overgrown the bedded channel fill of Lithofacies 118 (Firures

17 and 18). The same relationshins oc ur on o microscale between
Lithofacies I and IIA (Firure 19). Simultancous crowth of these
lithofacies is further suggested by the similarity of their fauna

and sediment.

Figure 17. Intertonruing of Lithofacies T on richt with
Lithofacies 1TA; flanii of the Axemann aound
approximately 95 feet above the base of the
Stonehense Formation.

The intraclasts of Lithofacies T1 are strikimesly similar
to those described and firured bv Aitken (1969) and 'olf (1965)
for channels in alenl reefs. rost clasts are cuspate, some are
rimmed with micrite, and some contain fGirvaonclla, thoucht to

have been responsible for extensive micritization,
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Fiecure 19.

Tntertonruine of Lithofacices 1 and TIB: lirht

material in lower rirht and upper richt is

Lithofacies T

"

Lithofacies T

Glenside.

overcrown

on Lithofacies 1IA;

Axemann,
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Wolf (1965) and Aitken (1969) have noted the autochthonous
nature of the algal micrite chips associated with algal bioherms
and reefs, They interpret these ihtraclasts as the micritized
product of an algal debris facies. Aitken sugrested that the
formition of the homorencous pelictoidal internal fabric of the
clasts is produced by the horing activities of algae. The occur-
rence of extensive almal micritization shown in the miecrofabric
of Lithofacies IT is taken as further evi:dence for the presence
of a rich algnl flora. This fact, accomnaniced by the evidence
of extensive channeline, is further sunport for the subtidal .
position of the nmounds.

The narrow vortical{y anastomosing channcels of Subfacics
ITA are interpreted as surge channels perhaps hydrolocically
adjusted to the local wave swell or active fduring tidal flux.
Channels similar to these in style but an order cf magnitude
larger in size are integral to the windward algal ridee complexes
of the Tndo-Pacific reefs. 1In this settine, they have been shown
by Munk and Sarcent (1954) to undercut the waves and dampen their
erosive.effevt on the ridge and to be tuned in size Lo the period
and power of incoming breakers. Channels of the algal ridge are
periodicaly overgrown resulting in a system of labryinthine, roofed
tunnels that extend shoreward under the ridee. Wells (1957, p. 615)
notes that the floors and sides of surge channels. are nearly smooth
and upper cdges commonly have overhanging caves of growing algae
and a few corals.

The channcls of Subfacies IIA probably prescnted the same as-
pect on a much reduced scale. It can be seen that channels were

frequently overcrown. Tubular channels arc present. Subhorizontal
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lenses exist that nrobably represent the enclosure of debris in
nrotected nockets.on the temporary surface of the mounids.

The channels of Lithofacies IIB are interpreted as tidal
channcls because of their size, shect beddine and cross-stratifica-
tion. Tidal channels in ihc Recrnt develon wherever barriers oc-
cur in tidewater situations. Alonir the Trucial Coast, Persian
Gulf, channels depnth ranges from 4.6 m, to 13 m. Depth to width
;atios vary from 1/40 to 1/80 and their cross-scctions are rclated
to the areas of laecoons that they serve (Bathurst, 1971, p. 195).
Tidal channels of the Great Bahama Bank arc of three kinds:

(1) rocks and pebbles, (2) ripnled sand, (3) stable sand (Bath-
urst, 1971, p. 129). The nature of ;he channel floor is con-
trolled by the thickness of unconsolidated sand and the current
velocities. Type (1) has a rocky bottom with a 1 cm. veneer of
sand. In Type (2) the sand is ripple marked and mobilized during
tidal flux and is populated by a susnension feeder. Type (3) chan-
nels are colonized by patches of Thalassia and green calcarcous
alzae. HBetween plants the substrate is immobilized by an algal mat.

The lavrgest and best exjposed channel in the Glenside mound
is in transitional centact at the base with the mound lithology.
The character of the channel litholosy chanpges gradually upward.
Bedding thickness increases. Tcxturc changes from calcilutite to
calcarenite to calcirudite (Figures 14 and 15).

