USGS loc. no. 9302-CO, USNM 506995.D, Appalachignathus delicatulus Bergström and others. Inner lateral view of S element, X 105; 435 ft above base of St. Paul Goup at its type section, Clear Spring 7-1/2 minute quadrangle, MD, USGS loc. no. 9320-CO, USNM 506996. E, Pteracontiodus cf. Pt. gracilis Ethington & Clark. Posterolateral view of quadracostate (Sd) element, X 105; 260 ft below top of Rockdale Run Formation, C & O Canal section; USGS loc. no. 11569-CO, USNM 506997. F, Histiodella altifrons Harris. Lateral view of blade-like element, X 210; top foot of Rockdale Run Formation, C & O Canal section; USGS loc. no. 11570-CO, USNM 506998. G, Chosonodina rigbyi Ethington & Clark. Posterior view, X 140; Beekmantown Group, 154 ft above base of upper limestone and dolomite member of Gathright and others (1978), Grottoes section, Rockingham Co., VA, USGS loc. no. 11571-CO, USNM 506999. H, Dischidognathus n. sp. Posterolateral view, X 140; 360 ft below top of Rockdale Run Fm., C & O Canal section; USGS loc. no. 11572-CO, USNM 507000. I, Neomultioistodus compressus (Harris & Harris). Outer lateral view of Sc element, X 70; 560 ft below top of Bellefonte Dol., section near Tyrone, PA, USGS loc. no. 11573-CO, USNM 507001. J, Plectodina n. sp. Anterior view of Sa element, X 70; same sample as Fig. E, Rockdale Run Formation, C & O Canal section, USGS loc. no. 11569-CO, USNM 507002. K, Tricladiodus clypeus Mound. Posterior view of Sa element, X 105; 85 ft above base of upper limestone and dolomite unit of Gathright and others (1978), Beekmantown Group, Grottoes, VA section, USGS loc. no. 11574-CO, USNM 507003. L, Diaphorodus delicatus (Branson & Mehl). Lateral view of P element, X 90; Beekmantown Gp., 55 ft below top of upper dolomite member of Gathright and others (1978), Grottoes, VA, section, USGS loc. no. 9248-CO, USNM 507004. M, Oepikodus communis (Ethington & Clark). Lateral view of ramiform (S) element, X 90; Rockdale Run Formation, Unit 161 of Sando (1957) at C & O Canal section, USGS loc, no. 11575-CO, USNM 507005. N, Reutterodus andinus Serpagli. Inner lateral view, X 140; Beekmantown Gp., 98 ft above base of upper dolomite member of Gathright and others (1978), Grottoes, VA, section, USGS loc, no. 11576-CO, USNM 507006. O, Eucharodus toomeyi (Ethington & Clark). Inner lateral view, X 55; same sample as Fig. M, approx. 810 feet below top of Rockdale Run Formation, C & O Canal section, USGS loc. no. 11575-CO, USNM 507007. P, Tropodus comptus (Branson & Mehl). Posterobasal view, X 60; same sample as Fig. M and O, USGS loc, no. 11575-CO, USNM 507008. Q, Toxotodus carlae (Repetski). Lateral view, X 140; approx. 6 ft below Knox unconformity, section near Lexington, VA, USGS loc. no. 11577-CO, USNM 507009. R., Colaptoconus quadraplicatus (Branson & Mehl). Lateral view, X 90; Rockdale Run Formation, same sample as Fig. M, O, and P, Unit 161 of Sando (1957), C & O Canal section, USGS loc. no. 11575-CO, USNM 507010. S, Drepanodus cf. D. concavus (Branson & Mehl). Lateral view of oistodontiform (M) element, X 55; Rockdale Run Formation, same sample as Fig. M, USGS loc, no. 11575-CO, USNM 507011. T, Cordylodus angulatus Pander. Lateral view, X 70; one foot below top of Stonehenge Limestone, C & O Canal section, USGS loc. no. 11578-CO, USNM 507012. U, Variabiloconus bassleri (Furnish). Inner lateral view, X 70; one foot above base of Rockdale Run Formation, C & O Canal section, USGS loc. no. 11579-CO, USNM 507013. V, Loxodus bransoni Furnish. Inner lateral view, X 100; same sample as Fig. U, C & O Canal section, USGS loc. no. 11579-CO, USNM 507014. W, Rossodus manitouensis Repetski & Ethington. Inner lateral view of oistodontiform (M) element, X 70; same sample as Fig. T, USGS loc. no. 11578-CO, USNM 507015. X, Rossodus manitouensis Repetski & Ethington. Posterolateral view of coniform (S?) element, X 100; same sample as Fig. U, USGS loc. no. 11579-CO, USNM 507016. Y, Scolopodus sulcatus Furnish. Outer lateral view, X 70; same sample as Fig. U and X, USGS loc. no. 11579-CO, USNM 507017. 
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Figure 4—Stereophotographs of trilobite species from the Stonehenge Limestone in Maryland and central Pennsylvania. Views are dorsal unless labelled otherwise. All specimens are housed in the invertebrate collections at Carnegie Museum of Natural History (CM). A-B, Symphysurina n. sp. 1 _ cranidium, CM 45797, X3.2; sample SP4, from basal bed of Stonehenge Limestone in St. Paul's Church section. A, dorsal view; B, anterior oblique view showing anterior border and deep border furrow. C, Symphysurina sp. _ pygidium, CM 45798, X4.5; sample SP4. D, Symphysurina sp. 2 _ CM 45799, X3.9; sample SP5.9, from Stoufferstown Member, 47 feet (14m) above base of Stonehenge in St. Paul's Church section. Medium-sized pygidium in upper left of photo; small cranidium, anterior end down, in lower right. E, Clelandia sp. _ cranidium, CM45800, X6.1; sample SP5.9. F, Symphysurina woosteri? _ pygidium, CM45801, X4.4; sample SP5.9. G-H, Bellefontia collieana (Raymond) _slightly deformed, small cranidium, CM45802, X2.9; from upper member of Stonehenge Limestone in C&O canal section, horizon 137 feet (41.8 m) below contact with Rockdale Run Formation. G, dorsal view; H, anterior oblique view. I-J, Bellefontia collieana (Raymond) _ partially exfoliated, medium-sized cranidium, CM45803, X3.2; from horizon 64 feet (19.5 m) above base of upper member of Stonehenge Limestone in central Pennsylvania, Bellefonte North section of J.F. Taylor (unpublished). I, dorsal view; J, anterior oblique view. K, Bellefontia collieana (Raymond) _ small pygidium, CM45804, X2.9; C&O Canal section, same horizon as figures G-H. L, Xenostegium franklinense Hintze _ small pygidium, CM45805, X4.5; from upper member of Stonehenge Limestone in C&O canal section, horizon 34 feet (10.4 m) below contact with Rockdale Run Formation.
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