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FIELD TRIP #1

A MID-SILURIAN CORAL-BRYOZOAN REEF
IN CENTRAL PENNSYLVANIA

by
Roger J. Cuffey, Carolyn E. Davidheiser,
Shirtey S. Fonda, Anne B. Lutz,
Laurie S. Zimmerman, and Barbara B. Skerky

Significance and Purpose

Central Pennsylvania 1ies just beyond the borders of the Great Lakes district,
renowned for its development as one of the world's earliest major coral reef
provinces. Nonetheless, Silurian rocks in our state also contain a few small

bioherms, which apparently represent scattered outliers from those major Midwestern
reef tracts (Cuffey and Davidheiser, 1979: Inners, 1984).

Une in particular among our local bioherms is of wider interest scientifically,
for two reasons. First, unlike the Great Lakes Silurian reefs, this Pennsylvania
one--near Lock Haven (Clinton County; Fig. 1)--is undolomitized and hence provides a
good view of the organisms and sediments involved in reefs at that time. Second,
bryozoans participated significantly in the construction of the Lock Haven reef, a
rather unusual and hence intriguing situation, because reef-building represents a
paleoecologic extreme for that phylum, and because bryozoan-built structures are
exotic variants among bioherms through geologic time {(Cuffey, 1977, 1985).

Consequently, we wish to showcase the Lock Haven reef here, so that its unique
features and potential contributions can be appreciated both by Pennsylvania
geclogists and also by reef- and bryozoan-oriented scientists in general. Our
chapter will therefore serve for overall summary, this conference field trip, and
future self-guided individual visits. After briefly outlining the overall setting,
we will discuss implications of our studies of the Lock Haven reef (Cuffey and
Davidheiser, 1979: Davidheiser, 1980: Davidheiser and Cuffey, 1981; Cuffey, 1985),

and then present its observable characteristics in the format of several field-trip
stops.

Initially cut into years ago by the road (then dirt or gravel) running eastward
from Castanea, the Lock Haven reef remained rather poorly exposed until mid-1972.
Then, the extremely heavy rains from Hurricane Agnes provoked much slumping along
the road cuts at the foot of Bald Eagle Mountain. These slumps, combined with
subsequent road repairs and reconstruction, improved the reef exposures signifi-
cantly for a few years. Recently, however, weathering and continued slumping are
again obscuring and covering parts of the outcrop.

In the years spent examining the Lock Haven reef, we have been assisted by many
individuals; we wish to particularly thank L. Brant, W. Bruck, G. Burgess, T. Davies,
R. Dunay, J. Head, J. Jobling, S. Krajewski, P. Kremer, R. Lanning, R. Lowright, J.
Malkames, C. McKee, G. Mertz, J. Morrison, G. Moser, G. Newton, M. Podwysocki,

J. Shultz, D. Siegel, J. Swinehart, A. Thorn, K. Wilson, and M. Zeigler.

Overall Setting

In current terminology {Cuffey, 1985), the Lock Haven reef consists of a
favositid crust-mound center, survrounded by cladoporid and trepostome frame-



thickets. The exposed surface of the Lock Haven reef displays lateral variations in
both rock and fossil characteristics, variations which can be expressed well by
grouping those materials into several lithotypes, each interpretable as having
formed within a different environmental zone. Commencing at the outer edge of the
reef (i.e., at the eastern end of the currently available outcrops), and progressing
inward (westward) toward the central or thickest part of the reef, the sequence of
lithotypes--and inferred equivalent ecozones--is platy shale and limestone (off-reef
mud bottom), massive calcarenite (surrounding sand apron), trepostome branch cogquina
{deeper reef flank), cladoporid branch coquina {shallower reef flank), favositid
reef-rock (reef crest or core), and stromatolitic rubbly limestone (reef cap)

Fig. 1; Table 1).
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The Lock Haven reef is a thick carbonate, surrounded by thinly interbedded
shales and Timestones, which represent the Rochester Shale overlain by the lower
Timestone-and-shale member of the McKenzie Formation (or equivalent portions of the
more broadly conceived Mifflintown Formation of recent usage). These strata are of
Middle Silurian age (specifically middle Wenlockian). The reef mass can be corre-
lated with particular biozones (as discussed later under Stop 6); it appears to be
founded on approximately the Rochester-McKenzie boundary and projects upward (hence
as a knob of "Rochester") into the basal McKenzie.

Regional stratigraphic correlations tie the Rochester-McKenzie contact into the
New York standard section just above the Clinton-Lockport boundary (Berry and
Boucot, 1970, at the level of the Gasport Dolomite, basal Lockport). The Gasport,
in westernmost New York state and adjacent Ontario, contains well-developed small
reefs (Crowley, 1973; Crowley and Poore, 1974), partly resembling the Lock Haven
reef with which they are contemporaneous. ({Lichenaliid-bryozoan reefs described
from the basal Rochester or uppermost Irondequoit in that area by Sarle, 1901, are
somewhat older; Hewitt and Cuffey, 1985; Brett, 1982, 1983a, 1983b).



Moreover, as a mid-Silurian reef, the Lock Haven deposit is at least roughly
correlative with the vast Great Lakes Silurian reef complex. Several different
times of reef initiation and growth {reef "generaticns") can be distinguished within
that reef complex (Shaver, 1977; Shaver and others, 1978). One early, short-lived
generation, early in middle Wenlockian time, consists of the Gasport reefs, and
hence also the Lock Haven reef as a contemporaneous southeastern outlier.