The implication exists that current iﬁtensitv, as inferred
from erain size and bed thickness, iacreascd as the mounds and

channecls erew., This could have been a function of an enlarcement
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of the volume of the seaway lyvins to the northwest and rorth or to
the coalescing of the mounds causing preferential restriction of

flow through fewer but more active channcls.

Summary and Speculation: The mounds are interpreted to have erown

in the circulatory channels of the carbonate platform. They
aprcar to have lined the floors and sides of these channcls. The
small channels of Lithofacics ITA werce necessary to protect the
mounds fromdestruction by wave action. The laree channels of
Lithofacies TIB developed to provide the necessary circulsation on
the platform. As the nlgal masses grew, they rrovided a habitat
for brachiopods, trilobites, gastrovnods, and a rich algal flora.

The absevnce of mud baffling organisms from the Stonehenge
mounds and channels and the lack of positive proof of the presence
of encrusting forms of algae is highly sisnificant in the face
of the genetic interpretations of other Farly Paleozoic mound com-
plexes, The common thread of interpretation found in the litera-
turc of carbonate mounds is that mud hafflingz oreanisms and mechanical
sedimeniatinn arc integral to mound or reef genesis. The occurrences
of the Stonehenre indicate that alzac alone have had the ccolonical
potential to build self-sustaining structures free of obvious skeletal
or bound structure. An extension of this rcasoning is that the
organisms found in other mound complexes are overemphasized and the

role of algae is minimized when the two occur tomether. Instead,

it may be arcued that other environmental facters may be involved

in the colonization of a carbonate mound. It is this author's



1

|

.

-

1

_1

_1

. |

1

-1

.

1

1

40

contention that mounds merely nrovide an ecolorical niche that was

comnonly exploited by swnonzes and the early corals.
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STONEHENGE PALEOFNVIRONMENTAL SEQUENCE

Several litholoric trends have been determined for the
Stonehenge Formation. By calculating the percentapges of the
lithologics measured and described by Donaldson {(1939) and

liobson (1963), distinct patterns of sedimentation evolve for

each section (Table I). Probable sedimentary settings are

interpreted for the lithologies by analogy with Recent carbonate

environments (Table IXI).

Lithologic Trends

Laminated, sun-cracked dolostone 1s restrictcd to the lower
Stonchenre. Tn the Srring Creek Member, laminites comprise 28%
of the unit. Tn the Lower Member at Glenside, laminites cowprise
35% of the unit.

Lamin tes of the Stonchenge contain concave upward, sun-
cracked polygons, deep joints, "birds eve" structures and thin
bituminous films (Figure 20). Laminated, sun-cracked dolomitic
pelmicrite is found in supratidal, domipnantly evaporitic conditions
in the Recent (Shinn, Ginsburg, and Lloyd, 1965). Dolomite pro-
duction is, at least in nart, caused hy the elevated ratio of mag-
nesium to calcium (Folk, 1972). Dolomitization may also be cn-
hanced by the alforation of thinly interbedded algal laminations
and pellectal mud. Gebelein and Hoffman (1969) show that the mag-
nesium content of the algal laminac is sufficient to produce one
millimeter of dolomite from two millimeters of algal mat. In the

Stonehence laminites, dolomite and bituminous films could have

resulted from this process.
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TABLE I

Litholoric Type as Percentare of Member Thickness

and Faunal Diversitv*

AXIFMANN GLYNSIDE
Spring Grays-
Creck ville L M U
o6lites present present
intrasparite
"and intra- .
sparudite 45% 69% 0% 45% 15%
"tizer
stripe” 27% trace 56% 55% absent
laminnted
dolomite 28% trace 35% absent ahsent
massive
alegal
calcilutite absent 31% ahsent abhsent 85%
fauna 4 Phyla 5 Phyla - absent 4 Phyla 4 Phyla
. 6 Genera 18 Genera 4 Genera 5 Genera
thickness -
in meters 13 45 36 16-18 18

*Compiled from the lithologic descriptions of the measured

sections of Donaldson (1959) and Hobson (1963).
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Laminites of the lower Stonchence beds and throurhout the Beek;
mantown commonly occur in cycles gradationally overlyine burrow
mottled, coarser crystalline, nccasionally fossiliferous dolostones.
In the ideal cvcle, the base is a surface of discontipuity. Lime-
stone beds, laminites of previous cycles, and structureless dolo-
stones occur helow surfaces of'discontinuity. llobson (1963) has
shown that the density of burrow mottling decreases upward in the
ideal dolostone-laminite cycles.

