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ABSTRACT

Carbonate mounds of the Lower Ordovician (Canadian) Stone-

henge Formation contain evidence of algal origin in the form of

convex upward growth structures, stromatolites,

and filamentous

alrgae., Facies distribution and thickness relationships of the

Stonchenge show that the mounds formed near the margins of a

distinct sedimentary basin on the Cambro-Ordovician carbonate

platform of Pennsylvania.

Interpretations of the sedimentary environments of the major

litholo«ies denosited in the seaway indicate that the Stonehence

beds were denosited in facies mosaic style. Five major lithologic

associations have been described and interpreted in this framework.

l. dolostonc cycleSeceescoscecoceecscscsscscncss
2. siliceous dolomitic pelmicritCeceecececese
3. intrasparudite—intrasparite...............
4, massive cAlcilutitCeceececccccecnsconsacas
5. cryptalgal calcarenitesccececesesccccscssns

The positions of these lithologics in the
succéssion of the Stonchenge indicate that the

the base of su?tidnl channels at the climax of

gression,

.supratidal facies

.subtidal flat facies

«subtidal channel facies

.algal mound facies

.mound debris facies

stratigcraphic
mounds formed in

a recional trans-
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INTRODUCTION

The purpose of this study is to interpret the cenesis and
environmental setting of the algal mounds of the Lower Ordovi=
cian Stonehenge Formation. Mound genesis is, of necessity,
intimately related to the evoiutionary history of the Lowér Or-
dovician carbonate shelf. The mounds constitute facies devel-~
oped as specific responses of scdiwments and orcanisms to a pdr-
ticular depositional environment. Genesis is interpreted from
petrocraphic analyses, Jetailed straticraphy of the moun:ds and -
associated litholowies, and positicn in the environmental scnuence
of the Stonchenee Iformation.

Fnvironmental internretations are supworted by analosy to
algal growth habits found in Recent carbonnte covironments. The
relativeiy unfossiliferous nature of the Stonehenge succession
makes it an ideal subject for emphasis of algal structures in the
reconstruction of depositional settines.,

Until recently, realistic palcoenvironmental and palcormeogranhic
synthe;es vere hindered bv the Lack of a uscful temnoral framework,
A time-stratisraphic framework utilizing conodonts 1is now heing
developed for éhe Beekmantown Group (Goodwin, 1972; Tipnis and
Goodwin, 1972). The conodont zonation of Tipnis provides the
temporal detail upon which the palecogeogranhic reconstruction
rests. |

The massive algal units of the Stonchence Yormation were
first noted by Donaldson (1959) and Hobson (1963) and employed
by them in the subdivision of the Stonehenge into members. Donald-

son suggested that the mounds occupied subtidal-lagoonal positions



in the northwestern Stonehenge seca. ilobson surrested thnt the
algal member in the southeastern belt constituted a patch recef
formed four to five fathoms below mean sca level, Sando (1957,
1958) and Root (1968) reported a variety of aleal structures in
the Stonehenge Formation of Washington County, Maryland and Frank-
1lin County, Pennsylvania.

Ahr (1971), Riding and Toomey (1972), Toomecy (1570), Toomey
and Ham (1967) and Pitcher (1864) have studied early Palcozoic
carbonate mounds similar to the Stonehenge occurrcnces, Ahr
(1971) has shown that mounds in the Upper Cambrian, Wilberns Form-
_ation of central Texas were bioherms and reefs constructed by the

alzae Girvanclla, Renalcis, Epiphyton and juia. Toomey (1970)

and Toomey and Ham (1967) attributes Lower Ordovician mounds within
the McKclligon Canyon Formation of west Texas to the mud baffling

of a probable coclenterate Pulchrilamina spinosa, as well as the

sponge Archeoscyphia ilinde and the quasi-sponge Calathium. The

alral Renalcis and Epiphyton, were added to the list of sediment
binding organisms in the McKellizon Canyon Formation bv Riding

and Toomey (1972). Pitcher (1964) showed five principle biotic
assemblages in the Middle Ordovician Chazy reefs of New York State
and western Vermont. Fach biotic group is considered to be a dis-
tinct and primary mound building assemblage. Ranging from carlicst

to latest Chazy rcefs the groups are: algae (Girvanella, Sphaero-

codium, Solenopora, and Nuia); lithistid sponges (Zittelella and

Anthaspidella); tabulate corals (Billingsaria and others); bryo-

zoans (Batastoma and others); and stromatoporoids (Cytostroma and

Pseudstylodictyon).




