Figure 21. Slab from PAC 3, New Creek Formation, St. Clairsville.

The top of the cycle corresponds to the top of the slab (note eroded brachiopod
shell). Chert is mostly in the middle zone, which contains abundant coarse fossil particles
and organic matter. The silicification is irregular, though confined to a zone. This cherty
zone is bounded by micrite below and argillaceous micrite above. The silicification
pattern of the brachiopod shell in upper part is reminiscent of opaline spherules. The scale
is in millimeters.
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or saturation levels, which are dependent on various sedimentologic and geochemical
factors (see Chapter II). The top of PAC 1 contains chert as a thick bed at
Limestoneville, as nodules at Tyrone and associated with concretions, both siliceous and
calcareous, at Allegheny Fumace. Heace the distribution of silicification patterns in the
lower New Creek Formation are controlled by stratigraphic pracesses, but the exact
location of chert is dependent on local sedimentological or mineralogical conditions

producing suitable microenvironment.

Upper New Creek Formation

The more argillaceous, thinner-bedded upper New Creek Formation varies from
2.5t0 5 f (0.76 to 1.52 m) in thickness. The three cycles comprising the upper New
Creek are thin, averaging 1.2 ft (0.37 m) in thickness. Cycle boundaries in this interval are
characterized by thin clay partings and/or shell Jags. Lateral variation in facies is more
noticeable in this section than in the lower New Creek Formation. For example, Tyrone is
the shallowest location as indicated by the preseace of cryptalgal laminites at the top of
the formation. Ip contrast, at Limestoneville abundant chert and finer calcarenite are the
deepest facies in the interval (Figures 18 and 20¢). South and east of Tyrone upper New
Creek facies are totally subtidal, consisting largely of fine-grained, argillaceous
calcarenite. Numbers of cycles and cycle thickness remain same throughout the study are.
Chert occurs as discontinuous lenses and as beds at ¢ycle boundaries.

Topographic lows and highs may kave caused local variations in the pattems

observed. For example, there is a distmct intra-cycle surface in PAC 5 at Hollidaysburg
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Figure 22. Slabs from PAC 2, lower New Creek Fmn, Canoe Creek Quarry and Tyrone.

On the left is a bed of chertified grainstone from Canoe Creek Quarry (a). On the
right is a non-cherty bed, at the same stratigraphic horizon, the top of PAC 2, at Tyrone
(b). The structure and textures are similar in the two samples; grainstone, which is
composed of small fossil particles, is overlain by a finer-grained cap. Hence, lithology by
itself cannot be the sole determining factor of silicification. Supply of silica at a site may
vary; organic matter content may differ; the overlying sediments may affect preservation
of silica and degree of silicification. See thin-section of the Tyrone slab, Figure 23.
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The grainstone of PAC 2 is silicified only in the pore spaces. Silica is finer-grained
surrounding the fossil particles, but macrocrystalline throughout, and thus not chert. Lack
of contact between the fossil particles indicates early cementation, whether the primary
cementation was silica or silica-replaced calcite. Macrocrystalline silica crystallizes from
solution with low concentration of silica. Width of photomicrograph is 3.6 mm.
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and Altoona Bypass. At Hollidaysburg, the lower portion of the cycle becomes more
argillaceous toward this surface; the bottom of the upper part is characterized by a shell
lag. At Altoona Bypass there is a distinct surface denoted by a very thin clayey (scaly)
surface. This intra-cycle surface is not correlative with any other locality, and yet at the
two localities mentioned the change in lithology across the boundary would indicate a
possible PAC boundary. Because of lack of correlation, the surface is interpreted to be
scoured by a storm and hence an autogenic feature; the storm affected only certain parts
of the basin, thus reflecting topographic or basinal variations.

Chert occurs most persistently associated with the PAC-boundary on top of PAC
6 and less persistently at other cycle boundaries. This prominent chert below the New
Creek-Corriganville boundary is the most important chert because of its thickness and
continuity (Figures 10 and 11). At the lesser boundaries (6th-order instead of 5th-order),
the character of chert is often nodular or intermittent, the occurrence corresponding to
lithology (e.g. fossil particles). This observation would suggest that the primary control is
by stratigraphic processes and secondary control by sedimentologic processes, which
produced different bost lithologies.

The chert in PAC 6 is positioned often below the cycle surface and associated with
bwirowing activity in addition to fossil accumulation (Figures 10, 24 and 25), the
morphology of chert being controlled by inhomogeneities in sediments, and perhaps, by
mechanical transportation of silicepus matter into the sediments by burrowing, The &th-
order cycle boundary between PACs 4 and 5 contains chert associated with fossil lag at

four localities, Cessna, Hollidaysburg, Allegheny Fumace and Limestoneville, out of the
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seven localities studied. This thick continuous chert bed is interpreted to be linked to the
major deepening event, which perhaps indicates increased time of non -deposition, at the

base of the Corriganville Formation.

Cycles and Chert in the Corriganville Formation
e ctepictt

The Corriganville Formation, which averages 12.4 ft (3.78 m) in thickness,
consists of nine laterally correlative cycles (Figure 9). In contrast to cycles in the New
Creek Formation, Corriganville cycles have well developed high-stand and low-stand
portions. A typical Corriganvitle cycle is 2 thinly bedded unit of 1.4 ft (0.43 m), which is
constructed of a finer-graimed high-stand portion and an abundantly fossiliferous coarser-
grained low-stand portion. As in the New Creek Formation, the character of the lower
Corriganville cycles differs from that of the upper Corriganville cycles. The PACs in the
lower Corriganville have well developed high- and low-stand parts, the high-stand part
being calcareous shale and the low-stand fine- to medium-gramed calcarenite with
abundance of brachiopods and bryozons. The PACs are thinner in the upper part of the
Corriganville Formation, and they tend to be fmer-gramed, consisting of chert-rich
calcareous mudstones and shales. The high-stand portion of each cycle is proportionally
thinner or nearly absent.

The general pattern of chert occurrence in the Corriganville Formation follows a
distribution restricted to high-stand portions of the cycles and surfaces representing

depositional hiatus, at cycle boundaries and sea-level fall surfaces. Chert tends to ocour
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more as continuous, laterally correlative beds than iv the New Creek Formation. Chert
occurs in Limited quantities in the lower Corriganville Formation, where it is found below
cycle boundaries or associated with shell hash intemal to a cycle. In the upper
Corriganville Formation chert is found particularly concentrated in the high-stand portion
of PAC 6, and thereafter associated with PAC boundaries and sea-level fall surface or a
shelf lag in association with & stratigraphic surfaces. Hence chert occurs in a much more

clearly defined pattern in the Corriganville Formation than in the New Creek Formation.

ille Fo

The three lower Corriganville cycles are composed of high-stand parts of shale and
nodular micrite and fine-grained calcarenitic Jow-stands. The average thickness of the
interval is 4.2 ft {(1.28 m), the thickness ranging from 3 to 5 ft (0.91to 1.52 m). The
average cycle thickness is 1.4 ft (0.43 m). PAC 1, approximately 1 ft (.30 m) thick, is
composed of shale/nodular limestone at its base, thicker calcarenite beds in the upper
portion and a chert bed at its top (Figure 26). This PAC is almost devoid of fossils, PACs
2 and 3 were described as a single unit in previous interpretations (Eskel and Goodwin,
1994: Orzechowski, 1995). However, in this study a study-area wide correlative surface
associated with a vertical lithological change indicates a PAC boundary within this
interval. This lithological change is accentuated by a fossil lag and a more argillaceous
surface, above which there often occurs 2 nodular zone, corresponding to a poorly
developed high-stand part. At one focality (Figure 26), there is a thin bentonite layer at

sea-level-fall surface of PAC 2. The top portion of PAC 3 is richly and diversely
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fossiliferous; fossils mclude brachiopods, crinoid stems, trilobites, bryozoans and
graptolites.

