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Abstract

T¡mdall Stone is used extensively throughout North America as a building and

framing stone, known for its distinctive mottled pattern and high diversity and abundance

of well-preserved fossils, including solitary and colonial corals, brachiopods,

cephalopods, gastropods, stromatoporoids, and receptaculitids. Stratigraphically, Tpdall

Stone is found in the Selkirk Member of the Red River Formation (Late Ordovician).

Tyndall Stone is mined exclusively from Gillis Quarries in the town of Garson,

Manitoba. The quarry is also the location of this study. At first glance the homogeneous

lithology suggests a static, unchanging paleoenvironment. Upon detailed examination of

a 5 m study section, however, fossil data reveal obvious environmental fluctuations that

are not detectable frorn lithology alone. An overall upward shallowing sequence is

suggested by an increase in stromatoporoid and receptaculitid abundance over time. An

increase in sedimentation rate accompanied the upward shallowing sequence, as

evidenced by the overall decrease in encrusting relationships and percentage of highly

abraded horn corals. A sudden deepening event is recorded between 1.5 and 2.0 m above

the base of the study section (interval4). Within this interval, a sudden decrease in

stromatoporoids and receptaculitids is observed, along with a sharp increase in encrusting

relationships and percentage of highly abraded horn corals. The mottled pattern of the

Tyndall Stone is attributed to the feeding activity of shrimp-like organisms burrowing

their way through the firm to hard sediment in search of food. This trace fossil is

recognized as the ichnogenus Thalassinoides. Cluster and correlation analyses reveal

close ecological relationships between various fossil groups. Most prominent among

these relationships include 1) the gastropods and cephalopods, and2) the stromatoporoids



and the encrusting coral, Protrochiscolithus. Statistical analyses also reveal similarities

and dissimilarities between interr¿als in the study section. Most notable is the extreme

dissimilarity between interval 4 and every other interval. The fossil assemblage found

within the Tyndall Stone suggests a shallow marine environment, with waûn to temperate

water temperatures, normal salinity and an abundance of nutrients in the water column.

A northerly flowing paleocurrent is inferred from the orientations of cephalopods and

cardinal septa directions of horn corals. It can easily be shown that the Tyndall Stone

fossils display an abundance of paleoenvironmental and paleoecological information,

despite a homogeneous lithology which suggests otherwise. Interpretation of

paleoenvironment, then, cannot be based solely on lithology, as fossil data canbe much

more sensitive to environmental change.
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Chapter 1: Introduction

"Tyrdall Stone" is a building stone derived from the Selkirk Member of the Red

River Formation (Upper Ordovician; 440 Ma). It is currently quarried by Gillis Quarries

Ltd. at Garson, Manitoba. Tyndall Stone is renowned throughout North America as a

fine building material due to its unique and fascinating textured appearance and

fossiliferous content. For example, Tyndall Stone is used in the Manitoba Provincial

Legislative Building, the Parliament Buildings in Ottawa, the Canadian Museum of

Civilization in Hull, Québec, the Empress Hotel in Victoria, 8.C., the Lied Centre for the

Performing Arts in Omaha, Nebraska, and the Walsh Centre for the Performing Arts at

the Texas Christian University campus in Fort Worth, Texas.

Tyndall Stone is a uniquely patterned dolomitic limestone, featuring dark to

medium-brown dolomite (CalMgCO3) mottles within a light brown-to-yellow limestone

(CaCO3) matrix (Fig. 1.1). These mottles are generally considered to be trace fossils,

created by shrimp-like organisms bunowing and eating their way through soft lime-mud

sediment (Coniglio, 1999). Burrows were preferentially dolomitized while the

surrounding host matrix remained as unaltered limestone, creating the intefwining

patterns seen in the stone today. Fossils found in the Tyndall Stone are excellently

preserved and represent many groups: solitary and colonial corals, brachiopods, bivalves,

cephalopods, gastropods, stromatoporoids and the enigmatic receptaculitids, among

others.

upon initial inspection, the mottled ryndall Stone appears uniform and

homogeneous, representing a constant, unchanging depositional environment. Indeed,

the limestone-dolostone lithofacies is virtually consistent throughout the entire Selkirk



Member of southern Manitoba. The fossil distribution, however, reveals subtle

environmental fluctuations over time, even in the absence of obvious lithologic change.

Fig. 1.1: Tyndall Stone section with typical mottling. Fossils (shown by
arrows) occur commonly within storm lenses (SL).

It has long been established that paleoenvironmental control played a large role in fossil

distribution. However, most studies have assessed cases in which lithofacies were

obviously different from one another, making the recognition of facies control on fossils

straightforward; this approach has led to the idea that an absence of changing lithofacies

indicates a lack of paleoenvironmentally controlled fossil distribution (Holland et al.,

2001). In recent years, several researchers have acknowledged that biofacies are more

sensitive to environmental changes than lithofacies (Miller, 1997; Brett, 1998), stating

that environmental controls on faunal distribution can exist without lithological

fluctuation. Using fossils as indicators of environmental change is thus ideal for

examination and analysis of the lithologically homogenous Tyndall Stone. The

appearance of fossil groups, along with their interactions with each other, provides

2



insight into the depositional environment and ecology of the Tyndall Stone. Combined

with sedimentological data, a detailed paleo-reconstruction is possible.

The present study is a paleoenvironmental and paleoecological reconstruction of

the Tyndall Stone, which has not previously been attempted in detail despite its high

diversity and abundance of large (some displaying gigantism) and well-preserved fossils.

Particular emphasis is placed on variation of fossil fauna along a vertical gradient (up­

section) and its relation to the depositional environment. The aim of the study is to show

environmental changes through time (despite an obvious lack of lithologic variation)

using sedimentological data, and refine the information using shifts in fossil occurrences

and interactions. The study is not unlike Walker's (1972a, 1972b) work on the Middle

Ordovician Black River Group of New York State, Watkins' (1991) study on the Silurian

Racine Formation of Wisconsin, and the Holland et al. (2001) study of the Upper

Ordovician Kope Formation of the Cincinnati, Ohio region.

3



Chapter 2: Geological Setting

2.1 The Ordovician of Southern Manitoba

The sedimentary outcrop belt of southern Manitoba is located in the northeastern

flank of the Williston Basin (Fig. 2.1). Paleozoic and Mesozoic strata form a wedge-like

segment in this region, dipping and thickening southwesterly towards the center of the

basin, located in northwestern North Dakota (McCabe, 1971).

The Ordovician of southern Manitoba is composed of four major units, listed here

in ascending stratigraphical order: the Winnipeg, Red River, Stony Mountain, and

Stonewall formations (Fig. 2.2).

Alberta! j ~
: Sask : Manitoba /
: .(..... ....... ... .....~. . ~ .'

l f ~ ~ \ ( Ontario•• • . -U~ • :. . . . ... . .
L :fWiliiston~ .~ 1

~~-------~--~---_.-:-', -&.. . ~ . . ......,-
••• : Basin ..;

-. - lMontana .... :N. Dakota:_ Minn" -.,
• ••• : ••••••••••• -t' e. ~. -. . . .- -.. ...•. _.. ... . ... .. -.. . .

: : : :.
: :.S.·.Q<;1~Q1Q ••: •••••....: . .. :. ~ . .
I_winnipeg

Fig. 2.1: Southern Manitoba's position relative to the Williston Basin
(modified from Elias, 1991).
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Fig. 2.2: Stratigraphic section of the Upper Ordovician near
Winnipeg. Tyndall Stone is found in the Selkirk Member, outlined by
box (from Elias, 1981).

The Winnipeg Formation is composed of interbedded sandstones and shales that

rest upon an eroded and weathered Precambrian surface. Winnipeg sedimentation began

in the Middle Ordovician, stemming from a marine transgression from the southwest

(Andrichuk, 1959). The source ofWinnipeg sediment may have been truncated

Cambrian clastics (Andrichuk, 1959). Deposition of the unit stopped with the onset of a

large-scale marine inundation, which either drowned or stripped the sediment source

areas (Andrichuk, 1959). The Winnipeg Formation displays maximum thickness of

approximately 60 m near the US. border, and thins to zero at its northern limit (McCabe

and Barchyn, 1982).
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The Red River Formation marks the onset of carbonate deposition during the Late

Ordovician Period. Composed predominantly of dolostones and dolomitic limestones,

the Red River includes the Tyndall Stone. The Red River is further described below.

The Stony Mountain Formation is divided into four members; the lithologically

similar Gunn and Penitentiary members (which consist of a distinctively red and greyish

red fossiliferous calcareous shale overlain by yellow argillaceous dolostone), and the

overlying Gunton and Williams members (composed of a massive, faintly mottled

sublithographic dolostone and argillaceous dolostone, respectively) (Cowan, 1971).

McCabe (1971) suggested that the Gunn and Penitentiary members were deposited under

maximum Ordovician transgression, whereas the Gunton and Williams members were

deposited during a drop in sea level. The Stony Mountain thins from approximately 50 m

in the south to about 30 m at its northern limit (McCabe and Barchyn, 1982).

While other Ordovician units in the southern Manitoba area appear to decrease in

thickness northward, the Stonewall Formation retains a relatively uniform thickness,

displaying a stabilization of the tectonic framework during latest Ordovician time

(McCabe and Barchyn, 1982). Lithology of the Stonewall deviates minimally from the

underlying units of the upper Stony Mountain (Gunton and Williams members), and

consists of a mottled, sparsely fossiliferous dolostone.

A period of differential uplift and erosion occurred from the Late Paleozoic to

Early Mesozoic time. This erosion resulted in the establishment of the present north­

south trend of the Ordovician outcrop belts, which cut directly across the depositional

trend of all Ordovician strata (McCabe and Barchyn, 1982). As a result, Ordovician

6



outcrops are found from the north end ofLake Winnipeg to the U.S. border, with thicker,

more "basinal" facies occurring to the south (McCabe and Barchyn, 1982).

2.2 The Red River Formation: Description and Previous Work

Winnipeg lay near the equator in the Late Ordovician, inundated by a shallow

continental sea (Fig. 2.3). Deposition of the Red River Formation began as carbonate

accumulation commenced during the Late Ordovician Period, initiated by a widespread

marine inundation (Andrichuk, 1959). The formation thickens southwards towards the

depocentre of the Williston Basin suggesting that deposition was probably initiated in the

south (Andrichuk, 1959). Furthermore, thicker units ofRed River strata in the south are

related to the subsidence of the Williston Basin during Ordovician time (McCabe, 1971):

increased subsidence in the central region of the basin resulted in thicker deposits

basinward. Subsidence of the central basin area ceased in the Early Devonian (McCabe

and Barchyn, 1982).

Fig. 2.3: Paleogeographic map of the North American craton during
the Late Ordovician, prior to the transgression over the Canadian
Shield (modified from Scotese, 2001). Winnipeg area denoted by red
d~ .
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The basal contact of the Red River Formation is gradational, generally between a

few centimetres to a few metres thick (Cowan, 1971); the upper contact, however, is

found to be sharp at most localities (Andrichuk, 1959). Surficial exposure of the Red

River Formation extends from southern Manitoba to north ofLake Winnipeg (Fig. 2.4).

Fig. 2.4: The Red River outcrop belt of southern Manitoba (modified
from Elias, 1981).

The four distinct members of the Red River Formation are described in ascending

order: 1) The Dog Head Member is the lowest unit stratigraphically. It is composed of

mottled dolomitic limestone and has been described as the "Lower Mottled limestone"

(Dowling, 1895). The Dog Head Member is approximately 30 m thick in the Winnipeg

area (Cowan, 1971).

2) The Cat Head Member is comprised of dolostone and higWy dolomitized

limestone that reaches a thickness of roughly 18.m in the Winnipeg area (Cowan, 1971).

8



The occurrence of chert in the Cat Head may have been the result of a decreased rate of

subsidence during deposition (McCabe, I97l).

3) The Selkirk Member is a fossiliferous, partially dolomitized limestone that

includes the Tyndall Stone. The Selkirk is marked by an abrupt increase in species

diversity, along with the occuffence of large and abundant fossils (Jin and Zhan,2000).

Three-dimensional networks of dolomitized mottles produce the characteristically

patterned lithology; Dowling (1895) originally called the unit the "Upper Mottled

limestone". This was revised later by Foerste (1929), who introduced the name "selkirk

Member". The mottled lithology of the Tyndall Stone is extensive, and is known frorn

Saskatoon to southeastern Montana, although varying degrees of dolomitizationdo occur

(Porter and Fuller, 1959). For example: dolomitization in the Selkirk Member decreases

northward from V/innipeg to Lake St. Martin, and increases northward from there

(Cowan, I97I). The Selkirk Member was estimated by Cowan (1971) to be

approximately 45 m thick in the Winnipeg area.

4) The Fort Garr)¡ Member is composed dominantly of dense lithographic

dolostones, approximately 45 m thick (Cowan, l97I). Thin limestone beds occur at the

top and near the middle of the member in some areas. Brindle (1960) described the

member and noted the presence of anhydrites, suggesting a shallower and more restricted

depositional environment than the underlying members of the Red River Formation.

Numerous studies on Red River fossils have been conducted, including work

involving sponges (Rigby, 1971), colonial corals (Flower, 196l; Caramanica, 1973; Elias

and Lee, 1993; Young, 1995), brachiopods (Jin and zhan,200l), cephalopods (Foerste,

1929; Flower, 1971) and trilobites ('westrop and Ludvigsen, 1983). Elias (19g0, 19g1,



I99l) has studied various aspects of solitary rugose corals of the Red River Formation,

from their use as paleoecologic tools to indicators of environmental cycles and bioevents.

The paleobiological nature of the Tyrdall Stone mottling has been investigated by

Kendall (1977) and Coniglio (1999).
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Chapter 3: Study Area

3.1 Garson, Manitoba

The Gillis Quarries are located in the town of Garson, Manitoba, approximately

40 km northeast of Winnipeg Gig. 3.1). At present, a section of the Selkirk Member

roughly 8 m thick is exposed at these quarries. The lowest units of the quarry begin

approximately 10 m above the top of the Cat Head Member (Bannatyne, 1988); thus

about 18 m of the lower Selkirk Member occurs in the Garson area.

Within the quarry, numerous pits have been excavated for dolomitized limesto¡e

(Tyndall Stone), revealing vertical walls containing abundant and well-preserved fossils.

It is these vertical walls that were examined for paleoenvironmental and paleoecological

evidence.

Two pits were chosen to be mapped for fossil and sedimentological data. These

pits are referred to as pits I and 2 (Figs. 3.2a and 3.2b). Each pit had two walls: one wall

ran north-south, and one ran east-west (total number of walls in the study area was thus

four). Fig. 3.3 is an overhead view showing relative positions of the two pits. Quany

workers cut out walls in a step-like fashion, creating several beds of varying heights

(between 0.54 and 0.89 m). Beds were cut out along planes of weakness within the

dolomitic limestone. These planes were laterally extensive, and were ideal levels for

breaking off and extracting Tyndall Stone.

Beds within the walls were identified in the field by the nomenclature used by

quarry workers (4, B, C, etc., in descending stratigraphic order). Although there was an

A-bed in the qualry, it did not extend to the two pits within the study area.Intotal, eight

t1



beds were exposed within the pits (J-bed was submerged in water, making it

inaccessible).

-10 km

Fig. 3.1: Map of Winnipeg and surrounding area. Town of Garson
denoted by arrow (modified from Corkery, 1994).
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Fig. 3.2: a) Pit 1 and b) Pit 2 at Garson, Manitoba. Field assistant is 153 em tall.
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N

1

Fig. 3.3: PIan view showing locations of Pits I and 2 with respect to
each other.

3.2 Pit Dimensions

Pit 2 consisted of beds B to I, and was deeper than pit 1, which extended only

from beds B to F. The north-south wall of pit 1 measured a maximum of 38 m in length,

while the east-west wall measured a maximum of 37 m. The north-south wall of pit 2

measured a maximum of 28 m in length, while the east-west wall measured a maximum

of 27 m. The height of pit 2 (beds B-I) was 5.29 m, but pit 1 (due to its absence of beds

G through I) was only 3.44 m high.
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Chapter 4: Methodology

4.1 Identifïcation and Classification of Fossils

Collection of fossil data was conducted in May and June 2000. Quarry wall

surfaces were washed (to accentuate fossils) and specimens were counted in the field.

Fossils were identified to various levels based on the nature of their exposure in

the vertical walls of the Garson quaffy. For example: most of the colonial corals could be

identifred to the genus level, but most of the cephalopods were incomplete, and all of the

trilobites were disarticulated, and were identified only to the class level.

Measurements of width, length and diameter were taken, when applicable, for

every fossil over 1 cm across (fossils measuring less than 1 cm in width, length or

diameter were excluded from the study). Thus, colonial corals, stromatoporoids,

receptaculitids and bryozoans were measured at their widest points. Cephalopods,

solitary rugose corals and the gastropods Maclurina and Trochonema were measured for

diameter (or widest point of the ellipse if horn corals and apertures of the molluscs were

not perfectly circular). The following is a list of fossil groups along with the size

dimension measured for each:

Algal stromatolites
Brachiopods
Bryozoans
Calapoecia (colonial coral)
C at enip ora (colonial coral)
Cephalopods
Crenulit es (colonial coral)
Favistina (colonial coral)
Honnotoma (gastropod)
Maclurine (gashopod)

width
diameter
width
width
widrh
diameter
width
width
length
diameter

Manipora (colonial coral) width
Palaeophyllurz(colonialcoral) width
P ro tro c hi s co lit hus (colonial coral) width
Rltabdotetradiam (colonial coral) width
Receptaculitids width
Saffordophyllum (colonial coral) width
Stromatoporoids width
Solitary hom corals diameter
Tt'ochone¡na (gastropod) diameter

15



Size measurements of fossil specimens were made on the cut faces of the Tyndall Stone

walls, not from collected samples. As such, the actual size of specimens may have been

larger than recorded. Average fossil size data is displayed in Appendix E (Table E-6).

The degree of abrasion to solitary rugose corals was documented using the

following categories:

Well preserved: wall is complete
Weakly abraded: wall shows thinning and slight removal
Moderately abraded: wall shows significant removal
Highly abraded: wall completely removed; corallum interior damaged

Complete original fossil data may be found in Appendix A.

4.2Bed. Subdivisions and Fossil Mapping

Before mapping proceeded, each bed in the quarry was sectioned into areas 100

cm wide, resulting in numerous 100 cm-wide "rectangles" (Figs . 4.ra and, 4.1b). euany

nomenclature was retained throughout the rectangle-making process; the highest bed was

named Bed B, while beds beneath were named C, D, E, etc., as they progressed lower.

Rectangles were numbered from left to right on each of the four quarry walls (Fig. 4.2).

Using this method, the stratigraphically highest rectangle to the extreme left on the north-

south wall of pit 1 would be named rectangle "NS pit 1 B-1".
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Fig. 4.1: Coordinate grid system used to map fossils in a) pit 1 and b)
pit 2.
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Bed

B

c

D

Square

ßig.4.22 Method for Tyndall Stone wall mapping. Each rectangle is
one hundred centimeters wide. Heights vary according to thickness of
individual beds.

Each rectangle was mapped individually for fossil data. Mapping was

accomplished using an x-y coordinate grid system. Features within each rectangle were

noted in the horizontal and vertical directions using this simple x-y grid. The origin (0, 0)

of each individual rectangle was located in the lower left-hand corner. For example, two

fossils in rectangle B-25 of the north-south wall in pit 1 are mapped below (Fig. a.3).

Using this system, fossil Q is located in rectangleB-25 (21,50), and fossil Z is located in

rectangle B-25 (82,17). Coordinates were measured from the centre of each specimen.

cm
:

59 -.....,........;.;.; .....,:,,.,'.@ 
A

,z
@

100 cm

Fig. 4.3: Sample of single rectangle internal mapping (B-25,NS wall).

75
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4.3 Revision of Mapped Data

Once all data had been gathered, the x-y coordinate system used in the field was

revised, making data more manageable and analysis simpler. Data from the north-south

walls of pits 1 and 2 were projected onto the same plane. This was also done with the

east-west walls. Thus, there were now technically two walls, one running north-south

and one east-west (Figs. 4.4a and 4.4b). Complete revised fossil data may be found in

Appendix B,

Quany nomenclature was also revised. Instead of eight beds, the entire section

was divided into ten intervals, each 0.50 m high. These ten intervals were numbered 1 to

10, with interval I the lowest stratigraphically (Fig. a.5). The top 0,29 mof the section

was excluded from the study, as the surface area it covered was negligible (in addition,

most upper beds were obscured by vegetation, gravel and boulders). Table 4.1 is a

breakdown of the ten intervals within the study section.

;Interval :Vertical Distance (m) :Area (m2)

ilo :4.50-4.99 
"61.äiO 

- - :

,e ** 
i+.oo-4/e 

***-" -- "iii.8e *- 
)

i8 :3.50-3.99 159.50

.7 :3.00-3.4t 61.18
!_ - -' _':$ '2.50-2.99 ,6L41

5 2.00-2.49 60.00

4 1.50-1.99 35,85

3 1.00-1.49 25.94:,2 
'o.io-0.ô9 i.a.s,g l

;I :0.00-0.49 ì25.00 :

.. .... :. .......... .....

Table 4.1: Breakdown of combined intervals I through 10 of the
Tyndall Stone study section.
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Fig. 4.4: Dimensions of combined a) east-west and b) north-south walls.
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Fig. 4.5: Revised nomenclature for a) east-west and b) north-south walls.
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Fossil abundance was expressed as density (specimens per m'¡. Mapped fossil

data were subsequently analyzed to interpret the paleoenvironment, and identify the

presence of envirorunental and ecological change.
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Chapter 5: Sedimentological Data

Paleoenvironmental interpretation of the Tpdall Stone was aided by exarnination

of sedimentological data. This included examination of storm lens frequency and

thickness, the nature of the dolomite mottling, and an instrumental analysis using

transmitted light microscope, cathodoluminescence and electron microprobe techniques.

5.1 Storm Lenses

Storm lenses are well preserved throughout the Tyndall Stone. Lenses commonly

exhibit graded (upward-fining) deposits, which consist predominantly of carbonate and

broken fossil clasts embedded in finer-grained carbonate muds (Fig. 1.1)

The prevalence of storn lenses throughout the entire section suggests that the

Tyndall Stone environment lay above storm wave base. The water was therefore

shallower than 100 m (Boggs, 1995). This assumption is further supported by

uniformitarian analysis of fossil data (see Fossil Groups of the Tyndalt Stone). Shallow-

water features such as oscillation ripples and mud-cracks are absent, suggesting the

paleoenvironment was below fair-weather wave base.

The relationship between depth and sedimentological evidence of storm activity

in marine environments was summarized by Clifton(1976 as cited in Boucot, 1981):

"Most coasts are subject to intense but relatively infrequent
storms or abnormally large swell. The shoreward sequence
of structures produced under these conditions may
resemble the normal sequence but generally reflects larger
orbital velocities, and possibly velocity asymmetry. The
large waves will rework sediment most deeply in shallow
water; the thickness of the reworked layer should decrease
in progressively deeper water until at some depth which
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waves normally have no effect on the bottom, only the
sediment surface is disturbed."

Shallow water sediments record evidence of weak storms that deeper water environments

would not (as they would not touch bottom in these deeper waters). it follows, then, that

shallower environments should not only record thicker storm deposits than deeper ones,

but also a greater number of deposits as well.

In the Tyndall Stone, storm lenses extend horizontally up to several metres and

range in thickness from 2 to 40 cm. Because the horizontal extent of lenses is not an

indication of storm intensity, only verlical thickness of lenses was measured. Complete

and fragmented fossils, including solitary rugose corals, gastropods, cephalopods, and

smaller colonial corals, receptaculitids and stromatoporoids are commonly found within

storm lenses. The majority of colonial organisms are out of life orientation, either tilted

or completely overturned. High-energy storm events undoubtedly removed the

organisms from the substrate and redeposited them in various positions. Hom corals are

particularly prevalent within storm lenses (see.Fossil Groups of the Tyndatl Stone).

Linear regression shows that storm lenses tended to increase in frequency and

thickness over time. Maximum abundance and thickness are reached within intervals 8

and9 (Figs. 5.1a and 5.1b). The thickest T0% of storm lenses in each interval were

averaged; thus weaker storms that were recorded in shallower deposits (but not deeper

ones) would not skew the distribution. It should be noted as well that the two thickest

deposits were found within intervals 8 and 9 (32 and 40 cm, respectively). Fig. 5.2 is a

plot of storm lens distribution and individual thickness from the entire section. Storm

lens coordinates were measured to the middle of the lens (x-coordinate) and the base of
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the lens (y-coordinate). Complete storm lens data may be found in Appendix F (Tables

F-7 and F-8).

So'rm lers ders¡ty Sorm lens thickness
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Fig. 5.1: a) Storm lens density with regression line (straight black
Iine) and b) storm lens thickness with regression line. Thickest 107o
of storm lenses are shown.
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A sharp drop in both storm lens density and average thickness was observed

within interval 4. In fact both of these features reach section-minimums within intewal 4.

This suggests that interval 4 was deposited within a deeper environment than any of the

other intervals. Combined with the upward-increasing frequency and thickness of storm

lenses, it is inferred that an overall shallowing-upward paleoenvirorunental change

occurred, with a sudden deepening within interval 4.

Depending on the rate of sedimentation and lithification, it is possible that many

more storms occurred within the Tyndall Stone environment, but were erased by the

effects of bioturbation.

5.2 Mottling of the Tyndall Stone

Tyndall Stone mottling has always been believed to be biological in origin:

however, a general consensus as to what organism -- or organisms -- created these

mottles is still a matter of debate. Furthermore, the exact sedimentological and

diagenetic processes that created these mottles (which are dolomitic, unlike the

surrounding limestone matrix) are still unknown.

Wallace (1913) believed that the mottling in the Tyndall Stone was "fucoidal" in

origin; the structure of the mottles -- and even the high magnesium content associated

with the dolomitization -- was attributed to organisms such as algae. Birse (1928)

subsequently rejected this theory, suggesting instead that burowing animals were

responsible.

At present, the most widely accepted cause of mottles is bioturbation by

burrowing organisms -- probably the Ordovician equivalent of modern thalassinid
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shrimps, which are responsible for creating tube-like networks in sediment (Coniglio,

1999; Figs. 5.3a and 5.3b) known as the ichnogenus Thalassinoides. Indeed, the

dimensions of the mottles closely resemble trace fossil, which were defined by Ehrenberg

(I944, as cited in Bromley, 1990) as "dichotomously or T-branching boxworks, mazes

and shafts, unlined and unornamented". Still, uncertainty exists as

Fig. 5.3: a) Modern thalassinid shrimp and b) three-dimensional
diagram of Thølussittoides tube network (from Coniglio, 1999).

thalassinids are unknown before the Jurassic, and decapods in general are unknown

before the Devonian (Watkins,1997). The burrowing of thalassinid shrimp in semi-firm

sediment can result in the loss of primary lithofacies characteristics (Curran, 1994). This

is clearly shown in the Tyndall Stone, where primary sedimentary structures are virtually

unknown. It is thus highly possible that the traces within the Tyndall Stone are

Thalassinoides.

Thalassinoides is an ideal trace fossil for recognizing shallow marine

environments (Curran, 1994), and generally indicates that the organisms creating the

,1,l
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burrows lived and fed within the sediment (burrows of this form are known as

domichnia).

Burrows in the Tpdall Stone are preferentially dolomitized (the surrounding

sediment, or matrix, is composed mostly of calcitic limestone). Smaller, secondary

burrows are found within the larger primary burrows. ln fact, these smaller tubules are

exclusive to the larger dark brown mottles. Birse (1928) proposed that it was these

smaller bunows that provided the pathway for dolomitizing fluids to penetrate the

partially lithified sediment, creating the larger dark-brown mottles around the smaller

tubules (thus only one episode of burrowing was proposed by Birse). However, Kendall

(I977) disproved this theory, citing that many of the smaller tubules were not centrally

located within the larger brown mottles. Kendall argued that mottling should have been

equally distributed around the smaller tubes if the tubes were the pathways for

dolomitizing fluids. Futhermore, many of the larger mottles were shown to contain no

smaller burrows within them. Thus it was not possible, under Birse's theory, to chamel

dolomitizing fluids to these mottled regions.

It is now generally accepted that two episodes of bur¡owing occuffed, and that

the brown mottles are not dolomitized envelopes of burrowed sediment around the

srnaller tubules (Kendall, 1977). Secondary burrows are confined to dolomitic mottles

because the host sediment (limestone matrix) had become sufficiently coherent to prevent

bioturbation at the time of secondary burrow formation. Primary burrows were therefore

not lithified during early diagenesis, thus allowing dolomitizing fluids to freely penetrate

and preferentially dolomitize the softer sediment. It is thought that the primary bunows

contained nutrients left by the shrimp-like organisms, possibly their feces, which caused
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secondary burrow-makers to excavate the primary sediment-filled tunnels for nutrients.

It has been suggested that the organic content of the feces was responsible for keeping the

burrows permeable enough for dolomitizing fluids to penetrate them (Coniglio, 1999).

Within the Tyndall Stone, shells of bivalves, cephalopods and gastropods, which

were presumably aragonitic, are always dolomitized, while other fauna, such as colonial

and solitary corals, remain as calcite, There are two theories proposed for this

phenomenon (Kendall 1977): 1) dolomitization occurred before aragonite could be

stabilized to calcite, and 2) the unstable aragonite dissolved out, and sediment inhlled the

void space where the organism's shell once existed; these secondary sediments were later

dolomitized, along with primary burows, by penetrating fluids. It would appear that the

second theory is the more viable option, as evidence of fine sediment and even shell

fragments within the space previously occupied by larger fossils has been found.

Cementation of the sediment must have occurred before formation of large burrows to

resist compaction.

Within the Tyndall Stone, no mottling was observed within storm lenses save for

a few escape structures. Mottling shows marked decreases throughout the section

directly above storm lenses, where they may constitute as little as 10 percent of the rock's

surface area. They do, however, grade upward back to 'normal' levels within a few

centimeters. Storm events may have produced two effects responsible for the apparent

reduction and re-establishment of burrowing activity: 1) storms removed and re-deposited

sediment at and near the sediment-water interface. Subsequent compaction of these

loose, unconsolidated sediments would hide any evidence of tunnel nefworks; 2)high

energy events such as storms would have thrown the upper surface of the sediment, along
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with any organisms dwelling there, into chaos, possibly killing alarge rnajority.

Bunowers would thus have had to re-establish themselves within the substrate, a process

that would take time (rate of sedimentation was therefore faster than rate of bioturbation).

The second theory relies on the assumption that Tyndall Stone burowers were shallow

infaunal organisms; modern thalassinid shrimp burrows have, however, been found

extending down as far as one metre (Boucot, 1981).

Outlines of the larger brown burrows are sharp, with roughly circular cross-

section, and deformation of the burrow margins is minimal. These features indicate the

presence of a firm substrate (V/estrop and Ludvigsen, 1983). Mottling appears to be

reduced beneath larger colonial corals and stromatoporoids, suggesting that the large

skeletons actually provided a barrier to bioturbation. This is referred to as "shielding".

According to Cowan (1971), the percentage of dolomite in Tyndall Stone varies

from 10 to 50 percent (by area), the average being 35. Analysis of the entire section

shows that mottling became more abundant up-section. Lower intervals exhibit mottling

of approximately 35 percent by area (not including storm lenses), while the upper

intervals boast mottles covering 45 percent of the vertical faces. This cannot be

attributed to more frequent storm activity within the lower intervals than the higher ones,

since sedimentological data suggests that storm activity was less prevalent in lower

intervals (see Storm Lenses). It is more likely, then, that there were an increasing number

of burrowing organisms in the sediment over time, due possibly to an increase in the

distribution of nutrients. An overall increase in abundance of shelly fossils over time

supporls this hypothesis, as an increase in biomass would have provided more organic

material to the sediment upon mortality (and thus increased sedimentation rates).
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5.3 Instrumental Analysis of Sedimentological Data

Three instrumental techniques were used to analyze the dolomitic limestones

Tyrdall Stone: 1) transrnitted light microscopy, 2) cathodoluminescence (cL)

microscopy, and 3) electron rnicroprobe analysis (EMPA). Transmitted light and CL

microscopy are qualitative methods, while EMPA is quantitative. Seven thin sections

from beds B to H were borrowed from Moffat's (2000) undergraduate dissertation.

Transmitted Light Microscopy

The transmitted light microscope allows for the inspection of thin section

material. Prior to analysis, thin sections were etched with acid and then partially (half the

slide) stained with Alizurin Red to test for dolomite; calcite is dyed red using the stain,

while dolomite remains unmarked. Concentrations of calcite and dolomite were noted in

both the matrix and the mottles, along with porosity and grain types.

Dolomite appears as euhedral rhombs in high concentrations (up to 95%) in the

mottles, while calcite occurs abundantly in the matrix. Calcite is found dominantly in

microcrystalline (micrite) and bioclastic form. The bioclasts include gastropod,

ostracode, trilobite, bryozoan, and brachiopod fragments, but echinoderm debris (crinoid

ossicies) predominates.

Mineralogical differences between beds were minimal, even between the

stratigraphically lowest and highest sections. Porosity and grain type were consistent

throughout all samples as well. Complete transmitted light microscope obseryations may

be found in Appendix C (Table C-1).
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Cathodoluminescence Microscopy

CL microscopy is a qualitative, non-destructive method of analysis, which

involves the emission of light by a material via stimulation by electron bombardment.

Only weakly bound outer electrons are involved in the cathodoluminescent process.

Incident electrons from an electron beam raise bound electrons in a sarnple to higher

energy levels (Yacobi and Holt, 1990). When these excited electrons return to their

original state, the energy surplus is emitted as light quanta (photons). The emission of

photons in luminescence is thus due to the electronic transition between an initial and

final energy state, Different minerals have their own characteristic spectra, which we

subsequently use for identification. The intensity and colour of light is affected by any

defects in the crystal structure and by impurities in the atom; these behave as 'activators'

because they give rise to additional energy levels (manganese is a common example)

(Yacobi and Holt, 1990). Typical cathodoluminescent colours for common minerals are

listed in Table 5.1.

CL microscopy was conducted with the main goal of identifying and

differentiating dolomite and calcite occuffence. As expected, the mottled areas of the

Tyndall Stone emitted a typical red colour, indicative of high dolomite content. The

limestone matrix luminesced orange, suggesting high calcite content (Fig. 5.a). From

visual observations, dolomite concentrations were estimated at approxim ately 95o/o in the

mottles, while much lower (I-3%) in the matrix. These findings are consistent with those

discovered through regular transmitted light microscopy. Concentrations of dolomite did

not differ noticeably between slides B to H, and thus did not alter with age.
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Table 5.1: Emission spectra for various minerals under CL light
(from Yacobi and Holt, 1990).

Contacts between the limestone matrix and dolomite mottles, as observed through

CL microscopy, show irregular transitions (Fig. 5.5). Minute traces of dolomite can be

seen protruding into the limestone, and the reverse also occurs. In general, however, the

contact is sharp, sudden, and distinct. These pattems are displayed in all beds (B to H),

with no notable changes in the nature of the contacts between mottles and matrix

stratigraphically. This corresponds to the trend obtained from transmitted light

microscopy.
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Fig. 5.4: Tyndall Stone matrix as seen under cathodoluminescence.
Characteristic orange colour is displayed by the dominantly calcitic
matrix.

Fig. 5.5: Tyndall Stone mottle-matrix contact as viewed under
cathodoluminescence. Note the irregular transition between dolomite
mottle (red) and calcite matrix (orange).
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Electron Microprobe Analysis

EMPA is used for analyzing the chemistry of small areas of solid samples using a

small electron beam to stimulate inner electrons, which subsequently release x-rays (a

standard beam width of I pm was selected for this study). The x-ray spectrum contains

lines that are characteristic of the elements present. By comparing the line intensity with

those emitted from standards, it is possible to determine precise concentrations of the

elements present in the sample (Skoog, 1985). Thus EMPA is a quantitative technique,

as opposed to the qualitative technique of CL.

Due to the likelihood that mineralogical and chemical changes between directly

overlying/underlyrng beds were not substantial, only three of the seven thin sections were

prepared for EMPA (representing beds B, E, and H). For each slide, three regions were

specifically targeted for inspection: a) the matrix, b) the mottles, and c) the contact

between the matrix and mottles. Single recording points were taken to examine the

matrix and mottles. The contacts between the two, however, were studied by making

transects (multiple recording points) along a line originating from the mottles, and into

the matrix (across the mottle-matrix contact). Lengths of transects were less than 1 cm,

with eight recording points for each line. Complete EMPA data and observations may be

found in Appendix C (Tables C-2 and C-3).

EMPA showed that chemical and mineralogical differences were not significant

between the upper (B), middle (E) and lower (H) beds. In all three beds, weight percents

were similar, with magnesium occurring typically at <r%o in the matrix and

approximately l2o/o in the mottles. Manganese and iron were found strictly in trace

amounts in both the matrix and mottles.
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EMPA quantitatively confirms that mottles were dominantly composed of

dolomite, while the matrix was largely made up of calcite. Probe transects made

between the matrix and mottles show that chemically, contacts were sharp, not

gradational, in nature. This is evident by the sharp drop in magnesium content across the

contact.
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Chapter 6: Fossil Distribution and Paleoecology

Using fossil specimens to determine environmental change is ideal for

examination and analysis of the Tpdall Stone. Due to the seemingly homogeneous

lithology, envirorunental fluctuations are difficult to determine without the aid of fossil

data. The sensitivity of fauna to environmental change is thus believed to be greater than

that of the lithofacies.

A total of 3173 fossil specimens were identified within the Tyndall Stone study

area, encompassing members of six distinct phyla from kingdom Animalia (Arthropoda,

Brachiopoda,Bryozoa, Cnidaria, Mollusca, and Porifera) and one representative from

kingdom Monera (algal stromatolites). The assemblage is dominated, however, by the

problematical receptaculitids (Fig. 6.1a), which remain unclassified. Horn corals

represent the next most populous group, which far outnumber (in order of abundance) the

gastropods, cephalopods, stromatoporoids, colonial corals, and other groups.

Fossils within the Tyndall Stone walls were found at a mean density o16.66

specimens p", m', and regression analysis showed an overall increase in density over

time (Fig, 6.1b). Maximum density was displayed within interval 9 (8.88 specimens per

m2) and a marked low density was shown within interval 4 (3.60 specimens pe, m';.

Complete fossil count data is displayed in Appendix E (Tables E-2 to E-5).
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Fig. 6.1a: Absolute abundances of all Tyndall Stone fossils counted.
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6.1 Statistical Analysis

Interpretation of the Tyndall Stone paleoenvironment was facilitated by statistical

analysis of the fossil assemblage. Three statistical techniques were utilized to assist in

the interpretation: cluster analysis, correlation analysis, and linear regression. All three

methods are described below.

Cluster Analysis

Cluster analysis is a multivariate technique that seeks to organize information

about variables so that relatively homogeneous groups, or "clusters," car be recognized

(Romesburg,1984). The clusters formed with this family of methods should be highly

internally homogeneous (members are similar to one another) and highly externally

heterogeneous (rnembers of one cluster are not like rnembers of other clusters). Thus the

purpose of cluster analysis is to discover a system of organizing observations into groups,

where members of the groups share properties in common.

Two forms of cluster analysis were performed on Tyndall Stone data: r-mode and

q-mode, using the computer program Clustid. R-mode cluster analysis grouped fossil

taxa based on their tendency to occur together within intervals. The basic premise is as

follows: counts of all fossil groups were taken from each of the ten intervals and

compared with each other, within each interval. For example, the total number of horn

corals within interval 1 was compared with the total number of all the gastropods,

cephalopods, stromatoporoids, etc., from that interval. This process was repeated for

intervals 2 to I0. Fossil groups that occur together the most frequently, by interval, were

given the lowest values along a dissimilarity index, and were grouped together. Taxa that
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were most commonly occuffing together were thus "clustered", establishing relationships

that could be observed statistically.

Q-mode cluster analysis can be viewed as the reciprocal of an r-mode cluster

analysis; instead of fossils being grouped together, the intervals were clustered based on

the occurrence of fossil taxa within them. Thus, intervals with similar ratios of fossil

groups (and, presumably, similar paleoenvironments) were clustered together.

Dendrograms of both r-mode and q-mode cluster analyses were created (Figs. 6.2

and 6.3), along with a combined q- and r-mode dendrogram, which displays both results

within a single diagram (Fig. 6.a). Points at which branches connect in a dendrogram

denote their degree of dissimilarity.
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Fig. 6.3: Q-mode cluster analysis dendrogram.

Correlation Analysis

A correlation analysis measures the strength of association between two data sets,

and returns a dimensionless value , the correlation cofficient, that ranges between - 1 .0

and 1.0 (McGarigal, et al., 2000). In brief, correlation analysis determines whether two

ranges of data move together, or whether values in both sets are unrelated.

A correlation coefficient of -1.0 is a strong negative correlation; this shows that

two sets of data move strongly in opposite directions (small values of one set are

associated with large values of the other and vice-versa). A correlation coefficient of 1.0

Xo
E
L

;Ë
s
g
ID

,UIo

42



Percent of total fossìl abundan{:e

' < 1 .0o/o

o 1.0 - 5.07o

a 5.0 - 15.0%

O 1s.o - 35.0%

O > 35.0o/o

Dissimìlarity
0.9

0.8

o.7

0.6

0.5

o.4

0.3

o.2

0.1

0

l1.

f
o
ooE

E

o

@
oo
f
õEo
o.

.;
:

.i

a:

a:

a

:

:

Çl

o

o
0)
s
o
a
õ'

a

a

a

a

a

a

i

oo
!
f
o
o-'õ
oc

a

a

a

a

o
a

a

a

a

I

oo
oE
a

o

a

a

a

o

o

O

o
o

ìc)0ì

ø=
0(D

ø

:

O:'

:

'

:.O
.

:

t,'

.'.

O.
:

lia

a.

I

I
o
3
Ð
o
õ
o,
o

1

I

I
I

ì
I

õ'o
o

a

O

a

a

I

a

a

a

a

-o
f
(,
o
Ð
d

c)
0)

d
f,

o
0r

a

a

a

t

a

o

I

sF3+rsQ+.Ùðts +€õ Ëss\È

E
a @-'ooùõ
o=
fci
@=

Ð
o
=o

I

:

c,ç

'

r
o

ìØ:tu^ñ0)eõ
È
ÈDissimilarit./

0.3 0.2 0.1

loa

9O

6O

7rD

3'

^a

5O

2O

1

Oo
Oo
o.o
oo

I

o,o
O.
O.O

oo
of
o,oO . . r:a I o

Fig. 6.4: Combined q- and r-mode cluster analysis dendrogram.

lnterval Nurnber

43



is a strong positive correlation; this shows that two sets of data move strongly in identical

directions (small values of one set are mirrored by small values of the other, and strong

values mirror strong values). Two completely unrelated data sets yield a correlation

coefficient ofzero.

Correlation analyses were performed on fossil groups based on their abundances

and average size over time (up-section). Pertinent trends are individually described later

(see Fossil Groups of the Tyndall Stone). The correlation method used in this study was

the Pearson product-moment correlation, assisted by the computer progïam Microsoft

Excel. Complete correlation analysis data is displayed in Appendix D (Tables D-1 and

D-2).

Linear Regression

A simple linear regression was performed on all fossil groups to detennine any

increasing or decreasing trends in fossil abundance andlor size up-section (Figs. 6.5 and

6'6). Also analyzedwere encrusting relationships (plates 14 and 15). The regression was

based on the least squares method (see Bhattacharya and Johnson, 1977 , p. 342-349 for

thorough discussion), essentially fitting the data plots with a "best-fit line". This

regression line was used to obserue upward increasing and/or decreasing trends.

Analysis was performed using the computer progïam Microsoft Excel. All linear

regression analysis data is displayed in Appendix D (Tables D-3 to D-7).
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6.2 Fossil Groups of the Tyndall Stone

Kingdom Monera

Algal stromatolites

Stromatolites are multi-layered, finely laminated structures (Pl. 1, hg. 1), built

upon sedimentary parlicles, which are usually composed of calcium carbonate.

Microorganisms trap these parlicles, binding them together to form sedimentary layers.

Individual layers are commonly a few millimeters thick, and layers may accumulate into

structures several metres high. Morphologically, the stromatolite structure may be

tabular, bulbous, or columnar.

Stromatolites have been described frorn the Precambrian to Recent, and

superficial features throughout the span remain essentially unchanged (Davis, 1966).

Modern stromatolites are composed of cyanobacteria (sometimes referred to as blue-

green algae) that form a sticky surface, which traps debris that is washed over it. Debris

is composed primarily of carbonate material from tests and shells of organisms, and

minor amounts of qrsartz (Logan, 196I).