During the Middle Silurian, North America was in an eguatorial position, mostly
shallowly submerged, and dominated by carbonate sedimentation, much like the modern
Bahama Banks. Still isolated from most other land masses, the continent was being
approached closely by one other, the Baltic-shield craton (Ziegler and others, 1977:
Dott and Battem, 1976). A large region, centered on the Michigan Basin but
extending outward far across the surrounding shallow shelves, developed a vast reef
complex. The edge of this reefal sea graded eastward into a shallow muddy bottom
perhaps slightly deeper or basinal, which in turn abutted against mountainous
islands along the eastern margin of the continent. A few small patch reefs

developed in that mud-bottomed Appalachian sea, and one of them is now preserved and
exposed as the Lock Haven reef.

TABLE 1.

PRESERVED FACIES

Summary of observed and inferred features of the Lock Haven reef

OFF-REEF | CALCARENITE | TREPOSTOME | CLADOPORID | FAYVOSITID REEF
SUMMARY NAME SHALE APRON FLANK FLANK CORE CAP
{stop numbers) {5) {4} {3 {2) (1 {7,8,9)
enyironment —open level bottom-—- | o reef mound or bioherm
I
ecozone off-reef |circum-reef |—reef flank or slope—— reef top
mud sand deep shallow reef crest reef
bottom apron flank flank or core flat
habitat barren barren bryozoan coral coral algal
mud sand thickets thickets heads domes
depth ——-deep {but see texi)-— | moderately moderately very intertidal
deep shallow shallow
dominant phylum or class - - bryozoans |————-=COT AT S§ algae
}
dominant order - -- trepostomes tabulates — 1 stromatolites
dominant genus and species - - Monotrypa Cladopora | Favosites Colienia
- benjamini seriata [niagarensis sp.
dominant growth form - - e -branches heads or domes —
|
general rock type shale limestone
particular platy massive B branch massive stromatolitic
Tithotype shale calcarenite coquina binlithite cap
specific reef-rock mudstone bafflestone, cruststone,
or carbonate-rock maristone,; grainstone rudstone, rudstone globstone bindstone,
types micstone floatstone rudstone
bedding shaly massive e i =bedded ~—mme massive massive
characteristics lTaminated




Reef Recognition

Recognition of the Lock Haven deposit as a fossil reef results from several

detailed observational comparisons, rather than its geometric form (because that is
so poorly exposed).

First, the suite of organisms preserved there abundantly--the coral heads, and
coral and bryozoan branches--are typical of reef deposits in general, rather than of
level bottoms. Indeed, this particular fact was what triggered Hoskins' (1964)
original recognition of the reefal nature of this deposit.

Second, this assemblage does not occur as a coherent or consistent combination
elsewhere in the enclosing formations, which yield a quite different brachiopod-
ostracod fauna instead. Such sharp faunal contrast is characteristic of reef versus
off-reef habitats. Patches of favositid heads are found elsewhere, but not the
entire assemblage of favositids, cladoporids, and trepostomes.

Third, spatial or distributional variations within the coral-bryozoan

assemblage here are the same as observed in other fossil and modern reef complexes,
where they are clearly an ecozonation.

Fourth, the sedimentary matrix associated with each of the major coral and

bryozoan types is typical of the organism-sediment combinations seen in ancient and
modern reefs,

Fifth, fossil fragments from the zones interpreted as topographically higher
occur occasionally in the matrix of zones thought to be lower, but not vice versa.
This suggests downward transport along the flanks of a higher-standing, hence
typically reefal, carbonate mass.

Sixth, the Lock Haven materials match analogous portions of the well-exposed
Silurian reefs in the Great Lakes district. Detailed examination of a number of
those reefs in Ohio, Indiana, and IT1linois provided much comparative data helpful in
precisely interpreting the Lock Haven reef after its exposures improved in 1972.
(Hurricane Agnes that year triggered extensive slumping which temporarily much
better exposed the reef than before or since.)

Seventh, the Lock Haven materials correspond nicely to comparable sections of
modern Caribbean reefs on which we have dived extensively. This experience with

modern counterparts proved especially useful in illustrating this paper (Figs. 4-5
of field gquide).

Finally, Swartz (1970, pers. commun.; 1946, 1939, 1935b) had briefly noted
"coralline lenses,” with abundant Cladopora multipora [or seriata] and Favosites
niagarensis, in the Tower McKenzie near lock Haven. He interpreted them as Lockport
coral-rich limestone tongues from the north interfingering with McKenzie ostracod-
bearing shales to the south, but did not label them as reefs. Most probably, his
not stating the reefal character of these deposits was a function of his times, when
reef geology was in an embryonic state, prior to the extensive biogeologic studies
resulting from naval actions in the Pacific years later.




Reef Growth History

Only the outermost edge of the foundation underlying the Lock Haven reef is
currently exposed; it is the platy shale and limestone typical of the off-reef
habitat. The stratigraphic position of the reef mass suggests that such rocks extend
underneath the entire reef. The lowest ecozone within the mound is the surrounding
calcarenite sand apron; it is conceivable--though not demonstrated yet--that this
rock type also goes across under the whole reef, as its basal zone. Apparently,
therefore, the Lock Haven bioherm was initiated upon either a mud or sand bottom,
mixed terrigenous and calcareous in composition, and Vikely soft or shifting
{unstable, in either case). Such a foundation is not typical for modern coral reefs
{though may possibly be approached by the rare Bahamian bryozoan reefs; Cuffey and
others, 1977), but is encountered in many Paleoczoic reefs. Various Great Lakes
Silurian reefs, for example, were initiated upon terrigenous mud, carbonate mud, or
carbonate sand (but not hardgrounds, so far as reported).