The lower Corriganvilie contains less continuous chert than does the upper
Corriganville. High-stand part of PAC 1 coatains chert only at Hollidaysburg and
Altoona Bypass, where it forms a 2-4" (5.08-10.16 cm) thick chertified laminated micrite
bed (Figure 26). At Tyrone, there are dolomite nodules 0.20-0.23" (6-7 cm) below the
cycle boundary both in the high-stand part of PACs 1 and 2. There is chert on the top of
PAC 3 in the northernmost four of the seven localities (Figure 27). At Limestoneville this
0.5 &t (0.15 m) thick chert bed occupies most of the high-stand part of the cycle. The
low-stand part is thinner, consisting mostly of bioturbated shale. At Tyrone, this same
stratigraphic horizon is characterized by a 0.07-0.91" (2-3 cm) thick chert bed on top of
the high-stand part of the cycle, which contains biocturbated, fine-grained calcarenite

(Figures 18 and 28).

Upper Cormiganville Formation

The average thickness of the upper Corriganville is 8.0 ft (2.44 m), with a range
from 7 to 9 ft (2.13 to 2.74 m). This interval consists of six laterally correlative cycles
averaging 1.3 ft (0.40 m) in thickness {Figure 29). The cycles consist of distinct high-
stand and low-stand portions, which, depending on location, consist of variations of shale-
limestone, chert-limestone or nodular/argillaceous-calcarenite. The general gram-size of

this unit is finer than in the lower Corriganville, and the typical fauna is bryozoan stems,
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Figure 24.

This thin-section is from the bedded high-stand portion of PAC 6. Most of the
rock is composed of fine grains of carbonate and silica in intimate association attesting a
partial silicification pattern; no zonation is observed. Some chalcedony spheroids are
associated with fossils or voids. Width of photomicrograph is 3.6 mm.
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Figure 25. Slab from the top of PAC 6, upper New Creek Formation, Altoona Bypass.

The morphology of this chert is controlled by bioturbation. The light grey bulbous
forms are chert; the light-brownish areas are limestone. Many fossils are seen as nearly
white replacements or they are surrounded by light-colored haloes. The darker brown is
organic matter.
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Figure 26. PAC 1, Corriganville Formation, Hollidaysburg.

The 12" scale rests on the New Creek-Corriganville formational boundary. The
top of PAC 1 is above the dark blue-gray chert bed. Above this bed is the high-stand
portion of PAC 2, which extends to the shale-calcarenite boundary.
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brachiopods, ¢rinoid sterus and graptolites. There is increased bioturbation toward the top
of the interval as well as toward the top of an individual cycle.

The general pattern of the cycles in the upper Corriganville is entirely correlative
throughout the study area (Figures 12-19). PAC 4 is a typical Cormriganville PAC with 2
shaly high-stand and calcarenitic low-stand parts (Figure 29). PAC 5 is a very thin cycle,
composed of fine calcarenite and an ixregular chert bed at the top of the cycle. PAC6is
ugigue in its pattern of laterally traceable features; the high-stand part is composed of
shale and thin beds of chert, the low-stand portion of fine calcarenite. This sea-level-fall
surface contains a distinct, laterally continuous chert bed {(Figure 31). The low-stand
parts of PAC 6 and PAC 7 form a distinctive two-bed unit recognizable throughout the
study area; the cycle boundary between them is characterized by a fossil fayer and clay
seam. Minor nodular chert is associated with this surface. The base of PAC 8 contains a
distinctively thick chert bed with & characteristic blueish hue (Figures 32 and 33). PAC9
has a thin shaly high-stand part, is usually devoid of chert and is extenstvely bioturbated.

The major concentration of chert in the upper Corriganville Formation occurs
within the PAC 5 through PAC 8 interval. Chert connected with cycle boundaries 5-6 and
7-8 are thick, and even i outcrop bave a blueish hue (e.g. Figures 26, 29, and 30). Chent
i this interval seems to be more completely silicified than chert in the New Creek
Formation (Figure 34), and this and the abundance of chalcedonic silica (Figures 35 and
36) causing the blue color. The coarser, more fossiliferous, and probably more permeable

postions of beds, are the most completely sificified (Figure 37).
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Figure 27. Upper Corriganville Formation, Limestoneville,

The lower Corriganville-upper Corriganville boundary is at the top of the thick
prominent chert bed behind the 12" scale. The chert bed is the low-stand portion of PAC
3; the high-stand portion is the 2.5" thick calcareous mudstone bed. The top of PAC 4 is
the surface at 1.5' on the measuring stick. PAC 5 is nearly 2.5 ft thick, composed of a
shaly high-stand part and a calcarenitic low-stand part.

65



Figure 28. PACs 3. 4 and 5, Corriganville Formation, Tyrone.

The measuring stick rests on the PAC 3-4 boundary. The top of PAC 3 is visible:
there is a thin chert layer immediately below the stick. The interval of shaley, nodular
calcareous mudstone forms the high-stand portion of PAC 4. The calcarenite bed is the
low-stand part of PAC 4.
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Figure 29. Upper Corriganville Formation, Altoona Bypass.

The measuring stick rests on top of PAC 3. The Corriganville-Mandata boundary
is above the last competent calcarenite bed in the right hand corner. PAC 4, which is the
first upper Corriganville PAC, consists of 6" of high-stand shale and nodular micrite
overlain by 18" of massive calcarenite; this is also the beginning of the upper Corriganville
Formation. PAC 5 is about 6" thick, behind the 2' and 2.5' marker in the measuring stick.
The thin chert beds and calcareous mudstone of the high-stand part of PAC 6 are between
the 2.5' marker and the 12" scale (at the sea-level-fall surface) . Note the thick, blue-gray
bed of chert below the sea-level fall surface. The top of PAC 6 coinsides with the top of
the measuring stick. PAC 9 is composed of a distinct high-stand part, a thin boudinaged
layer, and a low-stand part, which is bioturbated, medium-grained calcarenite.
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Figure 30. PACs 3, 4.5 and 6, Corriganville Formation, Tyrone.