These stu:lies of Upper Cambrian, Lower and Middle Ordovician
mounds have provided detailed descriptions and partial genetic
internretations of mound occurrences similar to those of the
Stonehenege Formation. ilowever, this study is the first genetic
appraisal of the evolution of mound horizons within the framework
of an environmental succession.

The studv was limited to the excellently described Stonehenge
'sections at Axemann, Centre County and Glenside, Berks County,
Pennsylvania and to reconnaissance in the south-central belt.
Photographs and descriptions of rock types in the litcrature on.
the Stonehenge were field checked and oriented samples of diag-
nostic lithologies were thin sectioned. A data table (Table 1)
based on the unpublished sections of Dondldsnn (1959) and pub-
lished sections of lobson (1963) has been compiled to elucidate
the litholoric and faunal trends,

The best exnosed mound at Axemann was collected on a three-
foot grid where possible and additional samples were taken at
contacts with internal lithologies. Samples were taken of cach
signifiéant lithology in the (ilenside mound complex. Samples were
collected from the contacts of the mounds with nearest neichbors.
In addition, samples were taken of all associated litholorics.
Petrographic studies were made of 165 two-inch by three-inch thin
sections of samples from the mounds and associated rocks.

| Photomicrographs were prepared by a one-sten process in which
oriented thin sections are used in a photosraphic cnlarger and

negative prints result. VFor this reason, sparry calcite appears



as dark patches and micritic calcite is lieht. Organic films are
commonly opaque and produce white images. All orientation arrows
are 1 cm, in length,

The mounds contain the diagencetically altered record of an
algal flora. Stromatolites, clearly a product of bindine fila-~
mentous blue-green algae (Hloffman, 1972a) occur at the base of
the mounds; The bulk of the mound litholoev contains growth
structures similar to the growth habits of encrusting calcarecous
algae. The preserved algal record, however, is limited to stro-
matolites and to intraclasts of the mound litholowy which contaih
.poorly prescrved algal filaments identified as Girvanella,

The litholoaic sequence of the Stonehenge shows that the
mounds formed ir the subtidal zone during the climax of a basin-
wide transgression., At Axemann the mound occurrences are cyelic
whereas at Glenside conditions werc more uniform and resulted in
a thick accumulation of relatively uninterrupted and complexly

interzrown mounds.



STRATTGRAPHY

Beekmantown Group.

The Beekmantown Group is part of a thick sequence of
Cambro-Ordovician carbon%tes and terriegin ous clastics deposited
in tidal flat and shallow subtidal environments of the Appala;hian
»miogeosynclinc. The Beekmantown Group is Lower Ordovician {(Cana-
dian) in aze and crops out in three belts in Maryland and Pennsyl-
vania (Fieure 1). The south-central belt crops out in franklin
County, Pennsylvania and neirchboring Washington County, Maryland.
The northwestern and southeastern belts lie alone the marrins of
the Pennsylvania Valley and Ridge Provincg.

The thickness of the Beekmantown Group is greatest in the
south~central belt where Root (1963) reports 1200 m. The north-
western belt is 1035 m. thick in the vicinity of Axemann, Penn-
sy¥lvania. The southeastern belt has been shown by Hobson (1963)
to be at least 710 m. thick inrthc vicinily of Glenside, Pa.

Th? calcarcous Stonchensze Formation is the only !lithologic
unit recopgnized in all three areas of outcrop (Figure 2), For-
mations above the Stonchenge in the marginal outcrop helts alter-
nate between dolostone and limestone and contain abundant "primary",
laminated, deeply sun-cracked dolostonec of probable supratidal
origin. The same stratigraphic interval above the Stonchenge
Formation in the south-central belt is occupied by the Rockdale
Run Formation in which laminnted dolostone is relatively subor-

dinate.
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Stonchenge Formation

Northwestern Qutcron Belt: The Stonchenpge Formation is well

exposed in Centre County at Axemann (Fieure 3), north of Logan
Branch, along the road to Beliefonte., The Stonehenge may be
traced for about 15 miles northeast of Axemann but exposures
are limited. Southcast of Axemann the Stonehenge is replaced
through facies change by the Larke Dolomite Formation (Donald-
son, 1959),

Donaldson, in an unpublished work, subdivided the Stonehenme
.(148 m. thick) into four members. The Lower two members, the
Spring Creek (13 meters thick), and Graysville Member (45 meters
thick) are discussed in this study (Figure 3). The basal Spring
Creek dember overlies the Cambrian Mines Menmher of the Gatesburg
Formation (®ilson, 1952). The Spring Creek is characterized by
mud cracked dolostone, thin bedded, siliceous handed pelmicrite,
cross-stratified odlitic intrasparite, and intrasnarudite.