Detrital quartz rangine in size and texture from well rounded,

frosted sand to ansular silt are arranred in streaks and as floating

grains in most dolostones. Sarin (1962), in a study of cyvclicity

in the Pockdale Mun Formation of the souath~central belt, found that
both abundance and grain size of the quartz decreases upward. Four
or five finine unward cycles have been found in <ome dolostone-lam-
inite cycles.

In the abscnce of other scdimentary structures, presumably
lost during dolomitization ot the units, the combination of basal

burrow mottlinr and fining-upward aguartz cyclicity are interpreted

as the result of fluvial processes.  These cvelice dolostones arc
interpreted as the alteration products of progradational sheets
of carbonate diStributed by laterally migrating streams. QOomkens
(1970) has described fining-upward fluvial cycles in thie Rh8ne
delta complex. These are offered as a possible analogue for the
Beekmantown carbonate cycles.

The "tirmer stripe" litholowy of Donaldson (1969) was des-
cribed as thin bedded, calcilutite containing subreticulate sili-

ceous laminac by Hobson (1963). ‘This litholosy comprises 27% of the
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TABLE IX

Comnarison of Stonchenge with Modern Analopues

Stonehenge

Laminated
mud cracked
dolomite

"Tiger stripe”

Intrasparudite

Horizontal
burrow
structures

\

\
N,

Fining-upward
cycles

Recent Analocue

Bermudan tidal
flat

back recef arcas
of Florida Keys

tidal channcls in
Morida Keys; sub-
tidal occurrcnces
in the Bahamas

Barnstable Harbor,
Mass.

Rhone delta

Reference

Shinn et al,
{1965); Gebelein
and Hoffman (1969);
Folk (1972)

Ginsburg (1957)

Jindrich (1969)

Gebelein (1969)

Rhoades (1967)

Oomkens (1970)



Firure 20. Laminated dolostone; lower Stonchense, Glenside.

Springe Creek and 56% of the Lower Member at Glenside. ‘f'he "tiger
stripe" is minor in the Graysville but is just as abundant in the
Middle Member at Glenside as in the Lower Member (535%).

The "tiser stripe" consists of calecilutite with anastomos-
ing and subreticunlate siliceous ‘dolomitic laminae and bands. The
caleilutite is intercaltated with thinner cross-stratified lenses

;
and laminae of intrasparite. Mhe intrasnarite contains brachiopod
and pelmatazoan skeletal debris. ‘The calecilutite !layers average
about 1 cm. or less and the intercalated intrasparite is arranged
in discontinuous lenses with a maximum thickness of 2 cm. (Figure 21).
These beds are interpreted as subtidal deposits on the basis

of horizontnl burrowinge and associntion with cross-stratified sands.

The anastomosine and subreticulate s=ilty dolomitized burrows have a



Ficure 22,

"Pfiger stripe"
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colcilutite with siliceous dolomitic

burrows interbedded with intrasparite; Graysville iem-

ber, Axemann,

Intrasnarudite:
Mines Dolomite.

Grayvsville 140 feet above the
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pronounced horiéontal orientation. Rhoades (1967) has described
horizontal burrowing from modern subtidal settinis. Cross-stra-
tified sand in isolated ripples and thin sheets is a common occur-~
rence on muddy semi-indurated substrates where sand supply is low

or constricted by grass beds (Ginsburg, 1956).