Once the reef foundation was in place, whether mud or sand, organic growth
activities by colonial invertebrates became the predominant processes. Low on the
reef flank, clumps of branching trepostomes {(Monotrypa benjamini) trapped or baffled
carbonate sands. Several such colonies are now visible, standing in place, still
targely embedded in the calcarenitic matrix (Fig. 4J of field guide). Such
sediment-trapping clumps may well have been the first reef organisms to occupy the
barren sand patch on the overall muddy bottom. Higher on the reef flank, branching
cladoporids (Cladopora seriata) apparently continued with the sediment-baffling
role. In addition, throughout the flank, broken trepostome and cladoporid branches
accumulated voluminously as skeletal sediment. However, outside of the branching
colonies themselves (Fig. 4P of field guide), none appear toc have formed an actual
interlocking open framework here. In contrast, the head-like favositids {(Favosites
niagarensis) built a massive, dense, largely solid, lump-upon-lump reef frame in the

reef core or crest, and also contributed some large loose boulders as reef-top loose
rubble. Shells of other groups--particulariy gastropods, calcispheres, and
ostracods--added more skeletal sediment, especially around the foot of the reef
flank. Mo bryozoans appear in the cryptic hidden-encrusting role seen elsewhere in

some Silurian (Scoffin, 1972; Spjeldnaes, 1975) and most modern (Cuffey, 1977)
reefs.

Zones within certain fossil reefs elsewhere have been interpreted as successive
seral stages, from pioneer to climax communities. In contrast, the various ecologic
zones seen within the Lock Haven reef appear to have been synchronously coexisting,
rather than chronologically successive. As a result, except for possibly distin-
guishing an earlier normal-marine reefal stage (with several simultaneous ecozones)
and a possibly slightly later intertidal stromatoliitic-cap stage (reminiscent of
several Michigan Basin reefs; Mesolella and others, 1974; Huh and others, 1977},
1ittle can be inferred concerning growth stages within that bioherm. Moreover, even
if the Lock Haven ecozones were successional, difficulties would still remain in
applying published developmental patterns to this reef. Mid-Ordovician reefs
exhibit pioneer colonization and stabilization stages, followed by biotic diversifi-
cation, and eventually climaxed with domination by a particular reef-building group
{Alberstadt and others, 1974); at Lock Haven, however, each zone is occupied by only
one major species, with no visible diversity changes from one to another. Great
Lakes mid-Silurian reefs are described as growing from deep quiet-water pioneer,
upward through semi-rough, into shallow rough-water climax stages (Lowenstam, 1957;
Nicol, 1962). The reefs exhibiting this seral succession are hundreds of feet
thick: in contrast, the Lock Haven reef is so thin or low that each zone could have
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been only barely different in turbulence conditions from those preceding and
following it.

Although regional studies indicate "shallow" waters for the Lock Haven reef,
the actual reef form and zonation may imply a more precise figure for water depth
there. In particular, stratigraphic relief over the mound can be interpreted as
also being the during-1ife depositional relief; thus, a minimum of about 30 feet (10
meters) water depth is implied. Moreover, the algal stromatolite cap was probably
intertidal; if this cap grew at the same time as (or very shortly after) the reef
core which it partly covers, then mean sea level! would have been right at the top of
the mound, and hence the actual water depth immediately surrounding the reef would
have been on the order of 25 or 30 feet, at least at the very end of reef growth.

Another intriguing but more complex possibility is suggested by recent studies
of temporary low sea-level stands during Silurian time {(Dennison and Head, 1975).
Most of this time, the Appalachian sea may have been at a relatively constant depth,
shallow but not extremely so--perhaps on the order of as much as 200 feet (60
meters). At several points in time, sea level dropped throughout the region
(possibly due to world-wide eustatic changes or plate-tectonic movements, or to
regional tectonic warpings) for a geologically short moment and then rapidly
recovered to its "normal” level; some of the drops were apparently slight, but
others may have virtually emptied the basin. Perhaps, the initial Lock Haven
trepostome thickets baffling calcarenite sand grew under those deeper waters, and by
coincidence sea level began to drop rapidly just after their establishment. As the
water column shallowed to intermediate depth, the trepostomes were replaced by
cladoporids, in turn giving way to favositids as shallowing continued; finally, the
reef top became intertidally exposed to develop the stromatolites capping the reef.
[f rates of reef growth and sea-level change were comparable to those seen in the
post-glacial Pleistocene-Holocene transition, the two processes might well have
nearly balanced, thereby producing only a relatively thin reefal deposit during each
rapidly shailowing depth interval.

The principal problem with this possible interpretation of Lock Haven reef
history is that the inferred sea-level lowerings do not coincide with the geologic
time of reef growth; lowered sea level is indicated by the Keefer sandstones well
below, and next by the Rabble Run red beds well above, the horizon of the Lock Haven
reef (Dennison and Head, 1975). Moreover, although the outcrops do not permit full
disclosure, the Lock Haven reef rocks do not appear to exhibit any features
suggesting episodes of exposure and drying of the reef mass (there are, for
instance, no Barbados-type caliche horizons cutting across coral heads within the
reef core). Therefore, the reef probably remained permanently or continuously

submerged during its growth and development (unlike some of the Great Lakes Silurian
reefs).

After full reef development, however, the stromatolitic cap indicates inter-
tidal conditions and hence intermittent exposure (probably briefly, until resumed
mud accumulation off-reef buried the reef mass early in McKenzie time, at most only
a few thousand years following Rochester time). No obvious erosional surface or
truncation was seen in the available outcrops; hence, while exposure may have
contributed to reef termination, scouring does not seem to have been involved much
(although the breccia or rubble in part of the reef cap suggests some erosion).