The Gravsville :iember overlies the Sprina Creek and under-
lies,tﬂe micritic Baileyvville itember. The Graysville is composed
of cross-stratified oolitic intrasparite, intrasparudite and

massive aleal biohernms.

Southeastern Qutcrop Belt: The reference section in southeastern

Pennsylvania is located in Berks County, along the northwest bank
of the Schuylkill River near the borouszh of Glenside. Beds of
"edgewise conglomerate' thought to be Stonehenge by Hobson (1963)
occur along the Schuvlkill River 12 miles to the portheast.

These are the easternmost beds reported. Lower Beekmantown beds

are not exposed in western Berks County.
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The Stonehenrcge limestones and dolostones lie between the
Rickenbach Dolomite Formation and the Cambrian Conococheague
Limestone Formation (Figure 3).

Relationships with the Conococheapgue are unclear hecause of
A persistent conccaled interval. The Conococheague limestones
in the vicinity of Glenside arce characterized by odlites, o8litic
chert, cuartzose limestone, pink crystalline limestone, dolomite,
and stromatolites. These beds are overlain by a covered inte;val
underlying the Rickenbach Formation. ‘fhousrh intrasnarite and
intrasparudite are found above aud helow the concealed interval,’
closely spnced beds of "edgewise conrlomerate" are largely
confined Lo beds above the interval and below the Rickenhach,
These strata were included hv Hobson (1963) in the Stonehenge
Formation.

The upner contact with the Rickenbach Formation is poorly
exposed and 6bscured by extensive dolomitization., The Rickenhach
apparently thickens at the expense of the Stonehenpge to the north-
east (H?bson. 1963).

‘HHobson (1963) subdivided the Stonehenge (72 m.) at Glenside
into three members. The Lower Member (36 m.) is cemnosed of la-
minated sun-cra;ked dolostone, thihly interbedded siliceous banded
pelmicrite and intraspafite, and intrasparudite. The Middle Member
(18 m.) is similar to the‘Lower but contains no laminated dolostone.
The Upper Member (1R m.) is composed of massive algal calcilutite

with extensive intrasparite, and intrasnarudite filled lenses,
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Age and Correlation of the Stonchenee Formation: Until recently,

the relatively unfossiliferous nature of the Stonchenge made intra-
basin correlation of the Stonehenge difficult and speculative. The
limited faunas of individual meﬁbers apparently show strong environ-
mental control. An additional complication, according to Sando
(1957, p. 109), is the incomplete understanding of Early Ordovician
paleontolo&ic classification. Lowever, the fnuﬁas have proven
usceful for correlation with other areas. Sando (1957, 1958) cor-
relates the type Stonchence Formation of the south-central belt
with the Gasconade Dolomite of the North American standard section.

Correlation by iiobson (1963) of the Middle and Upper Members
at Glenside with the type section in Franklin County, Pennsylvania,
is based on litholoric similarities, straticraphic position and
fauna identifiable to eceneric level.

Sando (1958) lowered the Stonehenge-Conocochearue boundary
in the tyvpe area to include 67 m. of beds previously included in
the Upper Conococheague. These beds, termed by "oot (1968), the
Stoufferstown Formation, are lithologically similar to the Middle
Member of the Stonehenme at Glepside.

" Larke Dolomite of the northwestern helt is correlated to the
Gasconade bolomite by Prouty (1954 in Donaldson, 1959) on the

presence of llelicotoma uniangulata. Donaldson (1959) demonstrated

the Stonehengpe-Larke equivalence and inferred the correlative na-
ture of the Axemann Stonchenge with the Stonchenge of the south-

central belt.

New data are now available in the form of a conodont zonation
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by Tipnis (personal communicotion) wirich indicates Tremadocian
and earliest Arenieian ages for the Stonchencoe KFormation. Tipnis
has further shown that the algal mound units, the Graysville Mem-
ber at Axemann and the Upper Stonehenge at Glenside fall within

the Cyrtoniodus brion-’altodus bassleri zone and are therefore

time equivalent.