The measuring stick points to the PAC 4-5 boundary. PAC 5 is a thin cycle
consisting of an irregular basal chert bed (dark blue), and a six-inch bed of medium-
grained calcarenite. The high-stand portion of PAC 6 is mostly behind the tree root: it
consists of thin-bedded chert, calcareous mudstone and calcarenite.
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Figure 31. Slab from PAC 6, upper Corriganville Formation, St. Clairsville.

This slab is from the basal bed of the cycle. The lower part of the slab is
composed of a layer rich in organic matter and a few fossils. Most of these fossils are
silicified. Above this darker zone is a well chertified layer, in which most of the fossils
have been obliterated. Except for a few preferentially silicified fossils, the calcareous
mudstone is not silicified. Width of photograph is 4.5 cm.
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Figure 32. Slab fr 8! er iganvi ion, Holli I

This slab contains a potential PAC 7-8 boundary below the white and blue zone of
chert at the dark line. Below this line, chert has replaced micrite, of which some is visible
in the dotted light brown clump. On the left and above the clump, sponge spicules are
preserved in the silicified matrix. Above the PAC boundary, white to blue chert has
replaced a coarse fossil layer. Most of the fossils are seen as haloes (ghosts), some of
which are only residual matter, e.g. iron, left from the original fossil. A thin-section of
this sample is shown in Figure 35. Scale is in mm.
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Figure 33. Slab from PAC 8°, the upper Corriganville Formation, Hollidaysburg.

This is the upper part of the slab described in Figure 34. The original lithology is
still discernible as outlines of fossils and carbonate grains, though there is no internal
detail visible. Between the fossil particles and carbonate grains, chert is white and opaque,
probably corresponding to chalcedonic fill of voids or pore spaces. The upper portion of
the chertified graded bed is fine-grained and laminated. The bed is capped by laminated
purely calcareous layer. A thin-section from the middle part of this slab is shown in
Figure 36. Width of photograph is 4.5 cm.
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Figure 34. Thin-secti 8, Corriganville Formati

This is a plane-polarized view of a well silicified, graded Corriganville chert on the
edge of a fossiliferous zone. Some fossil matter is corroded, some of it is seen as brown
staining, while some outlines are fairly discernible; most of the thin-section is nearly
featureless matrix. The black spots are pyrite. Carbonate rhombohedra are visible
especially in the upper half of the thin-section. The appearance of this graded bed is nearly
identical to the bed from PAC 8, Hollidaysburg (see Fig. 32, 33, 35 and 36). Width of
photomicrograph is 2.5 mm.
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Figure 35. Thin-section from PAC 8', Corriganville Formation, Hollidaysburg.

The lower half of this slab, PAC 8, Corriganville Formation, is white and blue in
handsample. The dominant chert fabric is chalcedony spherules, as seen in the radiating
structure of the fibrous quartz. The yellow-brown band is a calcite vein. In the lower part
of the photograph, zebraic chalcedony extents through half of the field of view. Zebraic
chalcedony is composed of fibrous chalcedony, in which the fibers twist along the
crystallographic a-axis; the variation in the orientation of the c-axis causes the extinction
flow through the fibers in an undulatory fashion. Width of photomicrograph is 1.2 mm.



Figure 36. Thin-section from PAC 8° Corriganville Formation, Hollidaysburg,

This thin-section is from the same slab as the previous thin-section, but higher in
the sample. Carbonate rhombs are well formed. Pore spaces are filled by spherular
chalcedony; where two spherules started growing at the same time, the fibers meet
forming a knife-sharp surface. Some of the original carbonate fabric is seen as the yellow
fragments. Fossils are recognized by the arrangement and size of microcrystalline silica;
for example, there is an outline of a fossil in the middle left of the photograph. Width of
photomicrograph is 3.6 mm.
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Figure 37. Thin-section from PAC 5, Corriganville Formation, Allegheny Furnace.

This thin-section is of the top of fine-grained chert-bed abd the base of a
calcarenitic tempestite. The bedding plane is characterized by abundant pyrite, which is
seen as black spots throughout the chert immediately below the boundary. At the
boundary (in the middle of the photograph) is a part of a brachiopod shell, which has been
replaced by larger grains of silica and carbonate grains, which cut across the shell-matrix
boundary, indicating a later phase of calcitization. The lower part is nearly fully silicified
chert as seen by pinpoint, black silica, which contrasts with the larger, chalcedonic grains
of the brachiopod shell. The upper part of the view is dominated by calcareous fossil
particles (yellow-brown) of the tempestite. Width of photomicrograph is 2.5 mm.
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Milankovitch Hierarchy

The preseace of six allocycles in the New Creek Formation and nine in the
Corriganville requires a modification of Orzechowski’s interpretation of each formation as
a single 5™-order (100 ky) sequence. Within a process-determined hierarchy of allocycles
(Figure 6), there are a maxinum of five precessional cycles within one short eccentricity
5%.order and four 5™-order sequences within a long eccentricity 4%-order sequence, the
4*-order sequence being of 400 ky duration. Orzechowski (1995) determined that the
New Creek and Corriganville interval formed a very condensed 4M-order sequence, which
consisted of only two 5™-order sequences. In the current study, the New Creek-
Corriganville interval is still considered to be 2 4™order sequence based on the major
facies changes at its boundaries. However, the total number of ¢ycles in each formation
indicates that there must be more 5*-order sequences than have been deseribed previously.

In addition to the numerical stacking patterns of the hierarchic model the
symmetry of each rank must be coansidered. The symmetry of a 5™order is similar in its
pattern to that of an individual 6™-order cycle in that each has a generally asymmetric
shallowing-upward pattem (Figure 7). However, the precise form and pattem of 5*-order
symmetry is modulated by eccentricity which either enhances or dampens the precessional
signal. The enhancement effect is expressed in the major facies change at 5%order
boundaries; the dampening effect is seen in the progressively smaller facies changes at
precessional cycle boundaries later in the sequence. Hence an ideal 5™-order sequence,
which is composed of five precessionai cycles, begins with a major facies change to a

significantly deeper facies than the facies below. Then, a second enhanced precessional
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rise produces the deepest facies in the second cycle, after which the pattern of facies
episodically shallows upward, each successive precessional cycle containing shallower
facies.

In this sdy, the cyclic framework of the two formations has been divided into
lower and upper paits, possibly corresponding to short eccentricity cycies, based on the
major facies changes at their basinwide bounding surfaces, Within the New Creek
Formation, a possible 5"-order boundary between PACs 3 and 4 (Figures 10, 11, 13 and
17) separates the massively bedded lower half of the formation from more argillaceous
and thinly bedded upper half. Given the dramatic facies change at the New Creek-
Corriganville contact which indicates a definite 5*-order sequence boundary, the New
Creek interval is therefore interpreted as two 5Y-order sequences, sach consisting of three
precessional cycles. The implication is that both of the 5*.orders are incomplete;
confirmation of degree of incompleteness awaits correlation with potentially more
complete sections in New York State. It has been determined {Sullivan and Anderson,
1986) that the Keyser<-New Creek contact is unconformable and that there was a period of
exposure and differential erosion of Keyser cycles. This event may represent a long
period of time during which there was no deposition, which would result in New Creek
cycles being missed by hiatus. However, it is plausible that the cycles missing at the
contact in the study section are deposited elsewhere in the deeper parts of the basin.