Overall duration of Lock Haven reef growth was probably quite short
geologically, as implied both by the thinness of the reef mound {only 30 feet thick)



and by its being embedded entirely within the Rochester-McKenzie shale sequence (a
small fraction of the total Middle Silurian interval). Moreover, the reef
generation to which the Lock Haven (and the Gasport) reefs belong flourished
entirely within the early part of mid-Wenlockian time, again a relatively short
interval within the Silurian period. Thus, the 1ife span of the Lock Haven bicherm
seems comparable to that of many Holocene patch reefs, whose individual durations
have been determined as on the order of a few hundred or very few thousands of
years.

Comparison with Great Lakes Silurian Reefs

As noted previously, the Lock Haven reef can be regarded as an eastern outlier
of the vast Silurian reef complex of the Great Lakes district, and hence can be
profitably compared with well-developed reefs in that region (Briggs and athers,
1978; Crowley, 1973; Droste and Shaver, 1977, 1983; Lowenstam, 1957; Shaver, 1977;:
Shaver and others, 1978). Indeed, many aspects of the Lock Haven reef became fully
understood only after careful field examination of several of the Great Lakes reefs.

An obvious difference is the geographically isolated position of the Lock Haven
reef, far away from contemporaneous reef tracts. The Lock Haven reef sat out on a
sea floor dominated by terrigenous muds, while the Great Lakes reefs were surrounded
by carbonate-sediment bottoms.

Moreover, the Lock Haven reef is relatively thin or low-standing, and small and
possibly equidimensional in plan view, as are many similar patch reefs in the Great
Lakes area. O0Other Great Lakes reefs are much thicker, up to several hundred feet
stratigraphically, and extended laterally as elongate barrier reefs.

Another conspicuous contrast is the predominantly limestone composition of the

Lock Haven reef, versus the thoroughly dolomitized character of the Great Lakes
reefs.

Both the Pennsylvania and Midwestern bicherms exhibit well-developed ecologic
zonations. The Lock Haven reef, and many Great lLakes reefs, have a deeper zone
characterized by branching trepostomes and/or cladoporids, functioning as sediment
trappers and as sediment formers. Shallower zones in these are dominated by massive
frame-building heads, although the Lock Haven head-like colonies are favositid
corals, while the Great lLakes ones are predominantly stromatoporoids with only minor
“avositids. And, numerous Michigan Basin reefs--like the Lock Haven reef--are
capped by stromatolitic deposits, probably representing at least brief intertidal
exposure at the end of reef growth. Zonations in the Lock Haven and many smaller
Great Lakes reefs appear to have been contemporaneously coexisting ecologic zones on
the surfaces of relatively short-lived reef mounds; in addition, zonation in many
lTarger Midwestern reefs reflects successional seral stages in comparatively
long-duration reef growth,

The organic communities building and inhabiting the Lock Haven and Great lLakes
reefs, although comparable, are somewhat different. The same major groups, for the
most part, are found in each. However, stromatoporoids, pelmatozoans or crinoids,
and fenestrate bryozoans are missing from the Lock Haven reef but are present (and
often abundant) on Midwestern Silurian reefs., Additionally, the Lock Haven
assemblage is less diversified at lower taxonomic levels; among the tabulate corals,
for example, only favositids and cladoporids occupied the reef mound, while those
two plus halysitids, alveolitids, and others flourished on the Great Lakes reefs.



Other Pennsylvania Silurian Bioherms

Another small bioherm occurs at roughly the same horizon as the Lock Haven
reef, about 25 miles further east near Allenwood (Inners, 1984). 1t is composed of
Favosites heads, so that it appears comparable to the reef core at Lock Haven:
however, it lacks the surrounding broken-branch rubble and calcarenite apron of the

latter. It thus resembles the small satellite reef (Stop 10) adjacent to the Lock
Haven reef (Fig. 5T of field guide).

At Lakemont, on the south side of Altoona, is a limestone lens (Swartz, 1935a,
1939), also approximately at the Rochester-McKenzie boundary. However, field
examination of the highway cut exposure there shows mostly stromatolitic masses
interbedded with shales and limestones more reminiscent of tidal-flat than reefal
deposits; a couple of rolled favositid cobbles recovered from the base of the lens
suggest possible nearby coral patches. Indeed, current excavations several hundred
feet to the northeast are encountering scattered favesitid heads heavily encrusted
with algal stromatolites, materials which may occur in this stratigraphic interval
relatively widely across central Pennsylvania (A. L. Guber, 1984, pers. commun.).
If confirmed by further investigation, such would indicate scattered coral patches,
some of which grew into small reef mounds l1ike that at Allenwood, and a few into
larger patch reefs like that at Lock Haven.

According to Swartz (1970, pers. commun.), three or four miles west of the Lock
Haven reef may be another bicherm, 30-40 feet thick, behind the funeral home and
agricultural office in the village of Mill Hall, but possibly covered or removed by
recent highway construction (according to local residents). Several field visits
have so far failed to yield anything other than typical non-reefal Rochester-
McKenzie limestone slabs. Additionally, Swartz (1935b) referred to "coralline

deposits” near Williamsport as well as Lock Haven, but no exact locations were
given.

At a higher horizon (the Keyser Limestone), a small bioherm exposed in Altoona
{Brezinski and Kertis, 1982) consists of a lower foliaceous bryozoan lettucestone
zone overlain by an upper stromatoporoid reef-rock cap, and so presents quite a
different combination of taxa than does the Lock Haven reef.

Finally, a few patch reefs have been noted in the West Virginia Silurian, and
some at least have cladoporid zones resembling that at Lock Haven (Patchen and
Smosna, 1975; Smosna and Warshauer, 1978, 1979, 1983).