Synthesis of the Stratigraphic Pattern

The thickness variations of the #eekmantown Groun are

thouzht to represent resgional variations in the subsidence rates

on the carbonate platform. The Beckmantown Groip is 200-300 m,

thicker in the south-central belt than at Axemann and Glenside.

The Stonchenze Formation mimics this nattern ranging from 76 m.

at Glenside to approximatelv 300 m. in the =south-central belt
and thinning to 138 m. at Axemann in the northwest,

Sando (1957, p. 12), using the oolite deformational analysis
technicues of Cloos (1947), has shown that the thiclkkening of the
bBeekmantown Group in the south central belt can not be accounted
for by post-depositional deformation. Oolite analysis yiclded
~7% to +5% thickness change for the ieekmantown Groun and these
vaIQes fall within the possible rance of error for the unit
measurcments.

Litholowic variation is also remarkable (Fi@ure 2). The
marrinal outcrops of the Group are characterized by the major
dolostone formations, ench containing a hicgh proportion of re-

placement dolostone and laminatcd sun-cracked olostone. The
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equivalent interval in the south-central belt is occupied by thé
Rockdale RPun Formation in wh.ch limestone predominates and lami-
nated sun-cracked dolostone is only important in the upper third.
These facts indicate that the beds of the south-central out-
crop belt were deposited in a more rapidly subsiding and pre-
dominantly subtidal setting. The equivalent heds at Axemann and
Glenside were contemporancously deposited in a shallower occasion-
ally supratidal settinz. "The Basin axis has beeﬁ inferred tbréuzh
the south-central outcron belt and extravolated between Axemann

and Glenside {Ficure 1),
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DESCRIPTION AND INTERPRETATICN OF THE

ALGAL MOUND HORIZONS

The Graysville Member at Axemann and the Upner Stonehenge
Member at Glenside contain massive and stromatolitic algal cal-
cilutite with a distinctive faunal assemblage of orthid brachio-
pods and hystricurid trilobites. In the Graysville, this lith-
olosy occurs in two to three m. thick hiohermal units (Figure 4).
Intrabiohermal rocks are principally cross-stratified calcarenite,
oolitic calcarenite, and calcirudite with varvine amounts of mi-"
crite matrix. At Glenside, algal calcilutite comprisces the bulk
of the Upper :stonehenge. The entire Upper Stoncehenge is a complex
of intergrown mounds.

The units are grouped as lithofacies on Lthe basis of compo-
sition, texture, and gecometry. Lithofacies I is composed of
massive aleal calcilutiie. Lithofacies II is predominantly

calcarenite and calcirudite.
Lithofacies I

Description: Lithofacies I {(Figure 5, Fizure 6) weathers to

light eray compact dolomite-mottled calcilutite. The lithology

is casily distinsuished by its color and massivity and by the
presence of subvertically oriented bodies of darker medium to
coarse grained calcarcnite and calcirudite. Distinct stratifi-
cation is lacking but closecly spaced stylolites and rusty weather-
ing dolomite mottles are gencrally parallel to bedding in adjacent

facies.
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The microfabric (Figure 7) consists of convex upward bands
of patchy pelmicrite enclosing lenses of mieritic intraclasts

and skeletal debris. The sugrestion of Bathurst (1971, n. 547)

Figure 7. Lithofacies J; aleal biolithite showineg convex upward
bands of pelmicrite (1) surroundine lenses of intra-
clastic and bioclastic debris (2); wressure solution
commonly destrovs this texture (3) and produces onanue
films usually associated with rhombic dolomite. Sparry
calcite allochems in (2) are enclosed in micrite en-
velopes. Varisus views of trilobite carapaces are
present (4, 3).

is followed that "peloid" be substituted for "pellet" in reference
to allochems formed of microcrvstalline or cryvptocrystalline ma-
terial because these grains cannot always be identified as fecal
pellets, but may have oricinated in other wavs. Thus, a pelmicrite
is defined as a limestone composed of peloids in a matrix of micrite.

Bands range from light pelsparite to nearly opaque pelmicrite. In-
24 I

dividual bands are frequently enclosed by styvlolitic seams, A much



more common occurrence, where stylolites are more abundant, is
for banding to be disrupted into discrete clots showine little

or no convexity. In acnéral. stylolites follow the boundaries of
bands and clots, affecting them by solution at the marginsg but
not internally. Sparrry patches are common. Fecal pellets are
found in many spar filled borings (Fipure 10).