Another possibility is that, especially since at some localities there are only five
cycles detected in the New Creek Formation, the whole of New Creek Formation indeed

consists of one 5™ order sequence as described previously. This idea is supported by the
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fact that in the Lower Paleozoic the duration of a precessional cycle was in between 16 ky
and 18 ky (Berger, 1988), which, given six precessional cycles, would give a total of 98
ky for a 5%-order sequence.

The Comiganville Formation follows a pattern to that in the New Creek
Formation; in the lower half, the bedding style is more massive as opposed to the thin,
more argillaceous and cherty beds of the upper Corriganville Formation. Within the
Corriganville Formation, the boundary between the {ower and upper Corriganville falls
between PACs 3 and 4 (Figures 27 and 28). This boundary is characterized by a medium-
grained, massive flat-topped calcarenite at all localities, overlain by a persistent shale with
noduiar micrite at all localities, and marks the beginning of a thinner-bedded cycles above.
The surface between PACs 3 and 4, across which the pattern of allocycles differs, is
traceable m its pattem throughout the study area. In the Corriganville Formation, there
are three allocycles in the lower portion and six in the upper portion. The symmetry and
stacking of the lower 5™-order are incomplete. The upper 5"-order contains six
precessional cycles; as discussed above, the precessional cycle duration could have been
as short as 16 ky in the Lower Paleozoic (Berger, 1988), making this 5™-order complete.

The symmetry of the 4®-order may be similar to the symmetry of the 5"-order
{Anderson and Goodwin, 1992). Hence, the second 5™-order should be the deepest,
though in the study section this is not the case. The New Creek Formation as a whole is
shallower than the Corriganville Formation; within the Corriganville Formation, the
second 5™-order appears deeper than the first 5%-order sequence. Furthermore, the large-

scale trend (Keyser-New Creek-Corriganville-Mandata) is transpressive and hence the

78



sequence is deepening as a whole. The cause for this trend is subsidence, which begun to
affect the basin in steadily increasing manner. Accelerating subsidence combmed with
Milankovitch eustasy to produce successively deeper 5"-order packages. The combined
dynamics of eustatic sea-level fluctuations and increasing subsidence are the canses for the
pattems observed in the New Creek-Corriganville Sequence, and hence may be the cause
for missing cycles and atypical stacking pattems.

Partial answers to questions of fourth-order completeness and symmetry may lie
in the correlation of the sequence with thicker sections to the north-east and south, The
Corriganville Formation thickens markedly southward in Maryland and West Virginia
(Dorobek and Read, 1986), which may indicate either that the cycles potentially missing
in the studied interval were deposited there, or that the individual cycles are thicker. To
the north, at Muncy, PA, where the Cerriganville is also much thicker (30 ft; 9.14 m), the
interval seems to have a cyclic structure very similar to that in the study interval. Farther
north the correlations with the Helderberg sequence in New York State are still uncertam
(P.W. Goodwin, 1996, personal communication). Those sections, which are considerably
thicker and probably more complete, whatever the precise comrelations, will likely provide

information on the 4™-order structure of the New Creek-Corriganville interval.
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CHAPTER §
A SMALL-SCALE STRATIGRAPHIC
MODEL FOR THE ORIGIN OF CHERT

Introduction

The consistent association of chert with elements of the allocyclic stratigraphic
fabric of the New Creek and Cormriganville Formations suggests that there is a genetic link
between the occurrence of chert and that stratigraphic fabric. In the New Creek
Formation, chert occurs typically at cycle boundanes; in the Cortiganville Formation,
chert occurs additionally in high-stand parts of cycles and at sea-level-fall surfaces. This
correspondeance of stratigraphic surfaces and parts of cycles with occurrence of chert beds
indicates that the primary stratigraphic process responsible for the allostratipraphic fabric,
that is high~frequency sea-level fluctuations, is in some manner responsible for the
distribution of chert in these formations.

Based on observation and analysis of facies patterns and chert occurrences in the
New Creek and Corriganville Formations the following model offers a partial explanation
of the stratigraphic control of the formation of ¢chert. This model will indicate a possible
source of concentrated silica and a plausible connection between high-frequency sea-level
changes and the process of silicification in below-wave-base carbonate facies. In this
model the characteristics of silica formation, accumulation, preservation, and

dissolution/precipitation are affected by stratigraphic processes.
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Accumulation of Silica

PAC boundaries ar¢ non-depositional surfzces formed during precessiongal sea-
level rises {Figure 4); these times of non-deposition of carﬁonate aad siliciclastic
sediments provide optimal conditions for the accumulation of silica {Figure 38). At these
times of highest rate of sea-level rise, when the praduction of carbonate sediments ceases
and siliciclastics are trapped in the fluvial systems, organic silica and silica-rich volcanic
ash can accumulate undiluted by other sediments. Sponges grow in abundance m quiet,
near-wave-base environments (Zhang ard Pratt, 1994), where sponges proliferate on
hardgrovund surfaces which result from the rapid rise of sea-level. The other source of
organic silica in the Lower Paleozoic was radiolarians; these siliceous organisms are
planktonic, and proliferate in the photic zone of water column regardless of the variation
in the water depth. The accumulation of radiolarians is preferentially greater during times
of non-deposition (kardgrounds), because there is no other significant accumulation of
sedioents. Low-energy conditions of the below-wave-base environment further enhance
the preservation potential of siliceous matter. Geochemically, siliceous matter is
protected from dissolution by the accumulation of clay and organic matter, which form an
impermeable membrane limiting interaction with sea-water. Another geochemical
preservational factor is the total quantity and type of siliceous matter; greater
accumulation rates and thus total quantity of silica enhance the likelihood of preservation
in the sediments (Hein ef af., 1989). This preservation is affected by both the dissolution
dynamics of siliceous particles (e.g. Williams ez al., 1985a); particles with greater surface

area are more likely to be dissolved. Likewise, greater quantity of siliceous matter
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The pattern of sedimentation responds to the precessional eustatic sea-level curve
in the making of an ideal PAC. Rate of sediment accumulation is greatest between cycle
boundaries (the low rectangles on the x-zxis reflecting non-depositional PAC boundaries).
Total accumulation reflects the pattemn of rate of accumulation by increasing within cycles
and remaining constant at cycle boundaries and sea-level-fall surfaces.
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will have less overall surface exposed to sea water. Even though PAC boundaries are
optimal in regard to silica accumulation, chert is found also at sea-level-fall surfaces and
m the high-stand portious of cycles in the Corriganville Formation, Sea-level-fall surfaces
result from rapid falls of sea level, which produce surfaces of non-deposition. As at cycle
boundaries, times of non-deposition during rapid sea-level falls permit accumulation of
organic silica undiluted by carbonate and terrigenous sediments. The high-stand portions
of the cycles in the Corriganville Formation are characterized by intermuittent deposition,
which occurs m deeper and lower energy conditions relative to conditions in the low-stand
portions. Under these relatively sediment-starved conditions proportionately more silica
can accumulate. In addition, these high-stand portions contgain abundant clay and organic
matter, whick promote silica preservation after the indtial accumulation and are important

mgredients in silicification.