Intrasparites and intrasparudites arc lumped hecause of their
_intimate field association. All intrasparudites exsmined in this
study had intraclastic matrix. The litholoxies are less abundant
in the lowermost Stonchenre in both localities than higher in the
sections. The proportion incrcases from 45% in the Spring Creek
.to 69% in the Gravsville. At (ilenside the litholocyv increasces from
9% of the Lower Member to 453% of the ﬂidqlc Yember.

The intrasparites and intrasparudites are thick hedded, sparry,
frenuéntly contain horizontal burrows and are occasionally cross-
stratified (Figures 11, 13, 16 and 22). They arc interpreted as
subtidal channel deposits on the basis of burrows (Rhoades, 1967).
Abundant sparrv calcite cement and cross-stratification are indi-
cationg of emnlacement by moderately strone currents. Gebelein
(1969) reported the nccurrencc of flat chips of alegally bound
sediment from thale Bay, Bermuda Isliand to denths egrcater than
30 feet. Jindrich (1969) described the mode of formation of flat
chips on the tidal delta of Blue 'ish €hannel, near Key West,
Florida. Here, in the base of the channel, currents crode portions
of algally stabilized mat into flat chips. The chips are rotated

by currents and buried by advancing ripples of Halimeda sand.
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Faunal Trends

The Fauna of the Axemarn Stonchense expanded from 6 genera
in 4 phyla of which 3 genera are gastropods in the Spring Creek
to 18 genera in 5 phyla of which trilobites and orthid brachio- .
pods are the most abundant, in the Graysville.

The lower member of the Stonchenge at Glenside is unfossili-
ferous. The middle member contains fragmented brachiopods, tri-
lobite, and mastronods and abundant pelmatazoan debris., The
upper member contains orthid brachiopods, npelmatazoans, trilobites
and gastropods in both alwxal mound and channel lithofacies. )

Faunal data from each section taken sepsrately clearly in-
dicate that faunal diversity and circulstory restriction decrease
upward parallelinec the circulation trends reflected by the litho-
lories. Mound horizons of both sections coincide with the wmost
hiehly enorueﬁtic and faunally diverse lithologies of the Stone-
henge.

Summary of Litholozic and Faunal Trends

(1) Laminites are found in the lower beds only.

(2) Intrasmarites ond intrasparudites are increcasingly
abunZant in fhe upper beds.

(3) Faunal diversity and abundance increase toward the top
of the unit.

Conclusions drawn {rom these trends are:

(1) Three cnd member facies coexisted in the marginal areas
of the Stonchenge Sea durine emplacement of the Spring Creek and
Lower Stonchenge: a supratidal flat; a subtidal flat facies; a

subtidal channel facies.
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(2) Three facies existed during emplacemcnt of the Uppner
Stonehenge beds: a subtidal flat facies; a subtidal channel
facies; an algal mound facies.

(3) The overall sequence of the Stonehenge is transgressive.
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BASIN EVOLUTION AND PALEOGFOGRAPHIC SYNTHFRSIS

In Pennsylvania, the ¥Larlv Crdovicion sea was restricted to a
northeast-trendineg belt several hundreds of miles wide and hordered
on the northwest by a larse low relief interior land mass (Schu-
chert, 1955). The eastern edge of the North American continent
during the Cambrian and Farly Ordovician has been delincated by
'Rodgers (1968) on the basis of facics chance from shallow water
carbonates of the Conocochecacue and Beekmantown Groups to the
deeper water Conestora Limestone (FFicure 23). The carbonate -

breccias of the Conestoza have been internreted by odgers as a

'bank edge facies of the Beckmantownd

Bird and Jdewevy (1970) offer an explanation for the existence
of the margin and the relative purity of the carbonate bank scdi-
ments from the perspective of pre-Mesozoic plate tectonics. They
postulate that late Pre-Cambrian vrifting along the trend of the
developing continental margin led to the oveningz of a Proto-
Atlantic ocean between worth America and Murope. Thev attribute
the thickness and purity of the Cawmbro-Ordovician carbonate se-
quences to position on the tectonically stable edge of the con-
tinent. DPurity of the carbonate sediments is thought by them to
be a function of gmreat distance from the tectonically active spread-
ing centers of the oceanic crust.