The skeletal allochems are orthid brachiopods, trilobites,
and pelmatoazoan debris. Gastropods are rare. ‘The only recog-
nizable alga is Girvanella, a filamentous green or blue-green
cenus characterized by flexuous tubes of uniform diamemter. Qizi
vanella is found in loosely entwined clusters in some frarments

in the detrital lenses (Figure 8).

14
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Figure 8. Girvanclla threads in cliast of alenl pelmicrite.
Positive print; length of the bar is 1 mm.

Stromatolites (Figure 9) are found at the base of Litho-

facies T in both sections. At Axemann, stromatolites occur as



Figure 9. Stromatolite from the base of a Graysville mound.,

closely spaced dipitate SH forms (stacked hemispheroids of Logan,
et al, 1964) which coalesce upward into LLH forms (laterally
linked hemispheroids) (Figurc 9). Spaces between digitate pro-
cesses are filled with loosely racked skeletal and intraclastic
silt nnﬁ micrite. Patchy pelmicrite tvpical of Lithofacies T en-
crusts the upper surfaces of the stromatolites. At Glenside, do-
lomitized stromatolites of the SH type occur at the base of Litho-
facies I and as cobbles in immediately subjacent beds. A few un-
laminated domes about 10 em. in diameter with about 4 cm. relief
are present ncar the base. These are recognizable only because
they are rimmed with halos of darker dolomitized calcarenite.

Dolomite mottline occurs in several habits, but most commonly

as burrow filling and as concentrations alone stylolitic scans.



Dolomitization encompasses a complete range of alteration from
lightly dolomitized rock in which isolated crystals have grown
at stylolitic boundaries to large portions of completely altered
burrow fillinms, scams and calcilutite. Dolomite crystals are
enclosed in a dark, presumably organically stained, cryptocry-
stalline calcite matrix. Dolomitization is most extensive in
Litholfacies I at Glenside proximate to the overlying Rickenbach
Dolomite. Dolomite occurs in the Graysville mounds only in bur-

rows and aloneg stvlolitic scams.

.///7(

Interpretation: The bulk of Lithofacies T is a }lithology rarecly

encountered and only poorly understood. Evidence for environ-
mental position is found in the fauna, the relationship with the
stromatolites, and the relationshin with the associanted lithologies.
Evidence for the oriein of the microfabrie is mainly petrographic.
The nature of the organisms responsible for the construction of
the mounds is determined by integratine field evidence, petrogra-
phic evidence and comparisons with Recent alwal rrowth habits.

The close association of winnowed lenses of intraclastic

: ~
debris and pelmicrite (Figure 7) is difficult to explain with any
orthodox hydrodynanmic interprutation. This dilemma is further em-
phasized by the larger scale associations of lithofacies I and II
(Figure 5) where coarse calcarenites are enclosed within massive
calcilutite. The absence of organisms commonly found in early
Paleovoic carbonate mounds and attributed to have had mud baffling
potential is also remarkable.

The origin of the icrofabric an?d the ideniity of the organism
or organisms responsible for production of the Stonehense mounds

are difficult to determine. rost, if not all, of the texture is
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a product of the slestructive habits of borins organisms, dia-
genesis, pressure solution, and carbonate diagenesis.,

Several alternate hypotheses will be ddiscussed and their
relative merits evaluated before discussing the environmental
position of the mounds because it is clear that a number of
processes other than mechanical sedimentation can be involved
in the production of pelletoidal calcilutite.

Diverpent views on the origin of pelletoidal calcilutite hnye
been expresscd by Cayeaux (1935) and Beales (1956). Cayeaux bhe-
licved that Ystructure grumeleuse' cvolved by ihe growth of a
network of calcite from a homoseneous micrite matrix. Henles, on
the otiier hand, felt that Y,.. many closely nacked grains (peloids)
appear to have merged on recrystallization into a homorceneous micro-
crvstalline rock.® The resulting texture consists of a two-component
clotted fabric that ronges from dense micrite Lo dense patches of
micritic peloids imbedded in a microspar matrix.

Bathurst calls attention to the autochthonous nature of pelle-
toidal caleilutites.

.