Silicification

The diagenetic conditions which promote silicification and replacement of
carbonate are partially controlled by stratigraphic processes. For example, clay and
organic matter, which are associated with cycle boundaries, sea-level-fall surfaces and
high-stand portions of Corriganville PACs, are vital participants in the replacement
pracess. After burial, reducing conditions promote the formation of a diagenetic
environment conducive to silicification. Reducing conditions can be produced within a
zone {(e.g. sulphate reduction zone) or a point (e.g. soft tissues in a brachiopod). The

sulphate reduction zone is dependent both on depth apd on the presence of diagenetic
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tngredients such as dissolved sulphate, organic matter, dissolved iron, and [ack of oxygen
{Bemer, 1984). During the hiatus at a cycle boundary, a particular diagenetic zone (e.g.
sulphate reduction zone) acts longer at a particular horizon within the sediments, thus
enhancing diapenesis in the sediments immediately below the non-depositional surface. A
Ionger hiatus im sedimentation at a ¢cycle boundary may result in a greater degree of
diagenesis by allowing certain reactions to occur for longer period of time, and ultimately
in more compiete silicification and replacement of host carbonates. The greater degree of
siticification and the accompanying loss of detail observed in Cormiganville chert may be
the resuit of longer hiatus at cycle boundaries in the deeper, sediment-starved
environments of that formation.

In addition to the difference in the length of hiatus at cycle boundaries, absolute
depth may have contributed to the greater degree of silicification in the Comiganville
Formation. For example, in the Arkansas Novaculite (Devonian to Mississippian),
shallow platform cherts featured well preserved details of sponge spicules, radiolarians
and early diagenetic textures, while in the deeper parts of the basin fossils were preserved
only as ghosts and early diagenetic features were lost (Joaes and Kuauth, 1979). In the
shallower environment silificatior might have been more rapid because of increased
hydraulics; in the deeper part of the basin, burial diagenesis was dominant {Jones and
Knauth, 1979). Since the silicification was more rapid in the shallower part, early
diagenetic features were “preserved” in the chert (Meyers, 1977) whereas in the deeper

part diagenesis had commenced further before extensive silicification. In a similar
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wannei, the deeper Corriganville Formation may have experienced preater diagenesis and
slower silicification before full chertification.

The cycle boundaries in the New Creek and Corriganville Formatious are lined
with clay; clay and other impurities, which include cations such as Mg®', Mn*, Fe®
and Al**, promote nucleation and other diagenetic reactions in the process of silicification.
Iron is associated with the sulphate reduction zone and pyrite formation; other cations
operate as nucleation sites and may lower the required pH for polymerization and
nucleation of silica. Permeable facies near cycle boundaries may be conduits for silica in
solution; associated clay at cycle boundaries would direct the flow of pore waters
honizontal to bedding planes. The preferential association of chert near cycle boundaries
indicates that the boundary conditions are a mor¢ important variable than absolute
porosity and permeability controls; all kinds of lithology, from coarse fossil hash to

micrite, have been silicified in the New Creek and Corriganville sequence.

Conclusion

The association of chert with cycle boundaries, sea-level-fall surfaces and high-
stand parts of the cycles in the Corriganville Formation is controlled by stratigraphic
processes. At cycle boundaries and sea-level-fall surfaces the controd is by cessation of
carbonate and siliciclastic sediments during rapid sea-level rise, thus allowing siliceous
sediments to accumulate without being diluted. The shaley high-sand portion of
Corriganville cycles which accumulated in deeper, low-energy environments also contain

the prerequisites of chert formation: intermittent deposition in starved conditions;
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abundance of clay, and organic matter. Preservation of delicate opaline matter at
sratigraphic surfaces is enhanced by its abundance and by the accumulation of clay-rich
sediments which prevent dissolution by sea water. The stratigraphic process of high-
Fequency sea-level change may also play a role in enhancing diagenesis in the sediments
immediately below a non-depositional surface, because diagenetic zones remain in a stable
position during this time of depositional hiatus. Hence the occurrence of chert is
contrelled primarily by stratigraphic processes and secondarily by sedimentological and

geochemical factors.
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CHAPTER 6
CONCLUSIONS
1. The New Creek and Corriganville Formations are entixely divisible into correlative
smali-scale (1.5 ft/0.46 m) cycles.
2. These correlative, small-scale cycles are interpreted to be 6%-order, precessional cycles
(PACs), which are bundled into eccentricity-modulated 5%-order sequences.
3. The study interval as a whole is a 4®-order sequence consisting of three or four
incomplete 5™-order sequences.
4. The occurrence of chert beds and nodules is concentrated at 6%-order cycle
boundaries within the study interval. In the Cerriganville Formation, chert occurs
additionally at sea-level-fall surfaces and in the high-stand portions of the cycles.
5. The persistent correspondence of chert occurrence with the allostratigraphic
framework suggests that the same process responsible for the stratigraphic fabric, namely
high-frequency sea-level changes, also controlled chert occurrence by:
a. Permitting undiluted accumulation of silica (7.e. sponge spicules, radiolarians,
volcanic ash) on non-depositional surfaces (7.e. cycle boundaries and sea-level-fail
surfaces) and in sediment-starved sedimentary environments (i.e. high-stand
portions of Corriganville PACs).
b. Enhancing diagenesis in the sulphate reduction zone during times of hiatus at
cycle boundaries and sea-level-fall surfaces when the sediment-water interface

remained stable.
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6. Vanations in chert morphology, and degree and pattemn of siticification, indicate that
silicification was controlled secondarily by textural and compositional inhomogeneities in
the sedimeats, that provided conduits for fluids transporting dissolved silica from primary
areas of concentration,

7. The greater degree of silicification and loss of detail in the Corriganville cherts are
attributed to longer time of non-deposition at cycle boundaries and thus longer reaction
time in the sulphate reduction zone, and to a generally more favorable environment
containing more of the geochemical ingredients of silicification.

8. Results of this study suggest that future studies of the origin of chert need to consider

the role of stratigraphic processes in the positioning of chert beds and nodules.
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APPENDIX A
DESCRIPTION OF FIELD LOCALITIES

1. Cessna

Lat. 40°06'45"N, long. 78°31'30"W. Bedford 7.5 min. Quadrangle, PA. Roadcut
on U.S. Route 220, on southbound lane, 4.5 miles (7.2 km) north of Pennsylvania
Tumpike Overpass.

2. St. Clairsville

Lat. 40°08'25"N, long. 78°30'15"W. Alum Bauk 7.5 min. Quadrangle, PA.
Roadcut on U.S. Route 220, southbound lane, on exit ramp to St. Clairsville, PA, 9.5
miles (15.3 km) north of Pennsylvania Turnpike overpass.