FIELD TRIP #1

GUIDE TO THE LOCK HAVEN REEF

by
Roger J. Cuffey, Carolyn E. Davidheiser, Shirley S. Fonda,
Anne B. Lutz, Laurie S. Zimmerman, and Barbara B. Skerky

DRIVE TO LOCK HAVEN ON DIVIDED HIGHWAY U.S. 220; TAKE EXIT MARKED "LOCK HAVEN,
PENNA. HWY. 120 WEST; CASTANEA, LOCK HAVEN UNIVERSITY"; TURN SOUTH (TOWARD MOUNTAIN,
AWAY FROM CITY); IN 0.1 MILE, TURN LEFT (EAST) AT T-JUNCTION; 0.2 MILE FURTHER, TURN
RIGHT (SOUTH) AT T-JUNCTION BESIDE CASTANEA FIRE COMPANY #1 BUILDING.

DRIVE SOUTH (TOWARD MOUNTAIN) FOR 0.2 MILE, ACROSS BALD EAGLE CREEK, INTO THE
VILLAGE OF CASTANEA (WHERE THE ROAD BECOMES LOGAN AVENUE); TURN LEFT (EAST) ON BROWN
STREET; IN 0.1 MILE, TURN RIGHT (SOUTH) ON McELHATTAN AVENUE; 0.1 MILE FURTHER, TURN
LEFT (EAST) ON EAST KELLER STREET; PROCEED EASTWARD FOR 0.9 MILE TO PARKING PULLOUT
AREA ON RIGHT (SOUTH) SIDE OF ROAD. PARK AND WALK BACK TOWARD CASTANEA TO SEE THE
REEF EXPOSURES IN THE LOW ROADCUTS ALONG THE SOUTH SIDE OF THE ROAD (FIGS. 1 AND 2).

FROM THE CENTER OF THE PARKING AREA, WALK WESTWARD (BACK TOWARD CASTANEA) 490

FEET (149 METERS) TO PROMINENT EXPOSURE OF RUBBLY-WEATHERING MASSIVE LIMESTONE (STOP
1) IMMEDIATELY EAST OF TELEPHONE POLE NUMBERED "09209 N34998."

A TR
B

|

Figure 1. Location of Lock Haven
reef (arrow); base modified from
Lock Haven and Mill Hall {Pennsyl-
vania) 7-1/2' topographic quad-
rangles, U.S. Geological Survey.

ioparking

Im ft (3 m)
|
30 12 (10 m)

Figure 2. Detailed map of Lock Haven reef (rock exposures, black; float-strewn slopes,
stippled) ; stops indicated by numbered stars; open circles are bases of telephone poles; strike-
and-dip symbo! indicates average for reef materials, mostly N75-80°E and 40-45°N: note exag-
geration of cross-roadway versus along-roadway distances,



Stop 1: Favositid Reef-Core

This exposure shows the center of the Lock Haven reef deposit. That center is
massive reef-rock or biolithite, made up of favositid coral heads, and represents
the ancient reef crest (Fig. 5G-M).

The rock here is globstone, medium-gray, tough, hard, crystalline, and composed
of in-place heads of tabulate corals {Favosites niagarensis, up to a foot in
diameter). This lithotype weathers 1ight brown, and bouTdery, nodular, or rubbly
appearing (due to weathering around the Favosites heads). The coral heads are
separated by minor amounts of in-filling micrite mud and spar cement; occasional
calcispheres and brachiopod fragments are embedded therein as well.

This massive favositid reef-rock, during 1ife, was probably a rocky or rubbly
surface almost completely covered with head-1ike coral colonies {Favosites
niagarensis), and probably very shallow and wave-swept. The head-Tike brain corals
(Diploria spp.) presently covering reef-knoll tops on the Bermuda outer reefs
furnish a modern analogue to this ecozone (Fig. SHJ.

WALK EASTWARD (BACK TOWARD PARK AREA) 55 FEET (17 METERS) TO FLOAT-STREWN SLOPE
(STOP 2).

Stop 2: Cladoporid Reef-Flank

Although now largely covered, the bedrock here is indicated by the numerous

float slabs of cladoporid branch coauina, which represent the original shallow reef
flank (Fig. 5A-F).

Thin-bedded, dark-gray to medium-brown, tough to friable, densely fossiliferous
Timestones (mostiy rudstones, a few floatstones; originally baffliestones, but not
branchstones) comprise this lithotype, characterized by closely packed, broken,
narrow branches lying parallel to bedding and making up the great bulk of the rock
volume. The matrix in which the branch fragments are embedded appears aphanitic in
hand specimen, but is varied in thin-section--partly clay-mineral mud, partly
micrite, and partly finely crystalline spar cement. The branches are mud-filled,
moderately finely tubular, moderately small apertured, cladoporid tabulate corals
{Cladopora seriata). Local pockets or clusters of small brachiopods are scattered
through the cladoporid coquinas. Near the top of this ecozone {adjacent to the reef

core), a few overturned and fragmentary favositid heads intermingle with the clado-
porid branches,

The cladoporid-branch coquina was the shallow, probably still turbulent portion
of the old reef flank or side, gently sloping away from the crest into somewhat
deeper water. Densely covered with the projecting tips of thinly branching colonies
(Cladopora seriata), this ecozone must have closely resembled the dense branching
Acropora thickets around the edge of the Heron Island (Australia) platform reef, or
the tangled thickets of Acropora cervicornis on Caribbean reefs (Fig. 58). Locally,
clusters of small brachiopods nestled down among the cladoporid branches.