Stromatolites in the vertical walls of the Tyndall Stone appear similar to

stromatoporoids. They are differentiated, however, by the lack of 'plates' within their

laminae that stromatoporoids possess, I¡ addition, stromatolites show small inclusions of

sediment in their structure which stromatoporoids lack.

Algal stromatolites: observations

Twenty algal stromatolite specimens were identified at Garson. This translates

into 0.04 specimens per m2, and accounts for a mere 0.630/o of the total fossil count.
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Stromatolites show peak density within interval 9 (0.12 specimens per m2
; Fig.

6.7a), but no definite increasing or decreasing trend in abundance over time is observed

(Fig. 6.5). Widths of stromatolites range from 4 to 47 em, with an average of 14.64 em.

Heights of stromatolites reach 4 em. An increasing trend in stromatolite size over time is

seen (Figs. 6.6, 6.Th).

Algal stromatolites Algal Stromatolites

10 10

9 9

8 8

7 7

~
6 'iii 6

:":
Q) 2
E 5 E 5

4 4

3 3

2 2

o 0.05 0.1 0.15 o 10 20 30

Density

(specimens/m2
)

Average width (em)

Fig. 6.7: a) Algal stromatolite density and b) average width over time.

Algal stromatolites: environmental significance and discussion

Modem stromatolites are predominantly built by photosynthetic cyanobacteria,

and thus require light for growth. Therefore, a shallow water regime (within the photic

zone) is required for optimal production of the microbial mats.

The range ofgrowth forms shown by stromatolites shows adaptations to a range

of environmental conditions controlled by current and wave energy together with
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sedimentation rates. Forms found at Garson are unvarying, however, and are strictly

tabular.

The shallow marine, openly circulating Tyndall Stone paleoenvironment seems fit

for stromatolite production. The low number of specimens counted, therefore, suggests

that they were out-competed for space in the ecosystem by more complex organisms,

such as corals and stromatoporoids. Consumption by molluscs or arthropods may have

also kept the stromatolite population low.

The upward-increasing size displayed by algal stromatolites may be due to an

upward-shallowing sequence throughout the section. This would have increased sunlight

penetration to the seafloor and thus benefited cyanobacterial growth. The small sample

size of stromatolites, however, makes generalizations about the paleoenvironment

difficult, and other paleontological evidence is required.

Kingdom Animalia

Phylum Porifera

Class Stromatoporata

The Porifera, or sponges, are among the simplest of metazoans. Stromatoporoids

(pI. 1, fig. 2) appeared in the Middle Ordovician, and were common mound-forming

components of Silurian and early mid Devonian shallow-water marine communities.

Many specialists in the past have regarded stromatoporoids not as Porifera but as

hydrozoan cnidarians, due mainly to their superficial resemblance to some tabulate

corals, and the absence of known spicules and presence of laminae (both features that are

unknown in the sclerosponges, presumably the cl.osest class; Rigby, 1987). However, the
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group has now been firmly emplaced within the phylum Porifera. Several features of the

animal brought upon this conclusion: 1) similarity in gross skeletal pattern to the

sclerosponges, 2) similarity of the astrorhizal canal system to the canal systems in

sclerosponges (Rigby, 1987).

Genus identification was difficult to conduct from the vertical wall faces at

Garson, thus stromatoporoid specimens were classified only to the class level.

Stromatoporoids: observations

Two hundred-forty stromatoporoids are identified in this study. This translates

into a density of 0.50 specimens per m2 and accounts for 7.56% of the total fossil

population. Regression analysis of stromatoporoids shows a definite upward-increasing

trend in abundance (Fig. 6.5). A sharp drop in the abundance of stromatoporoids within

interval 3 is observed (0.15 specimens per m2
; Fig. 6.8a), and the peak of the sponge's

abundance lay within interval 9 (0.92 specimens per m2
).

Stromatoporoids range between 5.5 and 114 cm in width, and up to 28 cm high.

Regression analysis of stromatoporoids shows a relatively unchanging size trend (Figs.

6.6,6.8b). Average width of all stromatoporoids in the Tyndall Stone is 27.72 cm.

R-mode cluster analysis shows that stromatoporoids are very closely associated

with the tabulate coral Protrochiscolithus in occurrence (dissimilarity index of 0.15). In

addition, correlation analysis reveals that fluctuations in stromatoporoid population over

time (up section) are closely associated with fluctuations in the populations of

Protrochiscolithus, Favistina, receptaculitids, Crenulites, and Catenipora (correlation

coefficients of 0.82, 0.79, 0.68, 0.65 and 0.63, respectively).
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Fig. 6.8: a) Stromatoporoid density and b) average width over time.

Stromatoporoids: environmental significance and discussion

Modem sponges inhabit aqueous environments ranging from polar to tropical,

fresh to marine, and shallow to abyssal (Rigby, 1987). Stromatoporoids, however, were

exclusively marine. Stromatoporoids, like modem day sclerosponges, were probably

stenohaline, and thrived in marine environments with normal salinity levels (340/00; Dodd

and Stanton 1990).

The morphology of stromatoporoids provides evidence of the nature of the

paleoenvironment (see Colonial coral and stromatoporoidgrowth form). Ordovician

forms usually lived in fairly turbulent environments, and are associated with shallow-

water carbonate facies (Benton and Harper, 1997). It is presumed that moderate water

agitation was necessary to maintain suspended food in the water column and bring it to

the animal, as they were sedentary filter feeders. The overall increase in abundance of
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stromatoporoids over time in the Tyndall Stone is therefore attributed to an increase in

water agitation, providing suspended nutrients for the sponge. This was presumably

brought about by an overall upward-shallowing sequence that would have increased wave

energy near the sediment surface.

The sharp drop in stromatoporoid abundance within interval 3 may represent a

sudden deepening event such as that suggested by the evidence provided by the horn

corals (see Horn corals: environmental significance and discussion). The peak in the

sponge's abundance within interval 9, meanwhile, may represent the shallowest

depositional environment within the entire section.

The close association between Protrochiscolithus and stromatoporoids is not

surprising, as the encrusting tabulate coral required hard substrates for attachment.

Segars and Liddell (1988) showed that stromatoporoids were ideal choices for encrusting

by many organisms, including bryozoans, tabulate and rugosan corals, pelmatozoans,

brachiopods, and endolithic organisms. The sedentary nature of stromatoporoids,

combined with a hard calcareous skeleton, made them ideal choices for

Protrochiscolithus and other encrusting organisms.

Correlations between the stromatoporoid abundance and those ofFavistina,

receptaculitids, Crenulites, and Catenipora, meanwhile, are attributed to the sharing of

similar environmental requirements. This includes a like feeding strategy, in which

nutrients suspended in the water column are essential. Again, an upward shallowing

sequence would benefit not only the stromatoporoids but also all groups that shared its

trophic position.
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Phylum Cnidaria

Corals found within the Tyndall Stone include members of the Tabulata and

Rugosa, subclasses of class Anthozoa. Over 1300 specimens from the phylum Cnidaria

were counted, including over 700 hom corals.

Subclass Tabulata

Members of the Tabulata, as the name suggests, have well-developed tabulae.

Septa are usually reduced to short spines or absent entirely, and only colonial growth

forms are recognized within the group. Tabulates first appeared in the Early Ordovician,

became widespread during the Late Ordovician and Silurian, and became extinct at the

end of the Permian (Benton and Harper, 1997).

Many growth forms characterize this group, including mound-like, erect

branching and chain-like forms. Tabulates are also of various shapes and sizes.

For this study, six genera of tabulate corals were identified in the Tyndall Stone;

Calapoecia, Catenipora, Manipora, Protrochiscolithus, SafJordophylium and

Rhabdotetradium.

Catenipora

Catenipora (PI. 2, fig. 1) is one of two cateniform corals found at Garson, the

other being Manipora. Corallites are linked laterally and form a palisade network that is

usually one corallite thick (Hill, 1981). This gives the corallum a distinctive

anastomosing chain-like appearance in cross-section, hence the common name 'chain

coral'. Catenipora belongs to the family Halysitidae.
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Catenipora: observations

Specimens ofCatenipora are relatively few in the Tyndall Stone (35 coralla

counted), accounting for only 1.12% of total fossils. The highest density displayed by

Catenipora was shown in interval 9, where 0.18 specimens per m2 are observed (Fig.

6.9a).

Corallum sizes range between 4 and 40 em in width, and an increasing trend in

size with stratigraphic position is observed (Figs. 6.6, 6.9b). However, a single 40 cm-

wide skeleton found in interval 10 skews the regression line. Removal of the single
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Fig. 6.9: a) Catenipora density and b) average colony width over time.

skeleton from the data set yields a relatively straight regression line, indicating no

significant size trend. Average width is 11.5 em, and heights of coralla reach 13 em.
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Changes in Catenipora abundance through time show a similar pattern to the colonial

rugose coral Favistina (correlation coefficient of 0.66).

Manipora

Manipora (PI. 6, fig. 2), like Catenipora, is a cateniforrn tabulate and also

commonly recognized as a 'chain coral'. The two are similar in appearance, particularly

in longitudinal section. Manipora is differentiated from Catenipora, however, by the

presence of corallites rising in double and/or multiple ranks (as opposed to the single

ranks displayed by Catenipora).

Manipora: observations

Manipora is very uncommon in the Tyndall Stone: only eight coralla have been

identified (0.017 specimens per m2
), accounting for only 0.24% of the total fossil count.

It is evident that the scarcity of Manipora yields insufficient data to interpret

environmental and ecological aspects in the Tyndall Stone. Manipora density and

average colony width are displayed in Figs. 6.1 Oa and b.

Coralla are 4 to 26 cm across, but the small number of samples does not provide

enough data to significantly show size trends over time. R-mode cluster analysis reveals

that Manipora did not preferentially occur in the Tyndall Stone with any other fossil

group. Correlation analysis, meanwhile, displays the absence of a shared abundance or

size trend with any other taxa.
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growth, intennittent stonn events were strong enough to topple and even flip the largest

coralla over: the largest Catenipora corallum found at Garson measured 40 cm wide and

was completely overturned.

Lee and Elias (1991) described one species of Catenipora from Garson as living

with the upper surface of the corallum often at or just above the sediment-water interface.

This indicates that growth rates of the coral were barely sufficient to keep up with

background sedimentation. This constant threat of smothering was compensated by rapid

regeneration and lateral expansion. Coralla up to 40 cm wide and 13 cm high were found

tilted over in the sediment; if these specimens indeed had their corallum surfaces at or

just above the sediment-water interface throughout life, sediment deposited within the

lacunae would have provided a broad, stable base (Lee and Elias, 1991). Substantial

force, therefore, would have been required to lift it out of the sediment and overturn it.

This may have been accomplished by strong stonn events and/or scouring of the

sediment.

Sinclair (1955) considered the catenifonn growth pattern shared by Catenipora

and Manipora to be an intennediary between the efficient feeding fonn in phaceloid

colonies (where polyps are completely separated from one another) and the rigid cerioid

colonies (in which corallites are contiguous). Although Catenipora and Manipora both

display this distinct growth fonn, it is apparent that their environmental preferences were

different: Catenipora seemingly thrived in comparison to Manipora within the Tyndall

Stone. This disparity between the two catenifonn corals was probably not due to

taphonomy; Manipora possessed double and/or multiple ranks, and was thus probably

more stable than the single-ranked structure of Catenipora. The moderate correlation
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between Catenipora and Favistina hints towards the sharing of specific environmental

parameters, if not morphology, required by both the tabulate and colonial rugosan.

Saffordophyllum

The cerioid tabulate Saffordophyllum (PI. 3, figs. 1, 3) appears morphologically

similar in longitudinal section to the colonial rugose corals Crenulites and Favistina. It is

discemable from the two, however, by its weak growth banding and very short septa.

Also known as the "honeycomb coral", Saffordophyllum has corallites that are often

distinctively hexagonal.

Saffordophyllum: observations

Saffordophyllum are not abundant in the Tyndall Stone: only 15 coralla were

observed in this study. Coralla peaked in density within interval 9 (0.067 specimens per

m2
), but in the whole section averaged only 0.032 specimens per m2

. This translates to a

mere 0.46% of the total Tyndall Stone fossil count.

The variation of Saffordophyllum abundance over time (Fig. 6.11 a) is moderately

mirrored by solitary rugose corals, Catenipora, and Favistina (correlation coefficients of

0.67,0.65 and 0.62, respectively), though the small sample size of Saffordophyllum limits

the breadth of statistical significance. Coralla range from 2 to 64 cm in width, with a

strong decreasing size trend over time (Figs. 6.6, 6.11 b). However, as with Catenipora,

the regression line is skewed by the presence of a single skeleton (a 64-cm wide corallum

in interval 3). Removal of the skeleton from the data set reveals no significant size trend
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over time. Correlation analysis shows that changes in Saffordophyllum size move closely

over time with changes in Favistina size (correlation coefficient of 0.86).
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Fig. 6.11: a) Saffordophyllum density and b) average colony width over time.

Saffordophyllum: environmental significance and discussion

The strong correlation between Saffordophyllum and Favistina (with respect to

both abundance and size changes over time) suggests that both shared specific

environmental requirements. However, the low count ofSaffordophyllum coralla shows

that environmental requirements were probably not met for significant colony growth.

Another possibility for the low number is competition. Saffordophyllum may have been

out-competed within the ecosystem for food and space by other colonial corals and

stromatoporoids.
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Rhabdotetradium

The affinities oftetradiids are not well understood; the group is generally

considered to be an order within Tabulata, but unlike other tabulates, tetradiids are

distinguished by their tetragonal corallites, hence the name, which are initially fused to

one another (Hill, 1981). Scrutlon (1979) suggested that tetradiids were a specialized

group within the tabulates.

The genus Rhabdotetradium (Pi. 2, fig. 2) is recognized at Garson as delicately

branching ramose fonns with corallite diameters commonly 0.6-1.1 mm (Young, 1995).

With continued vertical growth, corallites develop into separate, broadly divergent, sub­

circular corallites (Young and Elias, 1995). The poorly preserved microstructure of

tetradiids as a group has led to the suggestion that their coralla may have been composed

of aragonite instead of calcite (Yang, 1989). However, the poor but non-dolomitized

preservation ofRhabdotetradium coralla at Garson indicates that their skeletons may

have originally been composed of high-magnesium calcite (Tyndall Stone fossils that

were originally calcitic are well preserved, while aragonitic fossils are commonly

dolomitized) (Young, 1995).

Rhabdotetradium: observations

Only six Rhabdotetradium coralla were observed in the Tyndall Stone walls (this

is second only to the colonial rugosan Palaeophyllum at Garson in tenns of scarcity).

Rhabdotetradium can only be found at an average of 0.013 specimens per m2
, and

constitutes 0.18% of the total fossil count. Density of Rhabdotetradium over time is

displayed in Fig. 6.12a.
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Coralla are virtually complete, and range from 6 to 12 cm in width. Size changes

throughout intervals are, essentially, unwavering (Fig. 6.6, 6. 12b), but the low count of

coralla renders statistical methods practically useless.

Rhabdotetradium: environmental significance and discussion

The low count ofRhabdotetradium specimens at Garson implies that: 1) the

environment was generally unsuitable for their growth, or 2) colonies lived in the

environment, but their delicately constructed coralla made them susceptible to

taphonomic processes such as physical destruction during storm events.
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Fig. 6.12: a) Rhabdotetradium density and b) average colony width.

Yang (1989) has proposed that Tetradium could adapt its morphology in response

to environmental stresses: a highly turbulent environment would warrant a strong, rigid
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structure, while lower turbulence would permit delicate forms. Thus ifRhabdotetradium

did populate the Tyndall Stone environment to a greater extent than that shown by the

preserved specimens in the quarry walls, it is most likely that they possessed delicate

structures, suitable for the low-turbulent environment. Evidence of their existence would

therefore be easily obliterated by storm events.

Calapoecia

Calapoecia (Pi. 3, fig. 2) is distinct in that individual corallites are circular, with

centers of corallites spaced up to 0.5 cm apart. Corallites are separated by calcareous

coenenchyme. Septal spines are noticeable to the unaided eye.

Calapoecia is one of two organisms that profusely show encrusting behaviour in

the Tyndall Stone ecosystem (the other being Protrochiscolithus). Calapoecia required

hard substrates for colonial propagation, and preferentially attached itself to the skeletons

of other animals.

Calapoecia: observations

Sixty-three coralla of Calapoecia were identified at Garson. Density of coralla

reaches a peak within interval 3 (0.27 specimens per m2
), and regression analysis reveals

no upward increase or decrease in abundance (Fig. 6.5). Calapoecia represents only a

small proportion of the overall Tyndall Stone assemblage, accounting for 1.91% of the

total fauna and never exceeding 4% in any given interval (Fig. 6.13a). Coralla sizes

are relatively small, ranging from 1 to 17 cm in width (average size of 4.34 cm). No

significant overall trend in size is displayed over .time (Figs. 6.6 and 6.13b).
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Among all the encrusting relationships observed in the Tyndall Stone, Calapoecia

accounts for 17% of all encrusters, second only to Protrochiscolithus, at 68% (see

Encrusting Relationships). Correlation analysis shows that Calapoecia trends very

similarly in abundance over time with cephalopods (correlation coefficient of 0.81).
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Fig. 6.13: a) Calapoecia density and b) average colony width over
time.

Protrochiscolithus

Protrochiscolithus (pI. 3, figs. 2, 3) is easily recognizable within the Tyndall

Stone walls, due to its typically pure white appearance and thick common wall of

trabecular elements (Flower, 1961). Protrochiscolithus also displays 12 long and rather

thick septa extending towards the corallite center. The colonial coral is commonly found

encrusting other fossil organisms within the Tyndall Stone walls.
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Protrochiscolithus: Observations

A total of 177 specimens ofProtrochiscolithus were observed at Garson, with a

definite upward-increasing trend in abundance (Figs. 6.5 and 6.14a). The tabulate shows

peak density within interval 9 (0.64 specimens per m2
). Protrochiscolithus is the most

abundant colonial coral found in the Tyndall Stone section, averaging 0.37 specimens per

m2
, and accounting for 5.6% of all fossil biota. Protrochiscolithus ranges from 1.5 to 39

cm in width (average 7.92 cm), with no increasing or decreasing size trend that can be

observed over time (Figs. 6.6 and 6. 14b).
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Fig. 6.14: a) Protrochiscolithus density and b) average colony width
over time.

R-mode cluster analysis shows that Protrochiscolithus is very closely associated

in occurrence with stromatoporoids (dissimilarity index of 0.15). Correlation analysis

displays strong similar upward population trends between Protrochiscolithus and
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stromatoporoids (correlation coefficient of 0.82), receptaculitids (0.90) and bryozoans

(0.7s).

Cøløpoeciø and. Protrochiscolithus: Environmental significance and discussion

Calapoecia and Protrochiscolithus are paired together in this discussion based on

their shared tendency to encrust other organisms (see Encrusters).

The increasing abundance trend over time displayed by Protrochiscolithus

suggests that favourable conditions, namely large and plentiful substrates available to the

encrusting coral, were also increasing. Stromatoporoids, along with cephalopod shells,

were found from visual observations to be the preferred substrate for the encrusting

Protrochiscolithus in the Tyndall Stone. lncreases and decreases in stromatoporoid

density over time are accompanied by comparable variations in Protrochiscolithus (as

evidenced by a very strong correlation coefficient of 0.82 between the two groups). This

is further shown from the close interrelationship inferred between the two fossils from r-

mode cluster analysis. Although few receptaculitids were seen encrusted by

Protrochiscolithus, the very high correlation between the two groups (0.90) suggests that

1) the environmental parameters for receptaculitids are identical to those for

Protrochiscolithus, or 2) receptaculitids were encrusted by Protrochiscolithus at one time

but the encruster was somehow later dislodged (unlikely). The same inferences are made

for Calapoecía and cephalopods; these two groups also display a high correlation

coefficient (0.81), but Calapoecia is not observed to be encrusting the mollusc to a high

degree, as the correlation would suggest.
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Caramanic a (I973) suggested that Protrochiscolithu,s was intolerant of direct

contact with the sediment, thus the size of the corallum was limited to that of the

substrate chosen.

Order Rugosa

Rugose corals are calcitic forms with both colonial and solitary life modes.

Rugose corals arose in the mid Ordovician and became extinct at the end of the Permian.

Rugosans had well-organized septal arrangements with six protosepta; metasepta were

inserled in four spaces around the corallum (Hill, 1981).

Although they are extinct, the ecology of rugosans may still be inferred through

sedimentological data and uniformitarian techniques. On a regional scale, rugose corals

can be separated into normal shallow marine and deeper marine assemblages (Oliver and

Coates, 1987). This division of rugose corals is loosely analogous to the ecological

division of the scleractinians, where the structurally complex and dominantly colonial

encompass hermatypic forms, while ahermatypes are structurally simple and mostly

solitary (Oliver and Coates,1987). This analogy cannot be wholly extended to the

extinct rugosans, however, as there is no evidence yet of zooxanthellae-bearing Paleozoic

corals. Coates and Jackson (1987) have suggested that coral morphology may assist in

the detection of symbionts in fossil tests

Three colonial genera are present in the Tyndall Stone: Crenulites, Favistina, and

Palaeophyllunt. Solitary forms could not be differentiated generically in the field and are

herein identified only as horn corals.

66



Crenulites

Crenulites (Pl. 4, frg. 2) is one of three colonial rugose corals identified in the

Tyndall Stone. Crenulites is identified by its thin and strongly crenulated (down-turned)

edges of the tabulae and distinctive growth banding (Hill, 1981). Colonial coral growth

in the Ordovician has been suggested through modern analogues to have been optimal in

shallow marine, well-circulated, nutrient-rich environments.

C renulites: observations

In total, 726 coralla of Crenulites were identified in the Garson quarry walls.

Crenulites shows a peak density within interval 6, with 0.50 specimens per m2 lFig.

6.15a). An overall increase in the abundance of Crenulites up-section is clearly evident

(Fig. 6.5). As a percentage of the overall Tyndall Stone fossil population, Crenulites

plays a minor role, accounting for only 3.89o/o of all fossils and never attaining higher

than 6.6%o of the total biota in any given interval.

The size of coralla shows exceptional range, from 3 and 140 cm in width (most

specimens were less than 50 cm, however) and a decreasin g size trend over time can be

observed (Figs. 6.6 and 6.15b). However, the regression line is skewed by a single 32-cm

wide corallum within interval 2. Removal of the corallum from the data set reveals no

significant size trend. Average size of Crenulites in the Tyndall Stone is 20.92 cm.

Cluster analysis shows that Crenulites appears concurently with Favistina

(dissimilarity index of 0.275). Both colonial rugosans are, in turn, closely associated in

occulrence with stromatoporoids, and the encrusting tabulate coral, Protrochiscolithus
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(dissimilarity index of0.375). Correlation analysis, meanwhile, shows that increases and

decreases in Crenulites population are imitated by the bryozoans (correlation coefficient

of O. 76).
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Fig. 6.15: a) Crenulites density and b) average colony width over time.

Favistina

Favistina (pI. 4, fig. 1) is similar in form and appearance to Crenulites. It is

differentiated, however, by smaller corallites and tabulae that are only slightly down-

turned at the edges (Hill, 1981). Environmental conditions that favour the occurrence of

Favistina are assumed to resemble those for Crenulites.

Favistina: observations

Favistina rivals Crenulites in abundance at Garson, with 108 coralla counted.

Favistina density peaks in interval 8, with 0.44 specimens per m2
. As with Crenulites,

Favistina shows an increasing abundance over time (Fig. 6.5), and represents a small
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percentage of the overall Tyndall Stone fossil biota (3.34%; Favistina never surpasses

5.8% within any interval; Fig. 6.16a). Colonies range from 3 to 56 cm in width, but show

no definite trends over time (Figs. 6.6 and 6.16b). Average size of each coralla is 6.63

cm. Changes in abundance ofFavistina through time are mimicked by the cateniform

tabulate coral Catenipora (correlation coefficient of 0.66).
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Fig. 6.16: a) Favistina density and b) average colony width over time.

Palaeophyllum

Palaeophyllum (PI. 5, fig. 1) is the only phaceloid rugose coral found in the

Tyndall Stone walls. Flower (1961) has speculated that the solitary hom coral

Streptelasma was descended from Palaeophyllum. Indeed, the morphology of

Palaeophyllum does seem to resemble numerous hom corals growing in close proximity.
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Palaeophyllum: observations

With only five specimens identified in this study, Palaeophyllum is the rarest

fossil found in the Tyndall Stone. Its rarity (0.01 specimens per m2
, 0.15% of total fossil

count) does not permit paleoenvironmental or paleoecological inferences.

Palaeophyllum coralla range from 6 to 9 cm in width, displaying up to 12

branching corallites, though more may have been present when alive. Regression shows

a slight decrease in size over time, but statistical analyses are hindered by the small

sample size. Palaeophyllum density and average colony width over time are displayed in

Figs. 6.17a and b.
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Fig. 6.17: a) Palaeophyllum density and b) average colony width over
time.

Crenulites, Favistina and Palaeophyllum: environmental significance and discussion

Colonial rugosan corals, for the most part, required similar environmental

parameters as the tabulates, namely: warm-temperate to tropical temperatures, normal

salinity levels, gently circulating and well oxygenated waters, a firm to hard substrate
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free from rapid accumulation of sediment and the presence of ample food in the water

column, The increasing abundance trend with height in the quarry displayed by both

Crenulites and Favistinø suggests that conditions for colonial rugose coral growth had

improved over time. The low dissimilarity index (0.275) between the two groups, and

their combined close associations with stromatoporoids (dissimilarity index of 0.375)

attests that all three shared the same required environmental conditions ideal for growth.

It is not surprising to find that both of these colonial rugose genera are so closely

associated in occurrence, since Crenulites and Favistina ate nearly identical

morphologically, and inferred evolutionary relationships indicate that Crenulites was

derived from Favistina (Flower, 1961).

Some coralla of both Crenulites and Favistina display composite growth, showing

one or more marked changes in the direction of colony development. Figure 18 displays

the composite growth of a heliolitid coral, though the sample is not ffom the Tyndall

Stone (Young and Elias, 1995). Composite growth indicates that colonies were toppled

during development. This may have occurred by 1) scouring of the substrate, leading to

decreased stability, and/or 2) toppling of coralla via storm events. Due to the highly

cohesive nature of the substrate (mud), it is unlikely that stability was compromised

through scouring. Thus toppling and the composite growth that ensued thereafter were

probably propagated by high-energy storm events.

The infrequent nature of Palaeophyllum in the Tyndall stone makes

paleoenvironmental and paleoecological assumptions based on its appearance very

difficult. Its scarcity may suggest that the environmental conditions were not suitable for

phaceloid growth.
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Fig. 6.18: Composite growth exhibited by hetiolitid coral; longitudinal
section (from Young and Elias, 1995).

Solitary rugose corals

Solitary rugose corals (also known as horn corals; pl. 5, fig. z) are common

fossils in the Early Paleozoic. Solitary rugosans were individual, independent organisms

(one polyp per corallum; non-colonial). Ordovician horn corals were epifaunal,

predominantly neritic filter feeders, and were seldomly significant in the process of reef

building (Hill, 1981). In the Red River Formation, solitary corals are quite common and

sufficiently preserved for detailed study, though only in the Selkirk Member (Elias,

1981). Sarnples collected in the past from the Selkirk Member include specimens from
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the family Streptelasmatidae (Grewingkia, Salvadorea, Deiracorallium, and Bighornia)

and Complexophyllid ae (C omp I ex ophyllum) (Elias, 1 9 8 1 ).

Solitary rugose corals: observations

With 719 counted, solitary horn corals were far and away the most abundant

corals at Garson, and are among the most populous taxa in the Tyndall Stone (1.51

specimens pet -t;. Highest densities are found within intervals 1, 6 and g (2.40,2,20

and 7.77 specimens per m' , respectively; Fig. 6.19a). Marked drops in density are noted

in intervals 4 and 8 (0.70 and 0.79 specimens p., m', respectively). Regression analysis

shows that hom corals decrease in abundance over time more than any other group

identified (Fig. 6.5).

Expressed as a percentage ofthe total fossil count, solitary rugose corals are

clearly dominant in the lowest units, accounting for 460/o of all fossils counted in interval

1. However, horn coral percentage of total fossil population drops off in interval4

(19%), rises again in units 5 to 7, and drops to an overall low in interval 8. Still, the sheer

number of horn corals in the Tyndall Stone suggests that they played a significant role

within the ecosystem (22.I3% of all counted biota).

Horn corals range between 1 and 5.5 cm in diameter, with no overall size trend

observed (Figs. 6.6 and 6.19b). Average diameter of coralla is 2.23 cm. Horizontal

distribution of hom corals (Figs. 6.20a,6.20b) shows a seemingly random positioning of

coralla along both the EW and NS walls, but this rnay be misleading (see Solitary horn

corals: environmental significance and discussion). A comparison of storm lenses and
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hom coral distribution reveals that storm events recorded in the Tyndall Stone walls

(Figs. 5.6a, 5.6b) show a very similar pattern to the distribution of solitary rugose coralla.
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Fig. 6.19: a) Horn coral density and b) average corallum diameter
over time.

A significant number of hom corals display a high degree of abrasion (near-

complete to complete damage of the wall; damage to the corallum interior). The

percentage of highly abraded corals ranges from 56% in interval 2 to a peak of 83% in

interval 4 (Fig. 6.21). An average of 63% of all Tyndall Stone hom corals are highly

abraded. Hom coral abrasion data is displayed in Appendix E (Table E-9).
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Horn Coral Abrasion
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Fig. 6.21: Percentage of horn corals in the Tyndall Stone displaying a
high degree of abrasion.

R-mode cluster analysis reveals that as a group, solitary horn corals are most

closely associated in occurrence with the receptaculitids, as evidenced by a dissimilarity

index of 0.3125.

Examination of 143 Tyndall Stone horn corals in cross section revealed that 86 of

the rugosans (60%) were oriented such that their cardinal septum was within 45° of the

horizontal plane (Appendix F, tables F-3, F-4; Fig. 6.22). These findings are comparable

to Elias' (1980) study on horn corals ofthe Selkirk member, in which 77% ofcardinal

septa were found to be within 45° of the horizontal plane. Specimens were interpreted to

have been out of life orientation, presumably influenced by hydraulic forces (see

Paleocurrents). The remaining 40% of horn corals (with cardinal septa beyond 45° ofthe

horizontal plane) were considered to be non-diagnostic (either in life orientation or

unaffected by current flow).
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Fig. 6.222 Distribution of cardinal septum attitudes of solitary rugose
corals. cross-section of coral and position of cardinal septum (cs)
shown at right, along with placement within distribution chart.

solitary rugose corals: environmental significance and discussion

From modem analogues and sedimentological evidence, optimal conditions for

the proliferation of Ordovician solitary rugose corals have been suggested to require well

oxygenated, nutrient-rich and gently circulating water, with normal salinity and minimum

mean annual temperatures between 16 and 21'C (Hill, 1931). Rapid accumulation of

sediment was detrimental to horn coral growth, as the oral surface was prone to clogging.

However, aclear, non-turbid environment was not essential. It is unknown if solitary

rugose corals housed zooxanthellae (photosynthetic symbionts); whether or not they were

restricted to the photic zone is a mystery. However, studies have shown that ideal depth

for horn coral growth was shallower than 50 m (Hill, 1981).

CS
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The orientation of solitary rugose corals provides insight as to the nature of the

substrate on which it lived: Bolton and Driese (1990) showed that curved corals

preserved in mechanically stable positions were deposited on firm or hard substrates.

Curued corals preserved in mechanically unstable positions, however, dwelled or were

deposited on soft or soupy substrates.

Solitary rugose corals of the Selkirk Member began their lives initially attached to

a hard or firm substrate (a sand grain or test of some sort), but became detached later on

and assumed a recumbent position, resting free on the soft muddy substrate of a level sea

bottom; this is known as a liberosessile mode of life. Neuman (198S) described a similar

life mode in his study of Silurian horn corals of Gotland, Sweden.

The curved nature of horn corals is a result of the pol)? attempting to bring the

oral surface into a horizontal position after tilting of the corallum (Elias, 1982). Tilting

was commonly caused by currents , andlor sinking into the substrate, thus current strength

can be inferred from the degree of curvature of the corallum (Elias et al., 1988). Straight

conical forms indicate a fixed, upright skeleton throughout most of the coral's life (Elias,

1982). Horn corals that appear highly curved, or "bent" probably toppled over while still

alive. Upward growth ensued as the coral attempted to bring its oral surface parallel to

the sediment, resulting in a "bent" growth form.

The degree of curvature is difficult to determine ffom observations along a planar

vertical section, and thus an inference towards current strength is virtually impossible via

the Elias et al. (1988) method. Furthermore, the mechanical stability of the corallum on

the substrate is equally difficult to ascertain from vertical section alone, and thus

determination of substrate conditions was not possible using Bolton and Dricse's (1990)
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method. Determination of soft substrate conditions was therefore assumed from

lithology, other fossil taxa, and thin section analysis.

Evidence of borings in horn corals was not observed in the vertical walls of the

Garson quaffy. However, Elias' (1980) study of solitary rugose corals of the Selkirk

Member identified Dictyoporus garsonenszs (produced by algae) and Trypanites weisei

(produced by spionid polychaete annelids) as significant borings in horn corals. The

presence of algae-produced Dictyoporus restricts the Tyndall Stone paleoenvironment to

the photic zone (algae require light). Meanwhile, studies by Thayer (1974) and Pickerill

(I976) have shown that annelids producing Trypanites weisei are restricted to depths

shallower than25 m. These two ichnotaxa aÍe very significant to paleoenvironmental

interpretation, suggesting that solitary corals of the Tyndall Stone lived in very shallow

water.

Perhaps the most telling statistic from Garson horn corals is the percentage of

highly abraded specimens. Degree of abrasion is a direct function of exposure time,

water energy and size of the abrasive agent. The pronounced peak of highly abraded

horn corals in interval 4 thus indicates 1) a deeper environment, where burial by

accumulating sediment is significantly lower, or 2) a very shallow environment, where

wave action and storm events would have provided advanced mechanical breakdown.

Storm lens evidence (see Storm Lenses), combined with other fossil and sedimentological

evidence, reveals that the f,rrst hypothesis is more likely, with interval4 representing a

sudden deepening within the overall sequence. It is perhaps this sudden deepening which

also affected the hom coral density in this interval.
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Horn corals are useful as paleocurrent indicators, and their role in deciphering the

Tyndall Stone paleoenvironment is described later (see Paleocurrents).

Phylum Brvozoa

Bryozoans superficially resemble the corals, but are distinguished by their

relatively smaller openings (zooecia), which are commonly between 0.15 and 0.30 mm in

diameter (McKinney, 1981). Ordovician forms grew hemispherical, encrusting, and

branching colonies (Stearn and Carroll, 1989).

Bryozoans found within the Tyndall Stone all belong to the order Trepostomata.

Bryozoa: observations

Twenty-eight bryozoan colonies were found at Garson. Of these, seven were

branching forms, three were domical, and the remainders were fragmentary. Due to these

different morphologies, a linear regression size analysis was not conducted. Bryozoans

are found at arate of 0.059 specimens per m' in the Tyndall Stone, and account for a

mere 1.i0% of the total fossil count.

Bryozoan abundance shows strong fluctuations over time, with peaks in density

within intervals 6 (0.11 specimens per -'¡ and 9 (0.17 specimens per m2; Fig. 6.23).

These fluctuations are strongly mirrored by the stromatoporoids, Crenulites, and,

Protrochiscolithus (correlation coefficients of 0.88, 0.76 and 0.75, respectively).
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Bryozoa: Environmental significance and discussion

Bryozoans are strictly colonial organisms, and, like brachiopods, feed on

particulate matter in the water column using a lophophore. Water motion, apart from

destructive wave action and storm events, is thus generally desirable for bryozoans,

which feed largely on phytoplankton in the water column (Blake, 1981). Thus a high

abundance ofbryozoans within interval 9 may indicate increased turbulence brought

upon by a shallower environment.

Bryozoans
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Fig. 6.23: Bryozoan density over time

Most species ofbryozoans are sensitive to substrate type, turbulence, water depth,

temperature and salinity (Benton and Harper, 1997). Most bryozoans attach to fIrm

substrates and are therefore intolerant of either erosion or rapid sedimentation (Blake,

1981). Shape of colonies can be very plastic, adapting to environmental conditions

(Benton and Harper, 1997). Thus, bryozoan morphology is very useful for
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paleoenvironmental reconstruction; branching and erect growth fonns indicate low

energy surroundings, while more massive, domical morphologies suggest higher energy

(Schopf,, 1969). The presence of dominantly branching and fragmentary specimens in the

Tyndall Stone suggests that the environment was ordinarily low energy. As such,

branching fotms were able to live there. However, these forms were easily destroyed by

occasional high-energy storm events.

The seemingly fluctuating nature of Tyndall Stone bryozoan abundance over time

suggests that the environmental factors were also constantly changing. The strong

correlation of the bryozoans with stromatoporoids, Crenulites, and Protrochiscolithus

suggest that the four groups shared similar environmental parameters.

Phylum Brachiopoda

Brachiopods were among the most successful Paleozoic invertebrate marine

phyla, dominating the low-level suspension feeding benthos throughout most of the era.

Brachiopods are strictly marine, bilaterally symmetrical animals that use a ciliary feeding

organ (lophophore) contained within apair of calcareous shells or valves. Brachiopods

first appeared at the base of the Cambrian, increasing greatly in abundance and diversity

in the Early Ordovician and onwards.

Brachiopods within the vertical walls of the Tyndall Stone were difficult to

recognize to even the family level in cross section, and are thus identified only to the

phylum level in this study. However, Jin and zhan's (2001) extensive study of

brachiopods from the Red River and Stony Mountain formations identified 18 distinct

species of brachiopod from the Selkirk Member, with several fonns exhibiting gigantisrn.
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Jin and Zhan named the high diversity and moderately abundant Selkirk assemblage the

Kjaerina hartae community, after the strophomenid brachiopod.

Brachiopods: observations

A total of42 brachiopod specimens were found within the Tyndall Stone walls.

This translates into a population density of 0.088 specimens per m2
, and accounts for

1.32% ofthe total fossil assemblage at Garson. Linear regression reveals a slight

decreasing abundance trend over time (Fig. 6.5). Shells are absent from interval 4 (Fig.

6.24). Shells range from 1.5 to 5 cm in diameter, but no significant size trend is observed

from regression analysis (Figs. 6.6 and 6.24b). Increases and decreases in brachiopod

abundance over time (up section) correlate moderately with the solitary rugose corals

(correlation coefficient of 0.62).
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Fig. 6.24: a) Brachiopod density and b) average shell width over time.
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Brachiopods: environmental significance and discussion

With only 42 specimens counted, brachiopods do not dominate the faunal

assemblage at Garson as they do in most Paleozoic successions. Brachiopods are

incapable of actively pursuing food, and their sessile mode of life imposes severe limits

on potential feeding mechanisms and available trophic resources. The size of the

lophophore has been shown to be directly related to the amount of food available: a

smaller, moderately complex lophophore suggests an abundance of available food in the

water column (McGee, 1979). The detrimental effect of sediment on the lophophore of

brachiopods restricts them to areas of relatively slow sedimentation and low turbidity.

Too much sediment in the water column can clog the lophophore and kill the brachiopod.

The majority of living brachiopods are epifaunal, attaching themselves by a fleshy

stalk (pedicle) to a hard substrate on the sea floor. Substrates may include boulders, rock

outcrops, or other shells. Most modern-day brachiopods are stenohaline (Rudwick,

1970),living in waters with salinity close to normal and occupy depths shallower than

500 m (Rowell and Grant, 1987).

There are several possible reasons for the complete absence of brachiopods withi¡

interval 4. These include: 1) food resources were insufficient, 2) the environment was

lacking a hard substrate for attachment, 3) salinity levels in the water were inappropriate,

4) waTer was too turbid, or 5) brachiopods were present within the interval, but shells

were completely destroyed through taphonomic processes. The slightly decreasing

abundance of brachiopods up-section may also be attributed to the above factors.

The moderately strong correlation between brachiopods and solitary rugose corals

is not too surprising, as both groups share many environmental requirements (among
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them: mildly turbulent waters, an abundance of nutrients in the water column and normal

salinity).

Phylum Mollusca

Molluscs are non-colonial metazoans with a dorsal calcium carbonate (usually

aragonite) exoskeleton that provides structural support for muscles and viscera (Pojeta et

aI.,1987). Molluscs have been diverse and abundant animals since the early Cambrian

and are widespread as fossils. Molluscs of the Tyndall Stone include members of the

classes Bivalvia, Gastropoda and Cephalopoda.

Class Bivalvia

Bivalves, also known as pelecypods, are a group of twin-valved molluscs that

superficially resemble the brachiopods. Unlike the brachiopods, however, bivalve shells

are usually composed of aragonite, and the plane of symmetry separates the left and right

valves from each other. In other words, the two valves are basically mirror images of one

another, Throughout their evolutionary development, bivalves adopted a wide variety of

life strategies, encompassing epifaunal (attached, cemented, and free-lying), shallow and

deep burrowing, boring, and even swimrning modes of existence,

Bivalves collected in previous studies of the Selkirk Member include Pterioicla

and Conocardium antiqueum (Nelson, 1965). However, specimens were not recorded

within the study section.
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Bivalves: observations

Although bivalves were present at Garson, they were not considered in this study,

as specimens (virtually all incomplete) were less than 1 cm in size. Bivalve shell

fragrnents were, however, constituents of storm lenses and are observed in thin section.

Bivalves: environmental significance and discussion

Bivalves were present within the Tyndall Stone ecosystem, but the lack of

complete shells suggests that they were disarticulated by storm events. As such, even a

rough estimate of the abundance of bivalves is difficult to ascertain. Furthermore, post-

moftem transport of shells and shell fragments makes paleoenvironmental inferences

based on bivalves difficult, as it is highly unlikely that they were deposited in their

original life habitat.

Class Gastropoda

The gastropods are the rnost abundant and varied of the molluscan classes,

utilizing creeping, floating, and swimming strategies together with grazing, suspension

feeding, predatory and parasitic trophic styles (Benton and Harper, TggT). Modern-day

gastropods (snails and slugs) occur in marine, freshwater, and terrestrial environments,

making them the most durable of the molluscan classes as well.

Gastropods appeared at the base of the Cambrian, becoming abundant during the

early Ordovician radiation. Unlike the cephalopods, all orders of gastropods either

maintained or increased their diversity through the Devonian, Permian, and Cretaceous

mass extinctions that devastated other invertebrate groups (Stearn and Carroll, i989).
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In all, 362 gastropod specimens were counted at Garson. Of this total, 85 (23.4%)

couldn't be identified to the genus level. Three genera of gastropods were recognized:

Maclurina, Hormotoma, and Trochonema. All forms are from the order

Archaeogastropoda.

Møclurina

Maclurina is recognized in the Tyndall Stone by its distinctively large and heavy

shell that is strongly convex and hyperstrophic, with a depressed spire and flat bottom

(Pl. 5, figs. 3a and b).

Møclurins: observations

Maclurina is by far the most common gastropod found within the Tyndall Stone.

Two hundred twenty-three specimens were counted, representin g 6T.60/o of all

gastropods , and 6.7 8o/o of total fossils in the section. Its average density is 0 .4i

specimens p", mt, and it is densest within interval 7 (0.57 specimens per m2; Fig. 6.25a).

A slight overall increasing trend over time can be infened from regression analysis of

Maclurina (Fig.6.5).

Along with being the most abundant, Maclurinct is also the largest gastropod

genus in the section. Specimens average 4.84 cm in diameter, with the largest shells

reaching 2I cm across. Average size is observed to increase over time (Fig. 6.6), with a

sharp peak displayed in interval a (Fig. 6.25b).
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Fig. 6.25: a) Maclurina density and b) average shell diameter over
time.

Hormotoma

Hormotoma is recognized in the vertical faces of the Tyndall Stone by its high

conispiral morphology. This is distinctively different from the low conispiral forms of

Trochonema and Maclurina. Hormotoma is also not nearly as large as Maclurina.

Hormotoma: observations

Eighteen specimens ofHormotoma were identified in this study, far fewer than

Maclurina. This translates into 0.038 specimens per m2 and accounts for 4.97% of all

gastropods found in the Tyndall Stone, and 0.55% ofthe total fossil biota. Regression

analysis reveals no trend in abundance over time (Figs. 6.5 and 6.26a). Hormotoma

shells range from 2 to 11 cm in length, and an increasing size trend can be observed

within the group (Figs. 6.6 and 6.26b).
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Fig. 6.26: a) Hormotoma density and b) average shell length over time.