"The outstanding characteristic, and most puzzling
aspect of this fabric is the merged pnatches of mi-
crite with 'des adherences multiple' (Cayeaux, ibid,
p. 271). This obviously cannot be a vrimary fabric
of mechanically deposited peloids: it must be a
secondary feature. Once this i1s eranted, the field
is open to speculation on the diasenetic evolution,”
(Bathurst, 1971, p. 312).

In the microfabric of Lithofacies 1, it can be seen (Figure 7)
that the pelletoidal bands bear an encrusting relationship to
debris lenses and preexisting bands. Debris lenses have been

loosely deposited between projectineg clotted masses and are
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overegrown from the sides by clots, The fabrie shows no cvidence
of internal conmpaction other than stylelitization, the last of
the diacenctic events. Spar filled borines throursh the pelmicrite

remained open (Figpure 10). Extremely delicate orthid valves and

Figure 10. Aleal pelmicrite showing pelleted burrow at bottom
left and micrite filled burrows at top right,

thin trilobite carapaces (Pigure 7) are unbroken demonstrating
the supnortive function of the projecting clotted masses and in-
duration upon formation,

Alteration of algal recf rock to micrite was studied by
Wolf (1965a, 1965b) who has shown that erain-matrix-cement ratios
do not necessarily reflect the degree of turbulence and winnowing
in a carbonate environment. e has demonstrated a ranve of tex-

tures in encrusting Rothnletzella colonies from unaltered cellular

colonies to pelletoidal calcilutite in the Lower Devonian aleal
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recfs of New South Wales, Australia, These pelletoidal cal-
cilutites contain Girvanella and are texturally identical to
Lithofacies I,

Gold=an (19290) and Wolf describe partial alteration of
living calcarcous algae to micrite taking place in a snan of
a few years. Goldman described the process as ",.. some chango,
addition, or rcarrangement of material! which obliterates cell
structure." %olf uses the term "grain diminution" for the pro-
cess because the alteration mechanism is not understood. Ie
follows Haddinm (1958), who surgested that alzal tissue may
provide a source of nutrition for bacteria which destroy the
aleae'’s cellular structn;e.

An alternative explanation for the origin of Lithofacies I
is offered by comparison with the Recoent. Hoffman (1972a) has
noted that well laminated stromatolites are restricted to the
lower intertidal zone of llamlin Pool. The upper intertidal heads
are laminated at the base and unlaminated above. This is similar
to Lithofacies I where laminated stromatolites are succeded by
pellqtoida] calcilutite. At {lamlin PPool, this transition is due
to a recent lowering of sea level and a replacement of filamentous
alrae by desicecation resistant coccoidal blue-grecen algac (Hoffman,
personal communication, 1972).

Evaluation of the merits of these hypotheses leads to the
conclusion that the mounds are more likely the product of coccoidal
aleae than cellular encrusting genera. While modern encrusting
algae have the cecological potential to build mounds the size of

those in question, these occurrcnces are limited to the most turbu-
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lent of marine ehvironments, the windward edge of coral reefs,
Modern encrusting cellular algae can only thrive in the active
breaker zone of the most -exposcd portion of the reef tract (wells,
1956). The litholories associated with Lithofacies I make this
combination extremely unlikely for any environment on the shallow
Stonehense shelf. The comnlete ahsence of preserved cellular al-
gae from Lithofacies I supports this conclusion.

The ecological potential of coccoidal algae has not yet been
well established for the Recent. However, the loferitics of the
Alpine Triassic (Fisher, 1964) are thought to have been formed by
coccoidal algzae (Hoffmén, 1972a). Tt is highly likely that this
is also the casc for Lithofacies I of the Stonchenge.

An undetermined portion of Lithofaciés I may have been the
result of boring algae. Bathurst (1966, p. 16) wrote:

#_ .. micrite conrtert is not solely a function

of turbulence but is also influenced by other

factors, notably the formation of micrite hy

algac.”
Bathurst is referring to the production of micrite by infilling
of aleal borings. The origin of tﬁe micrite is, as yet, undeter-
mined. The fabric which results is onc of nelletoidal mierite in
patches up to 5 to 7 M in diameter caused by the infilling of a
myriad of crosscutting alpgal borings. Both aragonitic filling
(Bathurst, ibid) and high magnesium calcite fillings (Winfield,
1968) have been found in Recent micrite envelopes. Presumably,
diapenesis has altered oriminal structures of the araronitic type
(Land, 1967).