WALK EASTWARD AGAIN, 165 FEET (50 METERS) TO HIGH EXPOSURE OF SMOOTH-SURFACED
MASSIVE LIMESTONE (STOP 3).
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Stop 3: Trepostome Reef-Flank

The exposed limestone here is a trepostome baffiestone, with several large in-
place bryozoan colonies embedded in the carbonate sands. To the right (west) of
this exposure, the bedrock is mostly covered, hut float blocks of trepostome
flpatstone and rudstone indicate that these branch coguinas extend over toward the
cladoporid coguina seen at the previous stop. These bryozoan coguinas represent the
ancient deep reef flank ecozone (Fig. 4I-R).

These rocks overall appear identical to the cladoporid coguina described at the
preceding stop, except for the characteristics of the branches themselves. Here,
they are spar-filled, very finely tubular, very small apertured branches identified
as Monotrypa benjamini, a trepostome bryozoan. MWNear the base of this ecozone
{adjacent to Tthe massive calcarenite sand apron), the matrix is more calcarenitic,
with many gastropod, ostracoed, and calcisphere fragments, and a few branching-
trepostome clumps or thickets (up to 3 feet or 1 meter across) still standing in
place; these, again, are Monotrypa benjamini.

The trepostome-branch coquina also probably looked very much like the preceding
ecozone when alive, but in somewhat deeper and probably a bit guieter waters.
Finely branched thickets of Acropora prolifera in the reefs off St. Croix (Fig. 5K)
furnish a modern analogue.

WALK EASTWARD AGAIN, 95 FEET (29 METERS) TO LOW EXPOSURE OF SMOOTH-SURFACED
MASSIVE LIMESTONE (STOP 4). :

Stop 4: Circum-Reef Calcarenite Apron

Superficially much Tike the limestone seen at the previous stop, the bedrock
here, however, contains few or no bryozoan colonies and fragments. It is thus a
massive calcarenite, a lithified carbonate sand originally deposited as a barren
apron surrounding the reef mass (Fig. 4E-H).

This rock type is specifically a grainstone, dark-gray {weathering dark brown),
massive, unfossiliferous, homogenous, hard, tough, and smooth-surfaced to vaguely
ripple-marked. Freshly broken surfaces appear coarsely crystalline or obscurely
clastic, with relatively uniform grain size:; weathered surfaces become sandy
textured. MWNearer to the reef mass proper, occasional small trepcstome-branch
fragments may be found embedded in this calcarenite. A rather different appearance
is presented by thin-sections of this lithotype, being composed of much fossil
debris surrounded by subordinate matrix material. The fossils are small, broken,
often recrystallized fragments of abundant gastropods, calcispheres (of uncertain
affinities, but possibly algal or protozoan), and ostracods, accompanied by a few
brachiopod or trilobite fragments. Most of the embedding matrix is clear crystal-

line spar, largely cement, but locally recrystallizing or even cross-cutting in
origin.

The massive calcarenite represents the bottom flattening out at the foot of the
reef flank. This area immediately surrounding the reef mass was level-bottom Toose
carbonate sand, open or barren (i.e., lacking any colonies growing in-place here),
and locally ripple-marked. Many modern reefs--such as patch reefs within the
Florida reef tract and on the shallow shelf east of Joulters Cays on the Great
Bahama Bank--are surrcunded by such barren sand aprons (Fig. 4F).
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WALK EASTWARD AGAIN, 85 FEET (26 METERS) TO SIZEABLE EXPOSURE OF PLATY SHALE
AND SHALY LIMESTONE (STOP 5).

Stop 5: Off-Reef Shale

The shaly bedrock here is not part of the Lock Haven reef itself, but rather

reprisents the ancient deep off-reef muddy bottoms above which the reef grew (Fig.
4A-D).

The platy off-reef lithotype consists of calcareous shale, shaly limestone, and
thin-bedded 1imestone (i.e., mudstones, marlstones, and micstones), all intergrading
continuously with one another; they are medium brown to medium gray brown when
fresh, but weather light gray brown. Evenly bedded, not rippled at all, the beds
are hard, brittle, and platy. Their texture is aphanitic and argillacecus; they
weather to a finely muddy surface. Largely unfossiliferous, these rocks exhibit
only a few horizontal trails or burrows on some bedding planes. In thin-section,
these platy strata consist partly of brownish, opaque, clay-mineral mud, and partly
of grayish, homogeneous to clotted (pelleted) micrite, all thinly interbedded. No
detrital quartz sand grains were seen., A few small fossil shell fragments appear in
the sections, a few gastropods and occasional ostracods, but no bryozoans or corals.

These rocks represent off-reef mud bottoms. They were possibly barren but
possibly vegetated (presumably with soft-bodied algae not now fossilized), certainly
lacking colonies, but locally strewn with small shells, hurrowed, level, and
apparently at the same depth as the adjacent sand apron. Carbonate-mud bottoms

under 12-15 feet (4-5 meters) of water on the Bahama Banks provide a suitable modern
counterpart (Fig. 4B).

STEP BACK NORTHWARD, ACROSS THE ROAD (BEWARE OF ONCOMING TRAFFIC!); WALK
WESTWARD AGAIN (BACK TOWARD STOP 1), BUT FOR ONLY 60 FEET (20 METERS); STOP AND FACE
WESTWARD TO VIEW SPATIAL RELATIONSHIPS OF STRATA SO FAR EXAMINED (STOP 6).

Stop 6: Overview of Reef Form

The Lock Haven reef is poorly exposed, and therefore its overall mounded form
is difficult to discern in the field. However, the best opportunity for doing so is

from this spot, after the observer has examined each of the facies preserved at the
previous stops.