Trochonema

Trochonema is differentiated in vertical section from Hormotoma by its low

conispiral shell and relatively smaller size than both Hormotoma and Maclurina.

Trochonema: observations

Trochonema was the rarest gastropod found at Garson, numbering only 12

specimens. This translates into 0.025 specimens per m2
. Trochonema accounted for only

3.55% of the snail population and 0.36% ofthe total fossil content in the section.

General increases or decreases over time are not observed (Figs. 6.5 and 6.27a). Shells of

Trochonema range from 1.5 to 5 cm in diameter, with a slight increase over time (Figs.

6.6 and 6.2Th). However, the regression line was likely affected by the small sample

size.
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Fig. 6.27: a) Trochonema density and b) average shell diameter over
time.

Gastropoda: environmental significance and discussion

Most living archaeogastropods are grazing herbivores or detritus feeders (peel,

1987). Paleozoic forms are assumed to share these trophic patterns. Gastropods tolerate

a broad salinity range, and have been known to survive in hypersaline waters in excess of

70%0 (Dodd and Stanton, 1990).

Gastropods of the order Archaeogastropoda possess a delicate aspidobranch gill

structure that deals with accumulating sediment very inefficiently. Removal of fine-

grained sediments that could interfere with respiration is thus difficult (Stanley, 1977).

Distribution ofarchaeogastropods, by deduction, should thus be to environments with

less fine-grained sediment (Stanley, 1977). However, archaeogastropods are commonly

found in Paleozoic mudstones, which suggest muddy paleoenvironments; much like that

inferred within the Tyndall Stone. It is from these observations that Stanley (1977)

suggested that given a soft substrate, it is the amount of turbidity rather than the existence
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of a soft substrate per se that is the major limiting factor for archaeogastropod

distribution. Thus it can be suggested that although the Tyndall Stone depositional

environment consisted of a muddy sediment bottom, turbidity was relatively low.

Maclurina' s thick and heavy shell was well adapted to higher energy

environments, but limited its mobility on the sea floor and restricted it to at least semi-

firm substrates (Maclurina's sheer size would cause it to sink into sediment which was

softer). Maclurina was probably sedentary, practicing a suspension feeding lifestyle.

The dominance of Maclurina throughout the section thus suggests that food resources

were plentiful, and suggests a semi-hrm substrate in the Tyndall Stone environment.

Linsley (1977) suggested that an increase in Maclurina size may be attributed to

increased food content in the water column and perhaps indicates higher energy

conditions. Slower sedimentation rates would further allow prolonged growth of the

snail to larger sizes, as evidenced within interval 4.

The small shells possessed by Hormotoma and Trochonema did not restrict them

to a sessile life mode, allowing them to move freely along the sea floor. Some species of

Trochonem¿ fed on encrusting algae, while others are known to have been scavengers or

feeders ofcrinoid feces (Peel, 1987).

P aleoeco lo gical and p aleoenvironmental analysis using Tr o ch on em a and,

Hormotoma, for the most part, is diffìcult due to low counts of both genera. Inferences

are limited to the hypothesis that 1) neither genus was suitably adapted to the

environment, and/or 2) taphonomic processes erased the majority of the evidence of their

existence.
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Class Cephalopoda

Cephalopods are the most advanced of the molluscs, possessing high metabolic

rates, well-developed nervous system, keen eyesight and advanced brain. Combined with

superior mobility, these attributes made cephalopods well suited for a carnivorous

predatory life mode. At least eight genera of cephalopods are known from the Selkirk

Member of the Red River Formation: cyrtogomphoceras sp., Ephippiorthoceras

formosum, Endoceras sp., Armenoceras sp., Narthecoceras sp., selkirkoceras

tyndallense, Lambeoceras sp., and Gorbyoceras sp. (Foerste, 1929). However, only I2o/o

of cephalopods could be recognized beyond the class level from the Tyndall Stone walls.

Because of this, Tyndall Stone cephalopods (Pl. 5, fig. 4) are described only to the class

level in this study.

Cephalopods: observations

Two hundred eighty-six cephalopod shells (Pl. 5, fig.4) were found in the Tyndall

Stone. An overall decreasing abundance trend over time is observed (Figs. 6.5 and

6.28a). cephalopods are found at an average density of 0.58 specimens per mt,

accounting for of total fossils at Garson.

Cephalopod diameters found in the study area range between 1 and 16 cm, while

preserved siphuncles are up to 50 cm long (some specimens in collections of the

Manitoba Museum of Man and Nature exceed 1.0 m in length). Average diameter of

cephalopod shells over time is displayed in Fig. 6.ZBb.

R-mode cluster analysis shows that the relationship in occurrence between

cephalopods and gastropods is strong (dissimilarity index of 0.1625). Comparison of
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cephalopod and gastropod abundance over time reveals a similar pattern (Fig. 6.29).

Fluctuations in abundance over time are strongly correlated with those of the encrusting

tabulate coral Calapoecia (correlation coefficient of0.81).
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Fig. 6.28: a) Cephalopod density and b) average shell diameter over
time.

Cephalopods: environmental significance and discussion

Cephalopods, particularly orthocone forms, are renowned for their usefulness as

paleocurrent indicators (see Current Indicators). This same attribute makes them

generally regarded as higWy ineffectual as paleoenvironmental indicators. Chirat (2000)

showed that the nautiloid genus Aturia was capable of trans-oceanic transport. However,

he also stated that such extensive drifting was the exception, not the rule. Other recent

studies have shown that post-mortem transport has a small impact on the fossil record,

and the original distribution of cephalopods appears to be preserved in the majority of

cases.
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Crick (1988, 1990) and Frey (1989) showed that many Paleozoic nautiloids

possessed phragmocones that were counterweighted against positive buoyancy and

probably would have rapidly filled with water and sunk after death. Chamberlain et al.

(1981) indicated that extensive postmortem drift ofNautilus is a relatively rare event.

Instead, the cephalopod was shown more commonly sinking to the sea floor in the area

near which it lived. In addition, ontogenic studies by Saunders and Spinosa (1978) and

Landman et al. (1983) of living Nautilus indicate that these cephalopods lack a planktonic

larval stage capable of being dispersed by oceanic currents.
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Fig. 6.29: Comparison of gastropod and cephalopod abundance over
time.

The laterally extensive nature of the Tyndall Stone lithology (and, therefore, the

paleoecosystem) suggests that cephalopods in this study are not drift-in products from
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different environments. Paleoecological and paleoenvironmental interpretations using

cephalopods must still be cautiously rnade, however.

The strong correlation shown between cephalopods and Calapoecia abundance

may suggest that cephalopod skeletons were ideal targets for Calapoecia,whichrequired

a hard substrate for colonization. The strong relationship between the occurrence of

gastropods and cephalopods may be due to a predator-prey relationship. Inspection of the

stomach contents of modern-day cephalopods (octopuses, squids) reveals that gastropods

are indeed food sources for the pelagic carnivore (Nixon and Maconnachie, 1988; Daly,

1996). Thus a rise or fall in gastropod abundance would not surprisingly be accompanied

by a similar response by the cephalopods.

Phylum Arthropoda

Class Trilobita

Trilobites possessed an exoskeleton, composed mainly of chitin and calcareous

material, divided longitudinally into three-lobes. Trilobites are among the most useful

biostratigraphic indicators in lower Paleozoic strata due to their abundance and diversity,

and their presence may indicate particular environmental parameters.

Trilobites : observations

No complete or even semi-complete trilobites were found within the Tyndall

Stone walls in the course of this study. Thus, identification beyond the class level is

impossible. However, it must be pointed out that Westrop and Ludvigsen's (1983) study

on trilobite goups within the Selkirk Member revealed the existence of several trilobite
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families. They showed that the dominant families of trilobites within the member

included Illaenidae (49% of all specimens), Cheiruridae (23o/o), Lichidae (TI%) and,

Asaphidae (7.3%).

Trilobites were found exclusively as fragments within the Tyndall Stone walls,

and were identif,red from their characteristic pure-white segments and distinct "hooked"

shape. Debris of the arlhropod's exoskeleton is found commonly in storm lenses as

"trilo-trash".

Trilobites: environmental signifTcance and discussion

As a general rule, complete trilobites may be found in quiet-water facies, but

more commonly, currents, scavengers, and molting have separated and scattered the

skeletal parts. Although the exoskeleton was rigid, segments were joined by flexible

organic connections that decayed relatively quickly upon death. Thus complete

preservation required special sedimentological and environmental conditions such as

abrupt burial andlor anoxia.

Trilobites are present in a variety of marine limestones, sandstones, and shales.

The greatest diversity of taxa lies in deposits within shallow, normal marine

environments with open circulation (Robison, 1987). The rnajority of trilobites are

thought to have been benthic detritus feeders, though evidence of predation within the

group has been found.

Substrate conditions may be inferred from trilobite groups; illaenid-cheirurid

associations have been demonstrated to occur in environments with relatively firm,

cohesive substrates, presumably related to an infaunal existence of the arthropod

96



(Westrop and Ludvigsen, 1983). These assumptions suggest that the Tytdall Stone

substrate may have been relatively firm.

While there is no doubt that trilobites were a component of the paleoecosystem of

the Tyndall Stone, the lack of well-preserved specimens and the effects of molting make

estimations of the arthropod's true abundance impossible. As such, data on trilobite

abundance has been excluded from this study.

Phvlum Echinodermata

The role of crinoids in the Tyndall Stone paleoecosystem is uncertain. No calyces

or holdfasts are found intact, but their ossicles are a significant component of the

lithology; thin section analysis reveals their presence within all intervals. However,

crinoid debris is well known for extensive post-mortem transport (Ager, 1963; Dodd and

Stanton, 1990). Westrop and Ludvigsen (1983) considered the presence of pelmatozoan

debris in the Selkirk Member to be largely transported and excluded them from the

paleocommunity. A similar conclusion was made by Walker (1972b) in his work on the

Black River Group paleocommunity of New York State. The role of crinoids in the

paleocommunity is thus excluded here as well.

Problematica : Receptaculitids

Receptaculitids (P1. 6, frg.1) are characterized by their meroms, a distinctive

mineralized skeletal element that is unknown in any other organism. These meroms are

arranged in whorls around the central axis of symmetry, forming a distinct sunflower

pattem on the surface of the fossil. It follows from this pattern that receptaculitids are
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commonly known as "sunflower fossils". In the Ordovician, receptaculitids are known

from limestones and dolostones, where they are major components of massive organic

buildups and important rock-building elements (Nitecki et aL.,1999).

The true nature and origin of receptaculitids have been under constant debate for

over a century, beginning with Zittel's (1878, as cited in Nitecki et al., 1999) and Hinde's

(1884, as cited in Nitecki ef a1.,1999) dispute as to the true original mineralogy of the

fossil. Zittel believed that receptaculitid skeletons were calcareous, while Hinde insisted

they were siliceous. Since then, receptaculitids have been interpreted as everything from

algae, foraminifers, sponges, corals and cystoids to even pine cones (Fisher and Nitecki,

1 e83).

The failure of specialists to assign receptaculitids to a taxonomic group is

attributed to 1) poor preservation of structures that suggest they belong within a particular

major group, and2) presence of structures that easily place them in another (Nitecki et

a1.,1999). Foster (T973) suggested that receptaculitids might represent an extinct phylum

unrelated to either sponges or algae, while Beadle (1988) proposed that the arangement

of meroms on receptaculitids likened them, morphologically, to plants. He thus

suggested that they were problematic calcareous algae. The most recent literature, based

upon the unresolved conclusion as to the original mineralogy of meroms, proposes that

receptaculitids remain unaffiliated with any modern analogues. Hence, they currently

remain as problematica (Nitecki et al., 1999). Only one genus of receptaculitid is

recognized from the Tyndall Stone: Fisherites.
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Receptaculitids : observations

Receptaculitids were the most common fossils found within the Tyndall Stone

walls, with 966 specimens counted. Receptaculitids were found at arate of 2.03

specimens pe, mt, and compo sed,30.44Yo of the total fossil count found at Garson.

Linear regression shows a distinct increasing trend in abundance of receptaculitids over

time (Fig. 6.5). The highest density was found within intervals 8 and 9 (3.09 and,Z.76

specimens p", mt, respectively; Fig. 6.30a). within interval 4, a sharp drop in

receptaculitids was observed, with 0.98 specimens per *t. This is a significantly lower

than tlre underlying interval, which had2.24 specimens per m'.

Receptaculitids range between 72.5 and 14.33 cm in width, with an average size

of 13.39 cm. There is no distinct upwardly increasing or decreasing trend in the fossil's

size (Figs. 6.6 and 6.30b).

R-mode cluster analysis reveals that receptaculitids were closely associated with

the solitary horn corals in occurrence (dissimilarity index of 0.3125). Correlation

analysis shows that the occurrence of receptaculitids up-section are strongly imitated by

Protrochiscolithus, Favistinø, and stromatoporoids (correlation coefficients of 0,90, 0.73

and 0.68, respectively).
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Fig. 6.30: a) Receptaculitid density and b) average width over time.

Receptaculitids: environmental significance and discussion

Because the affinity of receptaculitids to any fossil or living group is debatable, it

is difficult to draw paleoenvironmental inferences from their occurrence. Instead, it is

safer to find groups with which they are commonly associated, and hypothesize from

there.

The strong correlation between the receptaculitids and stromatoporoids and

Favistina may provide insight to the preferred paleoenvironment of the problematical

fossil. Both stromatoporoids and the colonial rugosans were presumably stenohaline,

preferring warm, moderately agitated waters that suspended nutrients within the water

column. If the population trend of receptaculitids over time is mirrored by those of

stromatoporoids and Favistina (as the correlation analysis suggests), it is conceivable that

the receptaculitids shared the same specific environmental parameters. R-mode cluster
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analysis results suggest also that solitary horn corals shared these parameters with

receptaculitids.

If the receptaculitids were indeed algal in origin, as many paleontologists have

professed in the past, then their photosynthetic nature would restrict them to the photic

zone. Thus an increase in their population over time may suggest upward-shallowing

sequence (shallower waters provide more sunlight for photosynthetic processes), such as

that implied both by the stromatoporoids and horn corals. The drop in receptaculitid

population within interval 4 would thus represent a sudden deepening within the overall

sequence of upward-shallowing waters. However, the status of receptaculitids as

problematica makes any hypotheses difficult to test.

While receptaculitids are dominant in the Selkirk Member of the Red River

Formation, they are virtually unknown in the Yeoman Formation of southeastern

Saskatchewan (the lateral depositional equivalent of the Dog Head, Cat Head and Selkirk

Members of the Red River Formation). Kendall (1976) proposed that this was due to the

presence of a deeper water setting in the Yeoman Formation, as the depositional

environment was closer to the Williston Basin center than its Red River counterpad,

which lay at the basin margin. Furthermore, studies of the fossil from the Swedish island

of Öland in the Baltic show that deposition was within a shallow sea, reinforced by the

presence of cyanophytic algae and the bipolar orientation of the shells of orthoconic

cephalopods Qrlitecki et al., 1999).
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ó.3 Encrusting Relationships

Encrusting organisms, or epizoans, attach and develop themselves on other

organisms. Hosts serve as hard substrates for the encrusters, particularly in depositional

environments where sediment is soft, or competition for space is intense. Additional

advantages of encrusting behaviour include 1) utilizing the feeding currents generated by

certain hosts, and 2) ingestion of fecal wastes produced by the hosts (Morris and Felton,

1993). Interpreting these factors is hard, however, as it is often difficult to determine if

overgrowth occurred contemporaneously with the growth of the host or following its

death (Liddell and Brett, 1982). Encrusting behaviour is common within several groups,

including bryozoans, inarticulate brachiopods, solitary and colonial corals, tubiculous

worrns, gastropods, bivalves, and sponges.

Analysis of encrusting relationships provides insight towards the exposure time of

skeletons, and, as such, sedimentation rate, substrate availability, and stability (Young

and Elias, 1995). They are thus quite useful as paleoenvironmental indicators. High

incidences of encrusting behaviour suggest that substrates were stable and sedimentation

rates were low, thus providing exposure times that were long enough for epizoans to

attach themselves to hosts. Low incidences of encrusting behaviour suggest the opposite

(unstable substrates and higher sedimentation rates).

The Tyndall Stone depositional environment provided abundant attachment sites

for encrusters. In particular, colonial corals, cephalopod shells, receptaculitids and

stromatoporoids were hard, sedentary substrates with ample surface area on which to

attach. Table 6.1 displays the faunal distribution of encrusting and encrusted organisms

at Garson.
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Table 6.1: Distribution of encrusting and encrusted organisms.

Several host organisms were encrusted by more than one epizoan, thus accounting

for the unequal ratio of encrusting organisms to encrusted organisms (82 to 89). As the

table shows, the tabulate coral Protrochiscolithus was the dominant epizoan within the

Tyndall Stone depositional environment, accounting for over 680/o of all encrusting

organisms. Encrusted organisms were about evenly distributed among three dominant

host groups: cephalopod shells (24.72%),the giant archaeogastropod Macluritta

(20.22%) and stromatoporoids (also 20.22%).

Encrusters were found attached to host organisms (stromatoporoids,

receptaculitids, corals and molluscs) in several ways: 1) to the oral surface of the host

(eg., Pl. 3, ftg. 3) in life orientation 2) to the oral surface of the host with both the host

and encruster toppled (Pl. 3, fig.2) or overturned (Pl. 6, fig.2), suggesting deposition
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after a high-energy event, and 3) to the bottom side of tests, suggesting post-depositional

colonization.

Bryozoans, commonly found as epizoans in several Ordovician and Silurian

paleoenvironmental studies (Liddell and Brett, 1982; Elias,7982; Segars and Liddell,

1988; McAuley and Elias, 1990), were not observed to play an encrusting role in the

study section. However, a previous study by Elias (1981) on the Selkirk Member found

that 75 percent of the encrusting organisms found on rugose corals were bryozoans. The

apparent absence of encrustingbryozoans in this study may have been due to the nature

of the study; fossil specimens were mapped but not extracted for examination.

An examination of the number of encrusting relationships in the Tyndall Stone

over time (up-section) reveals significant aspects pertaining to the depositional

environment. Fig. 6.31 displays the avetage number of encrusting relationships per fossil

specimen within each interval. If,, throughout the entire time of deposition, the Tyndall

Stone was a stable and unchanging environment, the ratio of encrusting organisms to

encrusted organisms would be expected to remain the same. However, this is clearly not

the case, as interval 4 displays a clear peak in the number of encrusting relationships per

fossil. Interval 4 is thus inferred to have been deposited in an environment of slower

sedimentation, possibly in a deeper-water setting than any of the other intervals in the

section. Regression analysis showed an upward-decreasing trend in the number of

encrusting relationships (Fig. 6.31; straight black line), suggesting an increase in

sedimentation rates over time þossibly from an overall upward-shallowing sequence)

andlor a decrease in substrate stability. Complete encrusting density data is displayed in

Appendix E (Table E-7).
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In summary, the data from encrusting organisms in the Tyndall Stone suggests

that an overall upward-shallowing sequence took place, with a sudden deepening

accounting for the increase in encruster-to-fossil ratio within interval 4.

Encrusting Relationships
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fossil

Fig. 6.31: Number of encrusting relationships per fossil over
time. Note upward-decreasing trend displayed by linear
regression line (black).

6.4 Paleocurrents

Cephalopods

Orthoconed cephalopods are perhaps the most well recognized tool for

paleocurrent or wave indication in the fossil record. In one of the most extensive studies

on fossil cephalopod orientation, Dixon (1970) examined 645 nautiloid specimens from

Upper Ordovician limestones in Anticosti Island, Quebec. The majority of these

cephalopods were aligned in a uniform direction, with tapered cones pointing the same

way. These cephalopods were interpreted to have been oriented with apices pointing
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upstream, into the current. Nagle (1967) also found similar results for cone-like shells in

flume experiments. ln wave-tank trials, however, he found that the same conical shells

aligned themselves parallel to wave crests. There is, therefore, a 9O-degree difference in

shell alignment for current and wave-dominated environments.

Skinner and Johnson (1987) found that the dominant affangement of 189

siphuncular fragments in Late Ordovician limestones near Churchill, Manitoba was

perpendicular to the trend of a well-defined ancient rocky shoreline. These orlhoconic

nautiloid shells were actually more cylindrical than conical, and were interpreted as being

transported by long-shore currents rather than shoreward currents. There are thus two

main factors that affect cephalopod orientation: current versus wave action, and conical

versus cylindrical shell shape (Table 6.2). Interpretations of paleocurrent or wave action

based on fossil cephalopod orientation should therefore be approached with caution.

Current-Do-in;aed
Setting

Wun. -Dominaied
Setting

Conical Shell

Shell parálieitó ¿ule"f
direction (apex points
upstream, into current)

Shell parallel to wave crests Shell parallel to wave crests

Table 6.22 Long-axis orientation of cephalopods with respect to
currents and waves.

Chenoweth's (1952) study of 158 endoceroids and orthoceratids in the Late

Ordovician Trenton limestones of New York State revealed some possible mechanisms

for current alignment. Chenoweth found that the smaller orthoceratids were lying (long

axis) perpendicular to the trend of the larger endoceroids. The differences in orientation

Cylindrical Shell

Snelf perpendicular to current
direction
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appear to be associated not with size, but with shape of siphuncle and location of the

center of mass. The sharply tapered cones of the larger endoceroids apparently became

rapidly filled with mud, moving the center of gravity to the apical region; thus the shell

could pivot around this point, turning its long axis parallel to the current. The smaller

orlhoceratids possessed tubular siphuncles, which did not pivot; thus they rolled along the

bottom, eventually becoming impeded and lying perpendicular to current direction.

Cephalopod orientations in the Tyndall Stone were measured by Ed Dobrzanski

þers. comm., 2000) from horizontal beds (steps) that were cut out of the quaffy, away

from the present study area. Trends of long axes (but not apical directions) were

recorded. Measurements were recorded from beds of lateral equivalence to the study

section, thus maintaining a temporal consistency. If a paleocurrent did indeed exist,

sampling from sites away from the study section would not affect the results, as currents

would most likely have existed within the entire area. Data from horizontal beds were

plotted on an eight-area rose diagram (Fig. 6.32). Only the trends of the long axes were

measured, so it is not known whether the apex faced away from or toward the measured

orientation. Therefore, data is plotted on the rose diagram bilaterally (mirror images of

orientations are plotted along with original orientations). Complete cephalopod data is

displayed in Appendix F (Tables F-1 and F-2).
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Fig. 6.32: Distribution of cephalopod trends, as taken from bedding
planes in the Tyndall Stone. Orientation convention shown at right.

Strong peaks are shown from 0-30o and 180-210o (near north-south), and from 60-

90o and 240-270'. These f,rndings suggest one of three possibilities: 1) an east-west flow

direction, 2) a north-south flow direction, or 3) both, if direction of paleocurrent changed

during Tyndall Stone deposition.

Solitary Rugose Corals

While cephalopods have received the most scrutiny as paleocurrent indicators

among the elongate, conical fossils, solitary rugose corals may also be beneficial tools in

determining paleocurrent flow (Elias et al., 7981). Several studies have involved the use

of solitary rugose corals as paleocunent indicators: Nagle (1967) measured the

directional orientation of Devonian horn corals and other fossils near Stroudsburg,

Pennsylvania, though results were not particularly diagnostic; Hubbard (1970) measured
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and reported random orientation of geniculate (bent) solitary corals in Carboniferous

strata of Ireland; and preferred orientations of free lying solitary rugosan corals were well

demonstrated in the Elias et al. (1987) study of North American Upper Ordovician and

Lower Silurian strata. In the Elias et al. study, slightly curved specimens having trochoid

to ceratoid forms were aligned parallel to currents, with apices pointing upstream, and/or

were rolled nearly perpendicular to currents or parallel to wave crests, with apices facing

both way with equal frequency. Elias et al. (1988) noted that strongly curved forms of

solitary rugose corals would be expected to become aligned with their convex sides

pointing into the current (Fig. 6,33). The convex side of curvature is also the side where

the cardinal septum is located, thus the attitude of the cardinal septum in solitary hom

corals may be used to infer the resting position of coralla in the sediment. This, in tum

may be used to infer paleocurrent.

The abundance of hom corals in cross-section along the vertical faces within the

Tyndall Stone made the Elias et al. (1988) method ideal for this study. Because the walls

ran in only two directions -- north-south and east-west -- only four possible paleocurrent

directions could be inferred from the attitude of the cardinal septum: 0o, 90o, 180o, and

Ðcs€)

Fig. 6.33: Relationship between orientation of unattached, curved
solitary horn corals and paleocurrent direction (arrows). coral
viewed in cross-section (left) shows cardinal septum (cs) oriented into
current flow (arrow; modified from Elias et al., 1988).

f>
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270" (north, east, south and west, respectively). Hom corals which had their cardinal

septum oriented within 45'of the horizontal plane (thus displaying preferential alignment

in one direction) were used to infer paleocurrent direction.

Although 719 horn corals were counted within the Tyndall Stone walls, only 86

coralla were used to ascertain paleocument. Of these, 41 were found on the east-west

wall, while 45 were on the north-south wall. This even distribution was ideal, as it did

not significantly skew the data towards any direction. The majority of unused coralla

were found within storm lenses, buried beneath storm-churned sediment. This rendered

orientations random and therefore unusable. Poorly preserved specimens were also

discarded as tools, as the position of the cardinal septum could not be defined.

Furthermore, the cut vertical facing of the Tyndall Stone walls obviously could not

provide ideal cross-sections for every horn coral, and thus the cardinal septum in such

cases could not be determined. Fig. 6.34 displays the results of paleocurrent analysis, as

inferred by cardinal septa of solitary rugose corals. Complete cardinal septum orientation

datamay be found in Appendix F (Tables F-5, F-6).
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Fig. 6.34: Distribution of inferred paleocurrent directions, as
determined by the attitude of cardinal septa of solitary rugose corals.
Relationship between attitude of cardinal septum (CS) and
paleocurrent direction (arrow) shown at right.

Horn corals within the Tyndall Stone walls display preferential orientation of their

cardinal septa to the south, with 4l% of the cardinal septa aligned towards this direction.

These findings correspond well with the cephalopod data, which indicated either a north-

south or east-west direction of flow. The cephalopod data, which gave the possibility of

two paleocurrent directions, is therefore further refined by the cardinal septa data, which

isolates a single northerly flowing current. It is thus inferred that a paleocurrent flowed

from the south. Cephalopods which have their long axes oriented east-west are presumed

to have rolled perpendicular to the direction of current flow.
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6.5 Colonial Coral and Stromatoporoid Growth Form

Colonial coral growth form

General form of coral colonies may be similar in unrelated organisms because

form represents a basic response to environmental pressures. Different growth forms of

colonies have different ecologic properties with respect to space occupation, mechanical

strength, and other characteristics. For example, modern hermatypic corals with tabular

growth forms occupy surface area efficiently, and in low light conditions, all polyps are

directed toward maximum light (Oliver and Coates, 1987). Columnar forms, on the other

hand, are mechanically efficient in environments with high sedimentation rates, allowing

many polyps to grow in the water column with only a small substrate perimeter to occupy

and defend (Oliver and Coates,1987).

The following parameters are used to measure coralla:

W: width
H = height
M: height of the widest point

From these measurements, Young and

coralla using the following system:

Scrutton (1991) defined growth forms of

Tabular 'W:H > 3:1, base and upper surfaces sub-parallel

Domical W:H > 1:1 but < 3:1, M < 0.5H

Bulbous W:H > 1:1 but < 3:1, M > 0.5H
Columnar W:H < 1:1, sides sub-parallel

In general, upward growth is necessary to keep the organism above the

accumulating sediment on the sea floor. As a general rule, columnar or bulbous foms

reflect high sedimentation rates, while low-domical to tabular fonns suggest the opposite

(Steam and Carroll, 1989). Excessive sedimentation can be recognized, as it commonly
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smothers those individuals living at the basal periphery of the coralla. Later, these flanks

are overgrown to produce distinctive digitate, or "fingering" margins (Scoffin et al.,

1ee7).

In a study of latest Ordovician to earliest Silurian colonial corals of the east-

central United States, Young and Elias (1995) showed that tall colonies shed sediment

more readily than lower ones, although growth form must have combined with pollp

morphology to keep surfaces sediment free. However, they also showed that colony

growth may have been directed preferentially upward in order to compensate for

sediment accumulation and/or subsidence of the colony into the substrate. In this

manner, proportions of low, high and columnar coralla may reflect not only

sedimentation rate, but also substrate stability. Low domical forms suggest a stable

substrate and low sedimentation rate, while taller domical and bulbous forms suggest that

substrates were less stable and/or sedimentation rates were higher.

Recent work by Young and Elias (1999) has shown that changes in some coral

species during growth of the coralla were related to the shape of the growth surface.

Coralla with conical bases grew more in the vertical plane while coralla with flattened

bases showed little variation throughout their growth.

In terms of water energy, colonial growth forms have traditionally been assigned

to a spectrum of water turbulence levels. Massive, tabular forms are proposed to have

inhabited high-energy environments, such as fore-reef slopes, while delicately branching

growtlr forms are thought to represent calmer waters (Benton and Harper, 1997).

113



Stromatoporoid growth form

Like the colonial corals, growth forms of stromatoporoids are indicative of

sedimentation rates. Laminar and low-domical forms suggest slow sedimentation, while

high-domical to bulbous forms suggest faster sedimentation.

Competition for space on the sea floor may also affect stromatoporoid shape, as it

does in colonial corals. Extended domical forms, with their lower basal area, may reflect

a struggle for attachment sites at the sediment-water interface. These forms may also

display a tiering in trophic structure brought about by competition; extending growth

further above the substrate may have opened up new feeding regimes for the filtering

stromatoporoids. Other environmental parameters, however, such as distribution of light

to the organism, do not apply to the sponge.

The following is the standard method of measuring stromatoporoid growth form,

as taken from Kershaw and Riding (1978):

Laminar: V/B < 0.1
Low-Domical: V/B 0.1 - 0.5
High-Domical: V/B 0.5 - 1,0
Extended-Domical: V/B > 1.0

where V: vertical height of the stromatoporoid
and B : width of the stromatoporoid

However, considering that the same environmental restrictions pertain to both

colonial corals and stromatoporoids, the method devised by Young and Scrutton (1991)

was applied to both groups.
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Growth Forms in the Tyndall Stone

Growth forms of colonial coral and stromatoporoids in the Tyndall Stone are of

three varieties: tabular, domical-bulbous, and columnar. Tabular forms are clearly

dominant, accounting for 69.9% of all coral and stromatoporoid shapes (Fig. 6.35).

Colonial coral and stromatoporoid growth form
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Fig. 6.35: Overall analysis (by percent) of colonial coral and
stromatoporoid growth forms within the Tyndall Stone.

Domical-bulbous forms account for 29.1% of growth forms, while columnar forms

constitute less than one percent. Complete growth form data is displayed in Appendix E

(Table E-8).

The overall dominance of tabular growth forms and virtual absence of columnar

growth forms in the Tyndall Stone suggest that sedimentation rates were moderately low

and/or substrate stability was ideal. This is further displayed by individual analyses of

each interval, wherein tabular forms never drop below 58% (Fig. 6.36). However, the
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decreasing percentages of tabular forms from intervals 6 to 9 may indicate a slight

increase in sedimentation and!or a decrease in substrate stability. Increased

Growth form distribution over time

10

9 C

8

7

6

~ 5
~
j;

4

3

2

• Tabular (T)

• Domical-bulbous (DB)

• Columnar (C)

0.00 20.00 40.00 60.00 80.00 100.00

Percent

Fig. 6.36: Colonial coral and stromatoporoid growth form percentages
over time.

sedimentation rates may be related to an upward-shallowing sequence. Ofparticular note

is the complete lack ofcolumnar forms within intervals 3 and 4. These intervals may

represent a deeper environment in the section, a hypothesis supported by other fossil

evidence in the Tyndall Stone (see Fossil Groups ofthe Tyndall Stone).

The presence of a dominantly tabular growth form also suggests that competition

for space and food was not urgent within the ecosystem. Corals and stromatoporoids

were thus allowed to expand outward instead ofbeing forced upward to exploit new

feeding levels.
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If the tabulate and colonial nigose corals of the Selkirk Member had

zooxanthellae, tabular growth form may also suggest that turbidity in the water column

was moderate to high, and light penetration to the colonies needed to be maximized.

6.6 Trophic Analysis

The usefulness of trophic analysis lies in the information it gives about the

feeding structure of fossil communities. This feeding structure may then be used to infer

aspects of the paleoenvironment, including depth, turbulence, and food abundance.

Changes in the trophic structure of communities, no matter how subtle, imply a shift in

environmental parameters. Trophic analysis is particularly effective when utilized in

tandem with sedimentology, ichnofacies and taphonomy to create a complete

reconstruction of a paleocommunity (Watkins, 1991). Extensive studies on the trophic

structures of level-bottom communities include work by V/alker (1972a), Watkins (1991)

and Holland (2001).

Analysis of the benthic community at Garson reveals four main guilds within the

paleoecosystem: 1) sessile epifaunal suspension-feeders, including stromatoporoids,

solitary and colonial corals, bryozoans and brachiopods; 2) vagile scavenging epifauna

represented by gastropods and trilobites; 3) vagile deposit feeding infauna, represented by

burrowing trilobites and the organisms responsible for the distinctive Tyndall Stone

mottles; and 4) predators, represented by cephalopods. Overall, the dominant guild in the

Tyndall Stone is the suspension-feeders. Rhoads et al. (1972) noted that the presence of a

community dominated by suspension feeders implies a suspended food source, a firm
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stable surface for attachment of sedentary organisms, and low turbidity to avoid clogging

of feeding and respiratory mechanisms.

Three tiers of trophism were prevalent in the paleocommunity. Stromatoporoids

and colonial corals probably occupied the upper-tier feeding niche. Low-tier feeders

were represented mainly by solitary rugose corals and gastropods. Infaunal deposit

feeding organisms were definitely present, but it is difficult to determine their raw

abundance as no body fossils remain. Thus the degree of mottling is the sole evidence

remaining of their existence. A high-tier feeding niche is suggested by the presence of

pelmatozoan debris, but is dismissed due to the strong possibility they were transported

after death into the ecosystem (see Fossil Groups of the Tyndall Stone).

It can be seen fhat a strong vertical tiering structure is not observed within the

paleocommunity, as feeding levels range from just below the sediment-water interface to

several centimeters above the sea bottom. Feeding competition thus probably was

minimal, due not to tiering, but to abundant food resources. Nutrient content in the water

column (particularly near the bottom) and in the sediment must have been suffrcient to

prevent stratification of feeding levels, and extensive vertical growth forms were not

crucial for survival. A similar conclusion was reached by Byers and Gavlin (1979), who

studied faunally similar communities from the ordovician of Wisconsin.
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6.7 Taphonomy, Taphofacies and Time-Averaging

Taphonomy

Taphonomy is the study of all the processes affecting the preservation of fossils

from the moment of an organism's death to its discovery as a fossil. Such processes

include physical, chemical, and biological reworking, and have been shown to cause

significant loss to the fossil record (Kidwell and Flessa, 1996). In fact, fossils that are

preserved in sedimentary sequences probably represent only a small proportion of the

original shelled fauna (Brenchley and Harper, 1998). Breakdown of skeletons produces

significant quantities of carbonate mud in low-energy environments (Martin, T999), a

scenario that probably accounted for the high content of mud-sized carbonate sediment in

the Tyndall Stone.

Physical taphonomic processes include abrasion, fragmentation, hydraulic sorting,

and transportation and deposition of skeletal material away from the original habitat,

Abrasion is the physical grinding and polishing of skeletons resulting in the rounding of

skeletal elements and loss of surficial details. The degree of abrasion is related to

environmental energy, exposure time and the particle size of the abrasive agent (larger

particles produce more abrasion). Fragmentation occurs from physical impact of

skeletons (indicative of high energy environments) and may also be caused by biological

agents (see below).

The geological setting of chemical destruction varies with sedimentation rate,

pore water chemistry and bottom water oxygenation (Martin, 1999). Hard parts of

different taxa typically have unique properties that hinge on their mineralogy and

microstructure. In limestones, aragonite is typically convefied to calcite, high-
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magnesium calcite is converted to low-magnesium calcite, and all three are subject to

dissolution,pyritization, silification, and dolomitization (Walter and Morse, 1984), as we

see in Tyndall Stone fossils. ln shallow, open marine benthic environments, chemical

dissolution does not play a heavy role in post-mortem destruction of calcite parts. The

likelihood of shells being dissolved on the sediment surface depends largely on the

degree of saturation of water with respect to calcium carbonate (CaCO3). Most Recent

shallow marine waters are saturated or over-saturated with respect to calcium carbonate,

so there is little dissolution of calcitic shell material (Brenchley and Harper, 1998). In

addition, lithification commonly occurs at an early stage, prior to compaction in

carbonate sediments; this prevents any undersaturated or acidic pore fluids from seeping

into the sediment during burial (thus dissolution of shell material is minimized;

Brenchley and Harper, 1998). The dissolution of aragonitic mollusc shells but not

calcitic tests in the Tyndall Stone is not a peculiarity; calcite shells in limestones

commonly retain their original shell structure, but aragonite shells are generally dissolved

away and the resulting cavity is fîlled. This is due mostly to the instability of aragonite in

normal marine environments (Brenchley and Harper, 1998). Tyndall Stone fossils that

were originally aragonitic are thus dolomitized, while calcitic forms remain well

preserved in their original rnineralogy. Poorly preserved calcite skeletons were probably

originally composed of high-magnesium calcite.

Organisms may act as taphonomic agents by redistributing skeletal material

through predation or burrowing. Biofragmentation can be caused by predators and

scavengers that 1) crush shells, or 2) ingest them, leaving fecal accumulations.

Burrowing by organisms (bioturbation) can also redistribute the fossil remains included
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within sediments as well as alter intemal primary structures like cross-stratification or

bedding. Watkins (1997) suggested that production of Thalassinoides could cause

mixing of skeletal material through vertical sediment intervals of several decimeters.

Differences in proportions of fossil taxa accumulating on the sea floor, layer by layer,

may be smoothed out, or obliterated altogether (Newton and Laporte, 1989).

In addition to being taphonomic agents, organisms themselves may be directly

affected by taphonomic processes. Animals can modify the substrate on or in which they

live. For example, shelly fauna can modify the substrate by generating dead shells and

fragments that provide other organisms with hard colonization sites in an otherwise fine-

grained sediment (Brett, 1991). This process is known as taphonomicfeedback.

Bioturbation of the substrate by deposit feeders can produce soft, fecal-rich sediment that

is prone to resuspension, resulting in turbidity that may inhibit the occurrence of

suspension feeders (Brenchley and Harper, 1998). In addition, it provides nutrients for

other deposit feeding organisms. While taphonomic feedback was not observed to be a

major taphonomic process in the Tyndall Stone, bioturbation was abundant. The smaller

secondary burrows within the mottled sediments prove that bioturbation prompted

secondary deposit feeders to scour the nutrient-rich sediment. Whether or not turbidity

was enhanced due to resuspension of fecal matter is unknown.

Taphofacies

Taphofacies are suites of sedimentary rock delineated by the preservational

features of contained fossils (Brett and Baird, 1986). By studying the degree of

preservation of various fossils, the paleoenvironment can be interpreted. This is in
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contrast to the traditional partitioning of rock suites into biofacies, which are defined by

fossil taxa within them, Taphofacies are based on consistent preservational properties,

including 1) orientation of fossils, 2) relalive degree of articulation, 3) relative degree of

fragmentation, 4) degree and type of abrasion 5) type of shell fîllings or coatings, 6)

evidence ofearly dissolution ofskeletons, and 7) any special features ofpreservation

(Brett and Speyer, 1990).

Brett and Speyer (1990) related the degree ofpreservation ofvarious skeletal

types to sedimentation rate (Table 6.3). From comparison with the preservation of

Tyndall Stone fossil groups, it is evident that sedimentation rates during deposition of the

Selkirk Member were low to intermediate, on a scale of 1-10 cm/l03 years. Since the

study section is approximately 5 m in height, this translates into a total depositional

timeframe of between fifty thousand and five hundred thousand years. This does not take

into account the thickness of storm lenses, which represent periods of rapid deposition.

Sedimentation rates

Envi¡.onmental

enefgy Skeletal type

Episodic, very rapid
(10-50 cnr/ld years)

Intermediate-rapid
(10-100iør/103 years)

Low-intermediate
(1-10 orúd years)

High Fragile; ramose

Bivalved shells

Muliielement

skeletons

Fragile; ramose

Bivalved shells

Multielement
skeletons

Minor fragmentation

Mostly artinrlated; rarely

in situ

Mostly artinrlated; rarely

in situ

IntacU not hagmented

A¡ticr¡lated; some ir¡ sítl

Completely artio¡lated;

some ir¡ sifr; intact

moults

Shong fragmentation

Partially a¡tiorlated; some

fragmented

Pa*ially artiarlated; pieces

sorted

Some fragmentation

Mostly disartinrlated;

complete valves

Partially a¡tio¡lated;

non-sorted

Absent

Disartiorlated;

fragmented; abraded

Disartiolated; pieces

sorted

Shong fragmentation;

cor¡osion

Disartiolated; minor
fragmentation; conosion

Disartiolated; non-sorted

Low

Table 6.3: Sedimentation rates, as inferred from preservation of
skeletal material (from Brett and Speyer, 1990).
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The combination of sedimentation rate and turbulence (water energy) directly

affects taphonomic processes: generally speaking, prolonged exposure on the sea floor

subjects organisms to extended periods of taphonomic processes. Relatively rapid burial,

on the other hand, enhances preservation potential.

Time-Averaging

Time-averaging, or temporal mixing, is the accumulation of fossil material over a

period of time. The fossil population is a mixture of many successive populations,

resulting from multiple (often seasonal) inputs of shells and skeletons to the sediment

(Martin, 1999). Time-averaged assemblages are recognized by the occurrence of

ecologically incompatible species, the presence of fossils of different preservational

states, or changes in ichnofacies or other benthos from soft-sediment to firmground

(Kidwell, 1991).

Fürsich (1978) stated that condensation phenomena caused by environmental,

biotic, or diagenetic factors are widespread in the fossil record, particularly in shallow

shelf sediments. Fürsich further stated that these factors may alter the composition of

ancient communities, even without large-scale transport being involved, leaving only

time-averaged units available for paleoecological studies. Time-averaging may thus be

the result of several taphonomic processes. However, Kidwell and Behrensmeyer (1993)

showed that even without biostratinomic factors such as physical reworking, transporl,

dissolution, and bioturbation (see above), there is an inherent bias toward time-averaging

because biological generation times are typically much shorter relative to net rates of

sediment accumulation.
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While it is almost a certainty that the Tyndall Stone was subjected to time-

averaging processes, the degree to which fossil condensation occurred is difficult to

determine. Martin (1999) stated that unless an ecosystem is rapidly buried (i.e.,

Lägerstatten), a fossil assemblage may represent a minimal duration of a few decades up

to likely hundreds to thousands of years or more. The Tyndall Stone fossil assemblage

thus probably consists of an incomplete and biased sampling of many temporally distinct

populations and communities. Holever, the persistent occurrence of the fossil groups

throughout the entire section suggests that the community was relatively stable over time.
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Chapter 7: Synthesis and Discussion

7.1 Sedimentological Interpretation of Paleoenvironment

The abundance of mudstone in the Tyndall Stone suggests that relatively quiet

waters were predominant during the deposition of the study section. Fossils and

bioclastic fragments most likely represent organisms from the autochthonous

paleocommunity. Storm-generated waves and currents, however, occasionally

intemrpted the normally calm environment. Storm lenses found within the Tyndall Stone

walls show an increase in both frequency and thickness through time, suggesting an

overall upward-shallowing sequence. A marked drop in frequency and thickness within

interval4 records a sudden deepening in the sequence. The abundance of storm lenses

and lack of shallow-water features in the Tyndall Stone proves that the depositional

environment was situated above storm wave base and below fairweather wave base

(between approximately 10 and 100 m deep).

The mottling pattern that characterizes Tyndall Stone was probably created by

ancient analogues to modem thalassinoidean shrimp. Burrows were of the domichnia-

type, indicating dwelling and feeding behaviour of the ancient tube-makers. Burrows

most closely resemble the trace fossll Thalassinoides, found frequently in shallow,

subtidal marine environments. Persistence of the mottling pattern in the Tyndall Stone

shows that organic matter and nutrients were abundant within the sediment. The sharp

outlines and minimal deformation of dolomite burrow-mottles suggests the presence of a

firm substrate during the time of deposition; the burrows were probably a network of

open tubes, and a firm substrate would be essential to prevent collapse of the structures.