Burrowing organisms, other than alzae, though abundant, have

not destroyed an orginally laminated texture. Burrowing is readily
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identified in thin sections as dolomitized patches or patches of
sparry calcite with floating fecal npellets. Clotted and banded
pelletoidal calcilutite contains clearly visible burrows and is
unlaminated in unburfowed portions (Figure 10).

Evidence for the environmental position of the mounds is
based on fauna and the interpretation of associated lithologics.

Orthid brachiopods occur in far ereater abundonce in Litho-
9]

facies I than in any of the litholories above or below the mound

horizons. The condition of preservation of the brachiopods Fink-

elnbureia and Nanorthis, thouszh very delicate forms, is very N

nearly nrerfecet. Broken specimens are cextremely rare and abrasion

effects arc not evident. Clearly, transportation of the brachio-

pod fauna is not likely. Their abundance in Lithofacies I and
relative absencec from other lithologies is taken as evidence that
they inhabited nrotected pockets within the mounds. The paleo-
ecology of carly orthid brachiopods is not vet well known but it
seems certain that articulated brachiopods were limited to a well
circulating subtidal environmcﬁt because of the necessities of
filter feeding. Pelmatazoan abundance is also taken as evidence
for the subtidal environmental interpretation of Lithofacies I.
The pelmatazoans, however, are disarticulated and some transpor-
tation may have been involved in their emplacement in the mound
lithology.

‘Stromatolites are evidence for intertidal (or subtidal)

penesis of Lithofacies I. Stromatolites have been reported from

a variety of intertidal and subtidal setiings in the Recent. Black



on (1933) reported a variety of stromateolites from the upper reaches
of the broad tidal flats of Bermuda, 7The four tvpes he described
are all basic morpheloric variations imposed by aleral prowth and

degree of desiccation on sun-craciis and bear little resemblance

to stromatolites of Lithofacies T, More annlorous are the inter-
— tidal stromatolites of iiamlin Poel, Shark Bay, ‘estern Australia
(Loman, 1961), and the subtidal stromatolites of Bernuda (Gebelein,
r—
1969). Tn these the style of verticnl acceretion more closely re-
sembles the Stonehenge stronatolites. Thouerh subtidal, it is
—
possible that if coccoidal alrae were involved the tops of the
— mounds may have become stabilized in the intertidal zone in the
manner of the aleal reefs of Hamlin Pool,
Ll . . - - - -
liorizontally burrowed intrasparudites and intramicrudites are
also associnted with Lithofacies 1 (Firure 11). These are inter-
p—
preted as subtidal ipn oriein. llorizontal burrowing has been shown
Rl
-
o —
—
om—
—
- Figure 11. ilorizontally burrowed intrasparudite in the Grays-

ville Member immedinte!y below the mound shown in
Firure 6. AXemann.,

AT SO



by Rhoades (1967) to be a function of cnvironmental position.
He found in a study of modern wmarine burrowers that subtidal
environments are characterized by shallow burrowing mud-eaters.

Jdindrich (1969) reported the formation of flat pebhle lag
in the Tirlal delta of Blue Fish Channel necar Xey ¥est in the
Florida ¥ecys. On the delta and near the head of the channel,
currents occasionally erode extensive areas of algally hound mat
to produce flat chips. These chips are rotated anrd tilted by
currcnts and huried bv current driven sand ripnles to nroduce
a flat pebble lag with a sandy matrix similar to the Stonehenge .
beds helow the mounds,

Gebelein (1969) noted similar occurrences to depths greater
than 30 feet in iliarrington Sound, #ermuda Tsland, and enclosed
basin where sediment is moved only durineg storms.

Stromatolite erowth could have been a response to a chanee
in a small number of environmental narameters. Gebelein (1969)
has shown that the subtidal stromatolites of Hermuda flourish in
protected arcas where sediment is predominently silt or fine sand
and cur;ents and sediment sup;ly are uniform.

_Encrustinz organisms require the presence of a stahle non-
shifting substrate in order to bLe successful. Colonization of
the channel floor appears not to hive been possible until the
substrate had been prepared by the growth of stromatolites.