Standing here, at the eastern end of the reef exposures and sighting back
(westward, along strike) at the thickest portion of the reef, one recognizes about
30 feet (10 meters) distance stratigraphically between the base and top of the
reefal limestone beds. Behind his back (further eastward), the winding road in
places cuts through that same 30-foot interval, but there it consists entirely of
shaly beds without evidence of reefal involvement. Moreover, some of the lower
limestones--especially those at Stop 3 containing in-place branching trepostome
clumps--exhibit a mounded upper surface (over a thickened portion of that bed, Fig.
4L, so that the mound is clearly not the upwarped surface of a small anticline).
This mounding appears to slope gently upward toward the stratigraphically highest
favositid reef bed; if the two are mentally connected, they form an upper surface
(for the limestones) which is inclined slightly (perhaps only 5°) to the overall dip
of the shaly sequence. It is, moreover, this limestone surface off of which the
overlying shaly beds slumped after hurricane rainfall in 1972, thereby exposing the
surface rather cleanly so that lateral variations within the limestones could be
readily examined.
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These observations suggest that the 1imestones exposed comprise one side or
half of a lenticular or mound-like mass, still largely buried within the mountain-
side, but only thinly covered along the road by shales not significantly encugh
interfingered with the carbonates to prevent slumping off of that cover as a whole.
By analogy with modern reefs similarly isolated from other contemporanecus reefs, a
mound-1ike form of roughly circular plan view would be a reascnably likely shape for
the Lock Haven reef; its dimensions would then be 30 feet (10 meters) high by
approximately 1000 feet (300 meters) across. The lack of interfingered shale along
the Timestone surface implies Tack of simultaneocus reef and shale deposition. In
other words, the reef mass probably stood up as a knob--perhaps nearly as high as
its 30-foot (10 meter) thickness--above the surrounding mud-bottomed sea floor for a

short time genlogically. Later on, the reef became buried by further mud
accumulation,

Another implication of these geometric relationships is that the exposed 1ime-
stone surface approximates the ancient living surface of the reef mound, so that
lateral variations exposed now within the limestone rapresent contemporaneous
ecologic zones (ecozones) coexisting down the flank of the reef mass during its
life. Again by aralogy with living reefs of similar form, those ecozones probably
had coexisted for some time prior to the instant represented by the exposed surface
of growth and deposition; hence, each ecologic zone visible at the surface most
Tikely extends below in lateral facies relationships like those typically seen in
better exposed fossil reefs (Fig. 3). Future drilling or deeper cut exposures
would, however, be necessary to fully test This interpretation. An alternative
possibility would be to interpret the various limestone types as being flat Tayers
resting one on top of the other; however, reefs seldom, if ever, grow in such
fashion, so that this seems quite unlikely.

In addition to this paleocecologic zonation, the Lock Haven reef can be
positioned within the biostratigraphic zonation (biozones) previously developed for
these mid-Silurian units. F. M. Swartz (1970, pers. commun.) measured a section
here many years ago when exposures were even less adequate than foday. However, his
section can be reinterpreted in terms of current understanding of this fossil reef
(Fig. 3); in particular, he noted head-1ike colonies (reef core) at the level of the

Velibeyrichia moodeyi biozone and branching colonies {deep reef flank) opposite the
wnitfieldella marylandica biozone,

lower McKenzie
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rigure 3. Coordination of ecozonation within, and biozonation adjacent to, the Lock Haven reef

(adapted from Cuffey and Davidheiser, 1979, and F. M. Swartz, 1970, pers. commun.).
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CONTINUE WALKING WESTWARD, FOR ANOTHER 350 FEET {106 METERS), BACK TO JUST
BEYOND STOP 1, TO UPPER RIGHT (WESTERN) EDGE OF RUBBLY LIMESTONE EXPOSURE (STOP 7).

Stop 7: Stromatolitic Reef-Cap

Although now largely eroded away, a few blocks of massive, laminated, and
stromatolitic limestone near the top of this exposure represent an algal reef cap

developed after active reef growth had ceased, much as in certain Great Lakes
Silurian reefs (Fig. 5J, N-P).

Light-gray to light-brown weathered, dark-gray fresh, and aphanitic, these
Timestones are homogeneous micrite (i.e., micstones) without shelly fossils. They
are predominantly very low domed stromatolites (Collenia spp.), and form cruststones
and bindstones. Such stromatolites suggest intertidal conditions, like the tidal
flats covered by thin blue-green algal mats, in the Bahamas and Bonaire.

WALK WESTWARD AGAIN, 19C FEET (58 METERS) TO LIMESTONE EXPOSURE (STOP 8) AT
ROAD LEVEL BELOW DOUBLE-BASED TELEPHONE POLE.

Stop 8: Rubble and "Oncolites” within Reef-Cap

Stratigraphically the topmost horizon of the Lock Haven reef, the bedrock here
is a mixture of rubble breccia and bryozoan nodules or "oncolites" embedded in finer
carbonate sediments. These materials seem most reasonably interpreted as reef-top
or reef-flat rubble or cobble substrates (Fig. 5Q-S).

Varied in character, these are mostly dark gray fresh, weathering light gray to
light brown, and aphanitic or finely crystalline; matrixes are diverse, including
homogeneous micrite, pelleted micrite, and spar cement, while fossil contents range
from negligible to abundant (shell fragments: brachiopods, gastropods, calci-
spheres, ostracods, and trilobites). Two variants, both rudstones, are especially
notable among these reef-top limestones. One is composed of small round nodules,
apparently algal oncolites, but actually rounded trepostome-bryozoan fragments
{Monotrypa benjamini) (Fig. 5R-S), encrusted by vaguely cellular laminations
(solenoporacean algae? chaetetid sponges? stromatoporoids?). Presumably, storm
waters tossed broken bryozoan branches up from the deep flank, and those were
further encrusted while being washed around upon the reef top. Another variant
consists of subangular to rounded pebbles (up to 30 mm diameter) of favositid
fragments, possibly a cemented reef-top rubble deposit (Fig. 5Q). The "oncolitic"
and rubbly rock types suggest the cobblie-strewn reef flats of Australian reefs Tike
the Low Isles, intertidal and periodically guite turbulent.