Lithification of burrows was slower than the surrounding matrix, allowing dolomitizing
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fluids to penetrate and alter the mineralogy of the tunneled sediment. The smaller tunnels

found running through the original mottles were the result of secondary burrowers

excavating the softer, mottled sediment for nutrients left behind by the primary

burrowers. An increase in the mottling density over time (up-section) suggests an

increase in burrowing organisms in the sediment. This may have occurred due to 1) more

nutrient availability within the sediment (this is supported by the overall increase in fossil

abundance over time) or 2) a preference of shallower water by the burrowers.

7.2 Refinement of Paleoenvironmental Interpretation Using Fossil Evidence

Paleoenvironmental interpretation based solely on sedimentology and lithology of

the Tyndall Stone may be refined via examination of the paleocommunity. lndeed, an

environmental interpretation based on biofacies (which can be more sensitive towards

environmental change) is essential, considering the homogeneous Tlmdall Stone

lithology.

An openly circulating marine environment is evident from the paleocommunity

identified at Garson. In addition, cephalopod and solitary rugose coral orientations

suggest a northerly flowing paleocurrent. The fossil components of the Tyndall Stone

paleocommunity (which includes several stenohaline groups) suggest that salinity was

not far from normal (34%o). Algal borings found in solitary rugose corals place the

Tyndall Stone paleocommunity strictly within the photic zone (Elias, 1980; Elias and

Lee,1,993), while annelid borings indicate depths of no more than25 m (Thayer, 1974;

Pickerill, 1976).
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The abundance of suspension feeders such as corals and stromatoporoids implies

several environmental parameters. These include: 1) a f,rrm to hard substrate free fiom

rapid accumulation of sediment,2) normal salinity levels, 3) warm to temperate water

temperatures, 4) gently circulating and well oxygenated waters, 5) ampte food in the

wafer column and 6) turbulence levels strong enough to maintain organic matter and

other nutrients in the water column, but weak enough as to be unable to suspend sediment

for extensive periods (high turbidity) and cause clogging of feeding and respiratory

mechanisms.

Archaeogastropods in the Tyndall Stone further show that despite a muddy sea

floor environment, turbidity was low enough to permit proliferation of the snails.

Dominance of the sedentary Maclurina suggests that organic detritus was generous in the

water column, and bolsters the hypothesis that sedimentation rates were relatively low.

The increased average size of Maclurina within interval 4 may be due to the deeper

environment, which would receive less sedimentation.

The decrease in encrusting relationships over time is a strong indication of

increasing sedimentation rates, most likely brought about by att upward-shallowing

sequence. The sharp increase in encrusting relationships within interval 4 records a

sudden deepening; this is corroborated by storm lens data (see above). Furthermore, q-

mode cluster analysis shows that in terms of fossil content and abundance, interval 4 is

clearly the most different of the ten intervals, with a dissimilarity index of 0.475 (Fig.

6.3). This disparity is attributed to the deepening event within the interval.

Further evidence of an upward-shallowing sequence may be found from

observations ofhorn coral abrasion. The percentage ofhighly abraded solitary corals
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(like the number of encrusting relationships) decreases up-section, suggesting an increase

in sedimentation rates over time. Exposed horn corals, unburied by sediment, are

subjected to prolonged taphonomic processes; this is clearly displayed in interval 4,

which records a sudden deepening and also the greatest percentage of highly abraded

horn corals. An upward shallowing is also presumed to be responsible for the increase in

algal stromatolite size' a lowering of sea level would have increased the amount of

sunlight penetrating to the sea floor, thus enhancing algal growth.

Stromatoporoids show a marked increase in abundance over time. This is also

attributed to upward-shallowing, which increased turbulence levels near the bottom and

allowed more nutrients to be held in the water column. Stromatoporoids show a sudden

population drop within intervals 3 and 4 indicating a sudden deepening within the overall

shallowing sequence; the drop in abundance suggests weaker turbulence and therefore

less food held in the water column, while the absence of columnar growth forms suggests

slower sedimentation rates.

An upward-shallowing theory for the Tyndall Stone is supported by previous

work of Brindle (1960), McCabe and Bannatyne (1970), Elias (1991) and Jin andZhan

(2000)' Brindle identified the presence of evaporite deposits in the overlying Fort Garry

Member, indicating a shallower, more restricted environment than the Selkirk Member.

McCabe and Baruratyne noticed sedimentary breccias within the Fort Garry Member (not

present in the Selkirk Member) that they proposed were the result of evaporite solution in

a shallower depositional environment. Elias, through the use of presence/absence data of

various groups of solitary horn corals and other (sedimentological) evidence, suggested

that the three lower members of the Red River Formation (Dog Head, Cat Head and
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Selkirk) were deposited under open marine conditions, with the maximum transgressive

stage recorded in the Cat Head Member. After this maximum, a regressive phase is

thought to have occurred throughout the time of Selkirk Member deposition and into the

Fort Garry Member. Elias showed that the solitary coral Salvadorea randi is the only

species known to range into the Fort Garry Member, reflecting comparatively shallower

and restricted conditions within that unit. Jin and Zhan recognized the presence of a

faunally-rich and diverse Kjaerina hartae community within the Selkirk Member, and the

sudden absence of that same community in the overlying Fort Garry beds. This faunal

shift was also attributed to a drastic regression and episodic restriction to a salina or

sabkha-dominated depositional setting.

It must be noted that the lack of lithofacies variation (yet existence of fossil

abundance variation) within the Selkirk suggests that depth control on fossil assemblages

may be more significant than currently recognized.

Kendall's (1976) work on the Ordovician carbonate succession (Bighorn Group)

of southeastern Saskatchewan revealed beds of dominantly mud-supported sediments in

the Yeoman Formation (the lateral equivalent of the Red River Formation), indicating a

depositional environment effectively below wave base. In the uppermost beds of the

Yeoman Formation and lowermost beds of the Herald Formation (lateral equivalent of

the Fort Garry Member), however, Kendall noticed hardgrounds with corrosional

surfaces, minor cross-stratification and the appearance of algal pisoliths. This suggests a

shallower depositional environment than underlying Yeoman units, and an upward-

shallowing sequence overall.
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Progressively decreasing tabular forms of colonial corals and stromatoporoids

from intervals 6 to 9 suggests that 1) sedimentation rates became increasingly greater in

those intervals and/or 2) the substrate was less stable. Provided with the evidence from

other fossil groups and storm lens data, it would appear that both hypotheses are likely. It

can be interpreted, then, that sedimentation and substrate stability fluctuated over time in

the Tyndall Stone, and subsidence of colonial corals, combined with increasing

sedimentation rates, prompted an increase in domical and bulbous growth forms. Walker

and Diehl (1986) stated that synsedimentary substrate modification could occur from 1)

water loss from the substratum producing a gradual change in consistency from fluid to

soft, and ultimately to firm, and2) early marine cementation of the substratum. These

changes could be observed by a mix of morphotypes, each adapted to a different substrate

consistency. Furthermore, Walker and Diehl proposed that changes in substrate

modification of this nature occurred under relatively constant conditions of external

environment (such as that proposed for the Tyndall Stone), and over a short time interval.

Statistical analysis identifies a close relationship between the gastropods and

cephalopods that is clearly observable from their density comparison chart (Fig. 6.29) and

cluster analysis (Fig. 6.2). Previous studies have shown that gastropods were food

resources for the carnivorous cephalopods, which may account for their similar

abundance patterns up-section (Nixon and Maconnachie, 1988; Daly , 1996). The close

relationship between the tabulate coral Protrochiscolithus and the receptaculitids,

stromatoporoids and cephalopods is evident: the encrusting coral utilized these skeletons

and shells as hard substrates for attachment and growth. The close relationship between

receptaculitids and stromatoporoids, however, is attributed to similar environmental
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requirements. Table 7.1 summarizes the major trends and events in the Tyndall Stone

paleoenvironment that could be deduced from sedimentological and paleontological

evidence.

Trend/event

Upward
shallowing
sequence

Sedimentological evidence

-Overall increase in storm
activity
-Overall increase in storm
lens thickness

Paleontological evidence

-Overall increase in stromatoporoid
abundance
-Overall increase in receptaculitid
abundance
-Overall decrease in encrusting
relationships
-Overall slight decrease in tabular
growth forms
-Overall increase in algal stromatolite
size

-Drop in stromatoporoid abundance
-Drop in receptaculitid abundance
-Marked increase in percentage of
highly abraded horn corals
-Marked increase in encrusting
relationships
-Increased Maclurina size
-Most dissimilar, faunally, of all
intervals (as revealed through cluster
analysis)

-Dominance of suspension feeders
(stromatoporoids & corals)
-Overall increase in tabular growth
forms (decrease in domical & bulbous
growth forms)
-Low dissimilarity index (0.1625)
-Similar abundance trend pattern

-Orientation of cephalopod shells on
horizontal bedding planes
-Orientation of cardinal septa in solitary
horn corals

Sudden
deepening in
interval 4

-Marked drop in storm
activity
-Decreased storm lens
thickness

Firm -Sharp outline on bunow-
substrate mottles

Increasing
sedimentation
rate

Cephalopod
predation of
gastropods

Northerly
flowing
paleocurrent

Table 7.1: Summary of trends and events that occurred within the Tyndall Stone
paleoenvironment, as displayed by sedimentological and paleontological evidence.
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Chapter 8: Conclusions

The fossils of the Tyndall Stone paleocommunity display not only the type of

environment in which they existed, but also subtle facies controls that are not detectable

by merely studying the homogeneous mottled lithology. Fluctuations in fossil

abundance, interactions and taphonomic processes indicate paleoenvironmental changes

that are otherwise undetectable by lithological interpretation. This clearly shows that

examination of biofacies, and the organisms associated with them, can be used as more

sensitive tools for environmental interpretation than lithofacies.

The paleontological and sedimentological evidence at Garson shows that the

depositional environment of the Tyndall Stone was a quiet, fairly shallow, subtidal

setting. Depth was below fairrweather wave base but definitely within the photic zone

(probably no deeper than 25 m). Occasional storm events were strong enough to topple

and overtum even the largest skeletons. Sedimentation rates were low, as was turbidity.

Nutrient content in the water column and within the sediment was ample, and extensive

tiering of feeding structure was not necessary. Water temperatures were waÍn (southern

Manitoba lay near the equator), and salinity was normal. The substrate was firm,

occasionally undergoing minor synsedimentary modifications. A northerly flowing

paleocurrent was present, evidenced by preferential alignment of cephalopods and

solitary rugose corals. The current was not only strong enough to align skeletons, but

also to suspend and transport food and nutrients to sessile fauna.

An overall upward-shallowing sequence was interrupted by a sudden deepening,

recorded within interval 4. The paleocommunity as a whole was not drastically affected

by these fluctuations in sea level, which were probably no more than several metres in
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scale. The paleocommunity was therefore relatively stable, further evidenced by the

dominance of suspension feeders throughout the entire section, and the constant presence

of almost all of the various fossil groups.

Physical and biological reworking were the major taphonomic processes, although

chemical dissolution of aragonitic rnollusc shells did occur. Calcareous algae were not a

large component of the Tyndall Stone, thus the abundance of carbonate mud may have

resulted from taphonomic breakdown of calcareous tests and shells. A pioneer stage was

not observed, although it may have occurred stratigraphically lower (earlier), with the

accumulation of bivalve shells. Taphonomic feedback was, however, present in the form

of primary bioturbation providing nutrients for ensuing secondary burrowers.
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Plates

Plate 1
Fig. 1: Photograph of algal stromatolite.
Fig. 2: Photograph of stromatoporoid.
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Plate 2
Fig. 1: Photograph of Catenipora colony.
Fig. 2: Photograph of Rhabdotetradium colony.
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Plate 3
Fig. 1: Photograph ofSaffordophyllum (s) colony encrusting gastropod Maclurina

(m).
Fig. 2: Photograph of Calapoecia colony (c) encrusting Protrochiscolithus

colony (p) which, in turn, is encrusting a gastropod (g).
Fig. 3: Photograph of Protrochiscolithus colony (p) encrusting Saffordophyllum

colony (s) which, in turn, is encrusting a cephalopod sheD (c).
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Plate 4
Fig. 1: Photograph of Favistina colony (I) encrusted by Crenulites colony (c).

Note position of encruster, indicating the host was overturned.
Fig. 2: Photograph of Crenulites colony.
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Plate 5
Fig. 1: Photograph of Palaeophyllum colony. Note branching (phaceloid)

morphology of the corallum (arrows).
Fig. 2: Photograph of solitary rugose corals.
Fig. 3: a) Photograph of gastropod Maclurina, b) outline of gastropod Maclurina in

cross section.
Fig. 4: Photograph of cephalopod.
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Plate 6
Fig. 1: Photograph of receptaculitid.
Fig. 2: Photograph ofManipora colony (m) encrusting Calapoecia (ca)

colony, which is encrusting a Protrochiscolithus colony (p) which, in turn, is
encrusting a cephalopod shell (c).
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Appendix A-1: Original Fossil Data

Pit 1: East-West Wall

Note:
1. "Shielding" refers to the lack of mottling and/or bioturbation found undemeath certain organisms
2. W: width at widest point in cm; H : height in cm; D : diameter in cm
3. x : horizontal distance from origin (0,0) in cm; y : vertical distance from base of section in cm
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i, :'-a6 i'-¡

receptaculitid , --,-g¡

horn coral epitheca abraded; cardinal septum 40 degrees down from east : 70 30 1.5

receptaculitid g2 27 , 12 , 1

islôim leni^-- "*- ;tiôñ¿i*- B: | 4

;noin côiâi 
. ' '",épifhéôa 

öònèl ôároìnái õéóluni ¡o"oegiôäs ¿ówn fióil wésl 67 1s , 1

Favistina 95 23 7 2.s

storm lens very strong 10 5

horn coral highly abraded fi ß 2.5

'óâòiroþoo ,Maclirina ras i17 ì 5 r 3

storm lens strong 6 6

horncoral :highlyabraded i¡S-iS-1- i ,1

--:gastropod , io z '. 4

;C5 ; Comments
,80 i12 i 1

Comments i-i ili"wuctComments,xiVlWjH,D

storm lens r i- --- i-;la, ¡Ui:J
horn coral rmoderately abraded 42 17 2

Crenulites 'encrusted by Favistina t'ù- i"S I S 
.' 

r 1

Crenulites :

crenutiies

receptaculitid

storm lenö

storm lens weak

c7:
receptaculitid,goodshielding
itörm lens

,CB : comments

:ôépñaiopöo- -,Ciioi,soiìmi¡róòerãlleñórusteó 
oy Þióilochisc;otithus

P rot ro c n ¡ i òo l¡t i ùs 
' 
óñcrusl¡ ns;eËÌìãlopòd 

^*- **

Comments

:horn corár -' 
'õpìtiieôä"ätradèAì ðä;ôñãii€tôìum"äo oéôreãs-oòùiì äôm äst 68

ôephalopod fragment 47

4t 2

JÞJ

¡lyìwrH:D
93 6 18 1

11 '. I 3 ,

càJOt

^;,:JO;

yiwiniD
i3lzti I .7
'"q ze io : o.s

i 6 t's :-a-i 3- : *

t54

l- rs- i"ïô- i- -"'ì 2.5



ireceptaculitid
isã'ètroitôd -*"
,storm iens

: hôin-Cóìài -'"

;sÍiömâtópóiöio
.Ci,e"-- --
:siorm ienè 

- -

.éiiomáiópoioio

: noiÀ cöiãi

:ióóðótäcuiítió

¡ 
gasiioþoo

receptâôul¡i¡o
'ðtorìi'iénô -

algal stromatolite

: cephalopod

c10 Comments

ialgal stromatolite

istorm lens

;'nüîn-éaüãf--

;receptaculitid

Protrochiscolithus

C11 I

receptaculitid 
I

c12

Comments

Comments

Comments

ihorn coral

receptaculitid Oa' 12' , 6,.5 1

:17 22:14, 2 
'

65 ;32 6 4
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storm lens strong

domical

táuuiäi; overturned
-uàiillínia' -

nói,rmotòmta'

épíiñéõá àoiaóéó

in storm lens

in stôim iòns

Comments

: 113 Ì- :'zl- ito ',*zlz

:Cia , s ' 9'- ' s, ',4's : áz
'i rìo-' 4
,lo i1ø 

',:Bs t,ì-' I
'g+- 

,4,5 :

x ly

J
-4 "-'-
Ã

12

1

,7.5
2Ã

, 1.5"H- 
D-

5:

1

ö.s'i'
4

Crenulites

Prot¡och¡icotithus

stiomätòporoio
: : t-
l-avrsÙna

éaétropóo--" 
'' -

gaêliòpò¿

nóin côrai "

cti
:storm lens :strong

cephalopod

sasiioþòd

^.,tô
àtéài ótiómâtólité

Comments

' :11

,'s- ii6
i t+ itt
;10 i11 : 3

lö i44-i to
"iö- 

i at-:-s"
¿¡ ira j ro"7i 

:¡iß a"-"
ts- izt- i-te-ts-i s^i-t1-i-"; i*; w
zo :+z I I
--- 

11"à 
','

e8 i16 i e'Bà'it6 i'li
Bà¡6ira
;--i i"-r úù

t4-, t t àt

27 122 ; 14

4+-izs t ta
53 rI i9
as i-1- i 

-tz

5ö- i"so" ì 
'ì3-

i- it-iw
18 49

t4

J

receptaculitid :fragment in storm lens

ieceþtaculitid

ié;êpiãcüii',d--*-"" iiiásñéñi iiêiôim renä*-

tSaffordophyllum idomical; on top of storm lens; good shiélding

horn coral epitheca abradedj cardinal septum S0 degrees down from west

I Ca'tài,óec¡a oom¡Cäi; iitrðä oy storm tens; gôód shieroing

:receptaculitid

:receptaculitid on top of storm lens; good shielding

stromaiòþóróíd :domicät

i1

2.5

D

D;;¿.c

1.5 :-; --, -
J
..'....,...
H,
1,
;
1',l' t-
;:
Õ

...'.'..-''.-'','''.
H:
,'

;receptaculitid 
:

i cephalopod
'receptäculitid

.receptáðutitiO

P rotiòtchtiscolitfius Oomlöäl

czo
r horn coral

¡'reôepläóüiiiià-^-

;sirömátòóóioio 
-

Commenis

1

1

6'.

H.

epitheca abraded

epitheca abraded

.sood 
sfrield¡ns . ,

,xiyiw-' '! 'i 'i's 
; li- 

,5r- i4s i 1o--- 
'5ä l'25 Iìì

/J óZ . tl

: aä :4à i ait
-- , 3s- Iîô i- îs

i it iw
áA.. iig- ì- iö

1

¿

:receptaculitid

,nórn'coiái 
--

;h¿;;ñ"õoräí'- 
"

i reòepîäcuiitio-

iéÍórm idnð"--
.c2t- 

* -
.ieðépiáðul¡iío

jieôeplàCüiiiiä 
-

;';ôõäpiáóu¡äid 
-

: siioríaÌoôoiôià
: C¡einulites

;é;eótãóüìirr-ð -
c22

iòðèpiácuí¡iì¡*

1,
:.'.;: t-3

'werr þrèéöñóólóáioäáidéËiùm 5õ ãéóieö"ijówñ iiôm éäði-- " " i g1- j ¿5- f^**

weät< -- 
11 '

1

;
J

É

1

Comments

Comments

1

1:
:-_

11 
.

1 :" -'

H.,D-
1*- --.. -
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Calapoecia ,domical

stroniäìôÈóióíii .

Comments

:66 i24 ì 6 | 2.5

9132196
xywHD
30 44 I 2.5

294
67 27,10' 1

xywHD
12 14 46 16

:B""^- --5-
^.i.5
:1

-H---.' 
D

1o

60 t5 112 ì

boÒ
.............x iy rw:

Co ,zo: ,

iz :7t ', iz '

¿srailoì
54" i tB i "t"q 

:

sl- i2ö- i i

c23
Pròtrochìscolithus

storm lens weak

receptacúlit¡d

:C24 , Comments

iiromátoporoiO domical; burrowed: storm lens in m¡ddle

cephalopod 'Armenoceras 40 3b

; cePhalopod

: norn cóiat

tc:is-"-- '

, ðèönátôpóò

"?ilh"T s.ol:

Èni,¿òcei,làiè

cõmmeñia

siromatoporoid tabular

Crenulites tabular; overturned

stromatoporoid éniiié-tópéñôruétóooyÞlótioôn¡scot¡thus

Piotrochiscotithus encrusting strômatoporoid

:gastropod 
:

;receptaculitid

i'ö26--- - --
Comments

receptaculitid

reóéþiacütitio - 1 -
äsäi ;iiómãiól iîè t**"--*
ôtiomâiopôiôlo,dòmìóài

4
;

istromatoporoid :overturned in storm lens t-+i- \Zi I lZ
oo
;
IJ

:qa itl't - i-
i-äé- izs-,--5- L"-l
;'-r- i I i."w- i-H

'- 
6e.. i 8"- l*B - i

i 16 i i 3

')F

Protrochiscolithus -*-'i."4b^ ilo i io - i- d

I cephalopod l

i'ôtöäl ióné^-" ,uidÁk

;iööäpiäöuiitiô
c27 Comments

øryózaán^ 
- - ' 

,oómicái; ónóiusléo oy Þró,troln¡sòot¡tnus
p rotrìji înil Cói i ii uS', öäóiu siiné-b úô2oän- 

* - ''.

ieóepiäòuiitió- -.- - -- --

ag"a ;ö 1

t,y W- H D

3 6 15.5 B

25 10 3 , 1.5

21 10 8.5 0.5

14 30 8', 1

receptaculitid 93 ¿f : A 1

cephalopod apex points east 13 43 : g 3.s

21 6 7.5

i3B 15 iB | 4

o4
ireceptaculit¡d -'-S3-i 4iròir

horn coral ,highty abraded i iO i q 
t

t4
i-+..s'

t1

horn coral :highly recrystallized 70 S 
- -

ih-ói{,cþrai ,.--"., - _tweärñ ábiä¿rdil; .àidiäàî.dpiüm 3ôäèöiee;îôwn iiòìnïést 7s , 7 I r
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horn coral

sàst'iùôd 
-

gástropoO

cépnàiòpoo

receptáCuiliiô"czs- - " -

cepnàtopoo

storm iônl -

ñoiñ óoiât

ìreceptaculitid

;rèceptacutitid

iiécepiãcuÍitíó-

:óa;jlon!9_".,_
;receptaculitid

iöàsiioöòa**
;'sãóiiopóó--

stóim-lené -
-Càtenipi,òirà'

:3i9i1l *!!!' :i"tgll 90Yl

Armenoceras

comments

in storm lens

'84:.4
,86 r9
'91 ',4
vbþ
oÀ ô

,x i
: B ,55
to

1

H D

1.5

;H .D
a1:
ì1
ì/
.¿
| ,l.S

E

i--

'8,
J;-

12 ,.

W,

stromatoporoid

stromatoporoid

gastropod

horn coral highly abraded

c3o -óómmöntð

4as.s4
äobs¡11
604194

:6ói'z|- i ,4
88 2 -', 

1.5

x'V W H D

, i ;'t i*t*-ì*'i* i
459:1
5 3 11 ,1
B" 2 :- 5

I
-..........,.''..'

2Ã

:o

6:
13

t ós iC1-i'-lä i

iô2-;-2e-i ìi-i
:da- tf6-i "' i

i-- t2i l-- l-

','lo;o i'ài I sé 
-:-

Hormotoma

M;;irü:i;r

t¡liôo ön ðióé; oom¡cal

Comments

- - t--__ ''
:

'. Maclurina
-''Èìòärv"âäiaðô¿ 

; ðäioìñäËépfumìoìôôiê€ñ-ãówri iiòm" ùôsl- - - - -.
:branching

Maclurina

mõoeiâieiv àoiäoeà

: C31

:ieòeptáõutiiio

;ióóärjiäòùiitio

' 
gásiropòd

;ñü cóiâi-*-

:bryò;ôän---
:clz---- -
:ieòóôiàcüiitid

iöãéiiöpóä--

]¡ijn ôöä

i'* |t 'i w
i30 122:14
' ¿ö-;"sä- i- s

;5e iài i

iää-i55-i**
I ei-iré'l - -

ireceptaculitid

:ìäóäöiäcräiiíä-*-
.ðtoim]en;-----. weak

1 1i- {%' i 1i i'-1-'

'.-''' * --16 "3

"-l'ltiW-i-H

2710i
i sö*i-io i** i"

iiö'i -

j-ä-1'a

WiH:D
7i1:

x iy
25'i"tß

":rs- 
i{4":"41- :"*"i

i--'iö i----i 3

storm lens

Dí- -
iweak

gasiropod :Maclurina
röðeptaöulitid

receptäöütitio oñ töp of stórm tens

Catapoecia

receptaculitid

óèóÈàiópöo- -
ii¡ióbäe 

" - -

Èôin"ðoiãi '-
storm lêns

tti- - '*---'-'
nòiñ cóiäi- ' -

ireceptaculitid

Comments

9

;60;;oo

63 t14 i là-i "1"

C;A ii ]-à ) ^á'

10 i10 ¡ 6 i 1.5

coiled; top of bed: CytTogomphoceras

éñell

epitheca gone; cardinal septum 45 degreè! up irom west
iá¡nt

cómménti
Èighit äoiàdeo; cáioiÁal ôèËium sfiaishl ðówn - -

IJ

ö"
'4i

t1
i-- r 

-ì

71
ö*iI
J

WiH:D
:J
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storm lens weak

storm lens strong

D3

apex points west

ðiiòñs

.gastropod directly on top

, ,13, , 3

)' ;zi '-- t--4
,xry,W;t-t
I s5 136-: tt ì"i..6
:î1 i4, i'zi'i i.s

'"tt(;- 
i2ß- i'-t 

- i*^-
i -i2oi'*'i-e
iaoia t1i ! 1

xìy:W1H:D

Comments

:recepiaculitid

: Crenuiiièi-^

: c-éóñäióóóð-

'ôióim 
ióñs 

"

:iéóeþiacuiiiio

,D4..- 
---

.4

Comments

directly on top of receptaculitid

Maclurina

Endoceras

oòm¡óái

ia i rl ;21-i -¡
ie-iù ' 4 i

70 ii5 | :

Sã .-¿0,- ;" -

7o i¿ã : to'l- i

:1
,45::

:receptaculitid

rstorm lens strong; large fragments

D5

Èavistina domicäl

reöeptaculitid

receptaculitid 36

P rottroch i scol ithut domical

.19 :40 r 9 :, 
1

a^i¿o3
i I i-l-:'w i'-H
, z+' i +o^ t'iÀ l' 'i
, 10 :ä i a-¡-',-"'1

'tà-:i': ì i

: øz tsi-; 7 i-' 6

'1i,¿a: ir i r

:ii't4i i a i t

Cômments

rreceptaculitid

:iócepiaöuiit¡ó

iõiôìm Ëns-*"-
;étóim tðñs

:D6---- 
'-'

;óióim ièñö-- -

läcepiàätjtiiiii*.
: nòrà-Cóiài- -'
:leücejpiláiil¡;¡ít'

;ôàétiópöa --

weak

wéaÈ --_ .

sl¡öné -

i27: r5
i 4- t- 'i 

4

Comments i it-í w- l**Ë-

:storm lens

:ièòèpiäòüiiiio
;Cepnáló,pio¿--'

,"ö7*' 
-- "'

ireceptacul¡tid

:'ieóäpià-Cüätid.*-

:iecéptáòuiitío

;íécäpiáóüìitiò- 
"

,ieóéôiäcuìitio
:receptaculitid 

i

'stromatoporoid

: atromáiópoióid--- : óôm ícái;' sóoô' éhiéidiñó

stôrm lens weäk

D8

ìstromatoporoid ;

:nòrn cörai - .nióniv äoia¿èo

säêtròpoo

iecäpiäcül¡t¡o

highly abraded

r Comments

- 3 -4
" -,"ö7-i-B iì5"i- ì' , -

óI JJ

l;; r' . ,:o¿ ! 4

80 134;31 1 2.5 |

5s 
- 

i-ãi- i**' 'i-* - -: -3

i'li ils-i'4"0*: -1

: it :'a- i- --- i

,, i i"V-,-w 
-i ".'H--"'' 

o
s3b1o1

Comments

i10 i37 i114 | 13

40 37, 
,

;-4--i-B - i-- i--*
4 27:1i 1

24 40 13 i 1.5
'123i18 iþ i r :

' 54 10 13 1.5

ea 5 , I 1.5

ssiqtij
1o 4.12 3

2410475
267:

xywHo

5

a

'stromatoporoid
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storm lens :weak

D9 Comments

: Protrochiscolìthus , encrusting a receptaculitid

:recôijiàðùi¡tió-- 
-:õñðrusîeìiløiy'Þìoiilòð,níèôórøu3|ôn 

top of siorm lens

stromatoporoid

siorm lens weak

receptaculitid ,directly on top of storm lens

.stromatoporoid

,siórm lôns -
: cleiuineis 

^

oìo
:receptaculit¡d

stòim lens weak

;otì------" 
*--.- " 

Còmments

'ieceptaculitid goodshielding

:stromatoporoid

iCiénuìiätei -- dissolved in middle

j25 
I

weak; receptaculitid on top

srow¡ñs of ióp ôiéiiômätoôoioio

Comments

weak

wéäÈ

rx;t;w-i*H'
|t6 |4 1 ts i tz
; 16- ;4l i'2C- i' t -

,85 :45 f'38-j é
-,---:Zl-t--: g--
iss tì¿ i,4+ , t
t'-gs|+s i38 r s
| ,|it , 2

;70 t51 ;16 : 10

;x It tW ' H

,32:4012þt 1

^ 
,- si " 

: z4' , 3Ò": -i.5-

:27 t , 4

.--* ly r"w,*H
:50 r5S i 19 I I

-,-sin l+s t'2¡ ; 4

i e4-lïö-i'25' l' 6

D

lstorm lens

iètöim"iônè

D12 |

ravtsttna

receptäculitid goöd shielding

Comments

Comments

'i:t iW':'""a-'-,-o
26 3Ö 141 5

44 2a,40, 1

receptacùiitid imõdèïäie'snieit<i¡ñg 
**

idä"'i?â-i' 1r-i*1 * i*-'

storm lens :weak

óiã****-"-
stromatoporoid killed by storm lens; higher grovvth in m¡OOte

iéòeóiáéuril¡ó""" 
-,oeiówétorm 

ióñð 
"- -

iecôptàCutitiò ;

receptaculitid 
:

stoim iens weak

receptaculitid

D;i4**"*^""

:--i-'ì-'ü 
"1-ú 

i 
*-È*-,'-D

l-i';¿s:ro j ò ,

4345191
80 42'17 1

3422231
,"^:2i i' j i I

974661
xyWHD

stormlens weak .ß , 4

itrilobite :shell

horn cóial highty abräded

öìs
8852.

,66 r50 ì

19"lt

1.5

i3
s;
4

Í it- ì w- i'--H- -.'"D

horn corat , ñighii ãòiâdêd

horn coral highly abraded

igastropod I

ireceptaculitid

5oì t :2

;storm lens .weak

Protrochiscolithus : encrusting cephalopod

ièòóÈÍãóulitið- 
"- 

, 
-----**

F.')

^Ô 
:

-'.'.'--..-'-...'..'.,

28:
Jl '- ì¿ol-2sio' ;'4s" t.üi"; 2s-

.tà iü'| -
.--' -f2à-: îä i'ä'

0.5

1

2
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stromatoporoid sö 20 s7 10

itromatoporoid iilted :72,18;15', 5

receptaculitid good shielding 93 51 16 1

storm lens strong 285

reðeptaculitid 45 36 19 1

receptaculitid 57 15 10 1 .5

3.5

4.5

:receptaculitid

;éásiiöpõä"-

;siorm iäns

io;ti "
räioim iöñö-*
,receptãcuÍitio

istorm lens
t,catenìriþola

;öèbÈäiöóöð

: horn coral

.stórm iéñé

:D19

ireceptaculitid

:étòim íöns 
-

:.étóini-iönÁ- 
- -"

'oi¿i 
-

,- it--
l-awsttna

,.'..'...'.............',..''....'..-..'....--

:Calapoecia

iClenüuiiíilé* 
*-

,ôtörm-ièns-" -
: iéô€;ptaóüiíiid^-.Dtî-..*"- -'
'iêceptãculitid

'Càte,niþola"- 
-'

sâèûópôa

possibly same as above

weak

Comments

40 i15 ì 10 , 1.5

712" t-':ì21- -i-ã
x y,w: H' 14, .3
4051i21

receptaculitid ;

rèòeptácutitiO

Protrochiscolithus boiings

istorm lens :weak

receþtaculitid

D18

gaskopod Maclur¡na

,ööprratopoä
'stromaiöþôroid 

on top ot stönn tens

i 
.éö- 

i5s- i-4-' ¡--C- 't

Comments

i ì45i i3 :

6 32i9i1.s:
r-liviW-iH-:'D
23 55 5.5

;slisi-i i -',¿.s
co 58i23 e '

' -' " -i- *- jd6-l'*- I -4- :**
i-zo insitt i s ,

weak

fátten on òide

receptaculitid :encrusted by Protrochìscolithus

- - ,-e3 l'¿ô i -"--"i- - '

,99 :52 ! 17 | 1.5

; cardinal septum +S Oêgieèó uô'tiòm west

weak

Commèntrs

:

' Comments

''
i

'domical; directly above storm lens

rweak

Comments

--'-^3T J¿

: :üat : +

r-x"l-v-i w i-H

i 40 iià" ì"-B-'i- f":-i' it- i"w i -È

rg lq¿:e ! I
B r40 i 6 ì 3

4i i*: i -

1

D

:Protrochiscolìthus:encrustingstromatoporoid ' A SO, S ; 3.s,rtultuçntscutLluù- renurusuftg s[fofftaloporoto , E ]SO i 5

rcuelrracuil¡.ro ,on rop of srorm tens; encrusteo oy f'rotrocnßcoltmus ì 7g ì 51 i 41 i 1.5 :

Protrochiscolithus ;overturned ^-;-78 
i"5i- i-ló " i I

,20 i34 i 19 i 1

weak , iiS ì , 2

iv iw H :D
ro q t 'ò " 

,

5¿^ì-5-i-3 ''-
30;30 r I :

.Á i
LA1 J

X

àþ

aìa

1s

t7

on side
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Protrochiscolithus

D22 Comments

stromatoporoid :domical
'Êàiisi¡ìia" -- -- täouïái*
trilobite shell

,59 i53: 3 ì 1

.-.i ,v ;w I H
',"ào,sÞ:iz i 6

2740224
izt
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xywH
244

',73 i29
- "-^' 
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I io li2- :as:ia

storm lens

Dr3- '
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óeóhäiöpóó

Calapoecia
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on side
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étióñó-- - 
-commônts 

'
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storm lens strong 25 4

receptaculitid qt 22 10 1

horn coral ß SO : 3.s
horn coral . 33 tZ1 ': ;- S-'-1sa-i.zô-j-"--i--
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Favistina : "- : I i+1 i ZS i q

:receptaculitid : 2a -¡o 
, ìa I 1
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istorm lens weak 14 , 3
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l
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;D28
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Protroch¡scol¡thus, overturned; encrusting Saffordophyllum
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;receptaculitid i

iðiöimlenô-- --^*:wóá[
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i.élóió iéñé - --' 
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¡,i ;-öa

AB- I 38

92 i23
_"-.."1--x iy
3 i4O

99od 
shieldinO
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E1

receptaculiiid

gastropod

nciin òôiái -

éãsiròpöð

éãðïopod-*-
E2

: horn coral

, ceóñäiõóóo-

' 
òeþnatopoo

iöépnaiópóo-

; óeöháiôpod"

;ieöeótaöùiiiio

Comments x iv ìW i È

o '7c",
D

¿

J
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gastropod 't

gãsiropod

: gastropod

, òêónãiópoo

:stromáiópõróiã-
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:étiomaióóóioiú
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ventral siphuncle

Crenulites , maybe same one as above

Maclurina

/ oJ:
^iõ- 

i'e¿ '- 
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2

overturned
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cephalopod aþei pointing easi; encrusted by Protrochiscollhus on bottom

cephaloþod

horn coral highly abraded 77 78 , : 3 
-

P rotro chi scaliihus errcrusting cephalopod 8658-1,I

istiòmatoporoid 
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enirusted by receptacutitid -50 30 74 7 ;

receptacul¡tid :encrustingstromatoporoidabove

ihorn coral :epitheca abraded I 59 ì 21 i ; ì

stonn löns

: horn coral

p rotrochi scot iihui, énôiuéäñ g éiromäiôporoìó áooüé

storm lens
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"
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-.
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ì Favist¡na
r;d;èpta¿ùtiìi¡-
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trb

:receptaculitid

:éääòóód" -
lgastròpod 

-

:'ci,álénlpola -"-

,Sàndi¿oi,piniiiium

.óháín córái 
"
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,-gZ -*" - -
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Saffordophyllum

éiórm 
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good shielding
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,68 .54 i 3
'',"40 ,'[-I le.-

,32:4:
, x i v-i W
'si iad ¡ þ
,eé ,a'î ì

,gs tio i -

| 9¡B- :ls | '
os,7 ra

,53 ;5¿ ì I
5ß 172 , i2

ócuJl

ixivìw
i 4- irt-| --

H

i

I

;
1

H D

4

'4
2
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storm lens faint :21
'F.11

:ieCeptacuiiiio

:ieceËlaðuiitìà 
-

;ieCepiãòuiitio

' 
llót io ò niì éé,òii ít n u s

rr'orn òorãi
:iéóéóiãcuiiiio

¡ieõeptaculitid

:ôáôiiòpóo-- 
" '

:uàn¡poià

istorm lens

;812--- ^

'receptáðuìitio
iécepiâòùi¡i¡o

' 
Protroch¡icot¡tnus

'ni'óün-lórà|"-" 
--
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--
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"

Comments xlyiwiH,D
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2aià202
20 :52.27 : 1
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te ài i : :4
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83 ,ì6 -1ò , i

well Pleservedl galdinal septum 30 degrees down from east

possibly same one as above

in storm lens

fraômónt ¡n stórm léni

Comments

ôñôiustðã oi Þrotioc¡¡iòôr¡l¿us

encrusting receptaculitid

weli preserved: apex pointing west
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-i*È* ó

2.5

lB9 I

algal stromatolite l

élóim léné-- 
- 

.n¡gnii buiówed
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storm lens

Èio
gastropod

Caìiápì,oàóía
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ì70 
i

2

,
a

110 i19 ¡ 26

:'ts-i1-: zs
;;t-zoc:

, ¡29i i 2 :

x y W H :D
32.77:16: 1
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Comments

cephalopod :fragment in storm lens

receptacul¡tid good shielding

iecéótáóuiiiio

ñöin óô¡äi 32 ì10

noin ðoiàt in éiowth þòsitioñ; nishtt auiaoeo

fragmeni in storm lens

fäíni -

nightt ãbraOèd; in storm lens

highly abraded

wêãity burrowed

stròÀg

weál<

õomments

, above storm lens; partial shielding

weàt<

moOöratety äOräOeO; cä¡Oinal septum 50 degrees up from west

I

!1

l1

É.aiCommentsxyW
receptaculitid

horn coral

storm lens

siorm leni
stòrm léns

:storm lens

ìE1B

:íéldpiáätii¡í¿

,siöim-¡énö-
; nöiÀ óöiär

i gastropod

: horn coiai ^ -
:Crenulites

, hóiñ cöiäi

i horn coral

iÈie 
----

Crenulites

Ëòmìôìäi
¡ái¡i;i¡¡¿-

2

J

2

ù
t.c

2:receptaculitid :

.norn côrat weäXty abräded; ¿ardinal septum 10 degrees down from west 3.5

Maclurina

rslightly abraded; cardinal septum 45 degrees up from east

rhighly abraded

i78 i75 ì i

i60 ìs4 i-- -j
i 76 i52 i 28
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.tÕ
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',1á-is'i ta'i z

26 43 6
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;cephalopod :fragment in storm lens

;storm lens :weak

epitheca gone

Comments

stromatoporoid,domical;shielding;bored
gastropòd Trochonema

CeptratopoO Endoceras

cephalopod Endoceras

horn córal weäfty abraded; cardinal septum 20 dögrees down from west

Calapoecia ioverturned; on top of storm lens

3.5,,
i"1.5- l
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1.3

D

;

ó

J

H

5

:iõcepiâòùi¡tio 
" " ":göôo'ðriieîàing

gastropod

ãioim léñð 
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overturned; on top of storm lens

in storm lens
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2

J

1

isiorm lens weak 20

: ieôäptaiulit¡o göod shietding ö2 8ö ì a

: horn coral highly abraded; apex pointing easl 2

D

À

horn coral ,weakly abraded; cardinal septum 75 degrees up from east

istromatoporoiO :Oomica¡

'highly abraded

' öüèrtuinéolin èiöim lens

horn coral highly abraded

166

17 144

4.5



horn coral highly abraded 28 i42 t

. storm lens

È¿t

'weak

,öôoo'sniôlaìÀg

Comments
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overturned
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ñóià ôòrai
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weakly abraded; cardinal septum 50 degrees down from west

hióÌ1ryäbrãdéä

overtuinèo
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23 ':18 ', 28

J

5domical
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Commenis
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óÉipnäiópóo

i cephalopod : apex points south

ireceptaculitid göodshielding

ñãin ðbrát hióhty abradéd

reôäptaculitid good shielding

l Fav¡st¡na

tstorm lens .

'e¡O Comments
'siorm lens

hörn coral st¡óntty äoraoeo; cärdinal septum 30 degrees down from east
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-

storm lens strong
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Appendix A-2: Original Fossil Data

Pit l: North-South Wall

Note:
1. "Shielding" refers to the lack of mottling and/or bioturbation found undemeath certain organisms
2. W : width at widest point in cm; H : height in cm; D : diameter in cm
3. x : horizontal distance from origin (0,0) in cm; y : vertical distance fi'om base of section in cm
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i-â6 'ìB : ----i
42 :12

l1

öomments

highly abraded; highly recrystallized
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'nishú äoiâdédl Cá;óínäGõËiüm-io deúeés óõwn fiöm nortn

, eþäñêcà aoraàed -
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;

,oryozòáñ ;Uiañóñrns^-- 
-

horn coral highly abiädeO
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:receptaculit¡d IOBO 22

.c1
:étórm iena 

-

lóàsiióóôd 
*"

horn coral highly abraded

storm lens

Comments

strong

fi¿ióióìne;;má---"

higñiy abraoed

sirong

domical; on top of storm lens

domical; below storm lens

1

H
:
5

Dl

.......-... t

)4 i

Favistina 16 ZS

t 92 :37

t:o

i 37 ;12

i88;38
: i3.5

J

a
..'.''......'.4gastropod Uactur¡na

C2 Comments

Þrotrochiscotithus

horn coral epitheca abraded; cardinal septum 4b degrees down from south

,t¿

:11

i t32 
'

j, 70 45 33

:68:30:25

4

1ä

6

19

x
a1

21

ão: horn coral

,ótörm iéné

: Favist¡na

trav¡siliüà'
,cià{enülpiora" 72 :24
horn corai nignty aOraOed; Cardinal septum 70 degrees ¿öwn from soutn , gg 37
norn öoiäl hishty äuraäeo 60 38
horn coral

1

J

i
t
ó

i93,38 1.5

horn coral epitheca abraded 39 47

.ca I

isiöim tens :stiöné

Comments ix y ìW H

i , s5 
"--- 

-i 
4ü

;receptaculitid : -i*iî- 
i"r6* i""" 9 

"' r "

Protrochiscolìthus : ! 2s-,'+i'',- a--.-r.s
2.5 i

horn coral highly abraded

Èìöhly'áËTääi;di horn coral

; sàèlropód
'h;ßtn-;óí:ä;]

receptaculitid :

-Èavist¡na

reieptaculitid

c4 .