Thickness and dolostone-limestone facies relationships of the
Beekmantown Groun indicate that a distinct sedimentarv basin developed

on the continental margin carbonate platform during this episode.



Areas of lesser
subsidence

Areas of greater
subsidence

Axis of the
Stonehenge basin

Cambro-Ordovician
continental margin

FIGURE 23— Generalized, schematic, sedimentary framework of the Appalachian
platform during deposition of the Stonehcngei'Formation; data

compiled from sources cited in text.

s
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The Rickenbach-Stonebenze and Stonehenge-larke facies pattern

of the margins when comparced to the thicker Stonehenge~Nockdale
Run limestone intervals of the south~central belt show that the
Stonehensze seaway develoned as a true epicontinental sea bordered
by tidal flats on the northwest and southeast (Fisure 23).

The Upper Cambrian heds beneath the Stonehenge at Axemann and
Glenside (¥ilson, 1952; llobson, 1963) are characterized by supra-
tidal and intertidal) litholo#ies including laminites and large
algal heads similar to ti:ose of jlamlin Pool (Loeran, 1961), The
lower Stonchenge beds along the marecins of the basin include three
end-member facies: a supratidal facies; a subtidal flat facies;
and a subtidal channcl facie=. ince the lowest Stonehence beds
were formed in more predominentily subtidal conditions than the
Conocochcarue and Minces beds, it is concluded th:t Lhc iranseressive
sequence begap in 1he Cambrian ard climaxed with the development of
the Stonehense mounds.

The supratidal facies of the louwer Stonehenre beds are taken
as proof that tidal flats existed lateral to Glenside and Axemann
during éhe early development of the secaway.

The Stonchenge sea sworeard along the axis of the basin as the
seaway cxpanded over the northwestern, northern and northeastern
tidal flats. The correlative Tribes Hill Formation, exposed ncar
Albany, New York, is also transgressive (Braun and PFriedman, 1969)
and indicative of the regional scale of the cvent. Buring this
interval, conncction to an open seawayv east of the continental

marecin is unlikely.,
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The continued transgression of the Stonchenge sean resulted
in its broadening. The progradntion of laminites into the scaway
ceased in the southeast. Along the northwestern marrin a few
thin laminites were occasionnlly deposited during the Graysville

interval,

n

The denositional style of‘tho Stonehenge is similar in sonme
resnects to that of the PDevonian Manlius formation of New York
State described by Laporte (19G67). Manlius litholories, like
those of tire Stoncehenge, are relatively vrestricted pelletoidal
muds, sands, intraformational conglomerates, and laminites de- -
‘posited in a low energy scaway. wavironmentally diagnostiec lith-
olories renlace cach other verticallv in close succession. This
charncter of the Manlius led Lanorte to describe the environmental
senuence as a facies mosalc.

The mosaic of Stonechenge litholoTies is aitso quite comnlex.
Conodont hearinz intrasnarites and intrasparudites indicative of
subtidal, well circulating currents are cveliecally interbedded
with unfossiliferous supratidal dolostones. Following this rcason-
ing, any short vertical increment will show all the lateral facies
equivalents for the period of time represented by the local column,

/

The facies mosaic displayed in the lower beds indicates that
the submarine topography of the Stonehenge platform may have been
much like the vresent Bahama Bank with broad shollow subtidal
areas where "tirger strine" 1ithol§zy was depositerd. These arcas
were bordered by shoals as is cvidenced in the laminite-dolostone

cycles and dissected by subtidal channels where intrasparites and

intrasparudites were formed.
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Further transercession led to the crowth of mounds in the
subtidal channels. Larre mounds formed along thﬁ margins and
smaller mounds developed in the center of the scaway (lobson,

1957, 1958; Root, 1968).

The developirent of extensive algal mounds coincides with
the exnlosion of the most diverse fauna of the marginal Stone-
henge. The npossibility exists that during deposition of the
Upper Stonehenrce and Graysville members, the continued transercession
of the Stonchenge sea flooded the southeastern tidal flat and a
dircct connection existed between the epicontinental and inter- .

continental =eas,
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