STEP BACK NORTHWARD, ACROSS THE ROAD (BEWARE OF TRAFFIC!); FROM THE NORTH SIDE
OF THE ROAD, LOOK OVER THE EDGE AND DOWN THE SLOPE (STOP 9).

Stop 9: Bryozoan "Oncolites” within Reef-Cap

Limestone fioat blocks composed of bryozoan "oncolites," again Monotrypa
benjamini (Fig. 5R-S), weather out of the road fill below the pavement here. These
apparentTy were originally part of the bedrock at the previous stop, but have since
been displaced by road construction activities.

RETURN SOUTH ACROSS ROAD AGAIN (WATCH TRAFFIC!) TO ROADSIDE LIMESTONE EXPOSURE

(STOP 8), AND CONTINUE ON WESTWARD FOR AN ADDITIONAL 215 FEET {66 METERS) ALONG THE
SOUTHERN SIDE OF THE ROAD (STOP 10).
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Stop 10: Favositid Satellite Bioherm

Approximately 110 feet (34 meters) horizontally south of, and 45 feet (14
meters) vertically above the roadside here is a small bichermal mound (Fig. 5T),
interpreted as a satellite reef developed near the main Lock Haven reef mass. This
mound consists of favositid coral heads embedded in a calcarenite matrix, but lacks
any trepostome or cladoporid branch cogquinas, and so resembles another small bioherm
several miles farther east (Inners, 1984). Various other carbonate rock types, all
non-reefal lithologies, can be seen in the bedrock exposures (apparently a small
guarry) and float blocks in the mountainside woods surrounding the satellite reef.

WALK BACK EASTWARD, PAST ALL THE PREVIOUS STOPS, TO RETURN TO THE PARKING AREA:
END OF FIELD TRIP NO. 1.

[see page 16]

Figure 4. Deeper-ecozone Lock Haven reef materials and modern analogues (scale of each
photograph indicated as the actual width of the field of view shown). A-D, off-reef shale,

Stop 5: A, platy shale and shaly limestone in vertical outcrop face (20 cm); B, modern
analogue, shallow but far offshore carbonate mud resuspended in wake of shallow-draft research
vessel out on interior of Creat Bahama Bank (5-10 m); C, bedding surfaces of shale (7 ocm);

D, wvertical peel-section of thin micstone bed (5 mm). E-H, calcarenite apron, Stop 4:

E, massive grainstone weathering to sandy-textured surface (8 cm); F, modern analogue, barren
sand ring around base of patch reef off St. Croix, grass-covered sand on left and base of reef
on right (1.5 m); G, vaguely rippled bedding-plane surface (2 m); H, wvertical peel-section (6
mm). [=-R, trepostome flank, Stop 3: 1, trepostome branch-coquina rudstone (9 cm); J, trepo-
stome colony in growth position, embedded in calcarenitic matrix, thus forming bafflestone (11
cm); K, modern analogue, Acropora prolifera thickets off St. Croix (1 m); L, exposure of
bedding plane containing in-place trepostome branching colonies, and C. Davidheiser on thickened
mounded portion of bed (11 m); M, peel-section of trepostome branch-coguina rudstone, all
Monotrypa benjamini fragments (11 mm); N-R, trepostome Monotrypa benjamini: N, half of large
branching colony in upright growth position (48 cm); O, broken branch fragment showing charac-
teristic finely tubular structure (13 mm); P, framework formed by colony branches in growth
position (65 mm); Q, tangential peel-section (2.0 mwn); R, longitudinal peel-section (2.0 mm).

[see page 17)
Figure 5. Shallow=-ecozone Lock Haven reef materials and modern analogues (scale indicated as
in Figs 5). A-F, cladoporid flank, Stop 2: A, cladoporid branch-cogquina rudstone (10 cm);
B, modern analogue, Acropora cervicornis thicket off Grand Cayman (2 m); C, peel-section of
cladoporid branch-coquina rudstone, all Cladopora seriata fragments (8 mm); D-F, tabulate
Cladopora seriata: D, broken branch fragment showing typical coarsely tubular structure (14
mm); E, tangential peel-section (1.6 mm); F, longitudinal peel-section (2.3 mm). G-=M,
favositid core, Stop 1: G, favositid globstone (25 cm); H, modern analogue, Diploria heads on
Bermuda (1 m); |, j, reef core as exposed in 1970 and 1983, respectively, with L. Zimmermnan
pointing to last remnant of stromatolitic reef cap (12 m, 3 m); K-M, tabulate Favosites
niagarensis: K, head-like colony (50 cm); L, exterior surface approximating a tangential
section {14 mm); M, longitudinal peel-~section (7 mm). N=S, reef cap: N-P, stromatolite
Collenia sp., Stop 7: N, very broad dome (40 cm); O, closely packed narrow columns (25
cm); P, wvertical peel-section showing homogeneous micrite and subtle laminations (5 mm);
Q, rubble-breccia rudstone, Stop 8 {25 cm); R-S, trepostome Monotrypa benjamini as rounded
"oncolites” rather than branching colonies, Stop 9: R, ‘oncolite” rudstone (12 cm); S,
tangential thin-section (3 mm). T, satellite bioherm west of main reef mass, Stop 10 (4 m).
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