,ltromåìóþòio¡ä

receptäöulitíO

ireceptaculitid 
:

:receptacul¡t¡d

horn coral

c5:
storm iens strong

ireceptaculitid l

storm lens strong

, Ub Comments

i 30 l43.if*,-ll' 2
-1

Ä¿

2..i

*-- '* 
I 3ö- : iì

iepitheòa ào;iái¡iei¿i; éal¿i¡ñalóéóti,m 7o äééiéés ¿ówn from north 40 ,40
i si , +a--'ai- ',-a , -

i 36 | [j'| "'10-'' 
:- ä- .-" -

i6B:2:5 t1:

,32 52 67 I
i1:16 6;11

so71
r5s,zo, 9 : I :

epitheca abraded; cardinal septum 70 degrees Oowñ üom ioutn : 95 33 1

óComments

Favistina

rèóèþtàôutiiio

cii - - --'
éiöim löns

:storm lens 
:

Comments

ìx:yrWiH
I 33, 5:

4423171

,7¿ þ---i*62*iì* i"ti*.t^s
"i 

83- :-¿+ :- 1o , ì"x y W H

ci6
D

strong

7 | ,2storm lens :
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:cs Comments ;x )Y W H"^:*- '-i -'*--* -à

,31 6

storm lens

storm ienÀ

cèpÌìàiòôori"' 
'-

stiomâtópoiòio

hþln-¿ó;ál-- -'
stòrm tòñs

iócéþtáóutitlo

Ca

iiôrm"téñs - "

sioim iens 
"-

receptáculiiid

ieceplàòuiiliri- 
-

Cienuiiiles --

ProtrochÌscolithus ;encrusting Crenulites

receptaculitid

strong

weakly abradeo; card¡nãl septum ¿S Oeôiéáö up tiôm nórtn

weak

strong 
comments

weak

enðrusted by P rotroch i scoi tith u s

:92 34 11

7029477
51 31 1.5

. rr 3

: 6 12 10 1

XyWHD
21 Ãv

i :11 3

6035141
6531I1
5952155
54 54 5 0.5

866121

Comments
i78
iX

13 , 9 : 1 |

y,W:H:D
slrong

ôiiönö- 
"-

nishíÍ äbraäeo

strong

él'*ö "

àòòi'pôìàiòiòuin

Comments

i

i96
1x

:ää

QA
....,.........,... '..,................. ........ .

38 i 15 :1.5
',-f*:"W-:-¡-

; ----- - -4I
41 ; ;

D

l.s
ö-

strong

äpelóoiñiö söùin

niénry ãoráoôo

,E!d??"],1:

Comments

Comments

;xy,W:H
88
394

1940214
42 . 41 7.5

393121
'86 14 7 1.5

BO 20,
i,y W H

'24 34 43 11

7;
Dl

t-10- :2, ,' I :'" i t

i 4i- | 14'i'
ixjYrW
i :, 10:
i95 142

i ö4 '-18

H:Dl
;lb:

2

2...s

'life position

;C15 |

:'ðÍrom áiópóiói n' - : ¿;þi¡¡,i¡óÁt I sôóó s níéìd ínõ

: Crenulites overturned

receptaculitid '

storm lens

i48ì16.1.5,-i-i- 
: 
-t -- w- .'H-

i' 13 t-'s-':-á4- ;-t'
- i'ái- ' à :. i--', i.s-
- 

l 
-S,Z- 

, 
"S,a , g- -' 1-'

10 4

,xy,W:H;D
120 :15 | 20 6

i4 11 e 1

c16:---
l-awsttna

ieCêptáöüiíiio-

öiiômàtôpöioiâ"

overturned
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receptaculitid

ièòepÈ'ùrúci

recepiácùtitid

Favistina

gastropod Hormotoma

c17

storm lens strong

horn òoral highly abraded

Comments

:24 ,27 , g 1 :

452661
7025101
6514245
87 23 4 1.5

ix',y,W:HD
21 6

10264
's2 19 10 1receptacul¡tid 

:

receptaculitid :might be same

recepiaculitid might be same

ceþhalopod encrustedby Protrochiscoliihus

¡86 123;10 1 ,

8126101
9A233
xyWHDComments

;receptaculitid i

:receptaculitid

i Èáiidtlda :oòmióal
I Crenulites overturned

c20

i 16 ;43 : 16 3 
l"ilöaf''14"- 

16-"^'4--: ' ' ':
. 30 25 6 '1.5

.X y W H D

ì39:18:15 1 '---:
i-itó ,-Tti ,- l 6' --1 - '- 

"' 
)

iäe-,-s ¿.s'',2: ,

1 e;ó- ) 1- , iÁ-', s- ' " "- '

XyWHD
2'19

Protrochiscolithus

Cls---" -^-'

iC18

.recôpiáöüiiti¿ 
'

istromatoporo¡d

cephalopod

iðcè:rjtáiül¡tið*

Òi,àieni,¡iorà

È;v¡;i¡nüá- 
'

reòöptäöutiiio

Comments

ÃÃ

126:16 22 t1.5

:62 t30,7 3 I

160 5 ,24:5 |

822291
c21 Comments ixty:W,H;D

20 '18 16.5 2

j tt1-l ,4-t-
x-twHD

lreceptaculitid l

; éióim"iéris-" 
*- " 

:;trcing

c22

iéôäpÎ#ü¡ítìd-^"
Comments

ì31:25) 8,1
i ioo i"zá- : zÁ 

' ,-zireceptaculitid 
I

özs -- ---^-- -:'

storm lens :strong

Càieinii/aiìa ---' i'* -

Comments ix:yW:H:D

gastropod 
',

receptäculitid

bryozoan biancn¡ng;2 branches

receptaculitid

4? .25 2

29 27 I 1.5

i20;25:2.5
;75 :15 : 14 2

:22 : , 3

5 :ài i lö r 5

195 7

"i+'ztli;a
16 ti

¡33;10, 4 .1.5
i-ò¿- iïo- ' ã0.-':' à'

ìhorn coràt - - :eöitñeõáäúäðéd; óaidinái ééptum points ;irä¡shi'dówn--**'
gastropod Maclurina

gastropod

horn coral highly abraded; cardinal septum points south

bryozoan ,encrusted by bryozoan

I991PF9'Lltid

1

6

J

2.5
C24ComménþxVWHD

:ProtrochÌscolithus, iZS,tO ¡+.s 1

Crenulites tilted; encrusted by bryozoan 43 13 21 s
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stromatoporoid 160 27

:receptaculitid

igàéiiópoà 
- 

:

:öi¿l*- - - -

.sionn iens - -" stióng

- öömmöñi;

ì81 t4

i-g '-s--^-^" i- -- " '- a^----';x ty
i .ìä

23:2, 
'

l.C r

W H:D',
:4;:

ireceptaculitid

;öiiòmätôpoioio 
-

' 
n ói r: í'í c óii ál 

- - -' -

: nòin òoiai - -
,"ðiiómãióþóróió--

:noin ðôiài -

: cepnàtôpóo

l-avtsltna

^^;v¿o
.,'-..**....*...^.'.'''''..,.....
ialgal stromatolite

'gastioöod
, ci,;ta;iio;¿iá--

:ðtôim-iens 
*

,sáétroóóó -- -
,ciònìit¡te,s' 

" "

horn coral

horn coral

horn coral

ñöiñ corãi

cr:n"-'
nôiñ ôóiär

ireceptaculitid i

, äióim"iené --*'* 
* 

rs'irôñô

l-avtsÜna

cardinal sepium 20 degrees down from south

wéaxiy aOraOed

epitheca abraded

tabular

Comments

strong
"Hó;imoló|miá"-- *--
¡n siòrm iens 

-

apex points south

wèàkit ãbiádêoI énórusteð-oy' iiòit:iocn¡i,óót¡in us

Comments

epitheca abraded; cardinal septum points skaight down

:70 16 35- 70 9----
,9i 114 s

i46 135 14
--'!"i3-:io,a7
- 

ì- oo":" 44- :- "
2

't,a

1.5

4

1.5 :

ià- i'

a 77 10

:75 24 31 '8
198 12 I :

epitheca abraded; cardinal septum t o oègiàèé óówá Íiöm îouin - - - I Ais'- ,' i
stromatoporoid ioverturned

',2.5 
,

10: 
a

t2.S i

3.5

: Protrochiscoliffius ; encrusting horn coral

ì95;17 ì . 1 4-s6 16 4'1,

Protrochiscolithus l'"ö8 , 
'2s*, "z ... , t,

1x ; t-:'-w" , Fi 
-; 

D

44301
receptaculitid - 

i- 76 
* 

'" C2' 'd1" ' 
z

i 88 :22 14 ; 1.5

: 10 4
'57 17 5 1.5

: Catenipora

;n:øi:l"loláit'

iôtoim"iôiô

:receptaculitid

;Îóóépiãcijiiiìrl 
'-

: P l; t i óì; ; hi¡ iÊ ò; i i th u/ i

in storm lens

ötioñé---

:20 :14: I ,5 :

i15;12,3.5: 12.5
, ,tO, 6

receptaculitid I ^- -='""-*-f*r -|ãî-tlì' 
r

'zq z4,ls l-
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5S :3a: 8 2.5'

181



receptaculitid

, comments

ovèrturne¿

highlY abraded 
comments

weak

Comments

strong

.Endoceras; top of bed; apex poinis 50 degrees

Comments

strong
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i ôä5 
-'-- *- -
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-
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-
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---- -

i 26 :23
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. 16 :0.5
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-

ireceptaculitid
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,reóeóiáòúi¡tíð
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-
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W,H
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ötióné
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I
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2ì
:4.6 i
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:storm lens

;nðiri ðôiâi"*-* "

: P lo,tio c;h ¡ scotlith i s
:nrroioán--
:D;4 -
,sirómáiopoioio 

-.

'sióim 
iens 

-

:Iééeiilásäin¿'*- 
'

,ròceptácuiíiío

gastropod 
:

Manipora

Catenipora

:D5

,reòeþiacùtitio

:receptaculitid

:storm iens

istóim iõñé 
" "

:"óé-^-
,receptaculitid

rreiêptácutiiið
:D7----- -"

Protrochiscolithus, mound shaped

recepiäöútitio

strong

highly abraded

branching

Comments

:li-"'.'g

x,y,W.H:D
¡34 ,12:45 IJ

;

i76 38:8
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1
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t 22,
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35 ìe fi 1.5---'"ì-ôà ,Tà-'a -,-ì--,-.. 
l
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:weak

Comments
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Cómménti

rx '.y W .H D

' 12 24 12.s ì.s
,bB 4 12 1

xyWHD
13 n n s

,70 27 11 1

Ã

5

;storm lens

: Favistina

i gastropod

icepnäiôpóo-."
:sai'sti;pla -'-
i étió;äatõÈölóiô

:siiômãtöpöiöió

Favistina

ciiéinii¡tei,s

:weak 19 : 3

stromatoporoid 
;

Dg------""---''--' öómmeniê

i24,2 I ,2.5

i 4e-:'iç.':"ü :"6.6

i i i-t i w rÈ-

; '15 :5
91 t3g 22 1

163 :21 :19.5:2
t 
'ti- 

; i4^ i'--- t -

jstorm lens ,strong

íreceptaculitid

:receptaculitid I

rhön öó;ãi' -*- iniöniv ä¡iäôêð 3ì
n o;nló;tóii m â ; lpéi Éóiñ ié ñörtñ i26 134 4

5
-;

5 :44
19:30

-'....^*_ f"
i

l:batwing

,weãil- i 
-18- 

| 4s- .-'2li.-' ,-
ì'42 -:-4ö- i tà

7
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ö

2

ttrong --- 
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*-^i"CiÅ-',21'' '- ''* *6"-i

382242
xyWHD

245
8s i9 10 1.5

37 25 B 0.5

,66 '17 10 1

:78 ,44 t, 19
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-,' -ó

:20 4

i65 16¡10 1

i 6 | 4 I 6 :0.5

D9

ðiônn ¡èns " -
gäéiiopod 

^ - '*

Protrochiécotilhus encrùòting gaèiiopòd

oto
stôrm lens

reöeptaculitid

receptaculitid 
I

iecèptâôutilio

receptaculitid

Cìònùili{èè- encrusted øv Þ ioiroi òüiécòliin u è

i6 '5 :7Protrochiscolithus, encrusiing Crenulites; borings
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;storm lens .weak

iædtroôôo--" 
*" - "',"fio;h;;;;na

D11

receþtäcutitiO

receptaculitid

horn coral highly recrystallized

OIZ Comments

receptaculitid

D13 Comments

Cataþtoecia partially burrowed

,'òêpñäiópoo 
- - '-- .ÐdôòtåslioÈ'ôi¡ôl; aôôi'Èòiñis-¡óo"dêôièõ' 

--
gastropod

,Ol+ Comments

¡ Favistina

'gäélróñó
iöi5 -.-""

I Protroch¡scol¡thus',

iieceþtaóüiíüo- --- ¡-
.-ieöäptäðuiiiíó---- i-

storm lens 'weak

ieòeþtaóutitio

stòrm lens 
" 

weak

D16 Comments

1029
33 ¡4 1ä 2.5

7442142
19 29

X,y W H D

:21
lx ,y :W H :D
t26

1 ^). ¿t

7 :26 7 :1
xil w H:D
Be 53- 11 1-ö ,sí-is -s

4

î

2

26

;22 ,15: 
l

i-*"-Y-','w'-H
i 16^ t'14 ,-iz- : z.s

i69,19; 6 ,1.5

i--i*: i : w ,-n

i"s4 
^ t-48- , 1r.8" t-i'

i 16-', á1' t zi- à-
f-7e :- 5 :--äö- - ¿

o

4.5

D

strong

ùèâk'

r : 10 3
, sa to tz.s 1

16 4

xyWH
, i10: 5

'23 3

jstorm lens

'èioim 
ìònÀ 

- -
; Þ:ItàeopiniiItíui¡m

ihdn ¿óiäi ^

r'rðóöötãóuiiïíij 
"

:rèòèpiäöuiiiió 
-

;lórcéipäaiuäl¿"

dissolved

-- i'¡s' ',"40 6-- 'B '" 
1

12212
: Al ¿S 1i.5 1

89 39 7 0.5
:2r 3 6 1- -ds :-lz 1.s

i62 t25 3.5

cephalopod

ièpËaioóòo

cephalopod

cephalopod

stromatoporoid

cài,iàþiaièicia'--

encrusted by Calapoecia

; encrusting stromatoporoid

:D17

i càiàì,þììieiià- --
iCaiáip;olólà-*-
, gäöiiôpod^- 

'*

;räöôtãðüiiiìo^-
D18

stóim iäñs

èiüm-iéñ;'
ióðôptãcul¡tid

Comments

Maclurina

Commenls ìx:y:w:H
i---''¡s i : ¡
t -- -4s^ :"--* -, 

"2-

r¿ì :tb, s 1

ig6:7

rD
i weak

:Weak

receptaculitid
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:receptaculitid 
,

D19
Ì89 44 8,1

Comments

receptaculitid l

storm lens weak

Òàtãþ'oecia

Protrochiscotithus

D2O Comments

horn coral eþitfreca gone; cardinal septum 45 degrees down from south

horn coiai highty abraded

rêbeptaculitid

D21 Comments

Comments

Commen!¡

-óõmmeñts'''

Comments

epitheca abraded

Comments

strong

ixìyiW:H,Dì
93 38 10 1.5-:5;,s ee,2+.5-¿-',

I 19 3.5 2

82 10 5.5 1 .5

XyWHD
27 43 1.5

6573- - 
l- 4e :-¿e ''-1a' : 1 : i

i i""' v ' w .H ' o l

:X y W H D

i'ì4 ,"41'11*:-l.s

124 ,17 , I ,1' : ai ,-qo" ',-1- r-z
f-e':å ii5-,-i
i f -:'i- ,- w"^'-H -' "D

Òs 127 13 1

iX y W H D

' i ti 13 2
-100 26 ' 16.5 2

" i-"" 
' 7* -* *'--3- --

'X y W H D"3 20 10 1

:so 21 15 1

77 :14:22 :2
ié :s 11 i.s

i77 ;3 : B ,1.5

10 3

41 ,4
i

7:
-.---i3.5 ìi79 :41 1 :

i11" t'"1s-'-'ai,i-: 
1

!"-8;p^:" 2 i--* - "--

i sia' ,-5à-:-^ -
i-ï-iî*-w-"'H
i -i-9-' :s

l

âd l

1ì

D27

siõrù ienô--
Cieiui{eil"-
óeônàiöpôo

iécèptàcutiíio

ióõéñìàðuiìîi¡i

strong

pãrtLâíil orséoveo io éóu[n

ì30 i29 ì10 :2.5'
i74'37 t38 i10,
174 :4 :28 ,7 :

93283
:x:yW,HiD

19 7

,-2 28 19 6"iz:2 18 s

100 45 23 2

Comments

P?9 Comments
i39:12 11'1 l

.x y W H D

--i*- i1e -*^ 6--*- 1
storm lens ;strong
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: Catenipora

storm lens weak
:stromatoporoid

cephaiopod

:D29
ióiöim-lens"- 

'-

,iecéótäôuiitio

,ãiiómáiópõró¡á

, nórñ cöiäi -

Comments

r 10

:60
I dß

iX

124
': 4'

so 1r

52
''Á'

ö

,20-: -':y
2

D

, strong

:

i , tg , 5 ,

2411252
85 44 43 12

612i2highly abraded

: f ro lr o c dl ic óii ä ini I s' " 

ói: e luü: í'i, e ¿

: D30

'étorm 
tènð

,stòim-ierié"--

;reòeptáôüi¡tio

:receptaculitid

:receptáòul¡t¡O

:siiõmãiópóóio
,o¡t
,áiorm ieñö

:rèðèptàcùtiii¿

,nofn cai,ra¡ 
"

:óäôiiopóó - -

:D5â ------

moderate

moäeiiãie

strong

óvðrtuineà 
-

nigniy äbráoéd

Comments

Comments

Comments

187'12 4 1

ii t -w -H

: 16: s

1-"*:-33l 
-.¡

t ø '4¿,ìC.5 -t

;-àf -¿ä -'r'o- 
2

!40 20' b t

:-a:4 
'|-ti- , áa" :. to

i-i 'i t-- -W-i-H

i ,16
i ¿ ,1+

:67;13
¡i¡':1à
lx ,y

i horn coral

:'ö$ - ---
i ðèpñàiõËöä*

i¡rvozöän." 
"

irecépiáôui¡iio
i-nöiñ coiál -

highly abraded

ì42:B
iso rsò
Ì 6 i 10 

i

;--i-fü-rw
i"le* r -ä* 

i-*-'- 
""' 

:"- 
"'

i 3 :-25- i-s.s ;-5
: eâ-,"5n-,,-12- ',- 1

Ì-òö-.-ïö l

6, I

1 .-- l

. 4.5

H.b,
10 

|

7) 
i-*":'-4* 
:

HlD:
t12

'.:'.'...''

j

äÀ

:D

Crenulites

óireìnutitès domical

23

is

W.H",4
q

v

i;;ZJ

X

:75 143 : 12 , 1

i-i';t '-W-,"¡t

Comments

Lambeoceras

Tgy'9

well preserved

D34

stòrm ìens 
-

stoim iéñs--
ieöepiäóuiiiíä

b5s--^-

Comments

rweak
- 

lwéat<

Comments

good shielding

Comments

strong

highly abraded

niôníi ã¡iaoöol"ôãió¡nái ðéö¡üm +ó oééiees âõwñ iiöm nortn

highly abraded

i¿B.. '-¿o*,--îä*-; r.s
51:6 12 1

: 65 , 31 15 , 1 :

s3 41 20 1.5-i y W H D

525
12 52 16 2.5

,i tt 2.s

ia 2s 2.9

D

receptaculitid

reieptãòutitià

rôcéþiàõuÍiüo 
- " "-

récõóiaòuiiiio

E1

:storm lens

:crenuiíteiii- 
-

r ¡róin óôiäi

;nipin'"loi:át^'

ihörncôrai*
1iöceptäôúl¡i¡¿

j39 i53:
ise-'6,+|1ì
i85-:"8ö- i 5.ìj

li i-t-'w
;gastropod ;,

;^tz Comments

'4
u:ñitt u i

4t:storm lens :strong
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; gastropod

iêäo,iãtdüóìd*-
i 
p Ió{rói òi i Ál còi t ni u i

1

ei
ó¡

75

n'-ä
Sg ' tt

:7
:4
"-H

4

E3 , Comments

storm lens strong

: Crenulìtes

,ièceptàôuiitiò

:iêóéóiãóurii¡o

,rèceptáCui¡t¡o
f ióôéptãóuiít¡o

je¿ 
" ..

iieceptáculitid

iieòäöitóüiit,'d

.reòepiaòulitid

:iècéñàìùiiúo
P rotrochi scol ithus, mou nd shaped ; overtu rned

gãsiropoo

cepnatöþöo

v

B6

i34 ,26:17 3.5:
8583111
4s rs B 1

60 2a g.s 1

Comments
ì95 I ,17 ,1.5

xyWH
17 83 13.5 2

,67 75 I 1

473591
1 I 16 1

3383124
76 93

74 ',82:
6.5

1-..8

D:
al

1:
---- l9 11;'-;

rY
,50
l;'.r)
i- 6s
i ás"

lx'- 
i 2o*'

" i*¡8'' 
i-2ô----;-

Comments:E5
,noin ôòiàl highly abraded

horn coral ;highly abraded

i9.5 1j
;-2s '. 2-:- '

22

17

43

at

receptaculitid

iööóöiáóuriiio

iäðäptaculitid -**
ièòéþtàòutitiá - -

"dre;iù'i¡täé--"- -^
::---
tsb

overturned I 93 ;57 :4.5 ,2.5

i-i-it '"w ''-H-
Comments

istorm lens

,Èòin öái--
:hdñ óóiá¡

:iöcäôtäóùtiiío

lstorm lens

,cieñùÌites

ireceptaculitid 
:

recèþtãculitid

' 
P rotroit chi scotith u s overturned ; éncrustin g cephalopöd

cephalopod encrustin g by P rotro ch i scol ith u s

Maclurina

iiite¿ õn sioé

strong

highly abraded

weti preserveO; cardinal septum 45 degrees down from south

60 1 7

i34 ,68 1 ,2.5 |

,''io : it"'" -':'- ^ 
, s..s 

:,

- 
i- eo 

" 
i' 15 

- -10.5 
: i.5- 

'- '

-l5d,-ö- 
."1+-',- 

"t - - - - |

:

iB-:-15-iro.s-:ì i i

43 62 11 1.5

3 57 I 1.5

S :sÖ 4

Comments

i 54 ;40
j10i65i2.5
l-Bf^'-u* ; iá
i*.v,w

2.5

-H

4.5

--- -.- |

............. lDJ
i - 

^tä*|--
l*b4-it7 : r¡

5: 1

.''....--.',.''.'.',-,,,'-... i

J.5 i

:receptaculitid

nighly aOrädeO

Comments

i-86- 'a6 t'1".i

i- 3Ö* i 28- i----
1,'1
',,,''''''.'''''.'.]:1i; horn coral

iEB

receptaculitid

hrö¡n ¿¿iiâi"-

storm lens weak

xy

28 '14
--:-ã5

îo
15

H

2

2

D

receptaculitid ,

- - j- 28-'-i7
- i ss :-s6

weakly abraded; cardinal septum 4O Oegieeé tiöm õouth , :2.5
o

... -.,-.,,.-.......-.. ;....... ...

wiH:D
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:storm lens :strong

iiiòmàtoþòroio
.horn 

coral highly abraded

gastropod Maclurina

bryozoan

Èto Comments

storm lens strong

receptaculitid

recepiáðulitid

noiñ córát weakly abraded

hôin coral highly abraded

horn coral highly abraded; cardinal septum 75 degrees down from north

;E11
rðiörm lens - -

,storm lens

ôtiôns - -

;äoñs 
-*-

ì '36
16 ,35
i¿s 40

i68:17
:: 

i1i' " 5i

:X y
' ÒE

--' 
:' SO ' OA-;-1- 

',-àn^- 
i's,e-,ls- 
i oà- '7þ
i ti 

"22ìx :Y- ì .-á4

4.5

,"- 6

0.5

HD
E

:

t.c I

0.5: l

'..... ...,.'... .:
ÊË i

J.J ]

tq ;

..t....'
a:

:H.D:
^.þ:

t(]

2

W

22

I

ìreceptaculitid :

ireceptaculitid

ieöóþiäðut¡t¡o

ieöeþtaculitid

Protrochiscolithus fragment

Ètz

storm lens

étôrm tênô

iéðì!ptáãùìii¿

receþtäculitid

iéCeóiaóüiíirrj"

nöin coiaL --

64' i'a iil , i '.t.s

i61 86 r16 :1.5

weak

siiong

i63 , 7 ,14.5', 1 |

ioo,zs 15 1 :

54,63 6 1

:X y W H D

q

;'

:92 :83 , 12 : 1 
,

| 4 '23 18 1 ,

25 .13 22 1

4.5

Comments

64

34

weakly abraded; filled with seOimeñtl caio¡nät éêótum 30 degrees
down from south

Crenulites

siiómatoporoid overturned

stromatoporoid :killed by storm lens

; gastropod

ióástioriõd

isàstiöpõd

iÈ"ß- -'
isiorm iäns strong

;storm lens

ì hòin cöiâi

moderate

: 21 :71

!"öi,5' :62
i- 2ö l-so

i"3tt* i 33

I4t izz
ì6 :68 i

52 :28

lx tY

7 '14

z4c

1.5

J

.1J

;highly abraded

Comments

74

i¿
.. --l 5e-;-éi*^***.. - 

i-z+"''rBö
;80.34

'- l"---' :---',x Y
ât

10 4

1.5

1.5

D

: horn coral ;

l-rorn coral

stromãtoporoiO

E14

storm iens strong

1.5

4a

w
I
H

ä

a

4

J

1

..
I

1

storm lens

siorm lens

ieceóiáðut¡iio

ióðôöiaõùiitìo

good shielding

80,
ãc

87:22
7öiö

150

.o¿
:receptaculitid

:iêôèptàòul¡iià

,léóejóiaôuúlíu-

,"stiôräätöóòróiá

leo.gt:a.s
;-s2- r¡o s

, zls--:'zs ,"1'
;45 ,65:27
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cephalopod ':

gastropod

sásÍ¡ópõd 
---"

nörn óorái -

niøri-óaïái-"-
El5 

*

èloim iené"'- -

stoim lens

horncoral imoderatetyániáoeoiòáiáiñãiséóÍümstraighioown

:recrystallized

highly abraded; cardinal septum pôints straight down

Comments

stroñg

siróng

:highly abraded

highly abraded

,möoêlateiv 
àoràoeo

good shielding

t61 ,85: '4
70865

,67 80 3

:91 82; 3

ls-, i 1

59401
"yWHD

; horn coral

: horn côrál

, nórn óôiäi 
-'

: noin cõiãi -
:cîàiíutìiè;{""

:rèôeptacútitio

:iêcêótacut¡i¡o

iieceptácuiiiio

; horn coral

torvóizoián'

;-rre- - -

moderately abraded

oüáninì;ins 
- -- "-"

: :66 j 5

i "',"11 :- - 5

: 
-4- :'BiA- : -- ' - -

i-46 i 8i :

;ss ze

:"AZ , a2' .-"' ' "

. co It'

i59:39,18 5

:¿l 'là,1t ,t.s
i"¡ia-' is' ñ.s-, I
i4s,ss 12.s:1

1

4E

J

2.5

2

]X

receptäiul¡t¡O '24 35 15 1 ." 1

Crenulites : 50 35 23 s

;receptaculitid :

:gàttiopôd 
- 

;

icepnalópóo

óastiopoa .

gãsirôpód -- - 
a-

iËï6 
*'****-**- 

'**-

: Protrochiscolithus

:E1i^-"----- -
ist,3niì'iéÀã--*"--
storm lens

:receptaculitid :goodshielding

,ieceþtâCutitid

iecepiaculitid
:receptäðulitid goodshielding

noin cóiär n¡ghly ä¡räoeo

i17:36 12 1

11 79 4.5

15'79, 5 | 2

40.19
i75 151;3 : 2

Comments

'66;S2,4.5 O.S

strong i---,-e5:- 3-l
,44 85 21 2

I

I

Comments

I 32 68 11.5 :1.5 :

: le 6i io.s 1

3032111
eö¡22
sz 4,8 1.5

57 47 2 :1
XyWHD

¡receptaculitid 
: i65;36:18 ,1.5,

gastropod

nòiñ côrál highly abraded
i68 i85;
i-o j8 I ì

4

1

1horn coral | 2.0 , 18

Protrochiscolithus f AB" , S7- i-S.5 1 .

''- -.-.-..,:-,,...*-.....r
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:receptaculitid

, nóin corál

tÈto*""' -"

;iócepiäcüiiiid

: iöóéijiäCuäiiã

'Màniioià

: cèpnálóóoo

. horn cóial

:nóin ðoiäi"-'

'noin òòiai

,norn óoràt

: nòin-òoiäi.-
;^)-zt

Comments

Ò1

ni0nlv anradgd

-;
: ¿ : J õ t-f,

160:16 ,1.5
iiwHD
se67fi1

ì68.52
| á6- ,6i
i'oa 

"' 
¡o

I 
'60 

ãB

i st ,2s

: zq tzS

j ao ,i4
;)¿t zo,.ix y

tt

26 -5

14-: apex points souih

highly abraded; cardinal septum 50 degrees down from north

highly abraded

highly abraded

highly abraded

highly reórystallized

¡ Comments

2.5

à.s

a

t.3

J
'ì

ó
stromatoporoid .domical 36 s 44:9

10 , í.s;receptaculitid

, iéüle|láiluiti;¡i¿'''

iöephãiõpöä----

'öêpäáioËôä 

*-- -

igâôtióöôd-- 
---

:giaistló|aüâ-----
1 Þ ìo t roìi C nü üüi i ¡ tn uü Á

: horn coral

jriôiffióiäi^----
I horn coral

;storm lens

Armenoceras

äóei"óóínÍééóùth

i¿¿:s¡good shielding

i 37 :75-i-84 
ì 88

1.5

Maclurina

92:60 ,l
4.5 :

A

i

i:

...1qq l

2:
t^ |

,..''';
Dt

i."äõ*i'¿r-r** 
'- '***rì 

5

iyWHD

j 42 ',53 
:

- 
1-'aá- | áó' :

i-iä- . s¡-:
i-45- t 41-l

1^95 i Se- ) 2.5- ,1.5
,-¿o-;5s-,i . 

,

:57 46:
i30:BB :

i'ö5" j-ó7- -"'" ,"- 'l

1-; 't iW---H-
i 18 , 42 :12.5 :

t29 t19:11 :1

rhorn coral :highly abraded
:Ïóin coral epitheca a¡iáaè¿
;;;
-zz Comments

recéþtacutitid 56 70 iz 1.5

storm iens shong , 28 s
ProtrochÌscolithus 74 47 7 2 :

tProtrochiscolithus :

: Côóriãiöpóã-" 
" .--,äóeipoínts 

ñórtn-
gastroþod Maclurina

: òepnâtopóa

inôin.óöräf*---- -, nighit ãúàdéo-
823 Comments

cephalopod :

ieceptaòütitio gooo sniètdiñs

i74 119
moderately aura¿ed; ¿âidinäiöëöiüm ls äegiòôs dôwn from south 100 äB

2

J

i ts :üt 2 1.5

: strong

storm lens :strong 44

*, -i"rg.iS 
"re-.r.â¡
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Protrochiscolithus ¡63,43, 6

r 46 ,43 : I
stromatoþoroid 24 23 15

horn"coial epitheca abraded; cardinal septum 45 degrees up from south 18 29

horn coral moderately abraded; cärdinal septum due south 21 iA
cephalopod 90 11

horn coral highly recrystallized 94 18

horn coral hiöhly recrystallized 6i 6

1

2

2

155:64 20 2

:-ti¿ ', 4i -ì.5 o.s

)^
1

2

1

1

1

^2-

b'825 |

stoim tèns " 
'strong

réòeptàCulìt¡ó 'gòoð 
sn¡elo¡ñs

Pròiròchiscolithus

Comments x:y¡W:H

"tn: 
:5

I gastropod

i horn coral

ì óóóñáíoóoó-

tr¿o

epitheca gone; cardinal septum 70 degrees up from south

Lambeoceras

:77 132

:-A ¡tO I-
:-"lS 

-'"le- ,-'
i-i-.'ú w

:2
' 1.5

" -":- i-
H "Ó-

4-l
B:
1-: -'

1,
i t'^

1.5
;
J

istorm lens ;strong

storm lens moderate

receptaculitid

receptaculitid

receptaculitid

i gastropod

; cepnãÍòpò0"

, hò?ñ;ôìäi--
ihôiñ òdäi -
ÌrioiÀ-öäì--"
1Èòin'òöiâi 

-

:là,stropió¿- -
; Protrochiscolithus

;highly abraded
- 

, öäioinäiéeótum stiàiönioówn' 
life position

hi!hly abraded

Comments

Comments

l

to
,,..'''
i80
:o^

19 
1

30, ,

io "di 
'.'

¡o- t1 .

i.a,ü'
Maclurina iS :S3: : '7 :

Lambeocetras

i77 :32; : : 2 I

i68 32 3.5 1

!x;y:W:HiD¡
i t33 ì ;4 . 1

I -*": 68 i t "é-- )- -"- 
:

tE27

iéióim'ións'**"

:étónn iéné"--

iöá;ll:;p;i;A 
*-

ihöin öoiäf-" -

:moderate

Állón;ß'"-- 
*"

highly abraded
i25 :43:
i.-4- i ì4-i--

: horn coral

inòrn Córat

inõin'coiái* -
iñôiñ óöiäi "

,nr¡ili-cair:àl 
'

,rrörñ ôóiái --

'iorn'óÁilail 
--

, norn còiãt

highly abraded

ôpitrécá á¡àoôo

: i" ,12 ' t.s 1.s

:18 :14; : 1

:moderately abraded; cardinal septum straight down

ñishtt àuraoeo

Comments

68 :35: ,

ìá-'is: 
;

1l t^ AA-. - . -' :''---

äÔ ¿;

1.5

ì.s
a.s

,1

highly abraded

highly àbrâded

norn óoiál -- - ,níéniÍäói"o"o

n oin'òoiã l 

* .*-*..- 
. ep iihäðä ä Èäârj eð ;'õaio n áîse piùm ¿tj cj eéirjel ij p lrom-nortll

receptaculitid

Eãs"*-"-
stöim lêns

iä,cèptacril¡tiô..-

i 83 :84 :

is4 '85,"
r-é¿- 

"aa-,*-*-

82 :70

;27 14 I
i--i-- 

-i-,"w
ì tq:-
i86:47:18

ll
ì

1;
1i
ï-*

1

H,D
À

1.5 :

strong
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öäétiöpóo-

säiiiopôd

ôasiióóóa
ñóin"ðciiái-

nôrn òöräl

óéóháiôpoð"

Maclurina

cardinal septum 50 degrees down from south

highly abraded; cardinal septum 5ö degiees down from north

; 9 ,32 4.5
- iAi-i85",""'--,-"", ¿-

62 16 2

41251
47 '24 1

zi +t 4.s

31 44 7.5 4

XyWHD
inùzB7
5951294

ióé r-60 -7*,-2 
,

'90 7 B 1

^^ ;-E3 17 4.5

41 364
86 5ì 7 2.5

ix :y W ,H:D
' 1s 60 36 s.5

| 43 27 18 1.5

5768141
si ,za 4

;^^' 62 71 1.5

x,i w H o
- l-- - 

^;- 
-- ;-- -'.é¿o'

'7 28 7 1

;52 iBB 12 1.5

encrusted oy lioìtloianiicolinùè--- 
^ -

eyyogyiscoyy{nuè ênóiúðiiñg ceþnáiopoo; oomiòái

E29 Comments

Comments

CrenulÌtes :

stromatoporoid

stromatoporoid

receptàcutitiO :

Èôrn òòrár rrishrt ábrãoeo

norñ coial

Catenipoia

E30

strong

Saffordophyllum

receptaculitid

receptaculitid

cephalopod

horn coral highly abraded

; E31

.störm-tönò

Comments

;receptaculitid

íièóéóiäóutit¡o - i'-
:;e;eóíãðuiíiid 

*--" i-**
tFav¡st¡na overturned

i et ¡ 5s i -i--,"¡ '','
85 2t 10 3.5

; gastropod

: öäiirôôóo
4

i.5
D"E32
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Appendix A-3: Original Fossil Data

Pit 2: East-West Wall

Note:
I . "Shielding" refers to the lack of mottling and/or bionrrbation found undemeath certain organisms
2. W : width at widest point in cm; H : height in cm; D : diameter in cm
3. x : horizontal distance from origin (0,0) in cm; y : vertical distance flom base of section in cm

¡:y,w
a- t,aC , g

l+ ,zs ; 1z
eà 4

hl0hlv abraded

niöñiv aoräoäo

'lr5*a s*'--iî*"
i'io-!4i i' -

Comments

| ,52
...,.......''.''

:75
iB0

- i---'
!X

Maclurina

:51
', ai
:34
a;

þ

r5ö

Comments

Comments

H

1

i

þbþ
x iy

aÀ Ò4

rö* i- 6

70:9

i8-lB
-1

-+z

I

:12
t--18| ---

4" :z.s

HÓ
1"
1 :- -
-;

l.à ,"^--
Maclurina

öommóns
¡13
lw-
i-ì 5"'

; 15.5 i
- .*""'---- l

,10 
:

ìDl
'', -" " I,ì
i2 

ì

-- 
1

:-o 
,

Ë

iÒ:
:

.5.b;
10,

i i*i- wX H

i

;'
H

wêät<iy"auiäoèo

27

35
:

5o
?Ã

;y
;¿

'57
À;
¿ó

B5 Comments x

ii
15

13

H

it
:1

moderate

4.5

istorm lens

iìäcËptäðuiitíã -"
:säôüóóód - --
isäôtropóä--- 

"

, noin òoiài--- -

'ior:n 
éaüail 

-' '

,'Èöin ðõiäi - --
rvùéàniv aoràoêd- -
'wéât<íi 

áoiáoéo; õarcinaÍsepium ¿s'oóéreei óówñ fiom east

24
ic
i5
öo

8ö-

ZJ
:. 14

ll5 
'

l¿ )

110:

3.5

i'
't

J

a-.i
-ö:::TL*Tl

86 
1

ôtòrmiãñó'- - létiôñs

iffim"iéñl--* - 3äöñs
reöepiáöüi¡tio - -:'- '

Comments xi.---: Y:W'H;,:-¿,c
,o

,' dÀ i da :- ti
164 i gi* r- -B

si 13¿ i-e

5

ì
:receptaculitid

istrðmàtoijöòià

; hõäl õóiái---
:ñoiñ iorai - -

,norñ ðóiäf--
inôiÀôòrài---

highly abraded

niönii äoiaoè¿

hishrt äbiädeã

ñiöniv aòràoèð

1

:
5

, 6 112:

:e ìg i

,'n* lit^i
:- 55 llö 1

J

' 
3.5
-;.

J
'.'-'...-...., 1.5

198



ihorn coral :highly abraded

;Bi - -^-- *--**- '. *' -ôómments

itoim lens strong

sìromatoporoid
'recepiaculitid encrustedbyFavistina

Favisfina encrusting on receptaculitid
'horn coial moderately abraded

Protrochiscolithus

stromatoporoid :

bryozoan

È à;li ;ü nü ä" 
- - - - -, ovéf üiiìðài i,öÀeàiii'iiióm ã lópõió¡o

reòeötacul¡t¡a

59 r11 j ì

xyYYH
15

3618124
6426201
65 27 3 1.5

32 21

.E îAJJ ZV

861481

;50,9 t28 I

'si:4:2 '.2'sl"s I 3

4725252

X iY]W,H

4

D

BB Comments x y:W H

2

1

o

D

cephalopod ì '-ðò'* .-S4 
- 

i

:Bg

iéióim"ióñ--"--
iióóêöiäöüiiiio 

*'

: reðéöiáóüÍiti¿-*-

tstiomàlopóioio--

:nli:i lóü:áit -'*"
j sìromätoporòìä-

.et0 
'-

:iéc'€jôtaðùl¡tici-.-*

ireceptãòütitio

Comments

stlons

weakly abraded

:11 t :4
i- 5-- ; 4t i 

-tö- t' 1 
^ ':.--

"74 31 15 2

:6ô 39 21'7
39 àt, 4

43- -1s 14 3

i- y W H DCómmänts
-ìà -:"îî-"i "\1-'t 

a'. 
" '

32 :2i I 16 ,1.5
'"+s" 

: l¿- i-20-"'í.15'i-
loo-i-36 i-ls :'2 '

hd;ñoräì"**- -- 
:ïisiìty aìjiädäà

receptaculitid

ieðeótãöuiitio

812

14 iB i ' , 3 i

46:5 14 5
-x- i-y i"'W - ;' H- t- D"- |

2 14 8- 7

8,0-2i S,ì
go ,44 5.5 : 1 

"

stromatoporoid

,811

i Protrochiscolithus :

ireceptaculitid

:receptaculitid

Comments :xiyiWiH]D
i10 3i,18 1.S

3z Ö B 1.5-

50i2t18i1.5:
2s-iì 11à')á

stromatoporoid

gasiiöóöô - " Maclurina

:64 t39
: sio^'i-+i

ì ti

cephalopod

nòrÀ òòiài -
iéóepiãóuúío

815 -

receptaculitid

recöptaculitid

receptaculitid

siròmatoporoià

Protrochiscoiìtius

:weakly abraded; Càioiñàiöeótum ¿s-oegièôs uó fròm east

Comments

i18
:--1'

t.c

:.."ó

:814 Comments

'1.5

H

i5
1.5

1.5
"5"

'4-

7

w
i3
1i
ìs
áa

I
Wx lY :H rD

t99



, stromatoporoid

,storm lens

:receptãòulitic

iiõeìjiäðuiíiíó-
;iöcópiâðüiitio

;íei'epüÁóltiniÀ"

irroìn òorài..-*

¡norn óni¡ál

; norñ'ðòrài -
:E15"*--*-*
;ètorm ieÀà 

'

,receptaculitid

;ióõepiâCùiitià-

: ieõeÈtáCui¡iiä-

:tióin-ðd;i*--'
:eì6
.éióim iéñô-"-

ireõôóiäðuiitiä

:iäðéplãóuiiti¿

'reòeptàcutiíio
',ail "'- -'
siorm iéns 

^

iéöêótâcuiitio-

ïe¿epìäculäiä"-

éàstróóôo

modelate

5 .29, 33

43 t33 | 20
-so :si'' lz
io-là.q i'it--is 

', iß' ;"li-is- 
t ¿t' i

I

1'
1,

i.s :- '

1--',----'',2
2.5
-à

"ö-

4.5

1.5 
'

2

11.5
-7-

ö

i 15 
l

' ì.s-l

ñighii ábiàoeo

ñishit abiadeó

f;,1;øji a,olaayi

mooeráté

hjohlv abladed

weàk- --'

Comments

colmgnj¡

-- 
Comments

:73 ,16 
"

-'-AA^l"ls :- ,

, 
"t-- 

'-'l- t,W- :-H
OY

.19 i52, 9 '1
- 't^ài- :C;e ; 

-ì8" 
1.5

' 4à-:zs:15 , 1
-: 'ie -:sõ- i--*-.- *

:xiy,W:HjD
55

i4 ';òi;r t-i- : 'l "',-^
25 29 g 

"1.590 46 17 1.5

XyWHD
244

23itS1
46 149 : 24

z.a i'¿l t -'
: ProtrochÌscolithus
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È
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mooéiãte 
comments

54 i313.5 1 |

84 4" I 3.5

97113

X;YIW:H
10 s :12 :¡.s
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: Protrochiscolithus

Dre

. storm lens strong

storm lens strong

receptaculitid

receptaculitid
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Protrochiscolithus 11 i59: I 1.5

ÞiotiòtChiscolithus 4s 11 12 : 1
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horn coral highly äbraded 10 27 , z
brachiopod 6 72 3

brachiopod 14 28 3

ESCommentèxyWHD

receptaculitid
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Comments

60 48 ,2,
i- i-t'i W- :-H-i--ó- 

l

:stromatoporoid
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,horñ cöral

:hòäìöài
'Cienuii¡tes'
, Crenuätel*

highly abraded
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1f,i**-"-*^ -

'siorm-löns--

Comments X

42

ia
i6

i4a"ilt it t

49 i19.5 I 1

äslCä je
73 !15i 5 :2.5'
84 16,15 2.5

"D
Comments x iyiW iH 

1-- i-32-i" 
- -. B- i

sirong

tstorm lens :strong

È6
;- --' '

istorm lens , strong

réòéþtäcutitio

F8"^ 
^---"

iäcepiáóuiítið
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Appendix A-4: Original Fossil Data

Pit 2: North-South Wall

Note:
1. "Shielding" refers to the lack of mottling and/or bioturbation found underneath certain organisms
2. W : width at widest point in cm; H : height in cm; D : diameter in cm
3. x : horizontal distance from origin (0,0) in cm; y : vertical distance from base of section in cm
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enòrusting òtromátòporoio

, 9 ', 20 114.5 : 5

10 23 1 1

35 '27 14 1

sô-",- ai- i i
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; gastropod encrusted by P rotroch i scoÍThus; overturned 2.5

:oil4 ', Comments ,i ' y i w :H 'o 
;

receptaculitid I

: Favistina

jsàöi¡ópôci-

: gãstiópöd

:éäéiiorjöl-

' 
ôâiiioôoo

, norn ôorát

inôiñ ðóràr-

cepnâiöòòð

öì¡*- - - -
Comments

;receptaculitid 
:

receptaculitid :

receptaculitid

gâötiopoo
: Þro[roch¡scol¡tfius' encrusted by Pal aeophytl um

Palaeotphyltum encruötinö Protrochiscotithus

: horn coral
jóto -

iiìdä"ðoràì^"--

inòrn ðòiái

röáòiiöËóð"-^-

brachiopod igood shielding

òèîhäìór;ô¡-*' i'*****

istromatoporoid

,ôeöÈäiöpôo - '
iôãðtlópoo"-
; gastropod

:DIB- - Comments

storm lens

rèceþtaòutiiio

strong

iõtôim]ëns*"'-'- :ñìóòeiate
iècêptaculitio': . :.-

I l-avtsttna :

: Favistina 
1

:D19 !