The genetic scheme thousht most likelv for the development
of the Stonehenpge Mounds is one of successive colonization of a
shifting channel floor by stromatolites which are in turn colonized

by the mound building alganl wenus or renera.
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Lithofacies II

Description: Lithofacies II is distincuished from Lithofacies I

on the basis of texture, beddineg, and gcometry. Weathered sur-
faces are lieht grav and contrast with the very light gray color
of the algal mound facies. The lithologies range from intra-

sparite and brachiopod biomicrudite to coarse intramicrudite.

Sheet bedded and cross-stratified beds occur. Lithofacies II

occurs hoth within the mounds and flanking them (Figure 4). On
the basis of geometry and bedding style, Lithofacies II has been
separated into subfncicé ITA and IIB.

Lithofacies JIA is contained iq 10 to 20 cm. wide subvertical
anastomosing lenses and dikes. These bodies are poorly bedded and
are usually in sharp contact with the mounds (Figure 3). Subverti-
cal dikes may occasionally be traced as much as a meter before
pinching out or joining subhorizontal lenses. Tubular bodies are
also vrescnt.

The fauna is composed of unbroken unabraded orthid brachio-
pods, hystricurid trilobites and scattered pelmatazoan debris,
Brachionod beds and micritic intrasparudites are locally common.
Skeletal allochems are rarc except in shell beds,

The microfabric is dominated by cuspnie, occasionally rimmed
clasts of dolomitic miecrite in a matrix of microspar or micrite
(Ficure 12). The cement is equant sparry calcite. Clasts vary
from silt and sand erade to pebbles. Current=bedded intrasparu-

dite is locally ahundant (Ficure 13).
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Ficure 12, Lithofacies ITA: micritic brachiopod intrasparite
(Nanorthis?), Glenside,

i o \','4;:_'

Ficure 13. Lithofacies TT\: micritic intrasparudite, Axemann,



Lithofacies 1Ii3 i= comnosced of 3 em. to 15 cm. thick tabular
beds and lenses of yvellow weathering dolomitic intrasparite, sili-
ceous bhanded uolmicritv,.dolomitic intramicrudite and dolomitic
intrasparudite. The microfabric of this facies is similor to that
of Lithofacies I1TA.

Lithofacies TIBD forms upward widenine bodies rancine from
1 m. to 8 m. in width within the algal mound comples at Glenside
(Pigures 4, 14, 15). At Axemann this facies (lanks the isolated
aleal mounds and constitutes the dominant litholosic association
for that part of the Graysville Member containing the mounds

(Fisures 4 and 17).

Firure 14. Lithofacies JTIB: Lithofacies I in right foreground
overlain by siliceous and dolomitic calcilutite;
Glenside.
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Figure 15, Lithofacies T1IB: Backeround of ficure 14. Dolar-
enite, dolomitic intrasparite and dolomitic intra-
sparudite; conglomerate in lower left and foreground;
Glenside.

A By R

R

- 3 o s Mg
. 2 : e 2 LS
o LoD S e NP L Py e gt VL 3 ey -y 2

Firure 16. Lithofacies ITB: Dolomitized intrasparudite; Glenside,
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Coniacts with the moun<ds are normally sharp but gradational and
overhanging relationships arc also present.,

The largest of thrée such bodies at Glenside is in eradational
contact with Lithofacies I at the base (Fisure 14). The lower 2 m.
of this body contain thiﬁ-hedded pelmicrite and intrasparite with

silicecous dolomitic »nartings. These beds are replaced upward by

_thicker—bcdded dolomitic irtrasparites and intrasparudites (Fig-

urc 16). The rocks above these are bedded calearenites (Ficure 15)
containinz relict pelmatazoan and brachionod debris similar to
the fauna of Lithofacies T and IIA.

In the Gravsville Member at Axemann, Lithofacies TIB does
not form distinct bodies as at Glenside. JInstead, the facies
comprises most of the interval containine the mounds which are
smaller and more iwolated than the coalescing mounds of the Upper
Stonchenee at Glenside. Therefore, the distineuishine characteris-
tic of this facies is its shape and position relative to the mound
complex. Lithologically these deposits are similar, if not iden-
tieal, to those of the Middle Stohehenge at Glenside and most of

the Graysville Member.

Internrctation: Sharp contacts, sedimentary textures and current

bedding are evidence for channel deposition within and around the
mounds.

The contemporaneity of channel activity and the buildup of
Lithofacies I are shown by the intertonmuing pature of some lateral

contacts. At these contacts, large portions of Lithofacies 1 have