3. Hollidaysburg

Lat. 40°26'00"N, long. 78°22'28"W. Frankstown 7.5 min. Quadrangle, PA.
Roadcut on U.S. Route 22, 1.2 miles (2 km) east of intersection of U.S. Route 22 and
State Route 36,

4, Canoe Creek Quarry

Lat. 40°29'16"N, long. 78°17'44"W. Frankstown 7.5 min. Quadrangle, PA,
Abandoned quarry on Malvern Road, 3.4 miles (5.4 k) on Malvern Road from Route 22,
6.8 miles (11 km) from intersection of U.S. Route 22 and U.S. Route 36.

4. Altoona Bypass/Eldorado Quarry

Lat. 40°2735“N, long. 78°25'20"W. Hollidaysburg 7.5 min. Quadrangle, PA.
Abandoned quarry on U.S. Route 220, northbound lane, 2.5 miles (4 km) north from
mtersection of old State Route 22 and Pennsylvania Tumpike.

S. Allegheny Furnace

Lat. 40°29'40"N, long. 78°24'28"W. Hollidaysburg 7.5 min. Quadrangle, PA.
Abandoned quarry behind the parking lot of Christian Science and Baptist Church in
Altoona, on U.S. Route 36, 1.3 miles (2.1 km) north of State Route 36 and Pleasant
Valley Boulevard.

6. Tyrone
Lat. 40°40'40"N, long. 78°14'36"W. Tyrone 7.5 min. Quadrangle, PA. An

abandoned quarry behind American Legion Post on State Route 453 in Tyrone, 1 mile
{1.6 k) north-west of U.8. Route 220 overpass.

7. Limestoneville

Lat. 41°01'50"N, long. 76°44'09"W. Washingtonville 7.5 min. Quadrangle, PA.
Active quarry, Lycoming Silica Sand Quarry, on State Route 254, 6 miles (9.6 km) west
of Milton.
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8. Grovania
Lat. 40°58'25"N, long. 76°31'31"W. Danville 7.5 min. Quadrangle, PA. Active

quarry, Lycoming Silica Sand Quarry, on U.S. Route 11, 4.5 miles (7.2 km) west of
Danville.
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Age

Composition

Relict Featuraes

Paleoenvironment

Stratigraphy

Source of Silica

Brocess

Baftuck, 1989

Terttary- Upper Cretaceous

chert, limestone, claystone;
chert: almost complete silica

silicified limestone:silica
cement and carbonate

depth 6100 m, near equator

East Mariana Basin; chert,
limestone ang claystone
sequences, no corretation

radiolarians

diagenesis related to
composition: MgOH2,
porosity, permeability
enhances, hence clay
impedes

Clayton, 1986

Cretaceous

Chaik; flint bands

burrows; flint occurs in
horizons

shallow shelf

a section in British
Cretacous chalk

biogenic

diagenesis ralated to
diagenetic reactions acting
at a particular horizan
during sedimentation pause

Elorza and Garcia-Camiilla,
1993

Cretaceous

microquartz, chalcedony,
megaquartz

grainstone, packstone,
Thalassinoides burrows

carbonate platform

sequencse stratigraphy:
above type 1 sequence
boundary

sponge spicules, radiolarians

opal-CT lepispheras:
maturation process, oxygan
isatapes; marine
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1 |
Author
Age
Co jtion
Relict Features
Palecenviranment
Stratigraphy

Source of Silica

Process

Gao and Land, 1991

Early Ordovician

microquartz, fibrous and
microflamboyant;cement
chalcedony and megaquartz

grainstone, burrow filling,
algal structuces, evapeorite
anodules: porosity,
permeability, organic matter;
avaporite with eartly dolomite

intertidal -subtidal, shallow
platform

nodules in a horizan,
evaporitic throughout; np
cyclic interpretation

sponge spicules and sea-
water: sponge spicules in
limestone

lepisphere structure
preserved; nucleation contro!
by porosity, permeability,
organic matter

Geeslin and Chafetz,1982

Ordovitian

chert interlayered with
delomite; microguartz,
chalcedony, megaquartz

relict grainstone, local texture;
most chert preferentially algai
mats

intertidai to subtidal

chert nadules in horizons;

ribboned chert and dolomite 12-

20m

sponge spicules: axial canals,
triaxon shape

silicification before
dolomitization; seasonal
variation produced cyclic
structure; phreatic mixing zone

Graber and Chafetz, 1990

Devonian

barite: nodules, crypte- and
fine crystalline; chert:
chalcedony and megaguartz

primary chert: none; organic
matter rich microfacies has
phosphate in interbedded
barite and silica

barite in silica: seafloor
discharge of subsurf. fluids;
redox conditions; oxygen
starved, outer shelf to slope

S50 m column of barite ang
chert

sponge spicules and quartz silt

fatty acids: sulfate reducing
bacteria?
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Author

Age

Composition

Relict Features

Palaganvironment

Stratiqraphy

Source of Silica

Process

Hart and Swiscicki, 1986

Cenomanian to Maastrichtian

micritic limestane, carbonate
debris, planktonic algae

fine fraction: coccoliths

benthonic: Foram. in a soft
cathonate ooze with
bivalves, bryozoa

abrupt changes in fauna;
limestone/matt ang
chalk/flint rhythbm

7 not a chert paper

proportion of different
planktonic assoctation with
glohal sea-fevel change

Knauth and Lowe, 1378

Archean, 3.4 billion years

granutar microcr. chert;
chalcedony, megagtz;
dolomite rhombs in chert
matrix; silicified evaporites

volcaniclastic detritus,
limestona

14 000 m of interbedded
lavas, pyroclastic units,
sedimentary rocks with
chert

primary: ocean water

early sil.; synsedimentary
bracciation

Kovasz and Tardi-Filazs, 1994

Jurassic- Cretaceous

radiolarites and calpianellids in
white limestone; chert abundance
not correfated with rad,
occurrence

white cherty limestone

deep water pelagic, around
aragonite CCD and lysocling

thir limestone beds, chert
nodules, inverse relation with rad.
and calp. abundance

radiolarians

diagenetic: silica nobilized, rad.
tests filled with caleite; upwelling
induced production of biogenic
silica
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hod
T
.

g

Composition

Relict Features

Palsosnvironment

Stratigraphy

Souyrce of Silica

Process

Lawrence, 1994

Cretaceous-Eocene

chert, dalomite, limestone;
organic mattar, rhembs, pyrite

trace element

bathyal to shallow shelf

measured sections composed
of 6 diagenetic zones with
varying compositions

spongé spicules, radiolarians,
ocean water?

early diagenetic with pyrite
and dolomite, localized
oxidation in reduced
anvironment

Maliva and Siever, 1988

Mississ., Dev., Mesoz.,

Upper Cret.

mudstone to grainstons;
all qtz types, linked to
microstr. and pora water
silica content

firne detail preserved in

fossils

cratonic platform; shallow
water; platform; deeper
water pelagic

grouping according to
formation
biogenic
force of crystallization:
pressure induced
dissolution