:receptaculitid i

receptaculitid 
!

highly abraded

Comments

iepitheca abraded; cardinai septüm ¿5 oegred;ðôwñ ¡iômìôiiti
highly abraded

Comments

+--:*ts- i-zl ¡" t "'; -- :

5ß-'--4à iiBl's' I

¡-"-'-- --"----.-. -- 110 11 I ì 12.5 |

27:20ìì13:

72,42ì

r3.5,
i3 ),

i4:
â

.;
J:

I 55 10 1.5 
,

,56 64 6.5 1'
-60 27 9 1 '

d¿rc
; 13 20 6 1

ìi 21 7 2

5 , 17 i . -'i l-
i- :-i i w -i-r-r--i-ó- 

I

;-.;; i47 73 : 3.5

63 '15 
',

;al

s 4o i -'" 
3

sö 2s :5-
70* j'iä*i* .-"1----i 

B- i

8 27 128 9.5

6Ò'.*64--i --i -"¡2's 
¡

a4 , 1a 
" :" l'--- : -s- 

|

.. .. . ,.''..' '' ' ' ]66223
i v W H D'

67 j l5I l

ài ttt.s;ts ¡ I

àÀ'^ t"-^- i--6 
-'i' ';

74 , 45 i 10 I 1.5 I ;*is- 
',--zà-' t'^i+- i-7'- :,*-- ,

62 'é5 i-e- ì z i ,--i: i "t w-iH :-ò"-í"r- t- i¡ -"ti.à"I r.ò- ì- j

es 15 i 1.5

9¿ 17 10 1.s

I

--:-
1

;highly abraded

:highly abraded

50i34)
5oi2ô I

54'ae i

Cate,niþ'oira 90 5ö B 4 :

:34

stromätöporoid'¿z25143.5.
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storm lens moderate

t Protrochiscolithus i encrusted by Saffordophyll um

Saffordophytl um encrusting Protrochiscotithus; broken in middle

5'l 5

iz-' ¿t 9 1':ii', so llz.s¡ ¿ 
ì

63 40 9.5 1

79 48 I 1.5
:^, 66 55 4.5

73'. 7 : j ,3.5
6- ä 

" 
: Iró

XyWHD

Protrochiscotiihui öóóð lñiôidlnõ
Protrochiscotithus

cephälopod

céphalopod

ceþhalopod

Dzo

receptaculitid

receptaculitid

recepiaculitid

Comments

23 25:16 lt.S
16 19 1i¡, t
32 16 :12 ¡ 1

receptaculitid

crenùiilés p 
3---------------- li 1l ry 

d i ss ol,ve d 
i 

ns 
1 

d e

Protrochiscolithus '

oàt
sioim lens :strong

,ieõeþtaðutitio 
---- i- --

r ñõm ðõäi-- 
--' - 

: ni;|si;iti'á|bláid:ed^ - - -- -'
gástropod

,stiómäióþoroid - i -
brachioþöd

horn coral

D22 Comments

g0 , 4g : 7 , 1.5 i

7150274
64 53 4.5 1.5

xyWHD

'55,14 | i ì 2

Comments

tt

i
18 i21 i3.5 i

t-iw iH ro

: ÞiotióCnüéü,oiä¡ruó, ólörturnê¿

:storm lens

:nòin èoiáí 
--

riéóéptáóutiiió

ireceptaculitid

ihöin öüäi--

strong; many fragments

möoeratêiv à¡iáoeð

-""c' 
i
1

i i21
^:z

i
.)

,þþ
ì 6.5

64

i'
él
48

60

ss;;
:-¡6-:,-sä-"i t.4- l^6--f ---
'x y W H D

37 SS 5 1.5

i 
pro{loön"ísicoln u;- i eñõiüóí¡ñs cièjîiiiel' - -^---^

Comments

en cruitéð ny Þióüóia il lé óp iitni, uÁ

lstrong;sharpbase , 36 j : 5 :

strong i 63 i i4
stromatoporoid .on top of storm lens 100:42110j6

¡ Crenulites

iDäs'-*--
:creni,uinäé

storm lens

éiïñ ûtñé

istromatoporoid

irèôèòtâòuiìiió*'

37 , 54 i 6.5 ì 1.5 i
'aÀ 

Àuî +

I : 30 Ì 38 i-e
6- '- ao--:-àö* i ì.à

inìôniv'ã¡iáoóo

6e" t,'-dß-"i-"lt'- i -1"-'i

ais ',-^a1-- i-- 
' " 

i--5 - i

x'tyiWiH
30 I 54 i71 i12 |

cia- 3ö i 'i q-:
ia- , j'a :'a1 i ì.s :

Dl:eZ Comments

istromatoporoid

:storm lens strong

éiiónô*- 
- "'"

storm lens

récóptaöüiiiio-

Favistina
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brachiopod

norn Còral 
''- .. 

'möderátè

,E3
jóiórm iðÀó 

..-

:stôrm leni

:stiómãlóóóio¡o

rreòèptâöutitìo

: ièóéóiacui¡i¡o 
'

storm lens istrong

cepnáióóò<i" 
** -- ièìiüüirin-ót Þiät¿tÌò¿ò/rtjtó

Protrochiscolithus encrusting cephalopod

brachiopod :

ðtrông :36 i'' ,o j

1672r1818.5i
6 18 15 1

4417131

gastropod ì3 56 i

algal stromatolite :good shielding 
' 15 | 2ß i 24 i 4 I i

i1
iä.s 

r

,- ¡.s- r

96584
noln òóiai 

_. 

- 
. i,w;;Kii äáfó{ óáio¡ñaisóótum 45 déólèós ãowñ Íióm lóuin , 30 18 ì

'81'21 
i:'zi ,5f I a

i,V lW
26 i ì3
37 I

6s : ,.5"v 
l"w

JO

,44 1 56 I 18

62 -4, 
12

43 24 11

o 22 8.5

1 :40 i

I2ã--r--ss"-flî.s-

. so.. r*7*- i 
"ia'

:,"4á- '-*6;,0-' ;--'
'" 
-ci-',*-zl* i*- -

)^6-'i'Cl ili.s-

, ,24 I i4: 1

98 56 5.5

0.5, 
I-'-"-:-2.s 
;

,n,
......-........ ... .. -.......11l)

H 
.-l

D;Comments

Comments

.E5

isiomi'ióñs" -"- -
;iôim¡éñ - -^

, Þroliò,cn¡scpi¡tnus

trr)

strong

mooeiäte

:

:oÃ

X

4i
-2- 

i

rí 
'-i-"o ..,

7l 
:-1*, - 
:.' .''..''..',....,,' ]a:U]

z 'I*i-à 
;

6' :

'''.,.-...'.'''''...', -..''.'''' I

1:j
1i 

i:
Î

".".''.'. " .-,'''''.,'-''''.''' ;

,lÃ

4

O!
-..''..'-.
1l
1i
î- i

1- ì

: 1.5 ;

:+:

storm lens :strong

receptaculitid

Crénutites in storm lens

Creàulites

cephalöpod

;tl Comments i y .W jn'-'¡o"";

:receptaculitid 
1

horn coral imoderately abraded

hòiìi"ôöiái-'--- - 
iéii¡ärecá-ãúáded;'ôäidinâiõôpiuni"4s ääöiôesiówn Íiom ñörtn

receptaculitid

E8*-**'*-** i-*** 
*'öòñmênts*

storm lens strong

;receptaculitid

iiecööîáöuiíiìà

iöcäptacuiitio

receptacuiitid

l-avtsttna

stromatóporoid

storm lens strong

stromatoporoid l

X'Y iW
;:ö 1

7 ,63 110
s3 -'--56 - 

l'"r4
7ô- :-oó- 

t'"1s
+i¿ :-zt -ir1.s

9ö 
" '"-54'-- : 2"- 

',

54,30 i l

30 47 :27,6
487

30 16 24 2.5
aa Ã2 aÉJU O.J

DJ

:

horn coral

nó?n"óoiãi
T"d"i:9Lv i9I39"9

: cephalopod

iEg ' Comments
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:storm lens strong

strong

môoeràtery áuráoéð; àôèi óôiáts ôóuth

receptaculitid ì

; cephalopod

:'éãôtropod"-
,noiò òöiál -
'noii-èni¡ál 

'

;höin óöiä¡--
ihóiñ óóiäi' 

"

: nòin ôöiài

in storm lens; trash

so'i- 'i I ;,

."1'4 -i-- - -i"*5- i-':storm lens

;ñoin ôóiåt

Hormotomta öe -5s 4

highly abraded; in storm lens

highly abraded; in storm lens

h¡ghly ábraded; in storm lens

highly abraded; in storm iené

highly abraded; in storm lens

192 20 i

i97'15 |

:2 19 i

35605
9525131,
90 13 I 3.5

J

t
r i t.s

, J.3

19, 17 l ; i1.5
2ß 18 1.5

xy.W'H.D
'a70

u| u I

ti 65 3.s 2.5

95 51 115:1 1

qs-',-16 t1a :3 i

E10 , Comments

:

Càüàpìoecia
I

I

ravßûna

horn corai epitheca abraded

brachiopod

óioim iéñé--
Eri
éiórm léäs"-
iööäólàóuÍii¡d

röööptäcuiitio

receptaculitid

nóin òóiäi' moderately abraded

cephalopod

saðtröþod-

moderate

itióng 
comm:nts

lB- -ä l*-""i- -:t.s,
75 30 3.5

)t̂z b

i 'v I w I H : D j

5Z 11 
"I4b: /s it1 i I i ,

34 35 ' ïb- 1

'ò6*r *57-" i-ìo'*i-ì*'i* --;
'15^ i'-ä -i -- i" - :- ¡- i

3726"4;
23 30 '4

:stromatoporoid

iÈì2 -
,iéiè,piláiä¡lía-

; ióöeóíäðuiitìo^

iröôépiâäuiitìo 
'-

,Cièiuliies 
- - -

istôrm"ielió 
" " "

:'Êlã '^ ----
;ieöäóiáðüiiiid 

"

.iööèpiäòìjiiìið
,trorn côial

87:41 i12 i3.5 l

Comments
'l-i"-i ..t -i-w- 

i-H -í- ú

highly abraded

Calapoecia

Èr¿

ieCeóiäóui¡tiä

òêÈnàiööóã 
'

E15

Ëàvillinìià

gastropod iencrustedbyProtrochiscolithus

Protroch¡scol¡thus i encrusting gastropod

cephalopod

receptaculitid

Èro"---- Comments

t 
- 

i-w 
-- 

i-r-r-- i 
-Ò" ';

ìi i ¡¿ i r- I - I

Bô : 'ì3 
;--10'-'i 

"i" 
i' 
- -i

30 13 I I :à.5i
¿l^'' -6Ö' i-4 ', 

-2 ^ ' - :

x-'y iW iÈ:o 
'éo. rô ',"àt i'i ,' ',

63 7 2.5

"84' 
,*'i4 

^l'-i*-i-ì
a,z:-lo-i- i

Comments

69

xvwÈD
',4i 48 18 3- -' 84 ' is ,-,

Óomments

Comments

4.5

8 B 16 1
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stromatoporoid rencrustedby Protrochiscolithus
piólioó¡i ;¿ót¡ln u s :êñõ?ùsiñô-óiromäiópõiòid-**
Crenulites':---
I-avtsttna

cèpnäiòpòo

Protrochiscotithus : encrusting cephalopod

4r a4 àß sr

encrusted by P rotroch í scoìt ith u s

highly abraded

Comments

43'36 :20 
" 

1

àé ¿a :'tÀ .- 3 s-
4o 

- -.-rõ* 
ì-is.ii ,-"s-"

ôo.St ¡ :

6;6 ' si t as- ,,'l.s

oJc
1445i
i v,WlH

horn coral

gastroþod

E1/ 
-

14

4

3.5

ó
receptaculitid 

)

hòin ðòiài niònly âoràoeo

18ao

39

¿¿

97

64

20horn coral

noin Côiál

r¡orñ ðóiäl

rstromatoporoid

,g,aÅüiófoid 
^-*

;ËiiòÈci,i* 
*

iElB--------

highly abraded

eijittiécã-âtiiäðéó

hiôhit àbiáded--
17)
it- t

15

2i

j3
:2
i-ì

/
iecéptäòúlitio t+z,;

'o

r18 l

.t
14

-i--
Ì

30 i 16

54 j 18
^;.-^Jb IU

21 i14

1;
1I
.5 i---
ä ì- -

45 
:ì---- 

l-"-'i""î:i' :

c¡ ; eq l
;tv.ul-f'-i"ñ- 
| 

-r-r-.1-o "1

i4- f-sö 
- ì- i

¿ö- i 1r-l-î

receptaculitid 
l

óiiômátoóõióíl- -- 
i óóoij-éhiélidír's- 

- --"

22

12"
-r'

o"-

3ö

o

6,

Comments

stromatoporoid i

ieðepíäöùiiiio- 
- 

Ì

istromatoporoid

, nóin öorãt -
highly abraded

Þ ioiió;chìís:¿iþitlùa- ;îùtéð"ön éiðè

r60
i

,-1"1
t- --
.X

75 ;52 i Z r

¿ó-i i 13'5

Comments

20- i -4

l- -i -w
i3
tÈ

Comments

75 ì13 12.5:
ài -i-- i i-à.5
yiWìHiD
65istrong; lots of fragments 11

-" 1_..f -u" ti lq -s 
g : llgp 

od

i

:strong

Comments

92

t72
ot

:X

-74

44

68 i16 i1.5:
s¡- i-t2- i +.s I

Comments

12 i 3.s

i-öH

71 I l-t- 
i- w- l

42,50 i19i1 ì

äe- : 
*zs'- 

lìe.s-Ì* ï- i

horn coral

noin öoiäl

sästroóõ¿í

receptaculitid

liòrm iénô

hôln'có;äi*--- --
-;^ --

:highly abraded
--:'ñishii ãbiääèó

65

65 I I i3
-1's l- " i" - r-6.s
-s '.i-15- 

ì- ì"-: -

46 i ;5l

,45
. 
-SS

t'41-. -,.-à¿

strong

moderately abraded 0 : 39 ì i ì2.5 l

XyWHD
41 5:storm lens strong

Comments
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horn coral

iáòépiåôuiii¡o

E.25

epitheca abraded; cardinal septum 45 degrees down from north

Comments

:storm lens strong
: 
ProtrochÌscolithus

receptaculitid

horn coral highly abraded

F1

:receptaculitid

: iööäptáðuiäíó

r receptácuiitio

:stórm teni

:râ --^ ^" strong

receptaculitid 
1

horn coral imoderately abraded

réòépiãcul¡t¡o

F3 Comments

stoim lens strong

An,àb,aotetrad¡um

F4i
ttorm iens 

--- 
,

èiô?m^Íèrié----- :

öiiomáiöóóiöio - i

receptaculitid 
1

gastropod 
:

55.69
73

X

6 :24 1.5;
y W H iD
29: ì9,'
eo B ii:
4C i 14 '-1-:,
e i i :z
i : ñ-"i n- ;-o

-54 -i 16 :-1-^1^-

¿õ

90

:90
-- -, ' ^-'

tX
'7ò

74 10 i9 11
:20 , 18 I 16 | 1 

'2a6

cephalopod :encrustedbyCalapoecia : 4 : 12 ì j , 3

ciãtài,þoecià 4 13 3 1

zs:,52 iroiì i"306

14 '2
54i10i1"
t ': "W - i-'n" r 

-ó

fó- I' i 6 ì

il ', ll i ¿.s- .

38

J

x

53

Comments rx,ylWlHÌD
| 

'SO; ìA:
587

e0 16 4s e,

strong

õtións- 
" -

gastropod4ræ:1

cephalopod encrusted oy e rotroè, nlsòaliln u i ,2t 16 ,6.5
"28 ìA ¿.S 0.5

storm lens istrong

iecêptaculitid 62 SS , 17.5 1.5 '

stromatoporoid 69 16'12 3

P rotrochiscolithus I encrusting cephalopod

F6:
storm lens strong

reòeþiàculitid:: --rt

Comment¡

CómmeÀis

x,yjWiHiD
'-Cin i'-l'"6:'

37 22 10.5 1

"tWHDstorm lens :strong

ieòéptãcüt¡t¡o

: gasiropod

i-Ë8

Giõrm iðiìs- ôiiòrig

Comments

,30 1 17
83:51 ;9.5 Ì 1

2 ,36 i i i3.5
i y W H:D

2)s' 7
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receptaculitid

; horn coral

:öióim-iênl---
inórn-cöiài 

.. -

;rto' --'- " '
: ðepnâiopòo

'ilt "* -^- -'

'stònn-ìeni 
-

:stromaioporoiO

receptacul¡t¡d
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:94
.'63-
ix
i " -^-'-

25 18 1

ireceptaculitid 
i

És

stóimlôñs strong

Comments

49 ;9.5 ì 1

l" I w ; H

io^"1 " - :-i
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D

highly abraded 2.5
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tìishtt àbradòd

strong
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'ó

:-
5.5

D
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Ò
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I
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:storm lens :strong
gastropod : Maclurina

Proiiò,cn¡sòotitnus

; cephalopod

: rls--- ---
isiorm lóns

,rröin óòrâl

horn coral :h¡ghly abraded

cephalopod

F16- -"----"
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receptaculiiid
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ötòrm-iéné - strong
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5.5
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,highly abraded
imoàèiãté

moderately abraded
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24
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XyWHD
xyWffO

icephalopod 
;

l-avtsilna

cr7 '"
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: iáô€tptacùiiiki^- -

¡ iéôàôìäcutiiio---
gastropod

30
-;-
ó

57 i1sa 5 i

ìs'l1z-l- ì i
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Appendix B-1: Revised Fossil Data

EW Wall

Note:
1. "Shielding" refers to the lack of mottling and/or biofurbation found underneath certain organisms
2. W : width at widest point in cm; H : height in cm; D : diameter in cm
3. x : horizontal distance from origin (0,0) in cm; y : vertical distance f¡om base of section in cm

: EWWall

algal stromatol¡te

algal stromatolite

ätgät stromatolite

algal stromatolite

áigal stiomatolite

algal stromâtolite

ãiöäi stromatoi¡te

¡algal stromatolite r

iäigai siròmäiöiité-;

algal stromatolite ,

aigat stromatölite

äisäiôÊómätóíi¡é- iéñörirdiéd øy eiòillòiü,iisciÁii¡r,isül iftdd on sidô
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Biàchìòpód 
-

erach¡ôpòd
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aiàôhioËód 
-

siaðhÍóóôd

erâòniòþoo

eiácñlóþôo

eiäòäíópól

irole iéòl iio-* ,'f** 
'-:1a1+ +za 121 2'**"- iisial 1laá-- iiö-- i2 "" 
t

2529t42O ,iø Z--
3815 6ä- - t+ q
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1
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illla-iîa1*^ |
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l
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iàgôþ' i¿ciö"- i

:se?o ilfö-- i

i4ooö tatî 
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"qot+ 
ìàsia i

t4o4s'- i 3is-- |

q1oà'iízz 
i

4105 1415
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4Coa ;loó
'45ßi 

:C:BB'

q,sia¿- iii+,s

i4.5
J

¡3 5

ì3.5.

ià-'
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:J

12.5
2

J
..,..'.........

:z

J
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:äiã;hiopod*-
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Èiàòhiòpòd
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: sé50- Ìôî--"
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-
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oi oa.. iról 
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a
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Bryozoan ', "44i:1^i411--,2--^,2

, eWwalt :

I iiiâ¿tr ro¡od-**"-* .- -*--
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-
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smáll moun¿
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lxty,WH'D
62903 : 3

349 t425 :1.5 :1 
:

905 273 1

1262 )326 :4 :1

2625 429 3 1.5

3087 438 1.5

3112 195 3

qio+ 327 '1 1

i35'1 1272 i4 '2 j 
,'^-'-;?¿î-. 

iÐe 
- 

Ìã.ii*-- i2:s' ""i-- - .. 
:

1527 ,317

: Bryozoan

,Bryozóàn

te,ryoìoaÀ

Calapoecia

Càìià/a;eciá

: Bryozoan

laryóilóain--'-"-
'L,aÊpoecÊ

lCalapoecia

Calapoecia fragment in storm lens

Calapoecia :fragment

çatapoecE

Catapoecia 1962 403 5 3

Càtaþoecia röñ iiäö 2270 ',381 z 1.s

izàïöisô2 i* : i l

2531 312 5 2

iass ,zg+ + 2

ziiq:, s ä
Calapoecia :tilted on side; mound shaped; encrusted by Manipora :3403 1242 j5 t3
Calapoecia enciustin g Protroc;hiicolithus 3832 230 :S 2

,Caiàpoecia . 4"12ß- lißs"* :i*-,l.s-' i** ;

cai'/àþäoËòia encruötiig H;lmotoma - ,¿äa-'lql .4- 
- 

1_t ":-* ï _ ."'Catapoecia : '4405 :102 I "3

:Calapoecia l

t Calapoecia ;

Calapoecia

ö;raio;;iä
Ca;tapi;ó;ei;Cíà

encrusting P rotrochi s col ith us

4500 1219 6.5 3

-- !,l54e 3Ti*- ià-" 
-- 

:Þ

4586 ,44 é.5 4
Calapoecìa
"ciêtaüi;è;cià

ca'làioéóíá

Cáiiapiaìecia

Calapoecia

Òâiâpoàò,È -
Caiiaìiþioéiala- - -
cài;iö;¿ià^"' '

öàìtapóieòià- 
-"

: overturned

encrusting stromatoporöid

'?6ì6*iî82-"" i4'- " i3^"

ìózo isÒa 
' js:5 4.s

'4ais- 
ila¿" iá..s 

-'',i.s
4ißiag- :ói¡4 i3 : i

en crusting P rotroch i s col ith us

enciustin g P rotro chi s col ith u s

4997 )111 iS.S

soos i rio io -
1.5

;¡ 5

,1"-
'2-
r.5

'5143 i428 ì6

,5160 
'161 

ì3

5312 66 5.5

Calapoecia

247

5480 395 2.5 2.5
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caãioeaa***-
Cataì,poì,eè¡à

Ca"iàþ'o;àèìá" 
*-"

cà;ieiiii;ò;ià-'

Comments

"" :iy :tils :_!i:'3lg?_Ti q j il m i!! t e ol 
¡t-orm Je¡s

oüertürnéO; scoured extensively

xy w
:6130 t398 ;6 '4 

:

6157,260 4 2 .

oia6'oo ¿ 1.5

:115 ¿A¿- +i- 7

Catenipora :fragment; t¡lted on side 121 '436 :4

tóo :iz: i
"+s2"- ilsß :'
s5ä i¡oo is

:2 1

'^ z: Catenipora

;'cãtÁníiiolá"
rcàüdniiiioiià

;càleä¡póià

iCàtònìip;òià

,'Ci,álenípio/á

,Càiieiníp,oila

'caüenipóiiàröãüeniplia'

' 
Càien¡pora

,cà{ènipì,ola

' 
cài{einiiìòiià'

:'öàte;ip;ò;à

' Òàtenüioìà

:Càtlnø:oíà
''càiléiilp|oiá'

:irãgmeni diiectly on top of receptaculitid

domical

:fragment in storm lens

;sidêwäts
,overturned

- 
:tâilèn òn ôioe -

598 271

1075 222 5

ìCis ;+Cz ,4 2

ì770 sga 11 5

19S6 235 22 6dòmicàlfóiêw ñighór in miódte

on side

domicai

t¡iiéd-. ---'-*
fiaémèn¡!n siojm 

¡ens

i¡liéo òn ô¡oe; oòmìòái

¿ian¡iÁ1'-"'

2008 13Bg i0
2233 1514 :23 o

J

fragment in storm lens

i2404 ì274 i7

,äô7s i2ro 
- 

ì

2748 387 13 5

3O0O 446,38 13

:íß6, tloä" :tz :a :

3778 60 6 5
-¿iÞs zaq 16 6

tqaits t{äi - ia*"'-' i4*- 
' 

i

ioröo'iaa- jio ,+- 
1

2476 i23 i8 t2

246

t43 1286 i :

i6¿ -- i3oo l

li

t3 :

;Õ

ìapex pointing east; encrusted bi Proi,tiò¿)h¡s;¿þliirrus ón-nôttôm 
" 

:lai4" lsiai .7

252 i184 i9
290:182;B
292 i221 i-íto- lfuía" i -

317 ls29 ì

ãél'* i¿Òö' ì- -'
oìz -iiàs 'i*-

J
.'',.'.'''.''....,.;
.5 i

i

:2.5 ì'i -' ''

a'

7

651 :497 ì6 :

7oä--i446 
-

722 t29O I

750 t268 i
"elo -;¿öe- 

i-
82à-- i¿bd*- i*^

apex up

248



EWWall

cèÈtiäôóõl-
ôeþnatôpoo

cðóläiõööo

ðepñaiöpóo

Comments ,x :y
i43ü

iloû
i4fa
;ito

tD
:1.5 

...
W

fragment

tiärjmöni

ishell; good shielding; encrusted by Protrochiscolithus

in storm lens; apex points 170 degrees (longitudinal section);

:":fy.!-..d ! _y 
saffordoohvlum

Endoceras? Siphuncle; apex points 170 degrees (longitudinal
section)

-,oÀirocèiäsi " "'
apex pointing 170 degrees

apex pointing 170 degrees

fragment in strcrm lens

siphuncle

in storm lens

,1364 :290 :

:làei,s ¡l'ai i

:ll
-iì4ö¿- iri;--i^

l++Z :ZSA :

:1ù+6'iC¡i 
i

,is2ô ;sia i

-',"4;05 

"zo4 

-1"

rìooe i4¡s ió-
' 
tl6il4- iits-"'i'-
iliöö"iló4- i"

2

J

1738 265 :

?

B6B

e;aß

1-i4
r 18ó

! cephalopod

, ðèpnâiopôo

:òðótìáiòpôo 
.'

: cephalopod

,Ceónàioóõà- 
-

'cephálopod
:óejônáÍòócjo 

^'

'ceprlaiopoO 

-"

i.ôephàiôpðd 
*"

'òeòñàiðöoo'--

1303 459

1330 341 I

5

2.5

J

J

2.5

, céþnáioóóci--- 
-' 

irragméñl

öêþnätopoo träömöäf--
.ðöphäiópó¿i' - rragmentinstormlens

I cephalopod

ñepháíopôã--
, Endoceras? i1837 1271 i

it"á:u-ilrl-- iia
cephalopod i Endoceras?

; Àirmaitò;ßeràisì

ie[i '2?t

cephalopod

ðàpääopöä

ôêönãróóôo

cephalopod

cöphäiòóód

óeiónáióóoä

òôphäióöoà

i cephalopod

i cepnâlôpòo

iööpnäöpòâ

; öèphätöpòd

:Armenoceras?

zi+o¿ss,'s
254s '14f,,5 

^i -
àCaa-:+iq iti

Ë

à'c

: Endoceras?
:'--- -- --------

rfragment

: Armenoceras?

,'

,;ü ùlis;;utn

:2430 t439 |

-- iz+B; 
- 
:das 

- 
i--- 

|üóiP- i/izi*'iB^"* 
:àäz jàos -i-"-

'-" 
:'laoia^ iloia-- is-- " 

'àt4s :'+øá-- ia-- :2722- ì4C4 
-:'

,'àzs6-:4üi" : 
'

:28ÓB i¿i4 -;i'^* iaiÃ 15t4"- : -- :zaàs jíiài 
:

i1o

,1.5

1c;.i

cephalopod i

óèphäioóód iäóòipóiniéäá;i
ceþnatopoo Èn¿òòerai't

t4,
j3;5,l
t12.5 :

ât

;ì.s I

ó'
o

j3.5 i

Endoceras?

Èn¿dceràüiz

t2914 i316 :

iâeü lzio",'
ifragment

- t--.... "

- 
ieeäääéé¡lthuñclé

zsir 'JÞi i I

11.5

fragment.

siþnuncte

beaded siphuncle; aþei points west

2990 i517 ì1.5

3003 j284 ;10

i3ìi3- iaiie - l*--'- 
i3ißisi- :i,zs - its--- iássì-i2s8^ i- -- :itàs tài4 

- 
1'5 

"

-''-liss8 its2- i "','i6"" 
:

3722 39 i 6

.3756 :207 i

3iöä þóe i

ßà'sò'í2ö7* i

249
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:'ðèpnatópòa

;óéóhãidóóð--

: öeônäiopoo

',ceipnialo'pó¿ 
-

; óépháíoóód*

, cèpnäìoôóo

dephãlopôä 
-

, cepnaiopoO 
-

r ôèônäroöóó--
ióeóhäiôóód -
ðôphäiõóód--

'óepnãiopôt- -
,céiiiniaitopió¿'

Comments

coiled; entire top surface encrusted by ProtrochiscofThus; top of
bed

in storm lens

top of bed; apex þointë ZZ5 degrees

xty
ü,eìà2" :t26

3922 .287

is6o i44e

sipÉ+ tiois
4o:oa- t¿et
ùoìnt i4zi
ìöis-;ìö+
to4a titz
4¡öié"iiï4
+tq1 ltzs

' 
'u

t:

- )Ê'

' 
,i.s

]15 , ,2.5

l.^- '.. ',s"

.- - 
2À

5

,16 , :6
,A

tl ,- i3.5

DW

)418i,6 :461 
"l-- -'' r--

- :4riA rlSs ¡'" 
" '-

' 
:'+zsa-il-¿i--i' --- :

4462 i429
'¿¿ø,s 

i+,s

t1.5

i+.s
^-b.5

cephalopod i ì4252 i114 i13 , t4
cdËÉaiopóo-- - 42ao,¡e ; s.5
cephalopod

óepnáiöpoó

cephalopod 4470 429 3

i-****-. 
** * 

i5 
-

'Ò

cephalopod

óóöhàiòpôä

óóþnãiopoo

; cephalopod

, céónaiòpóo

iôöiiñäöööð

i cephätöóôd

4471 ;114 i

4480'27 113

r6

is.s
ii.s

¿

ó

4546 1172 ì3.5
cephalopod , t¿sü5- 1401"- i-- 

-. 
: ;4

cephalopod :àþei poinis eást

cephaloþod

óépnäiôpoo

öepnäiöpöo

4668 ì104 i5
4i4r- iirá- i 

-

4766 t27 i 10 : ;4

4783)158 i I i4.5
¿ass sto i 7

:4877 1143 i .4

+,AAl :¿S 13
-iàööö-ilzo"^ |--- i'--- ii'--***^ 
i4èöä' Ìîîä*- i*---'- i---'-'ra:a-
4908 134 2

i

i én ôirièÌeà^tji"Þió {ió ¿i i ; c oii i h u i

: cephalopod

'cephalopod q,sz+'li ,-- 4

cephalopod

i cephalopod

ióepnálôpöo

cephalopod

5014 1438 |

soSz;lsg i

74

: 1.5

5140 Í190 ì i5
i cephalopod

,òepnalòpôã -
'óèphaiôpóii 

-^

;cêônàiopôo -
;ìepnãiôpöo 

" '

acòpnàiopoo- -

,óóótraióóoo 
" -

a ¿êöñãiõóód

,5172 i297

,siù2s ieia
" 

r 6zö6^ is7ö

i säöö^ 1 34ö

.¡ilõe- iil-',dß1i 
iàä

- -si¿ots 
,sþa

,slOA tt"a4

16 ì

i¡õ ,- -

i7
.;z
t.,. -.

t2'5
J

o
.'...
4

4.5
;
J
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ðèpnaióijo¿ 
-

céþnatopoo

cephalopod iapex points west

òépnàtopoo

Comments H ID
a

a

L5.5
. i3.5

,:2
5.5'''.4.5

'tq

,-__"15*__
J

:' -t2.i

, ;a
, ,¡.s -

t)

,6' ';--
I

': ;i
'- it' '

;s

:- lg

: ;2.5

iX:YiW* -i142î iìà7"..r'--
¡5444 r50
',íîdd iîBi
li4sis :¿at

112

tzl
l
I

cephalopod

cöônäroÈòo

céóñáiópoá

óeónäióóoò --
ôeóhãioòól'"--
'cepnäiòòôo

óóórratópoá- 
-

cèpnãiopòo

cepnaiopoO

òeóhäióôôA' 
'^."

cepnatopóO

òìäpiräiópol"-- -

ceþnãtòþoo

I apex points east
- t -^ -'---

ãóei póiñÍé óâéi

,5505 :227 i

:s5ì6 ,a5 1"-"sòii';ïéõ 
iiB'isses-ffió i'-

-- - ,55giÍ- ;4¿a i''
,5ozö- isso 

^ 
i- 

-

:skjaz-- itsa 'i'
- - :s6Ö5 :4qo-- t- 

^

;5iso ;30é i*'- 
5eóò*iäài'" i

SSIO ,05 i- -'":lsei iäoi- ìiã
,OOZ9 ,4Ba i

----:6ö{io-'"¡*":
,oosã i1à ," -',øoto'tilz 'i"

----- t6a4a- 1132-- i

cephalopod :

cephalopod rencrustedbyFavistina

cephalopod

cephalopbd

cephalopod

cepnäiòpòo

cépnäiôpöä

ðäötiáopôä

ôêönäíöôoo

cephalopod

cóprrâiòpo¿

cephalopod ;Endoceras?

ènóiütiéd oi¡y lrótiói,òn¡süoìit¡iinii

siphuncle

in storm lens

rcoiled; top of bed; Cyrlogomphoceras
làöei öoints west

|6'loz" ià/ô - :s- 
*- ,- ^ - i'

éras oo i 16

6185 i3B7 50 i ,3

:CiaI
i

iî3--* iä4ö*'ì-*
:àno tüif- ii

i1-l6l- i4a2 i***- i J

i2.5

;4

i

.q q

,54 i25B 112 2 )

6326951
277 391 25 ,4.5"-;àão * 

271*'i30-* ,e

400 256 t7 3

)ifu- iitA- iá ,,'t

506 459 4 2

:511 i454 i 13 4 :

,sitz Aae et ,7

770 280 i5 2

2.5

11411- i3Bô i -- 
l

1757 406 .

i7ö¡,38e
20öä 231' 
221á'3iB

tabular

heavily burrowed beneath

éñiêid¡ns ón iòpi wñoið'rôòÈ"ôvêrtüiñedî
iB5ã-- iäô'¿r-- i2s^* )4-
:ó6ö--i2ö6- is- -:i
iB7ô*-üöö- iï6*.- i1o

:l

Ìi
igrowing on top of stromatoporoid
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'Cìe:nìiiiitel' - '*- 
ì'r.pÈtèò

Comments v iw H;D
î¡i; - r 

"'
90? :

Crenulites

ciiéì,niuitteüi

Clenüullléi 
-

Cìiiniaiìieè^

Cientùrt¡tei'

dissolved in middle

overturned

on top of storm lens

overturned

above storm lens

growth higher to west

tabuiar; ôverturned

934 i306

1094 368 25 6

1317 441 '14 2

iqa 2s7 9 1.s

1520 ,429 22 4

liia àsa 28 3.s

Crenulìtes overturned; on top of storm lens aé60 ,is 10 3

Crenulites domical; directly above storm lens ':1975 :37g igO ,A- i I

)2067 ;431 :61 11 ,

:2110 ]300 ,26 ,5 
1

2160 332 50 12

2404 316 28 I
2443 4à7 16 4

2srs :¡o+ 2n 5

Crenutites i .*-*"- -*.i2äòä- ilti-- i1s.s- . B 
-**" 

i--
Crenutites domicäi zaàs à64 'za 5' ,26i0 +Öo g '2.s :

Crenulites

Creinüùìiiiès----

öle;uiíei¿.-'--

killed by storm lens

cómïóäi---------"
recrystallized

Crenulites rdomical

: Crenul¡tes i

: Crenulites 
ì

t Crenulites I

'2714 ii.68 20 5
- ****** 

izi t"l- ilîl*" ião 
"-" 

:î**- ¡

¡äàa iiàq 
'1a '" 

'4 i

t2970 i271 j43 .10

st4t àit 113 4

3150 335 11 4

ã2ro ¡so 69 14

3700 210 25.5 4

,3795 i417 i53 ,11 ;

3856 291 I ;) 
j

4066 ,441 18 " 5

4307 44i 22 4.5

:4400 t5 i27 '3.5 :

Crà;rÌ,leò.^ 
* -'*- 

iðömíóâiì¿ Èsöiveó-iñ miodtei kíied at ends

Crenutitès

Crenulites :dissolved in middle

Cienulites

Crenutites

Crenulites l

Cien"utites

: Crenulites l

.iär/Íà;**-- " 
¡

iöienuliiei- i

, öreniiiil.es- - -^ 
,

:crenüuiiiieé- -- 
;

'creiuüi{eii

'ciàíii¡teüi

ci,reiiùii¡teüs

öieiurrtäl
Ciéiuiitòi'

; Crenulites 
;

, Crenulites

; Crenutites

Creniutites

Crenulites

. - ":ffi|#î lrg-,, :

4841 295 13 3.5

+gos 261 14 4.5
-:¿öao-i2st' ltá "':4.s' "i-

l52oî j32ö- - jìö* - 

'[**-', ':

szaz sog ,4 1.5

szsq 260 ;51 6,5

'5312 438 11 5.5

5314 2i3's.5 5

5385 445 37 '7

5993 509 7 3

6035 àei r 1.5
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iCrenulites

:Crenulites

,cienùüitêis
,'Cienuìii6¿

"'Cl,;;;;iüié¿l-avtsÛna; .:l-avtsltna

. ravtsuna

overturned

overturned; below storm lens

domical

domical

:6043 :404 i9 3.5

:622, t18 t7 à..5

.0240 iCes'tà¡ s
:azss 13tz ¡57 b

:"ailóo'. 
t,qt2 - iì5 

.. - -/

'195 
"442 

ii :2...5

ziø- :tda :16 '1'

,,4àA ,,3,8g'- :àÀ I
':168- ii:oó'- iâ- -:î-:FavìstÌna

; Èái¡siliniá

:raiísüíniá

tÈàiniä¡nì'à
- .-t: --
l-avtsttna

,Favistina: |::
FAVßtrna

Favistina-:- : _-

Fawstna

:domical, on top of storm lens

ì tabular; overturned

:overturned; in storm lens

, tabular

,1126 :379 i14 ,5

1194 i5o3 25 6

lsni 4es q a

1920 .37S 5 2

iszo- zae lo '2

2127 g8€ 122 4

,2407 39t6 ,23 4

,2siàa àas ,14 o.s

2703'2sO 4 i -

zeiea 

"zza 
,26 ,i

',"tßsìa ilìi itt -"2
gs¿o iso ,a 3

Favistina

Favtsttna

Favistina
- 

-;-:t---
ravtsuna möuÁd shäôeá

', Favistina':--.
l-avtsilna

:j
l-avtsÛna

.,',''-'',.',."--.--.,,*".'.'''''.'...''.,.
lFav¡stina': - _----
l-avtsttna

'.,-'.*...-..........'..,,...''....'.",...'.-'
:Favistina

. -:
l'awsÙna

encrust¡ng Favistina

eiìòiusieo ùv r ai¡st¡ia
3862 i382 i4 :a

3B7o 3s4 tt4 7

;389a iti,zia ¡ts 
^ :, " 'i

- - *- * i lís¿^ i44id 
* 

1"ls* 
^ - 

i a".s- -' ¡- -'',"+t+i-14àe ile-- i4-' 
:

:4165 ì102 iæ - 
t5

,¿taa iißi iiì :s,s
r iîla- iz.6¡a' 

" 
{1|s-"' :i-- - i4365'i"484- i3 if.5

Favistina

Èàtis¡inà* 
"

:- - _'-- - '
l-awsÛna

räùrsiÌña**'
Favistina

; Favistina

t Favistina

encrusting oñ iécãptáCul¡t¡O

öüörtuineo ;'uöñöâtn-öiiömätöpöióí4"

t4386 1329 ì3 i0.5

i4a¡id-ßài- i¡s-- is'-
:4+st ¡it4 i5- -' :ó;..s*- i

q+sl',qai ts 13 :

:l+sió-ß2e'*iî6*- i4-
:Favistina

t FavistÌna
r':*': :.-'"
ravßttna

i Favistina

.4566 i31 1 :22 t7.5
:,4aia5 iiaia' iä - ,a

i¿ïïo* ts71'- ie**-" i ¿*

'4l,ois^ßA1 iìg io

: Favistina
ii- t t:-
l-avßt¡na:: :,.

: FAVßltnA
: l : :: -
ravtsÛna

: Favistina
:-
l-awsttnâ

: Favistina

;Èàiílänità-,:--: _.
,l-avrcttna
,...'-"..-".*.-*-...
:Favistina

overturned

encrusting stromatoporoid

4847 t3B6 i14 5

¿sioä¿ ,àai iìz ,q

4941 i313 ì55 :6

6,o;ii ie6-' iio.5 ,3

5147 j367 
'17 :9

,sia+i itai is ì.s
:5332 ¡408 j9 :2

,5458 ì 136 ì56 :7

55?3 ,i4,4 8.5 3-
5565 4ag :11 2.5
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encrusting brachiopod

. FavistÌna I

l-âvtsttna

Favistina

FavistÌna rencrusting Favistina

l-awsttna

Favistina :overturned

: Favistìna 
¡

--i: l-avtsttna

.l-avtsttna
: Favistina

gasirôpoo

gàitropoO Maclurina

,6057 i72 i3 :1 |

6075 23 .5 1

oì sz ¡os 1s 3.s

6182 496 8.5 1

6207 194 I 4

6218 389 13 4

öãBö 22s 25.5 5.s

7;329 I ,

ö-"-."tla -i
io 1s3oi :

li-- -'itöo-'i '
ôo- jeTs "i ,'

2
o

;
5

91 i,433 
f

ei,s" izßi "i-- " :'
lai,s- i¿ia -is ' 

,5

709 ,518 i ¡ t7

; gastropod

: öãétr"óóà

Trochonema

uàctiur¡ià

12

:4"
a

I

gastropod : Maclurina

gaitropoa

gàstropod Màclurìna

gastropod 
i

òàitiöpoo-*- 
^,ôiiectit 

òñ Ìop-òiieòepiâðùl¡liô

gasiiöþóo 
;

gastropod'uactui¡nàidnü;tuüsäedb;i-pK;tro;h;isòói,riii;us*--^-

! Maclurina 370'4ZS i
': ----4

,437 i527 74

:ôáëtiöpoo Màcturina - s74 ss7- - 
3

gastropod Macturina 704 3S7 3

: gastropod

ìsäèìropö¿í

iöástióöóo

gastropod,Macturinà;enciùsieoai,ylioilióòinüisdoilüis

sásiióöôð Macturina

igastropod . Maclur¡na
:gastropod Maclurina

: gastropod lMaclur¡na; in storm lens

:sàstiopôo 822 274 '2

gastropod ,Maclurina

952;183 i

ei6ii'zÁli'"'
1o;e1- läo i- i-
ai4l"i¡fi- j- -' I

:4- - :.

i4'';

gastropod :Maclur¡na ,ìzìe , iea j

:1240 i520 i

;J
t

i: l
b

i11.5:
i2.5

1à
t: --
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4.5

J

7-
3.5

gastropod : Maclurina 1570 :435 , t7 .s

gastropod Hormotoma 1585 426 7 3.5
gastropod fragment 1586 197 5

gastropod Maclurina 1 6i 0 228 4

gastropod Maclurina 1610 Z2B 7

gastropod in storm lens 1614 430 3

gastropod Maclurina 1723 404 5.5
gastropod Maclurina 1735 4g4 3.s
gastroþoO Maclurina lilA Czl 9':

gastropod Trochonema '1gzs 302 3

gåströþöä ;Macturinà 1913 ¿si; ià.5-

igastropod Maclurinia ZOOO 216 : 9

öästioöóo Macturina zion ztt 4

, gastropod uaclùi¡nà - :2132 so6 3.s

:4ì
:4i
þ

;3.5 
":+...5 '

12.5 ì

'i- ;

c

:a,

EWWall
gastropod Maclurina
'gastropod Maclurina

gastropod Maclurina

gástropoo uàcti¡na

r gastropod . Trochonema

gastiopöo Trochonema

: gastropod

ì sáéiropód

; gàsiiööod

;öáôtrorjòð

iöàiöijiä
: 
gasiiöôód

gaskopod

öästiöpoo

Maclurina

Comments

: uormotomâ; aóèi óôlnis eàs l- " ' "-
Maclurina

Mac,lurina

x l V ìW H iD
1507 j361

tsìo lsse
tsiÁa tini
1-saotáis

gastropod :Maclurìna t2148 1211

gastropod Maclurina; above storm lens '2196 j330 
r

:2349 )483 i

:tL')^ :21Q

gastropod Maclurina

'2424 :269 l' ' ìq+i i¿3ò i'
'ù¿siÃ ¡lds* ;s.i- - iz4io ¡às1 

- l-*^ il4si Só6--:--"

Hormotoma

2504 ;241
,2587 1506
,,2614 i503

:2627 i505Maclurina

:l

: l1.5

gastropod t,Maclurina - ;i6BO-ß07 -^ì*-** i 4.5

gaðtropod 2791 423 : 3

gastropod Macturina 2803 SOB : 12

gastropod Maclurina 2868 421 4

gastropoä Maclurina 2908 òl s

ZSTAZ lq,A ;11 3.5
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;ila;troóid - 
-

; gastròpod

; sáõiröpóò
isäòiiòpoo

.éäèir¿ùiið' 
"

: gastropod

iéaòtrópóo" 
-

öãsiiöpòo
gastropod

gasiiopod

gastropod ' uarciuiina

M acl u ri n ai enôrusteo oy Þ ioirõòn iscòi,t itn u s

Maclurina

Mactui¡na

)4130 i141 ì

Gomments xrY w
Maclurina

Maclurina

uà,ctirina

MaclurÌnaiencrusted by Protrochiscolithus

Maclurìna

Maclurina

Hormotoma

2962 .445 
1

2966 rì99 ; :

ajos.-ö-;¿¿é"i- -.