Maliva and Siever, 1989

Late Mesozoic- middle

Mesozoic

lenght-fast chalcedony, blocky
megaquartz, mostly
microcrystalline guarzt

ghosts of pre-chartification
carbonate
subtidal marine wackestone

and mudstone; around fair-
weather wave-base; guiet
water, below tide; chert, at 30
100 m

distribution of nodular chert is
restricted; five carbonate
sequances described; by
formation

sponge spicules

in unsilicified sediments; burial
to pressurs solution
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] ]
Author
Age
Composition
Relict Features

Paleoenvironment

Source of Silica

Process

Meyers, 1977

Mississippian

mudsupported to grainstone;
chalcedony, magaquartz

grains and lime mud, pore
filling; preference to mud
supported

skeletal mud- and
grainstone, crinpidal and
fenestrate bryozoan
wackestone and packstons

17 measured sections: 70 m
on av., some biohermal
punctuation

spongse spicules,
intrafarmational

mud-supported
chertification:
intraformational silica source

Misik, 1962

Mesozoic

carbpnate rhomboheadra in
nodular chert,biomicrita

lepisphera observed in
rhombohedra, globular ghosts
indicative of radiolaria

1. shallow water; 2. pelagic

Lower- middle Jurassic
crinoidal biosparite; Tithonian
biomicrite

1. spicules; 2. radiolarians

fiuctuating conditions during
silicification

Murchey and Jones, 1992

Mid-Permian

associatad with phosphorites:
upwelling?

high productivity zones; drowned
shelf to seamount

sponge spicules, radiolarians
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Author

Relict Fe:

Paleoenvironment

on

Stratigrapby

Sourg

Process

ilica

Namy, 1974

Pennsylvanian

Chalcadony, microcrystalline
quartz

oolite allochems

early Pennsylvanian subaerial
exposure

related to subaerial eatly
Penn. unconformity, sil.
decreases from the
unconformity; S0 ssctions
measured

sponge spicules

early diagsnesis reworked sil.

allochems; organic matter
contributed to precipitation

Noble and Stempvoort,
1989

Silurian

g2t cement: megaqtz,
chalcedany; replacive:
microqzt, spherulitic qzt;
calcite cement; pyrite,
oypsum, dolomite

chalcedony: pores; megaqzt:
intraskeletal cavities,
fractures, intergranular pores

near-shore sangst, shale,
bioclastic grainst, packst,
lime mugst; off-shore siltst.,
carbonate wackest

two shallowing up cycles; 8
measured localites, scale
5my; qzt in relation to
biofacies and snvironment of
deposition

bacterial sulfats reduction
with oxidation of organic
mattar, leads to locai
gradients; shalow sil.

Robertson, 1377

Campanian-U. Eocene

granular to vitreous chert:
cristabalite ang gzt

1. calciturbites, base silic.; 2.
condensed chalk with
irregutar nodular chert bodies

ocean floor

radiolartans



APPENDIX C
DETAILED CHERT DESCRIFTION

ALLEGHENY FURNACE

Sample number AF3 AF2 AF1
Color
light brown; | light brown, light grey
grey blugish wvhite
Relict rock type
sparse sparse
biomicrite;ch | biomicrits; micrits
ertified chertified

Structures

{amination 1 1 (H)

cross bedding 0 0 0

graded 0 0 0

bicturbation 1 1 1

wavy lamination 0 0 C

convoluted bedding 0 0 0
Fossils

detail preserved 1 ) 0

ghosts 1 1 0

replaced 1 0 1

sponge spicules 0 0 0

poor preservation 0 1 0
Carbonate

rhombs 0 ¢ 0

grains 0 1 : 0
Hematite 1 0 0
Pyrite

crystallites 0 0] 0

disseminatad 0 1 0

ghosts 0 0 Q

massive : 0 0 0
Organic Matter 1 1 0
Silica

opaque 0 0 Q

clear 0 0 0

grains 0 0 Q
Stylolites 0 0 0

104



ALTOONA BYPASS

Sample number AB10 AB9 ARR AB7 ABS

Stratigrapbic pasition

Color blueish light blue white light blue - |buff brown

buff buff brown
Relict rock type micrite; chert; chert micrite, micrite
micrite, micrite chertified;
chertified micrite

Structure

lamination 1 1 0 1 0

cross bedding 0 0 0 0 0
_graded 0 0 0 0 0

hioturbation 1 0 §] 0 1

wavy lamination 0 0 0 0 0

convoluted bedding 0 0 8] 1 0
Fossils

detail preserved 0 4] 0 0 0
_ghosts 0 0 8] 0 0

replaced i 1 1 1 1

sponge spicules 0 1 0 1 1

poor preservation 1 1 1 1 0
Carbonate

rhambs 0 1 1
|_grains 1 0 1 1
Hematite 1 1 1 : 1 Q
Pyrite )

crystallites 0 0 0 : 0 0

disseminated 1 0 0 [ 0 0

ghosts 0 0 c - 0 0

massive 0 ! 0 0 0
Crganic Matter 1 1 0 1 0
Silica

gpaque i 1 1 Q 1

clear i 0 0 ¢] 0]

grains 0 0 0 0 0
Stylalites 0 0 ) 0 0
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ALTOONA BYPASS.

Sample number

ABS

AB4 AB3

AB2

AB1

Color

medium
grey brown

medium
grey buff

Iight grey/
brown

madiuvm
grey buff

medium
grey buff

Relict rock type

biomicrite,
chertified

micrite

biomicrite chertified

biomicrite,

sparse
biomicrite

Structure

lamination

cross bedding

graded

bioturbation

wavy lamination

convoluted bedding

O|O|O|OlOo|o

Q= O 0|10|0
- |O|=|OC|1O(C

ol £=1 Bl k=l L=l i)

lelle]le] o] fa] o

Fossils

detail preserved

ghosts

replaced

sponge spicules

poor preservation

QoI
O =t | it | | -

1

O = ===

Carbonate

rhombs

grains

Hematite

O|=O

QO
- | -

e i=ik=

OO C|Oo| = || == e

Pyrite

crystallites

disseminated

ghosts

massive

Organic Matter

Oo|0|C(C|Oo

QOO
WO =OIO

(=ll=lEglielle]

OO =(e|o

Silica

opaque

clear

oo

Qo
(] ]

[e] B

oo

grains

Styiolites
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HOLLIDAYSBURG

Sample number H13 H12 H11 H10 H9
Calor brow.n dark grey; dark to
dark grey grey: blueish medivm dark grey
blueish white grey
white
Relict rock type sparse
micrite, muddy biomicrite,
incipient micrite; chert chertified; micrite
silicificatio chert micrite
n
Structure
lamination 0 1?7 i 0 0
cross bedding 0 0 0 0 0
graded 0 0 0 0 0
bioturbation 0 1 0 0 0
wavy lamination 1 0 0 0 0
convoluted bedding 0 1 i 1 1
Fossils
detail preserved 0 0 0 0 0
_ghosts 0 1 1 1 Q
replaced 0 0 1 0 Q
sponge spicules 0 1 1 1 0
pooOr preservation 1 0 ¢} 4] )]
Carbonate
rhombs Q 1 ¢} Ll 0
grains Q 0 0 Q 0
Hematite 0 0 0 0 0
Pyrite
crystallites 0 0 0 0 0
disseminated 0 0 0 1 0
ghosts 0 0 0 0 0
massive 1 1 0 #] 0
Organic Matter 0 1 0 1 1
Silica
opaque o] 0} i 1 1
clear 0 o 0 (0] 0
grains 0} Q 0 (s} 0
Stylolites 0 0 0 0 0
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HOLLIDAYSBURG