Sooo :¿sa i -

:üoia ,ái.a 
:

àtzz azg ,

slat tida"-t4- ' s

,Ctai,6 .ü1 Ì 
''¡2as-iis3--:*--:"

;¡2Òs .tÒb i- - -,

Õ

Á

7

b

5

:3320 i32B l

:tüsià-iLis--;
ti43s jr¿à i

;'5fi8-i31s--i
',ir+a t,+14 

,

r3

;3.5-
a

14.5
:o

i15""" 
i2 

"*'

:4--^ ' 
:4-"'
:i

3758 i45B I

àiis lsi6 i

;3828;230

isa6i-;a67
táaio"ióioi¿

'sbge iìC6

t4

t4o
i 15.5

tà

:3900 i170- sg1ì teoô

:3977 143
i¡öös- .saî
',"+ozâ t¿ii

o

r3

t4'5
i3.5

17.5

4035 :516

¿rio troo
,i1ì"s^ ii86
+tiÀ- i4ao

4134 i41B j

4izs ies- - 1

4iß:s- 144 
- 

i

:10
.E

]J.J
''',-,-'^*......'..,.,"-,

ì4.5-- ;--J.3
......... ...... ... :,.----^...

i2- *i3*

12.5';;
i Maclurina

i

'uactuì¡nà

: Hormotoma; lying on side; encrusted on bottom by Calapoecia 42so l4t '1 5

; gastropod

igasiróóod

I gasiropod

1õàrtr"p"d

iôàòtiòpoo
j saèfióóóó
: sâðtiòÈód

, óäðtioóóó

, gàstioÉód

: éáóïiõpo¿

.sasliöi;ód

, gaòiiopõd

sàllroöô_q

: Macluina 4470 :281

¿5s7 I ìãr
+sle t4ot6

¿saô 
"' 

tós
¿os6 ilss
ta+i :i4a
4aeiß iBá-

iì 5--
;2

i3.5

'2i;-'
J

2:
4':
14

l.s 
'

þr
2.5 .

4'.i- '

Ê

4t

t4294 i141 j

:¿SSz ÍSS i

lsasÍopod :Maclurina' encrusfed bY Fauistln? :4451 ;113 I

;tä¿sié- t1+"- i' - t-

'Maclurina

Uaclur¡nitá

Maclurinà

: Maclurina
-*^"- :-u^iòiùi¡nìà-"

4700 1100 l

:¿itö ltoo i

:4713 1305 i
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gastropod Maclurina

gaitropod

gastropod 
,

gäðiropoc

gaètropod Maclurina

gâstroóoo hiacli/na
isi8l-i52- ; ,

5384 ,355 
;

x:yiWHtD
4754 306 4.5

4758 25 3

5298 :67 I ,1.5 ',

s¡2b sor 3

4

b

Comments

igastropod 'Maclurina 4779 1233 : , 4

ôãstropôO Maclurina 4788 235 4

gastropod 4838 347 .2.5

gastropoO 4866 239 : 2.s
gastrópod Maclurina 4870 210 . 3 s
gástropod Maclurina ¿ÖSf ¡6S 5.5

:gastropod Maclurina 4956 394 4

gastropod 4960 B3 2

gastropod 4963 222 1.s

gastropod 4gg7 136 3

gastropod sd¿B jos i
gastropod 5O5O 83 3

gastropöd so6o 303 . ;2
gastroþod Uàctui¡nà; enciusted by Protrochiscolithùs 5095 203 : 4
gastroþod 's246 tet - 3

gatirôpoO 5252 s1 2

; gastropod Maclurina ;5390 ì340 i ', t5**" 
il+oz^ it"+a^- ì 

"-' - :'---* il."lióñfópöd-*-* 
- ^ 

: tvàct llñ à

ì gastropod ', Maclurina

iõãstroóõd-- 
** 

:iì);;ii;i;àläffiüätéü til 
" 
Ifóilíoón"ídcdìitd is

sastropod uàòtii¡ia

:5491 i74 I ,4
- ssoi :375 7-

5623 i3s1

: gastropod

: òäsìiópoà

ióástroóoo

: gâétióöôd

:ôá"étiopöo

: Maclurina

, uàclùiiinüa-

',-uàiCiuir¡i,á"-

:

,'M;¿ìiilinà-

Maclurina

5625 i348 ¡

söáò iso+ I

ddao iqgì¿ 
',

stzà ia+-- :

sist- tsn+^- i

i3.5
;
ó

,7

ti¡.ó
'à
Ã

gastropod : MaclurÌna ¿Bå0 s04
gastropod

61s0 i 195

40to

2q
,.','-'.',....,"'-.-''

)4

4.5

in storm lens 246
gáðtiopoo 

" 
in storm lens ' ¡246

:gasiropod ,in storm lens ,246 ¡ 3

. gãsiròòòd , Uàciur¡na; horn coral inside ', òìi ò 't4giÀ 
; 1 5

gastropod Macturina 5790 440 3.s
gastropod Maclurina 5897 416 3

gastropoð Màc,tur¡na Ssas ¿o¿ 5

gastropod 'Maclurina OOOO'ZIS 3.5

gastropod Hormotoma :6074 170 't4 z.s

gastropod Ho,rmotoma 6149 7 ,i 1.5

gastropod
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EWWall Gomments ;x ,y
t6il1- ill*
:aito iia
6áü- i64'
6ü6- lCl6

-øìC4z- 
idò*

ai¿¿4 iztt
OZSO ;SOé

aáii ;siai

w
gastropod

gasiropo¿

säsûöpód
gastiòóóó

M;;iil¡;á
uáótiiìina i3.5

i2
12

i3

:ò

gastropod 'Maclurina

gastropod Maclurina

i gastropod

, sástióþòo
rgãétlopôd

. norn óóral

: horn coral

inóin ôorài

; nõiñ còiàr

Macluina: holn coral 
lnside

Ho/moi,toìmà

epitheca gone; cardinal septum 45 degrees up from west

epitheca abraded

highly abraded; cardinal septum pointing west

highly abiaded; cardinal septum skaight down

6298 ;292 14.5

47 :358 
'sü 'zs4 
,

loio i¿e,+ t

11ò };tB I

,177 t324

i191 i296
-"" tzli- 

i¿ü,s^-^ 
iáCa^ ;i:z

3.5

3.5

it
a

à.s

1

J

2-
ä

norn Coiãt ;epitiecaãbradeolòäiàinàisepiüm-ôüi!'wesi iiss*- ià6e
horn coral epitheca abraded 159 :267

ah:aln-;oi:àl^* 
-"*- :.éóìiheöä-öôiè;;âiäiäãlîeótum"áo ðégiãés"dowñ"fiöm-liéèt' 16;7 434

i horn coral ép'theôä äbiädöölöäióinäiôöötüm ¿ö-¿égréóö oöùn rrom east 170 '44s

:2

,1

i1
;-t.c
?

.'',',,,,.....''
z

12.5.;

: hôin óõiãi* 
"-"_- 

; htéñìt äbifä¿iefi^-*-- 
-

;horn coral moderately abräded

horn coral highly abraded

horn coral highly abraded

hó'n-c:aiáf 
- - --- 

iäÉtéi ö¿;ìriänö wõf
horn coral ihighly abraded; on top of storm lens

ñòin côral

2

tq,

ta

horn coral

ñöin ôoåi
"iióiñì¿;iãi

noin èóiäl

ñoiñ'côiäi

norn óòrai

noin ðóiäL

nòin-öoiaì

nôin cóiáí

¡rôió óôiät

'h¡ghrt ábiáded àst zzi

Ì"ñìstííËki'"ded *-.".i?7*-i¿28"

:mooèràiêlv abradeó :350 izìo

1238 i263
iàai-'l4iþ
1ia6- j2ü

:364 :487'¡oo 
;izla

,+'1á-" :¿ss-
,44à ' i4ü,6
-¿q+ - 

'i^i
:5s1-,+eä

¿.c

J

:

.4
- --" ;a.i-"

¿

'

:1

at

t1

.flagment

*:-"'

,mòàêràtèil àoiäðeo"" 
:nighiy ánraô;e;;d - - -

: építhäöä-äb;äoöo 
* -

horn coral I apex points east 556 i485 i4 )2.5

i3

,2.5

horn coral

hóiñ ôórat

highly abraded

nighrt àbiàðéó

559 1386

s8g i+et
an4- iùo
6äe - i4sö

horn coral

rróin òòiäi-
"hoin;äiâi-

burrowed into; Bryozoan inside

nishiy àorädéo

4

t.s
epitheca abraded; cardinal septum 30 degrees down from east ,668 1457 ta

ìq'
iZ--
;à..i

,r-
i5-
:'4

horn coral apex poiñting west 669 t27O

:horncoraihighlyabraded711-.4,35
horn coral highly abraded 715 '¿ä5 '

ñöiä öorár liz 1eo

horn coral

noiñ óoiái" 
"

ñõñ öóiäl 
- -

noin ðôiál

hòiñ òðiäi 
*-

highly abraded

well preserved; cardinál séptum s0 oégrees óówñ riom west

i i4o*"iã86 - ì

748 1261 l

epitheca abraded

nisniy aoräàeò

759 i2BB

71i ;446 +
t.-
¿
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nòiÀ Còräì- 
"

norn òorál

ñoin òóial

nórn óoiat

epitheca abraded: cardinal septum 60 degrees up fróm wési AO7 ,z}s
highly abraded 892 r4B3 :

Comments

highly abraded

epiiheca á¡raOèO

êöitñóóä-ä¡rä¿òo lòàioiñäiôeóium 4s dówñ rióm eäéi

well þreserved; apex pó¡ñt¡ng west

highly abraded; apex pointing east

highly abraded

epitheca abraded

ñiéhit äiiiãléd
weäkty aOraOed; cardinal seötüm 75 degrees up from east

x ty
841 :438

86¿ ;/ot

1145 i274

1175 i316

1198:486 
a

r)æ-;rða- i

titq-ià54 :

1897 .290 ,

tsii :zgô 
-,

1918 ì468 l

1928 ¡288 i

1961 ¡252 ì

W H¡D
J.,''''

:11
tt
'4

ñdrn ðòiãl 
' 

hìghly abraded s44 222 2

horn coral cardinal septum 45 degrees down from west 94S 447 3.5
hòrn coral epitheca abraded; cardinal septum 30 degrees down from west gSB 266 1

t¡lted 993 :219

wéìiilóôóñéd;'cál¿fn;aléeptnm-ãô"äégieéloównriomeast 1o7s 266

sligirtly abraded; cárdinal septum 50 degrees up from west 1119 273

: horn coral

'nip¡n 
cóíat

jhóiñ òüài'

ii'clrn Coüait 
"

r nôiñ öorät

:hön öüäi- "

iäìiin"ðorai - --
inoin corài

i horn coral

; Èoin òoiài

'noi,rn-ó'oiiàl
inöiñ öòiär

j hôid äoiä¡-

tìoìn ôoiaí

, norn ôòiàl

,"nòil cóiäï

: hoiñ cöiat

; ñoìñ'Cóiàì

i hoiñ óöiàt
,ñòin"córäi

i horn coral

ihõn öüai"--
: ñörñ òoràl

,irdiñ ðôiâi"' '"

inorn òoiäi'
,'norá-óniâil'

'noin öòiäL' -
: ñóià'Cóiäi---

'hòrn òòraì

:nõrlóôiãi -'
: ñoiñ ðoral"-"-

r nöin'còiäl

,äöln ðoiâ*..*

highly abraded

t4

:2
a

J

:4
;-"

ià.s
a

1¿

epitheca abraded; cardinal sépium 30 dégieea down from west ' i ¡-ö+ 460

highly abraded; cardinal septum 80 döwn from east 1g30 ZS¡
moderately abraded 1378 388

, nìSh¡V abraded : 13BS 401

,apex points west

,ñigliìü'äuiàoèd- 
*'"

iÈ¡ghit äbräoed- 
-

- 
iiììgñii"áôräãéä- - -

;öpiineôá éôäè 
^ ^-

":;idewàË* - **"-

'hiôhty 
ábiãded

: cardinal septum 30 degrees down from west

1795 :253 i

taài" i¿ai,a 
-;

1392 433 | 3.5

1419 399

,1424'401
1448 2:sB

,146,5- làiá
1473 ,228

147s à60 
;

:1490 i498 j

't1
:Ä
:J

i1'.i
ti-
iz-
;J
:;'.J
'....
:1

i1-
ii
;1

i3 i

i1.5- l

i5:5- l

t2.s l

¿

"....',...".,..-':1 
ì

,*)

t.J

,1.5 i

13 
ì

;
'..''...'-.-'.' 

. ' ::2;
ir 

-'

:2.5

:2

14.5 :

horn coral 'highly abraded; in storm lens ,1532 ,256 ,a

;horn coral ;hightyabraded --:lilóC-iàoó *a'-"-
:nöincoräl lepitnöiääora¿ed 1sg4 ,464 ;

i nörn cöral wijä*lv aoraoeo; ôaioinat septum t o oegrees down rrom wösi " r ö20 ,2s1
;"äöiricoiä**- 

^- 
.ep¡thdtái;;äAôã;cãi¿ìiñàisôÈììrm'60 deö'eäl,joùn iiöm"wesl-'iozf |¿¿e 

*ì--'

moderately abraded; cardinal septum 50 degrees up from west ,1729 ia1 ì

ðãräilãisäÈiùriì 4s"cjéöiöés"ùlÍóm"wesf*"- ' 
17s7 ,4,01 i

èlglli:!:?r:g¡ :aigit¡t"r,,' 1_1*gê :tlLm !äsl,iioö ;3öö 
- 

i

:highly abraded

, òþiinecà söne 
'

ér;ihe¿á"ábiláidéüd

1763 271

wèät<ty'âÈiiaoeo; cároìnàiðéôium 2o ¿egrees oowñ fiom west 1853 ,269

äid:ir;diäiñgwesi"" 
. 
- 

- _, . 
-- 

" 

" 
".._,-. " .,"",i-91i""i240
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,iìirñ"ððiài 
---*

rnòrn òòrál-

ìhóiä óö¡àr- - 
*

: noiÀ ðoiäl

xrYiW
.iÒd2-r5o7*i 

-.'

'isa,s tqa+ i

:tesl ia6q' i"-'
i t sö7- iàzo :-

t2700 i509

ì2758 1214
:lzsia"iágà

,2iìo'ii)s
i2770 i427
:àtis^:,+zì
:zf|.s-:Îla

rD
;ì.5

t-3

t4

',¡
^-

;1

:2

t2.5:;'
,'...,'',:.
.J

it
'1

a

,3.5

ì1.5

l1

tl^ 
'

,1
;
J

'1'

;t.i 
1

tiTi

'1 ,

i4.5 :

À.
.1 

'.

:horn coral

, nórn corät

',nórn lóiiàt

:-nòin óorat

; hóiñ ôóiäi

ahôiñ öõiãi

,nóin cóiái

: noin Cóiat

, hoin ðöial

, Èòii ðòial

: horn coral

, ñorn ðòiat

:rròiñ ôorâi

inôin'òõiai

, norn òoiai
tiorn-édiáü

, nöiñ CoraL

nishtt äoiäoeo

highly äbraded

highly abraded

ñightl áuraoeo; ¡n stórm lens

apex points west

wéii piésédóði A;a$i öóËiüi,n lþ l7ciee; lowrì 1ìôm west

encrusted by Saffordophyllum

highly abraded

highly recrystallized

weàt<ty auiäoed

weakly abraded; cardinat septum CO ðeéiéés OówÀ iióm west

cardinal septum straight down

in storm lens

highly abàded

highly abraded

epitheca abraded; cardinal septum due east

slightly abraded; cardinal septum eO Oêgiees òown from east

highly abraded; cardinal sepium 30 degrees down from west

caiOinäi éeptum 45 degrees up fiom west
,moderately aUrá¿ðO

:wéaìxtl)-àofá,¿éin; ðlr:¿ínãl éepium 4s oeóiééó"úp rrom east

highly abraded

'2092 485 i

li.tsn iioa :

':á1so'il2t- 
|

i2tsø-iäsa-:
t2202 1253 ì

,àisa ;zai t

tLi+t lzzs ':

'äsi'i,Ciái 
t

2322 t311 ,

,highly abraded

ep¡ineðä göne

nighty aOradeO

cardinal septüm B0 degrees down from east

:moderately abraded; apex points wesi
'n¡ghlV 

aOrade¿

highly abraded; cardinal septum SO deéiéðô dòwñ frôm wesi 2s1O s06 l

in siorm iens 2S4O 306

',is¿ü '1zzÀ- 
:

highly abraded 2632 i287

iö¿o^ iistrapex points east; tilted

weaklV abllded¡ cardinal 
;eOlum 

50 desfees down flom west 2652 Ci 2

;2673 :2Og

2343 i399 :

issi ;zto :

2ãdì ,?86' i
zJoÞ 4¿4

2387 :492 i

i.qoiiq izts - 
:

2421 i262 16

l4àa ttsá i

: horn coral

, Èòrn óoiài

,¡loin cörai

hün'äãi
höiñ óôiäi

;3.5

il
t1

:t-|
ii -:
is :.:
ià-- ;

i3.5
. .......'.........1i4 .

:2.5 ,,

i

t1.5 I

'4:
J

:2

'2
J

,'.,.,-,'..... ,'... ì

;1 .

15 :

; horn coral

,nóin cóiäi

.hißín-;ó;iái

,-nóin òöiaí

ihiolf,-ó;;äi

inóin Coiâl

:noi'rñ óoilál

, norn coiâl

:'hóin ðòiäi
''tioin ðórài

, horn òoral

hitilðôiài
nöin òoräi

2784 i423 ì

2804 ;427 j5.5

2829 i264 ;

ieaia-:+i1 : '
: horn coral

inòin õôiãi

inorn Córal

: hòin córat

:ítioín clai:át

,hó;ñ òoiài

iñóin-ðóiái

iäöirñõiái
rròrn òôiät

.iìoffìöä

,2907 j363

,29ì7 l33B
;siaz :¿i¿

31ot' .üo-:ittz iz1i-'ràiso jìzö-
- 

:'3ìsé" iäöo

3166 ,266 I

3210 i4B0 I

,q
.,''',''',''''''''''
t2

i'i**
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; EWWall

:iìöin óðiãi- --

ínorn coral

, nórui ôöiài - --

.nôin ðòrâl
itiôrri-òõiài " '. -

horn coral

iori cnü:àü 
'

hoià óöiái '

hóin ööiái -
norn coiãt

nóin óóiãt

nòrn côiâl -
Èôrñ ðòral

nòlà-òöial 
--'

norn coial

, Comments
- - 

<jiritn èòà'äniäoèà ;-òáîcíìñ ãi'òôpiu m ao oesiees-oôwn from east

highly abradêd

highly abraded; äpex pointing west

hiþhly abraded' 
,níôñiü-aùiiààed 

* --
highfy abraded; cardinal septum 50 degrees down from east

highly abraded; cardinal septum straight down

nignty äbraOeO

highly abraded

well preserved

well preserved; cardinal septum 45 degrees down from east

moderateiy abraded

highly abraded

epitheca abraded

moderately abraded
rnishit äbräàóä ---

ix :y
táiili" tl/í1
t,ái,zta ,zis
'5sÁ4* Òid
'isÁz ¡zse

$58';'à42
z,zøz :iz4
iíaa ,áiz'
3,a4a 'äs
sqa2-,lsiø
giayi'zqs

zis+ø tl¿i
35ö6';25ó

zdaø tà¿i

j1
.ẑ
:^ ^" -

:2
ji -

:1

t2
;
¿

J

14

.4'
'.2

t1

i1 ',

i

i1.5 .

r{ r

iq-"-t

W

J

359Q :241

¡71s 
- 

i se

3729 iB4

áiEo i2ss l

; horn coral

ihörñ ööräi

:niprn-ëafál

: horn coral

horn coral

noiñ öôiál

nöiñ óóiai

nôìi ðòiaì

noin ðôiät

Ìñftôá¡
ñöin ðôiai

iweakly abraded

inióniv äoiääeô-

highly abraded

ñisÈii ábiâdeoläpéi ôôints eäêt

3766 462 i :2.5 .

i.t :

il 't

tz^ -- I

:1

;ì.5 
-"

i¡';-
J

...'..'.'
,¿

j5-
JÀ

11

r3797 i159 ì3.5
tTss- r:[aa- i--
,3ß'oi t4a¡2^ i- -

; epitheca abraded
-- ì'ñishil ãbiàðèd*-'

nighry âbrâdêd ---
-* .hisñìtã'úâäôä--^*

:'niönii äoiäded- ---

highly abraded

énlinéóá ãoiãoø

iire"öosiiiöñ-- ---

weàriry âbràoèo

rrishii ai;iãdéd--

nighlt àóiääed- 
-

hisrijt-äffâdeð 
'

- ,Cena- iai 
* i-- ^ : "--- tt.s "

isBìö-l¿äa--i--*I 
--' 

i3 
*

àazo :+oo : iz
'tagt 

"+sq 
, 2

3909355 ! . 3

:horn coral

inorn cóiài

iïôiÀ"ðüäi
;-nóin òôiãi

:ñôrñ'öoiál 
"

, horn coràì

ihoin ðõiál-
, hóió ðôiär 

-

iliöiñ-ðó;ai

3947 i290 1

"í,d+i- 
izi,oi- i'-

3ö58- iö7- i

ãe6o ,ãs- 
""i¡ -

sdzs iasg 
-ì

'+ooo :ilo- :^ -
qioi ;qoq i

loioi :dss-- ; -'
horn coral

nòin õöiát

rräin-ðoîäi

nörn ööräi

ihighly abraded

lhishit ãbiãdéd

4010 ;282

+ou itrc
:z
13.5

highly abraded

niönii äoiàóeo-

ihighly abraded

iÍììsriìt aitradèd'-
i'*--'-^---^-- -

:n¡snii äbiádód-
" 

i, nü,si¡li- iú: ánei ¿- 
-

well preserved; cardinal septum ¿5 Oegieês up fiom wèst

;highly abraded

,ïishty âbiädöii

nighiv äbiääöð

14039 j1'16 i ;

40t40 igOZ" 
¿o¿õ åoz

4044 11i ;

4050 4b3

40;64 118

J
;.....
t1

ihorn coral

ìnòrn"ôõiàì

:foli coüát

: ñôiñ"ðoiài

: horn coral

i horn coral

:ríóü:i"lói:át

'-tiöiä"òôiai
, nóiñ ðorài

horn coral

:4065 1114

,ìoiö- 
r 2ss

J
.'...'.
j3
:';;'
:J.C

:1.5

:1.5
aJ:
¿

.-...'',.a

1Ã

:4085 i 105. -' ""*" i4öiás-;l|i
,+1io :qiz

rhighly abraded t4115 :234
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Comments

highly abraded

highly abraded

moderaiely abraded

nighiy aOräOeo

weãkiy anraoe"o

we:jllU abraded¡ gardlnal ¡entum 
4_5 deoregs down from east ,4175 ,472

x.y
q4i,is.-:teî

;¿iso ; tae

:¿ìsz- ieoo
'qtst ita4''lafà':4il'

4190 :469

41ea- 1¡20

,2 Ã

;
J

:

i

rD
'2
tZ.S

:à

',à 5
'2*'

'Z
a

J

ì3.5

j.î.5-

t4
- l1---

:1

¡2
-',i-

1.5

1

HW
horn

:norn

, nôiñ

. norà
;-horñ

'hoin
irrórn

thóià
i"hórn

.nöin

i hó;n

ñóiñ

hôin

highly abraded

ñ¡ghti aóiádéo

highly abraded

nisnit abiadèd

n[ñi/ aoiáóóó

ñ¡shii àò;adäó

hishit ábiäóed

rhighly abraded
" 

ih,sñry-ä6iâìjêà

weakly abraded

weàxty äoraoeo

n¡snlv äbrãäed

highli abraoeo

imoderately abraded

moderately abraded

4206 i469
'+zo'a 

i¿;f¡iß
"qelz"iqaa

42is- t46T

+2ii i+an
horn

hõin

horn

hõ;ñ

ñún
hõrn

hóin

nórn

hóin

hôin

hôrn

h¡ghly abraded qZlA ',5¿

moOeräietv äoraoeo qSSà ,+te
highly abraded 4335 '477

epitneóä aOraded; cardinal septum 75 degrees down frôm west 43SA 47

weakly abraded 4388 I 330

,epitheca abraded; cardinat septum 45 oèéieöô uô irom eâöi - .[eisñ- 
i¿Js--- 

- 
i

',qáaa iia - 1

t4265 t3S ì

:iäso iäìs i

:+zd,5 iit!-- |

t4402 140 I

ii+ia :i-
t'i444-'a,5i

4qòa ii

;à-"

':1

: l.c

:1

il ^- 
',

il',
:l 

',

]1.5 i
'lì3.5 

ì

:horn

: höiñ

r horn

'hoin
ÀoiÀ

hóiÀ

horn

epitheca abraded 4468 1112 i

¿soz*i+¡- i-
'4sö;s- i1a^ ii

lhighly abraded

highly abraded; apex points west 4546 i96 l5

4
1..........

+

:horn

: horn

iñóñ
:'üñ moderately abraded 4550 1260 i :4.5
! horn coral

¡ñóin òoiâl

ihõñìôiäi' "

' 
nörn ôoiät

:ìóä"ðoràÌ"--
ltròin côiai -
:ifóili'éóilail-' 

"'

:nióín-éó¡:ál 
-

irroin óóiál 
- --

iñóin ðoiàl* -

'hoi:n-"éÁ¡:a,l 
'

hóiin-¿óíäf-'--
rroin óoial

nòrn ôôiál

highly abraded 4576 '36 ;

;highly abraded ,4614 i465 ,

epitnäða abraded; cardinal septum 45 degrees dôwn from west 4644 1sO

.a

.a

4E¡.J

'.'',....'''......
:1

;ì' 
14.ó;z
:;¿
:1.5
) 1'"'âi
aÂ

:3.5

'highly abraded

ñiöhìy áitiäèd**
ihìshìt"äòräddd 

--

epitheca abraded

highly

öpitñecä äniáäeôi ó#ðiñãi óepium lo oeòrèäs.uþ äóm wesr

mooeiàteiv àoràoeo

nignty abraOeO

4698 ',281 
i

. ¿zì ö 
- ;15** iî -*

,4ia4 tìi- ì**
weakly abraded; cardinal septum 30 degiees ¿own iióm west- 

-' :qill tlO+ 1

4751 1102 :2.5
- 

:416;a"i26- -:^ -

iizoo- j6ò ià
:,+ats :6;a-- ' 

"

,,ialà",öd 
" -i5-

¿a¡e i38 -is -

:ìass' iàã8 ,"
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:hóin.tòiái-*"
:nòrn coiàt

',niófn-coi:a't-'- 
-

: nórn Còiàl

inòin òiiial-

rhorn corál

. norn óoiál

iirôin ðoràr- 
"-

:xlY
.4éòo 

- 
; ¡ioî

t,'486D- iB1
-,îaøia 

i)sa'
- 

t4i:B;,eo l4ós^,4er1 
i"li-

4e62 ttt:t
,"4eilo i4oiÃ

,sosã i¿05

50BB :472

, sogz- r 2s 
"

srle isoi
,slil' ,loz-
.stsà:ìö5

5156 1102

:5174 i164

:ltgs'. :in'
:säio' :zie^
tltn:s- i2É1'

;sälo iàsö-

)srál ilo;ß'
is2oö* izso-
,sät*;C++

rD
t1.5 :

'4aj1.5 ,

t1.5 :

^.z

:i.5 ,

tj' ',

ls.s

ii'- - ',

z.c

'.1.5 r

)q

;¿;....-
,3.5 l

¿

;;
i4.5 i

a

-...''.'' ' .':
12.5 :

'......-,,.....'.a

ls.s t,

,3.5 ;',';

w

horn coral

nór:n cÁrál

nöin ôöiäi 
"*

hòin côiài----
i horn coral

: horn coral

: nôin coiai -

, noin òòiäl

horn coral

noin òorai

moderatefy abraded;

wealil auräoëij-* 
-

nishit ãbiadéd - '

highly abraded

ùeát<Íy á¡'raoéo;

moderately abr

ihighly abraded
- 

,eôänéôä äoià¿eàlòäioinäièêôiüm i5"ðèõieès óown rrom easr

weakty anräCed; cardinal septum 45 degrees down from east

highly abraded

möðeiäteiv abraded

rhighly abraded

r moàôràteii a¡iäoéä

iÈ¡shìyäbiáiiöii

iniöniv á¡iàäóo

- sri3s ¿os

5047 405

5049 405-- i5öñ- 1Afu- t' ''
5075 504

508'1 r215 ,

o

.

I

I

f'
: horn coral

. noin côràì 
- - -

'npi,Ii-óóiat- 
""'

,nòrn öóiäf----

' 
nóiñ'ôörái 

"*--

inoin-öôiäí----

'idrn-colàü 
^ *

'norn"córäf-" 
-

Ëoin óôräi'

'.t q

i¿i

i horn coral

inoin-ðôiái-
; hôin'öólái--

:norn cöiäi
iñôìiìðiä--
: nôrn ôôiàt

: nóiñ óóiát

,nórn Côrái 
"

: ñórn cõrál-
r noiÀ-òòiài 

-

: norn coiãl

, nöiiì"òóiaÌ'"

:hóiñ öüäi 
-

itìôin'ä;l'-
: nôin ôoiái

:nõrn Cõiäl

nóin òòral 
-

nioin-caüá-'

hòiä òôiài 
-

noiä'cóiãi-
nöin ðôiät 

"

5274 148 i2.5
Eiàiø ist - ,si.i

i2 l

i3 ':

-;q 
,'' ò.,'

ti :

iá*- ',

'4 
--,ì5306 i404 i

i$lô i68 i-- -

:epitheca abraded

highiy abraded

mòderately a"braded; cardinal septum points east

cardinal septum 50 degrees down from easi

highly abraded

móOèratety abraded

highly abraded
- 
iäisñit"ábiâdôd--*'-
moderately abraded

- läodeiàidù-äËiàdèä; ;ârdlñâiseritrjni ijìirits-òiiàiðñi oown

epitheca abraded; cardinal septum 45 degrees down from east

moderately abraded

hish¡t äb;äðéd- -
;epitheca abraded

5329 ,66 | ,

5342 4

s¡¿o lo¿

s¡4e :67

sü4 ii
5382 388

5384 .46

5385 17

s¿os àtq
5417 96

s+zo :+i1 f

t1.5
tr

r 1.5

)1.5

t1'
tt
',¡

';'
J

t........
:1 .5

l5439 i450

's4Èis lqal
i6dta* iiu

'2

:,
:1

',t
2.5

highly abraded ;5562 t129

lsisa,a' itzs
:sóia' 4it

.E

J

J

highly abraded

n¡òfr¡y aOra¿eO

moderately abraded

highly abraded

hióh¡t äb;ädöd

niörrrv ä¡iãóõo

highly abraded

highly abraded

hishlt áüâdéìi
n¡ónrv áoiãoe¿

aóéx pönTó wôét

moderately abraded
east
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iìôiñ-Cõiår'*-

hòin Cõral

hôin óó¡àí

horn ióral

noin coiãf 
.'

horn coràl

htoürn loíal
nóiñ óóiár

nóiln"óóial--

nòin córal

hóin òóral

hoin cöral

horn óoral

hôiñ òòiäi 
'-

horn coral

Comments lxìYlW:H;D
highly abraded

nísnty ábiaoed

:nignly ãtirädeo

wéát<iv aoiãóe¿

nigÈìÍ aòiádiid-

;nignty abraded

,ñigñiÍ ãbiãóeo
-nishtt 

àniaðed

- 
, soriÌi" '2s¡
5613 277

5615 ',277

5631 371

5582 t3O4

5583 1302

sé03- 
' 
àào

56ß5 ;41i

weá(¡y ãbiãdeo;'óaióinai éeptum só oeôiôéð óówn iróm west s634 273

highly abraded

highly abraded

highly abraded

inside gastropod; moderately abraded

highly abraded

ñighly aOra¿eO

horn coral iepitheca abraded

horn coral

rróin òôiài--
norn côiát

hôiÁ ðoräi"^^"

horn coral ;highly abraded

nóin coral " 
highly äbraded

i6005 i209

6065 j410

:5639'147 i

5643 ;1 18 :

5655 368

5700 457

,si6o.-, lor , -

5768 353***' *' 
i6iî8 t44--'i

6065:410

iéöó2',iöä
'aoisl- ti á

al4"s"' ,+a-
d¡+i ',les
Al4;ß''aOü

6as;à ;1
-oi'aö-;¿á

i horn coral highly abraded 5800 400 4

horn corál , niijnry aoraded 5sö¿ 367 ; :¿--

j5806 ,24 i

nöiñ ööiat nishty abradeð 5Boö 4oo

J
:{ Ãt.w

-- -t --12

tz' i'-
:a

..-..-..-... ... ....-................. ,...-..........

. i1
CC
J.J

.-......- ;....-.... -, ;."-"",..-114

moderately abraded 5822 ,315
":wéâttv 

auiäoéä;"Câiòinàisepium ìs"dèóièöè oown from west ,5s¿e ,es
highly abraded 598'1 ;61

epitheca abraded; cardinal sepium 60 degrees down from east ,5992 77

i horn coral

inóin ðòiãì

, nórn ôöiál
'hóiñ óóiäí

noin cõiãl

nôin cóiál

hôin óö¡äi

I horn coral

iñôin;öä.-
.hóiñ õöiái-

ihôin"ôóiài-

inörn öôiäf-

ìriölððrai-
,ÈòrÀ òorài

'i:ør:n 
éóüáü

, ñoin cóiäi
,norn côiäf-
:niiin-coiàl -

ñoin"õóiát-

iíóin loiäÌ-"
nõrn còräl-

rhighly abraded

highly abraded

highly abraded

nighit ábiãdéo

nishit abrâóóó
"ñishit 

ãúädéd"

l

i4:
is.5 

-^ 
l

J

13.5

J.5

;1.5
J

:4
:,4.s

',à s
;-
J

r highly abraded; inside cephalopod
^--,'iñiðä"óäðìrirpcicl 

mõäiiiatéiv äniäoeä

möoörätety abraded

moderately abraded

highly abraded

éipt;ittt;,eäàáóráaeó;óar¿inãiséptüirr'-4iaiesüéjeéuþrromwesi

èþi[neðä auraded

:highly abraded" 
,hishit ãbiâ¿èo-'"' 
1 ni;iþnti,y áin:iáideid

--- 
,niôrriv äÈjiaäðð

:n¡önlv äo;äóód

horn coral rhighly abraded

:6¡i4 161' 
'i4

latat lai i

:6200 t457 i

:6202 i74 l

i62ã i26** l****'o2zs 
io¿- 

* 
i- 

- "

6;all iiyl' : -- "

-aàÁ2 
:ais -:^--

i3.5';z
t4.s
i¿-

6242 
'476

da¿ià- tqaüt

a2sl itda
a¿io- t4ta
aä+^ ,ss'

2

ì-
i.b

:
ta

Ì1

ià
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: EWWall

;noin ôôìàì

,nòin cóåt

: ñorn còiai 
..

;rrôrn òóiät

: hôiñ"ôòrai 
'

: noin còiàt

,n;iói:n c,oilàil

; noin ðóiái 
- -

,nürn-coíal ^

; nórn òóiäì* 
'

, Uan¡porá- -
:uáiiìpì,òiia

,uànipoiia-'

:7 :206 :

in storm lens 246

highly aóraded 322 482

epitheca abraded 540 484

nignty áOraOeO; cardinal septum 50 degrees up from west 77g 258

eþitnéCà abraded; cardinal sepium 30 degrees up from east 1065 490

moderately abraded 4575 456

n¡önty aOraOeA 47OB 386

higl-rly abraded 4716 31

wèàkty aOraðed; cardinal septum 20 down from easi 501 f 3b1

:3993 449 19 I
5960 129 11 5

t' paià;eòìpi;iiium-' 
-' 

li)"äðiàiiiieò
*';¿z: -.iâ5g*-lö*- -' 

:6

rD
,1"
;Z.S';-

¡-3

,1 
-

t1

',2

:a

1

tq

tPalaeophyllum l'i;lotroiîniscòinnui' ""

, Þiotiò,;h¡¿;òi¡thus

P r o t rot c h i s; c; o I ilf, us
: 
Þ: io,t ro ò, h i s co I ith u s

P rotro ch i sco I ithus : overturned

Þiòtiòcn¡scomnus eñörüsiinö ceþnätopoo

Protròtchiscolithus encrusting stromatoporoid above

Piotrochiscotithus encrusting gastrópö¿

P rotro chi scol ithus domical

¡¿ess ii38 116 :4

Ssrs 135 ,ö.å r.s
6 496 9.5 2.5

11 532 14 5

124 532 4.5 2.5

186 304 7 1

'292 279 10 1

Clo ,zal
462 401 7 6

id¿ 4+e 
' 1o' o.s

707 519 ;5 0.5

825 395 15 12

964 .462 7 1

ìboo zsi e 
.'' 

r

ties,zos ¿ 0.5

5355 ì70 le t5

AE

t Protrochiscolithus I encrusting cephalopod
: P rotrochiscol itfius encrusting gasiropöO

: Þrorrocriri¿óTirirrï Ërìðiüätinl â"rec¿ti;rãC,iitid

Protrochiscolithus

Protroòn¡scot¡thus

P ro t rò c n ¡ s òpi t ¡ t: n ùt i
', froliò,Cn¡üot¡t¡uC enôrusting receptäculit¡ä 1198 i321 ì¿ 0.5

Protrochiscolithus,domed, encrusted on stromatoporoid
proiiociniicol¡{nüué:piàiiâti¡ii"oiaiidÁ"-'

Þ lol roü c nü süpi i i t¡r us i e ñ ó rus tì n é-õé ó ñá i o lóo
¡ Protrochiscolithus ;

Þror,òàrrËääürhu; iänciustrnd'ct;phatopod*
Protrochiscolithus

Protrochiscolithus :

iiòüoìii n ¡ icei t ¡tnté, büinôö

1206 1232 l

":1"1.82* 
i,lö;,e^ ie-"- :s--

- 
irsos- iA6o-- iB-- to|s

, ì¿¡a sto :s o.s

1446 378 6 0.5

1523 :437 ,5 2.5

1532 i424 i9 15

1699 j404 :4 :3
rÞiòìiroi cni slloiíthrs : êñðiustrñs1ððäi,iãðutìiid 1797 ì402 l5 0.5

teoó l¿05 1s ,s.s

taiso i'+14 ;q tC-
taisia-;¿ae iìà'.--'6
1878 1400 ì 10 r8

zosö ilòz- i3 - if
zisn ilda 

"le'- ,i.E

ta.òs" :ilt' i'4--" 
" 

| 0.5

i+òt ,4¿t : :

Protrochìscolithus encrusting stromatoporoid

: Protrochiscolithus

P rotro ch i sco I ithus ; domical

Þiòtrocn¡scot¡tnui overturned

Protrochiscolithus :

Protrochiscolithuis
p rot ro; ;h; i i ;o ¡ iihrC . é ñðiusii n g- r ni ¿ oi, ôò ià si "

irot iò, ò n ¡ sòo t ¡thus en crus ti n g strom atoporo¡d

Protrochiscolithus

26s



: EWWall i

, l i oi róîi í {lîlährl -* 
*-

, Próllóch¡scat¡|nui

Comments

encrusting bryozoan

overturned; encrusiing Sàffòrdophytlum

ôômìcä

encrusting gastropod; bored

bored; overturned

encrusting algal stromatolite

encrustìng gastropod; encrusted by Catapoecia

,xjyiW.H
i¿a4":tn:t .5* 

.. 
,¿j.s

2545 i42s :rO e
"zazt- :¿zs* i-8.5- Ó.5

/lsi6- tíßB-- i13 ,1.5

1

z

a

'3812 t409 :7.5 '1
'''àsî2- 

1+üe ;1.i- ''t^
:3819 i62 :4 3.5

383ì- :2éô tt.s ' à'
¡e5l rïï .s- ',1

: Protrochiscolithus ,

i llótióió n ¡ süói ii {n uit s,
:iìoiroói¡sóailius 

,

, P rotro òh ¡ s co, llth, u é,
a Þ lol iói èin í i cú lin ùiÁ,

, Þ ròt roì ò ni ¡ sc òi i ¡in uit i,
, IiotroCnilsüóitl[n li,
rÞ ioi roi ci i í i òòi, i¡ in ùü',

, Ploilóóläiédainüué

, iroi rói ó ni ¡ éóoìi iln ù s'
; P iotio, C ni i scó i ¡ tn u i :

t' ì; lô:{ro òn iö oil¡ n u i,

2764 1519 i1s
3066 ;501 iS

ái6Éi :zzi :ii
à¿5ö ,äoo , r¡

: Protrochiscolithus encrusting cephalopod
: Pìotrochiscolifhus encrusting stromatoþoroid

' Protrotchtiscolifhus encrustin B CaI apoeci a

Protrochíscotithus
I Protrochìscolithus

; P rot ro c h ì s co t i thi ui¡ s

Þiotrdan¡sicòt¡nus

irotrò,ònt¡scotìthuC in siorm lenöi eñóiust¡n g Càtei¡po;;ra

Protroch¡scolithus

Protrochiscolithus

t Protrochiscolifhus encrusting
' protiocn¡scot¡fhus encrusting stromatoporoid

1" e io:iio|lnl lcÃnntõ- iäööäìñiéTdiñs---*"*-*- -

; Þ iöiìòìiC n i s co t ¡ tn u s

3B7s'288 i8
3522 )12ß '6

d,eiaa i44e 
^ 

'a

1

1

i
3927 :453 :4 1

ãéBo ì¿99- :is ,3

¿oir iCì+ ìa .'1-5
"qaqis- 

:laa-- :1á 
- - 

,1

4ööì- j366 ì rr.s : i
4zss- tloo"- ì-e--",ô"
4il4- iioìi' iìo 

* ":1 -
4ii,+ iiai js.s- : r

P rot ro ch i s co t it hus, en crusted oñ easi öio ö ov'' C àii ài pìo; ei Cí a 4528 :312 ,12 5

:ProtrochiscolÌthus :

:Þ roi,tloialiióloi¡nié f énóiültlnó"õiiómãÍoóóió]0

Þ rotro c h i ic;o l if hus en crusti n g strom atopoöi d

'" - 
:4641* 1îö7* ie'- " jä--'
¿bas ¿oz io.s 1.5

4sst i+s' i s

:4698 i393 i9 13

',4aol- iißiÃ- i1"i- 
*" 

:à

4837 313 4 '1

ì4845 j435 i9 '1-'4BBià- 3is' "iB- - -1-

Protrochiscolithus : i4702 i4j1 iA ,l

Protrochiscolithus :

Þ ròi roi ò n ¡ s co n nus : 
en øùs téd by C a I a p o e c i a (tvri cé)

Þroüocnt¡icõtítnus

ProtrochisòotÌtius

; ProtrochÌscolithus

, Þ: ióil iòiü, i i s có i ítni uiÁ

,'ÞioíiòìijniiJrcoiiilnuis

:ploiroCnä¡si,cól¡i¡us ,óvertuineii - -'- " ^

' Þrotìoòi¡scòt¡thus

: Þrotrochiscolithui

Piotrochiscolit¡us

P roiiò,òhi èò;oI ¡thus encrustins öäöiiôpoo

,5105 i242 )16 t4

5120 380 12 2

5382:400 4 .2

s¡ee 307 11 2

5396 506 7 1

5426 509 5 '3

5503 379 ;5 1.5

ssgz :s7z b 1

4949 i469 i9 4

¿sösiììr tzo ,1

àoi5"i3e3 -Ììo*',ï.ò
bosì- Ì545 ls.s i-

Protrochiscolithus :encrusting gashopod .509A :2iì4 
.. 

i5 
" -:4:5

266
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:'Þiotro Cii;îôôl¡i¡ii

: P: roIioi ci í s òóüt ¡ t n u s

Comments X;y W

5705 t292 i6

s|¿e :4æ ,B.s

1

1

1

1

I

Protrochiscolithus '

Piòtiochiscolithus

Protroichiscotithus

Protrochiscotithus

P: rotro ch i sco I i thus en cru sti n g rece ptacu I ¡ti d

Þiòlròaniiòol¡tnus

Þroiroch"iscolithus

Protrochiscotithus encrusting stromatoporoid

Protrochiscotithus

Protiochiscolìthus encrusting cephalopod

Þ ioiroch iscol ithus encrusting stromatoporoid

reòeptaculitìd good shielding

:5761 ,407 :B

,5eóa;s7z is.5

'sás4 i4oa 
-- 

'ä.å58é6 i23e i5.5

sisitt lisià tai.s

sé5i ,¿es ì r3

slaia ':224' :ò
sÒso- ia6o 1¿.5

AOIO ,+lq ,lá
6182 :64 t1a
azi+ :,40ò :tq'l ';¿E+"',"tt

6 l5O2 :17

'1 '

:1 ':

1,
;¿'
'1 :

?Ã

1;
t.c

'.--'..'''..'.......1:
1receptaculitid

iéðeöiäôüiitid-

iäööôtâöuiiti¿-

io ,550 .6 r.s
,o- 5ìb ro ì

receptaculitid

ieòepiàöüiiiio'" 
* "

ieéepüacitt;n;i¿-- 
-

ieööpiäöüiläó-*- -
on top of storm lens

óüértüiñed-" - - -

46 idso ir¡
5z- 

*i2ió--is'

an--- iíøia"-"it|
fö-'^ iàìì i1à

1.5

ireceptaculitid 
;

lieòeptaculitid'
86 i372 i19

t1 |

il"- |

teìß-- i4ià2 iïl --:-i- "i

142 328 6 1

encrusting stromatoporoid above 160 1279 ì10 1

170 ;396 :14 r 1"ii1-"t[is tt" 1

- :tei tqi,¿a :12 tl i

235 S85 :t t 1.5

266 259,10 ì
,2Bo àst 1z 1

312 506 12 1

Cis 3Be e 1

iai 461 14 1 :

329 511 10 'i - -

:¿ìö- i¡os-"iìI -:ì
!422 ì356 i1

i¿¿o 
- iäso-* iiö

t446 1200 ì38

.+7¡ 
- isié--fì¡*-

:tlì-- isi,ds^- ia-
:qîî ^ 

isisà*- il1-
¿za- :a6ö 

^ ilí

ì1

:l*
t.c

t4'
,1
;

¡

receptaculitid

good shielding

261



, EWWail , Gomments : i ', t i-W H , D

ièCéiitacuiiiio 837 506 17 1

iecèptãculitid 550 330 | 12 1

reðeptaculitid 550 4g7 i B 1

receptaculitid 552 382 10 1

receptaculitid 562 512 11 1

receptaculitid direcily on top of unburrowed sedimeni; great shielding 580 383 31 2.s

rèòeptaculitid Sg7 3b7 15 1

ieceiptäðüiitiO good shielding 602 SO1 ,11 1

receptacüiitid 603 388 10 1

iecäptäiulitid623367-o1''
receptaòuiitio 62A 389 13 , i .5

receptaculitid 654 359 13 1 .5

,ièCeþtäiurit¡o , oaó ¡s¿ , B 1.5 :

reiêþtacutitiA ',ioq-,si6 ir3*-ìì*.'' l - r

rôCeptaculitid 723 462 9.5 1

receptaculitid gooO ênietOing 736 2gS ,10 1

receptaculitid :encrusted by Protrochiscolifhus; on top of storm lens 826 3gO 23 1 ,,

receptaculitid :goodsh¡elding

recepiaculitid

receptaculitid

iecéptäôütitio

receptaculitid :

rèóèptáculìt¡¿ i

:receptaculitid i

,receptaöütitid öööo ðn¡elo¡ng rrom ounowing

ireceptaculitid 
:

,748 i251 ì10 1 , l

;7òs- iAöö r2i 1.5' ; i

,Bß :ãsa 
-;za '1 t 

i

-"',a|a- id.6z' ,i " " 'í ' -i-*---i

receptaculitid , directly on top of storm lens ;853 t¡O¡ i14 it
receptäiutitiO good sniötding 856 :279 10 a

iécepiaculitid on toþ öiðtoim lens - BBs ¿s7 i-ìö o.s.