Sample number H8 H7 H6 H5 H4
Cojas light grey/ da'rk medivm medium medium
buff i grey grey grey
grey
Relict rock type .. packagd
micrite mlcrft'e. micrite | biomicrite, | micrite
chertified e
chartified

Structure

lamination 1 1 1 0 0

cross bedding 0 0 0 0 0

graded 0 0 0 (4} 0

bioturbation 0 0 1 1 0

wavy lamination 0 0 0 0 0

convoluted bedding 4] O 0 ¥ 0
Fossils

detail preserved 0 0 0 1 1

ghosts 0 0 0 0 0

replaced 0 1 0 1 0

sponge spicules 0 0 0 3] 0

poor prasesvation 0 0 0 0
Carbonate

rhombs 0 0 0 O 0

Qrains 0 0 0 0 0
Hematita 0 0 0 0 0
Pyrite

crystallites 0 0 0 0 0

disseminated 0 0 0 0 1

ghosts 0 0 0 1 0

massive 0 0 0 0 0
Organic Matter 0 0 0 1 1
Silica

opaque 0 ] 0 0 1

clear 0 0 0 0 0

grains 0 0 0 Q )]
Stylolites 0 0 0 Q 1
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HOLLIDAYSBURG

Sample number

H3

H2

H1

Color

light
greenish
grey

medium
grey

light
greenish
grey

Relict rock type

micrite;
chertified

micrite

micrite,
chertified

Structure

lamination

cross bedding

graded

bioturbation

wavy lamination

convoluted bedding

o|IoIC|o|e(e

Q|O|I0(0|0(C

OI0OOD|O

Fossils

detail preserved

ghosts

replaced

sponge spicules

poor preservation

OO |00

QOO0

CHOIC|Q( o

Carbonate

rhombs

grains

Hematite

lelie] o]

o|o|e

Qo0

Pyrite

erystallites

disseminated

ghosts

massive

Organic Matter

= O(O|O|=

OI0C|IO(O

= O|I0|C| =

Silica

opague

clear

grains

Stylolites

oD |O|=

O|1C|0|O

OO |~
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LIMESTONEVILLE

Sample number L6 L5 L4 L3 L2 Li
Color . medium - .
dark gray | ™3™ | jight grey | grey; dark: Mecium | neady
aray arey gnht grey | groy: i grey black
grey
Relict rock type biomicrite, sl?ar.se o m!cr.rte; o .spa'rsg
hertified micrite, micrite micrite, micrite blOl’l’Ilelte,
= chertifiad chertified chertified
Structure
lamination b} 0 ) 0 0 Q
cross bedding 3} 0 0 0 0 0
graded Q 0 0 1 0 1
bioturbation o 1 0 0 I 0 0
wavy lamination 0 0 0 0 0 0
convoluted bing 4] 0 0 0 0 0
Fossils
detail presery. 1 0 1 1 0 1
ghosts 1 ] 0 1 0 ¢
replaced 0 1 0 1 0 0]
sponge spicules 0 1 0 1 0 0
poOor preservation 0 0 0 0 Q 0
Carbonate
rhombs 1 0 1 1 0 1
grains 0 0 0 0 4] 0
Hematite 0 0 0 0 4] 0
Pyrite
erystallites ] )] 0 0 0 Q
disseminated 0 0 ) 0 0 0
ghosts 1 1 0 0 0 0
massive Q 0 0 1 0 0
Organic Matter 0 0 0 1 0 0
Silica
opague 0 ¢] Q 4] 0 0
clear 0] ¢] Q 0 0 v}
_g‘rains 0 0 Q 0 0 0
Stylolites 0 0 1 (o} 1 0
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ST. CLAIRSVILLE

Sample number

sC10

ST9

ST7

ST6

Coler

dark grey,
honey,
medium
grey

light grey.
spackeled

black with
blueish
cast

medium
grey

Relict rock type

mudstone;
chert

biomicrite,
chertified;
chert

biamicrite,
chertified;
micrte

micrite

Structurs

lamination

cross bedding

graded

bioturbation

wavy lamination

convoluted bedding

OO = OO =

QO =IO

OQIOIQCIO|=—

QIO|- | CoIC

Fossils

detail preserved

ghosts

replaced

_sponge spicules

poor preservation

Q===

~NO=0O

ooﬂ-ﬂ—l

Q=00

Carbonate

rhombs

grains

Hematite

o|oo

= Qo

OO =

Qoo

Pyrite

crystallites

gdisseminated

ghosts

massive

Organic Matter

OICI0|=(O

=|lo|o|=|=

QOO0 = O

QIOI0[0|0

Silica

apague

clear

grains

Stylolites

=lo|lo|=

CO|0|=

Qoo

Qo|O|O
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ST. CLAIRSVILLE

Sample number

STH5

ST4

ST3

ST2

ST1

Color

medium
grey, buff

medium
grey

medium
grey

medium-
dark grey

brown;
white

Relict rock typae

biomicrite,
chertifiad

btomicrite,

packed
biomicrite;
chertified

micrite;
micrite,
chertified

micrite;
thert

Structure

lamination

—
g

cross bedding

graded

bioturbation

wavy lamination

convaluted bedding

O|10|=1Q|O|O

QIO = | C|O]|=-

(==l

(=] fed Bl | o o] fe)

OO =[O OO

Fossils

detail preserved

ghosts

replaced

sponge spicules

poor preservation

—lo—l—l—l

OO = {O(Q

- - -

—loﬂdﬂ

Carbonata

rhombs

—

grains

Hematite

=2k~

—-Q o

o100

(alla]le]

Pyrite

crystallites

disseminated

ghosts

massive

Organic Matter

- O -

—_ D =]|=]O

VN =ONO0

—=|Q|=(O|Oo

- =0

Silica

opaque

—

clear

grains

17

%Iolites

eli=d =] =

1O ==

O O =]| =

112




TYRONE

Sample number

T4

T3

T2

Color

blue-grey

blue-grey

blue-grey

Relict rock type

Structure

lamination

Cross bedding_;

graded

bioturbation

wavy famination

convoluted bedding

ST OIO|O =

O|IO|=[O|O|O

Q|0|=|Qo|C(C

Fossils

detail preserved

ghosts

replaced

sponge Spicules

Qoor preservation

dodd

|l =] =|O

k=l =l =lk=

Carbonate

rhambs

grains

Hematite

QOO

- QO

—

Pyrite

crystallites

disseminated

ghosts

massive

| Organic Matter

-Orolo|o

Oio|=CC

-1 O OO

Silica cement

opaque

clear

grains

Stylolites

O|0|0|0

C o=

O|O|C| O
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