Ì932 ì234 izz : t i- |

isáä'- ¡jás^ i2s-- :t*-- i'-- :

967 i265 r10 :1 I :

öòr-',502 iìs -;r ;- -l

dBa- tnls -i1t- ;1'--', 
:''- - ---:

1020 t298 ì27 1 ) :

;ìoãe-lsàa-I2i '2 
-';-

1050 407 19 1

r ós-'o 263 9 1- :10,76i++a itl a- i^'

jreceptaculitid 
I

iiöðèötäcuiit¡o 
- 

r

iiööéóiäCúiiiid*--" i

:iöcépiäðüiiäo-- 
' 

'

ireceptaculitid :

:ièóêptäðüi¡i¡o- 
*igoôò 

sÈìeloìnó

iecêptaculitid

iecèþtaiutitio

;receptaculitid l

;receptaculitid goodshielding

receptäculitid

ieðeþtäöutitio

ì938 i328 i8 :1 , ì

:eql ,rs6 -iie--- i 1 ;

'-' 
i ö6¡í"- i¿ä6^- i1ö--'il* 1"" 

" - - 
:- ,öoo- 

-i+öá^-i-ß-- ;1 t ,

receptaculitid - 
:'loiala- td¡e ìào 

'-- iz ,

receptaculitid

268

1083 ;262 I 15 .1



: EWWall 
,

receptaculitid

receptaculitid

reòeþtãcuiiiið

receþiaculitid gooO shietOlng

Comments xtyiw,H
tólaz" ,'àoz 

-' ;tó 1

toeü i¿gi¿ ,a r'ilöt-:äa- 
t¿ia-- ,z -

4144-iCii )10 -a

receptaculitid :goodshielding

:receptaculitid :moderateshielding

iéceþtaculitid

ieðepiäöuiitio

,recèþtaôul¡t¡d

ireceptaculitid

receptaculiiid encrustedbyProtrochiscotithus

receptaculitid

rèòêptaculitid

receptacuiitid below storm lens
'receptaculitid goodshielding

rècèþiaculitid

recepiaculitid

receptaðuiitid

iécêptacuiitio

recèþtaculitid

receptaculitið 
:

receptaïulitid

receþtàculitid good shielding

itrca '21a :tà - ;1-
1168 ,441 6.5 1

1172 àæ ',20 1.5

1192 '320 '20 
1

12oO '457 I 1

t2sa stt '23 1

iz+s 394 r 19 1

1270 ,495 ,13 1

1280 3ö1 17 1

tàä ies .ö 1

isor zaa tr 1

1304 239 1b 1

1372 492 28 2

13ß2 424 ,à+ 
1

ltas vz 15 - i-
1420 4,49 15 1

1422 1362 15 2

:1145 i492 i16 1

11153 t3g2 t14 i
,ltss isoü'' is- -''a

)1429 i500 i10 :1

ia4Às tiii- ils-^ ta-
iî¿ss- üäî-"1 if - : l- 

"

l't+ai i2üø iia lr
ii472- iiöì 

"' 
i'e- 

*- 
iî-"

:t4s;o* iis,ø 
-'a 

, r

1493 1400 i16 r1

îsoo r+02 I ìz .r

;

, good shielding

:1504 :203 i8 :1

ìsoa ¿s5,8 1

ì soa 52¡ r é 1.s

:receptaculitid

irôcepiàcuiitio-

;ìijôeijïäòüiììiä"

ireòèpiàôuiitio 
-

:Ieód,ptáätä,tio"'

r ieðäptàõuiiiio-

'ieðéóiáöüiítü-
, ieCèpiaðuiiìio-

; iéóépiãcrii¡iíó

:'ieóeóíäóilitid-

¡reóöptäCuiiti¿

-fåão- 
AB1*'ìì6 -*"ì---' i^---' j

lsZZ i+a,S :1q- I | 'l

"ì62à";Ëdö*:,áü^ ":;i.s- i '^ 
':

1'Eìn4 lißà- tlt ,t' ; :

ì åîo 
" isòi- 

- 
i lo "- 

- -i.b*-- ,' ,

1545 385 ,19 1 :

lsisi líäat ilo- ' 
'¡..s' | - 

|

ìsoo islö- lts 't i :

:1567 iZZ6 i10 :1 ,, 
I

in storm lens

,possibly same as above

,good shielding

:1582 t276 !11 ,l' 
:4i)di- iCöi-'ito - 'l'

269

;1606 i3B1 ì9 ,1.5

,loto ;zos-- i-à6-- ii.5
iìôîd- ì¿äö 
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xiYtW H:D
receptaculit¡d : - 

,'l6i 5- imi-^ )lS*- 'Z

EWWall

;receptaculitid

:ie;èótacüÍfiiä

;rôðäóiäöuiiäo

:ieðèptáðùiiiìã

:iécéótâcûl¡ií¿

:reôéóiaóut¡i¡â

:ióðãptãôuiíi¡d

:recépiãóuÍ¡tio

iiecepiaóul¡t¡o

,iéóéptácunlio

;iôóeótàôüiitíò

;ióóeôtàôüiitið

: recéijiãóüiiiìo

:reôèþtáðutiiið

Comments

fragment in storm lens

Oom¡ðat

in itorm lens

good shielding

on top of storm lens

above storm lens; partial shielding

on top of storm lens; good shielding

'1620 i431 j5 1

t1ß2e- t4ió' l1o ,ö."ò

; tös5 i2ào i is , ì

ì6ã5 lael--iìì"- 'î-
t o4o .¿oo ,,zi :.1

tl64t,sßà tre ,ô.s
:rc2ò:¿qo ,18 ì.5

'l6;i1 ',ía1- :ti ,t
4720 '4,62 :,2 

, 1

4lzi :té,a :,e ,i
1ii2 tiiài iro ì

: tzsa j¿15 rÒ 1

-iìi+s-;¿sa- ,i ,ì
'tiai,qi,sz lio .r

ireceptaculitid :encrusied by Protrochiscolithus :1799 t4O1 ill 1.s

receptäculitid :1820 383 19 1

receptaculiiid 
', 1827 441 :14 1

receptaculitid 
, 1865 '426 ,12 1

receptaculitid on iop of stòim ieña; éiìciftted øy Þrotrocniicòttnus iéi8- ;¿öö- ¿ï 1.5

rrècepiäôuiiiio 
* -,söõä 

shìö¡¿ìñé 
" -

:reieptäðut¡tiä goodshielding

ìióóepiaóuiliíã"'**"*^'
receþtaculitið

,reöö- i2éB--i"¡i-^ )i

:receptaculit¡d

irecôptàõutitià

iiõòìiôtäðüiìii¿ 
'

,-reòöp1âôuiitið

: reôepfáðuiiiid--'

,rèóèptacutiiio

iiécépiäóuÍ¡i¡o-

,iôöeÈtäcuìitiô

l reCeótacüiläó--

:iijòópiáèùÌitiä' 
*

:receptãcutit¡O

good shielding

good shielding

éoitd shié¡diñö

good shielding

-"illîB- tsioî" 
" 
is 

*-.. 
'ì

receptaculitid 2134 1467 i10 1

',l\9z i3z6 ii1 :1 :

,"t'eì's^ ilià" ' 
:'i5-- ,'t.s--" ,, -

' 
:teiqo- iiTr ib - -- rì r

1953 t425 :14 1

1s5,4 i4,5,s ;¡4 ,1

ìeBô ii3ä "ilö--":í

zoiniz- 14Þü 
' :tà' ,r

2ooö-isfi iö^- -:i
zors isos i ì8 ì

lo;zs lSis 
-ié 

11

à035-iß5'ìß .i
,äAe'ts;aà-- izt-- ,z
"26ijï- 

i46A - tîõ 1

2isn :i+¿ 'i4t 
'1

receptaculitid

ieòeöiá;uiìiid

iêöeótãóuíitrd

ieôópiáöùíítid

good shielding

gôôà"éh¡ärdiné

:receptaculitid i

iecèþtâcutitio

reòepiãcülit¡o

i2150 ;316 112 I 1
- .2iiìi- i+s7- iì5 ' i ì -'
- 

¡"i1öin-" iáü+"iio-- ;t"-
:2223 ¡329 i13 l1.5

:2264 1506 i9 '1

'2267 1446 ;10 1

2272 j496 r13 ,1

receþtäöuiitio 22s4 2# ìe r

récepiaðùtitio 225t7 bo3 : 13 1

receptaculitid

270
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, EWWall

lèðôöiàðüiilid'
,rècepiacutiiio

,róõôplàóüi¡iió

;recepiáòùtitio

, iecèltáCäiiúà 
'-

,receþtácutiiio

; réóéóiáóuiiió"

rreðãótáóuiitíó

,iéóeóTàöuÍiäð-

, rèòépiâcùi¡iià

, ieCéptaðuliti¿- 
-

l iöòeptàCüiíiio-

j iôöeóläöüiii¡d-

iéôépiãcujiîkj-

:receþtàcuiiiio

Comments xrY W HJD
2304 t494 '15 1

àzzi :zni4 ,ts 1.s

áàitq-',ítt -r'10- - 'i '.

äAa :s17 ',8 
1

2¡se':iìe r

2403 ',51i ';ls 
1

z4áa 'ies ,'1's I
z:+l9 ,442 :s-- - ,t

good shjelding

gooo êr'¡êioins

top òr ¡eo

,2442 ;318 t7 1

,2466 326 I 1

2470 322 'g 1

2515 42c g 1

2517 427 13 1

good shielding

12545 t482 :11 :1

12580 .291 i14 :1

receplà;üÎtíô

;receptaculitid

iieóepiaðüiiiio

:iêóêpláöui¡i¡o

, ieóóptäóuiítiô-

: ióCeóiácuiiiio-

,rôcéptaôuiii¡d

,rècepiaculitid

:ieóópiäôùiäió"

i'ióóóptaóuiitio

fec¿tptäôul'tid-

ireceptáðùl¡t¡ô

:recéóiáóútitia
jiööeótäcúÍiäo

receptaculitid

'isiaö ¿zi- :s i1

receptaculitid igoodshieldingfromburrowing tàsi,eif ileäs if6 -'iî-
' 

: 16ú- t 4ls-' ia 
- - -' ¡--

:àsisià-,3öì iìi .'1.s

:islo" iiel- itt t4 
'

i26ös- l¿oo 
- ia-- :r

good shielding

'*"- 
l6ßts' :òti*":e--^ ,i
2703 482 ]10 1

2721 379 11 1

215þ 423 10 1

2zoö ¡er 11 1

.276ß :4i2- i¡t 
*'ì

äaq 421 12 1

zrioi 5iì 27 1.s

2BO7 228 7 1

i receþiáôliitio --' i'öööd-shieicííñó 2813 soo I ìs 'a

ieóeþtâõüiìiio 
- --';göod 

éÈìelðìng'-- 
"

receptaculiiid :

receptaculitid 
'gôódshiéidíñs

i2sài iia¿" 
'iìö- i"î-

:i.aiøti ilsiß-- is tz
iili,61- iiiài.6^' i-ra-, ì.5
izeiß1 i2l6* i-aö 

'-':1''

:receptaculitid

rtö¿èpiàótiiiid

iièóäpiäôüÍiíìu

iióòóptäöuiíiío

röi;l;"*i¿ belowstorm 
lens

éiiensiveíy scouièo

r2903 ì389 i8 )1

igos ,+za ,l 1

:löo+ '4à4 's 
1

2sos 4,2 111 a

receptaculitid

iécéótãóul¡tið--

ieòêôtäðüiítio 
-

röcôptäôulitio

rèóèòÌacùiiiió -
leõdliàcit;ll'ii¿-

iéõöÈiäcuäiiij-".

reðeptáCuiitio -
rðceptäóùíiiið'.

:2Òì7 izl* ilé"*- î-
:ziiit iisì ^ 

17' 
- 't

',leiíi' lilt- " 
:12.s,a

l;s19, :,sips iJB :2 s

,2944 ,327 112 0.5

,2e55 i+so :tà :l
2baa ß7 :7 1

åozs 25s 'r B 1

3026 239 7 2
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: EWWall

'ieôepiácütiäo
;recéþtaculitid

receptaculitid

róòepiäôüiiiìà

Comments xiyìW
sô,is ,Às1 l's'
3oÖ4 ,316 ,'13

illi 'tqi,s ;1

ltts /ä :ll
ìreceptaculitid
;iéòèptáóüiiiio

rréóéóiáôui¡Ír¿

; ieôeôtàöuiitið-

:iöòôpiãðüiiiio-

iièòépiâðuiiiia

'rôcdpiáõuliiÍó
:iecöÈiàðuiitio

;rècepíãðuiiiio

ireðèpiäèuäiiìj-

irecèptaculitid

'

good shielding

,3176:200 izg
tz1lt i+,+z j 1ì

-'zäetz :4dn :t"q-- ,sai6 iieT -11ö
-- ){4eö-i¿.64- ta|

i3403:zia lti
sio+ izza :4i

' eioi4 ì43a ,14

'slo4 .¿e9 
'e*" 

,¡70/ iiar--,ro
S:lOt :+,OA :lO

1

2
: 
ì--

ì
- 
,2"
t'l'
-1-

-.ì
:1"

: 1.5

,l
1'
1

"ii-

: l.S
:recepiaculitid

:receptàòuiitio

: lecõptäðuiitio-

,rèôepiaôúiìtið
f iécéótáóuÍii¡o 

-

:ieceptàôuiíiið

''réóäptàòuäiÍo-
liecêöià¿üiiìù

irecepiáõulil¡o

ÌitôèìjiäòúiítiA-
.ieòep¡ácuiíäd-

ircò¿;dtäüììiid

irecéptãóül¡iia

irôðepiäòüiiiio-

iróóêptaðuiiiio

'3713 ì367 ì11 :1

,Ciàs- i+zo ii.o :i
,ó1tö' ,qti-- iö-''--,i-
üqs tit'l" 'ìì .t
illi- 'täi" t la a ..s

ä14 i4as i1i ,1
"C1ïs" :íss i6"- -''a'

C1a2 :4i,4i ia- 1

á;rs+ tlai jlo 
'l'saiö-;+¿já *iìð-' 
iì*"

iaiài- i4zò 
- i14-- ia-'

,3824 1488 t12 i,1

3846 2ß6 17 1

zaø ,+oi :.22 1.5

sseo 4ot i9 1

:receptaculit¡d

iièCeptácüiìtio 
-

lreceptaculitid :

:iöðôptaòùìiiiä 
-'

: röóeijiàðuiii-íä"--- i
receptaculitid

iéóéptacutiiio

^iat,i1" iTf* 1ì7.5 1.5

áeaà tiis ,zt ',1

receptaculit¡d

recepiãóútitio

3942 t387 i9 1

13947 1436 :14

ireceptaculitid :

:receptaculitid

receptäcutitiO

receptaculitid

reðeptäðulitio

,3950 Ì 101 : 10.5 1.5

3963 280 ,12 1

,3965;37 11 1

3976 238 19.5 1

se77 ,Coa e 1

iegiT.. i¡a¿- iì7 : r.s:receptaculitid :

iiéðéóiáóuìii¡d )

i ieòèì;îäLjiíiíð --^ :^* *
iöóöötäóuiitiä

i:

i:

;jreceptaculitid

272
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ETWiIL Gomments x iy W

rreceptaculitid :

receptaculitid

receptaculitid

receptaculiiid
:ieceptaculitid

receptaculitid
lieôeptacuiii¡o

receptaculitid

receptaculitid

receptaculitid

:recépiácuiit¡o

receptaCulitid

receptaculitid

+ota lit to í.5
4077 j243

4oì,%- l1B-

+óeil tit-s
ììol iãlô

7 .1

16 'a
9-1
1'4 -'l '

4120 :393 :14 ,2

+tzo :42i , r¡ 1.b

4131 :514 I t¡ :1

4täe* ',zila-" ' B-" ,1^

¿t¿t :4ìi 'ta 1.s

ttdt- :laf -:'ió - 
ri

¿tos:à12 tzo ,t.s

4taz';ünz ìio 'r
'+til- :1i'z- tti- ,t
+lez :l2z 1,7 ,1.5

,4214 t11B \17 .3

:qiàs"¡t;s :i4-- :a

:nsa- it 5^- i12 
" ,¡

,,'+àsi,a li4ü irs 
"- 

iz
4tÊiÀ '4a;E s* - ì

i¿äöö- l:ö6*- i11'.i- ià'
4286 161 :A.S 1

:4290 i285 i15 :1

;4iia- iloia- ito- ri

'4324 93 i12 1

ß)i 6,6 16 1

4340 1b6 , 10.5 1 .5

,¿¡SZ l¡SS ,tt tl :

:4359 i409 i5.5 1 ;

'4364 i483 120 1

¿sö5 s8s :16 1

4399 150 11 0.5

4Ãos tts 11 1.s

4407 ßa :,9 
1

q4to ',Cz 16 ì.s
4410 411 5.5 1.5

4415 140 117 1.5

4419 '249 I 1

4447 :,482 ,i 2

,I4æ s ,,i1 i
; , 4467 :392 iZt i1.5 i 1

4478 :209 110 '1

4478 343 9.5 1

4480 ,389 ,14 ,'1.5

4iBà- )ræ 
*"ì 

r5.5 
- 

:-1

4qez- itsia 
- 

t41.s ,,a

lsins^ itles'"- llö*- .ì
¿s^o- :üa"-ie- - .ì

encrusted by Favistina

213



EWWall :

;éðeóraõäitrd 
**- *

iéceptaòulitià

rèðeóiáCuiiiío

réceþtaculitid

Comments x I y;W H

,ili3a- ;ä6ã'-" .ìo--''1.5
+sq,e :lOiz :la 1.5

4s5ô- jì)ö' is--' i--
4ss¿ ',àsa- ,tì - t

:receptaculitid

'ieiòptaóuiilio
;iecéplaôuíiiio

,röõeótàcuiitío

iïðòeóþðüiiìd

iièôeòtàcuiiiio

receptaculitid

ireceptaculitid

iiècèpiàòùiitio

Íôóéptãóuíiiió

:recepiaóuiitiä

iiéõöóiáóüiiÍid

.ièóèpiâcuiiiià

:receptâõuti[io

iôòàóìàðüiiiið

;reôöötäòüiiÍiô

ireòðötaðüt'rt'rd

íreðèôiáóüriiio

iieôejöiaóuiÍiío'

iióöäótäóutíti¿

iléc,epláü:rntd"

iieðèptâðuíiÌìð
iiéóéËtáóui¡lid

röcãþiäcùiiiìo

4555 :302 ',12 1

¿s5Ö i¡ss :14 1.5

4565 i3s5 :1t.i ',t.s

+sl¿-lqae,ls-'z
,4575 i39B ;7.5 2

4585 258 13.5 , 1.5

|qdaio- iea -- ia"s" 
" 
:1"

I ãoöo- irs1' : aÍ.i-',1--
:4645- i46B- 1ti' !-t.s

:4:621'ilaid - 
ie 

-*..-:r ""

rrecePtaculitid )

iéðepiáöút¡t¡ä

, receptaculitid

'receptaculitid

ireceptaculitid :

;röôéÈtacuÍliío --- i -

receptaculitid

',¿sza iqi+ i 1s 
- 

;"r.s

4625 3,97 i9 i
¿aiz ¿aö 'rc 1.5

- --^- :4aiÁe- 1¿î1-" iÁi* "" 
:t-.s-

14652 i148 i1B :1

:'4r;lá i41'7"'ii - ,l

"46ß4- 

ii.6g ia ^ ,i
- - --- '-iladp ;tlo^ ' 

iti"..5^ 
'i-.i

'4614" :zio l'ti .t
'4ata 

'áßs ttt.i 
:Þ

encrusted by Catenipora

4695 137 i10 ,1

+1öo- j+sí" fìB - ,à'
AToe- r'iiil* i îö"" 

-, 
ì.s

4iin iilsä :tz ''t
"" 

i¿is4' ii*l- " 
:iais- ',i " 

i- 
:¿7s¿- iioo- i4.s- : 1 s i

+iais:ìso a 1 :"i¿zaö-iai4à- 
lin"- :ì.s i--

'¿zao,ta+ I ,1 '

- 
i+tai¿^ l¿tö' iio.s- ia-'-- i'-- lls- i43ß 

"ils-- - 
,1.d*- i**

i¿?iÐ i6itl*"Fs -i1*
ltiÒia iiie ì"i 3--- i'1

j?81ö" i4öA-" i"ll^*,, 4-.s

i¿81ä 31ö- :t+ it-.i
4837 1466 i8 ,1.5

:receptaculitid

iiéöeòtäôùiii¡à 
- -

föðérttäöijiitid ---
;'röööötãcùtitio----

:receptaculitid

iièòeóiäõrjùi¡o

i réiéóiáóuiiiío'

,'reöeôiäóüiìiìo- --
receptaculitid l

ièöêptâðui¡ìio 
'

iéiepiàóutiilá - -,

ieäéptaötiätìð 
" '--;

róôäþtäòuiítio --- 
i

;4850 1459 i 18 i 1.5

4BlC :il6- ìa1- -'l -
.iaso '85 :tl 'l
i¿sói-j6-- :li*-'7'-
.ìaös-r¿67 

-;i 
'1.54soo ti- jró ,1

"4e;14^ 
i3tsB'- :iq- " 

:t^-
¿g¡A j2oi itø - ':1

¿éð5 ii"**ììô*-:"1-'receptaculitid

274



j EWWall

:recepiäCùiit¡ó

.reóèptãcutit¡o

:ióóãpiäôuÍitío

: ieðóptaöuiítið'

i'iðòepïaòüiiti¿"

iiöôéôiäõuiitio 
-

;ieóepiacùiäió

:reööptáóuiítio

;;éõépiãðuiiäd,-

:reòeptâòùiii¡o 
-

.recêõiaðuli:iío 
"

.reòeôtácutítió

iréöèpiäöùtitÍo

14956 i406 tS ,1 ;

'4988 ;¿8S 
" 

; rS : í.S i

:4s;Bs- iái-'- is t ' t'- '
4995 Ì509 117 ,1 5 i

5009 1417 ì6 :1 t

,sôr+ lsgo lrl ,1.s i" 
sß10 isa- -:ta '',1.s ''" '

' 
i5ó26 ¡ös :i¿ t.i -,
5029 403 10 1

c9.mme1ts xryrWH:D
4938 509 13 1.5

4s+s tz 10 1

4955 I 16 1

4sss zzz rì.5 r

5030 l481 i21 1 .5

5038 Í398 i20 ,1.5

receptaculiiid

receþ-iãcútiiiò

iöòäöîáiüiäíð

reòepiâcùÍii¡ä

iéðêôiaðuríiið

reòèptäôul¡tio

rreceptaculiiid

i'rèòòôìaöuiiüä

5043 i490 :20 :1

receptaculitid ,

reôópläðuiiüo- 
- 

,

receptaculitid

- 
:soìso^ i¿s¿ 

- iiz - ''t

sosz'zls 7.5 1

5054 395 1 1.5 1.5

soTs '¿éo 12 1

5085 21ì :8 1

5oså 4os îs 1

sosT s6 rs 1.s

5100435 I 1 :

:receptaculitid

,iéòéptãòùtitió

iiöðêptaöuääã----

:ióóäptäöuiitiä*- 
-

iiö¿éi;îäöüiirid***
liéóéptäóulitid

good shielding

iSlie isoö*"ie-' ii -

5120 ì496 ì18 i1.5

i 5iäî- iä05* 
" 

i ìä"" 
-- 

il--
isiÀi,¿á i¿ain f i5 :l
is147 3|ùi'- iì3' -ii-
i5142- i¿02 

" 
ilsi.s 't-

'liao^ i4ls-- is--- '"4

i5äì4-iAe4--íi' ',t'
siùs i+ais is :1.ó

isâsiq- :iist to.s . i- -

5237 :318 I'19 1

5244 401 '14 1

5267 156 12 1

szio 214 13 1

'szz+ 294 '10.5 1

- 
52Bo- j434 ' iìz*" i*- --,
sza8,'roo 10.5 1

5289 86 ;8 1

szgo so¡ ' 17 1.5

5300 436 15 1

s3ì5 104 s 1

5320 165 17 1

ilji;eì* :tia-- iTs---, î-** i- -" 
-

5¡2ä ¿o¿ 15 1

5330 .355 13 1 :
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EWWall Comments t'x--l"i " r"w
is546" iã06 

-- izï-
s¡¿g iSss il¡

:"séisá' i"+:it'- 
' ,"ä-

:s¿oó i¿¡o--i'2ö 
'

,òììs" iæg 
' 

i6"
S'+15 ,32¿ ;12

'sqls :sl - 
:zi

s¿¡ö i¿so itt
'sqzi,s- t4t'é^ ;24-
:S¿¿S :¿SZ jÒ

:sll6 .46ß ,li
s¿óa- isöz : 16

s+:ts :iilt - 
ia-

-àìÒ.s" 
:3öä 

'iiö""

S¿SO ,¿Sg : tO

;receptaculit¡d

,iêóêpiacutitio
j ieðöpîácùîiìd-'

, ióceptäðuiíiio-

,ieceótacuiii¡l 
-

:receptáòulitid

;iécéótáóuíitíá

ióòeþtãõuliiiô

: iecepiãCuiíiló-

,receþtacùtiiio

'reðépiãõúiiiió
, ieòepiaôuiiiió-

, reòéptãðuiiîìä 
-

:ôôóöiàì¡ìíi',d

lreceptàculitió

: ièóéÈlaCLìùtio'

:'reóôptäóuiiiio

,?éóéþläðúiifil-

:iecèöiäcùiitio
i;eild,p:iá:älllíd-

iiõóäótäðuiiiio

, 1.5

:1

t1 5-
;;

:1

1

1

,2

,Z-
ì -s--

: l.,s

i.s
t1

;i '. -

1

5500 j 130 :11 :1.5
sÈ1à iz.qü 

^ 
l-ö.5---:i-

5537:421 i13 ,1

sisit '¿,aià^- þ t.s
5575 ;506 itt ,1.5

receptaculitid

iöcepiâcùiitià

iêóôôtàcuiit¡o

îitôðptâòúi¡tìA

róôòpiáöüiiiið

5585,421 i11 1

i55e1- i15B-" i li**' :f*'
sssi zgta rc 2

ssse .zOg i ts 1

5600 ,399 i îs 2

söì¡ öz '2ß ,1.5

5617 j70 ì9.5 I 1.5

Sosa itoe i1é 3

6052'isès'- ilt^- ,t'-'

505¿':toî- rtni.s tl.s

:receptaculitid

:iecéptácùlit¡o

iieõöptâôüiiíiô

iréööpîaöuiiiìo

'iðòéótäóüiíiio
iréòèpiacùiiïià

iieðèóÍaóuÍ¡iió

:reóäótäóuiíii¿

;receptaculitid ì

on top of storm lens

receptacul¡t¡d

recépiäcutiiio ,

idöËÈtáöüíiüó -*- ''
róöäötäôuiítio --- i

-'-;'s66ö- 
i,il"s-- i 15.5 

- 
'1--- ,

rsooò :tzi iit - r.s :-
i5éé6 :lsia -iä )'a 

:

siaiai tz 12 1

57ro 4sB 2s 2' 
:'ijzì a. I feo 

*-l ì?.1 ï * *- l

,stll t+ll 11 1 
','sz¡e'¿ts ro 1

- tsi4à- iizl - ii'-* ',i- -- 
i

receptaculitid 
:

ieòepiâôutiiio- 
-- i-.'

- r5i6ô-D3i* i1ì** )T**-i
-,szos- ißC -ii2.5-i-1*-'- 

i^","slas- 
tt"s;ó--ità.i- ,"1"-- i- sTeo ,233 12.s 1

:receptaculitid

:iöòöótáðuiítið-

: róôöpiäöuiliio-

iièCeptàòùl¡ì¡¿
iiéCeþiáõliiío -

: ieôepÌäôul¡tìð -
: reôeÈtàôùiitiô-

receptaculitid
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EW Wall

,'ieòóòiàõulitið

, iéóéptacut¡iio

iòòepiäóuiiüä"

:ieôôpiàóul¡tiô

,ieceptacùiiiio

, ieòèptâôulit¡o

:iécéóiáõul¡Íio
.rðòöôiaôuiiiio

: reóõótáóüiiÍid-

, recépiäôüiit¡o--

lréceótáóüiiií¿

:ròòeötàòutitio

;ieðeötäöuiiiìd

Comments XYW

encrusted by P rotroch i sco I ith us

5853 :283 :13 ì 1

,sais 'li¿ ,16 1.5

.58,6i'à4i iìs I
'safl ;+ 6 ì30 ,ì

saò0";¿47--,-ìâ t-
sieaa ,ta+ ,lz ' j
saaé-'sll rta i
sdÁo"t3sá :o.s r

,'5ef8- ) 87- | 1á ', a

:'sgla ilat ,ìi*-,'r.5
issiiß iäs ,tz t

i5s¿e :ãóe 
'.i16 

.ì.s
:sé,sia iri4 ìts 't

ireceptaculitid

irecéptáõutitio

5952 i499 117

sga3 :3a5" 
-i 

ì3

,1

"a
:receptaculitid

;iðöööräöüiiiió -
tiéieóiláènití¡;,¿^'^

iieöèiitäcüiitið 
--

iiéceóÍáóuiitio- 
^ -

, reòðplãöüiiiío-- --
,iéðêptãóliiíäd* -"
iiéòeplacuiitio 

-

,ieðeþtacùtttio

iréóeptáCuííiiä 
-- "

:iäcöptäculitìô 
-

ì;äðéptacumid- 
*'-

rieðepiácutitiO

i;éädötãðüÍiiiâ -
, reòöÈiäcuìitio^-- -
:-iêóépiä;ulitid---
irèòèpiàcut¡ìiä-..

illééilàisit;¡;il¿---

:'iecäötäðuiiîió---

aoiö,i- izi"a-- i ï4-- i1*-
aoio 'it tz 1

6050 :392 6 1

oogò- Ìzìs 
- i"ì5'- :ì.5 - 

i

oös6- iásg 
" 

; iá.s ,2 
'

øtoö i¿t 11 1

- -- t,6lá1 il;io-- ia - ,'¿^ - :^ " -:,

6140 i¿SS tS 1

,6190 507 11 1.5

6205 227 '14 1

6208 312 114 
1

ir""i311_1":llil
receptaculitid i

SafforAoþ,nylùm

Safforáoþnyiium good shielding

Saffordophyllum ¡domical; on top of storm lens; good shielding

safroiääphyliä*" õüé'trirn èð;-s iõwìñ s ôn 
" 

riòìi èorâi- 
** ..-*.'-

: Saffordophyllum

étromaioporoid

stromatöporoid taperslaterally

:stromatoporoid .

stromatoporoid

:stromatoporo¡d

iiromâioþóioià encruötedbyreceptacut¡tid

stromatöþöioid encrusieðbyProtrochiscotiihus

siioñräoporoiO goodshielding

Ì628J i3s-. 
- iì3-'-;l-- ;*---* 

iô2öo- i2es*- ì)ö** i i-*' ;--'--"
;569 i253 t4 ,1 i'A+a "ZZA ,14 2

1643 437 16 4

2757 ì389 ì8 :3 
1

5894 63 14 3.5

2293195
15 204 40 B

50 1303 IZA '10
113 i199 i34 :6

138- is3i{ is.i ,2.s

lsa- i2î6' ,74 
,ì

ies iàì4 iai- -4'

271
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; EWWall :

, siioräáiopòiói¡-" 
"'domiðài

stromatoporoid domical;goodshielding

strómätoporoid

,stromaioporoid domical

Comments x:y:WH,D
4oq 460 31 6

624 ¡SS 4t 5

670 353 12 3

706 439 B 3

:stromatoporoid

:strõmätòpórò¡o

;éliómáiöóóióid

;¡iiömäiôpôiðid

9o9c 
sfie!oino

tánuiär --
domical; on iop of storm lens

domical; extensively scoured

710 1386 i114 :13

tis :szs i1q :+

iia- :iól--:àe - "4'

79s--i446-:1¿ z

stromatoporoid

siromaìoôòioio

itrórñáÍõóóióió

stiómätõþòiöio

stiomätòþòroio

:stromatoporo¡d :

stromatoporoid encrusiedby Protrochiscolithus

, étiömãiðpôlóio 
- - " 

¡.tíìieo oi ;ióim ¡eñð;-äiòtièi öiòwth i n midd le

stromatoporoid domical

stiomatoporöid

stromatoporoid

stromatoporoid tilted

,stromatoporoid domiðäl

stromatoporoid tapers laterally; domical; borings

880 505 54 20 :

885 394 38 B

885 :394 38 B

s97 sss ,30 1.s

1050 394 ,21 4

t2oa 232 14 4

1207 '394 20 5

ì¡eo :¿oe 3ö 7

t4ta qæ ',37 9

i1¿só'i36s is7- ',10 :

1472 367 15 5

t1552 ;438 ì32 12 i

,826 i445 i 18 : I

:stromaioporoio òñ top òr stòim iénô

itiiômâtöpóroio :oóm¡cãr

stromatoporoid idomical

rstromatoporoid idomical

stromatoporoid encrusting receptaculitid; encrusted by Protrochiscolithus

stromatoporoid rdomical;shielding; scoured

siiomaioÈöiô¡o-- 
- 

iin dióim íei;;is-^" 
-

istromatoporoid r

stromatoþoroid domical

stromatóporoid

lstromatoporoid

stromatoporoid domical

stromatoporoid domical; directly above storm lens

stromatoporoid

stiomatoporoid extensiveiy scoured; grourth higher in the middle; suOOen Oeath
on west side

dõmíôäii büiióweà; stôim-ieáô iñ mí¿otó* -

-- ,l6li tlgs t1e-"^t,l---' t"'"'*
11736 i407 i23 '9

-- irz5o" isli ito ;z' i

i1ie2- i+45^- |'1'4-- '4 
*"^ 

ì 
-*

iiza¡- i¿55^- ì"zl - :a--- l-"-" 
"-

lõob" ¿03' ;B 3

lla2ó tsós i2ö- 
- rs i --

ieül :zat' tï i'
lgoo 2i4 21 2

tçit'i-i¿el- iù-'-)4
ìgoe ii¿z iìr' :¿

1975 '251 16 3

2014 t1o 44 I
'2073 4st lz s

2120 401 12 6

2166 224 37 7

2191 411 19 6

2230 233 73 6

:stromatoporo¡d

isiiômäiòóórö¡o

:ìirômäiopöioìd'

:stromåioporoio

,silomätcjiiôioiä-

istiomäiòöôròio

stromatoporoid

stromàìoþôröìà

öiromaiöóóioío

;riómätoóóióid

jl

íisli :qsia I

lCa¿ :átu'ì
+s --'la
20 .ö

domical

Domical

táoütal

,2356 ¡314

;2sso ìss¿
','iÀiz i¿i,o

:i+q6'lal3

j51 12

ì29 ,7

iâi-"':a
ì1e " ,i

t4Ãi ¿¿o ',þ a

'2451 :447 14 3

às+s 44s it 5

z:5i2,306 19 3

278



EWWall Comments

stromatoporoid :domical

stromatoporoid domical; growth higher to west; killed by storm lens on east

x i y iW
2702 i316 i38 5

íisto 1316 lsa 1,
:stromatoporoid

:stiömätoóoiöió

rõiromäioporo¡ð-
isiromaiopoioid

, stiomáiópóióío

:òtiòmätoÈorô¡a

:ltiomãiopóioio
,strómãioþoroid

,siromaióporoià

,stromatoþòróiO

:siiomãtopóió¡o

,ltromäîopoicio 
'

istromatoporoid

2826 i427 133 :11

',ilißia ì42i-- ,1ö ,q

stromatoporold

stiòmäiöþôioio

siiomáÍopoiõiá.'

õiromàiöpôiòiä*-

éíiómáiõóóióió*-

óirömätópôiöið 
-

encrusted by Protrochiscolithus

domical; tapers at ends

oom¡cäli écouróo

iáourai

:1.1r:lg9 !Y 
P':lloch i 

lcot 
it! u s

good shielding

2924',199 i30 7

æ39 ,,i4 t1s i
3388 296 :32 5

ä4t sit àt 3

CBói 38ì rs.s 1.5

3855 465 11 1.5

3916 212 33 I
3918 289 26 2

3926 447 11.5 3.5

3937 340 13.5 3

ágeo isg¿ ti7 :3,5

,4024 ¿86 26 6
t4oaz àa+ '41 B

4ìso sö ' 65 B

4225 '4,4ß 35 I
:qlit"ilé"t-' is"*"-'s--" 

" 
:

4ila BB 63 10 ;
tabular

encrus!ed by P rotrogh i sco llth u s

OissôlveOI encrusted by Protroüchiscolithus

oomigl

ovértuinãó

4336 '475 12 4

442ß 208 '¿t 
S

4450 466 ,28 I ;

¿¿a0 'soì ,44 6 '

+sfii ;416 ,o 3

- *** -'^' 
i456ö*iiöA*' iã7 

..:7*..* 
l**--

4560 ;496 '21 7

,4600 i402 i40 i15

:4646 1462 :14 5

4iCit ,106 2s 12

4ße 347 21 4

4784 227 ,25 10

4785 435 7 3.5" qa¿a 458 aà 3

4832 309 50 :10

4832 j319 112 6
'¿ala^ 

:+óß j ìo '. iz
+ais4- ¡4ea :7- 

- iã -

4880 r285 ì40 '9

tabular 4geo ;6i '34 ,4

bulbous; tilted on side

4940 i481 i20
4ö47 18¿-- 

-iB
i5

iîe
5005 j486 i33 ,9

soö7- i¡iö -; ì¿*-" :2--
soá6- þéó -i2t'"' 

,'¿.s

soisi isez- 
" iiò "':l-

òtoà-isoi i25- :o-
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istromatoporoid

stromátoporoiC

stromatoporöid on top of storm lens

sirômátoporoiO goodshielding

stromatoporoid tabular

stromatoporoiO

stromatoporoid

siromatoporoid

stromatoporoid

;stromatoporoid

:stromatoporoid ;encrusiedby Favistina

stromatoporoid
rsiióiriatöööroic*-'^ -^ ^*
stiömätoporoio

x'ylw
5230 ,164 ,27 ,B

529ß ;iti ',ù a

silô- :6 
- - :12' ,2-

stis :üa ìsî :B

5336 174 i23 ,3.5

5395 i230 lgO .5

5437 ,438 ,,14 4

sßi ì444 ;44 '+
si¿o- l3éa ts ' 'i.i
s¿,4s ',4Às i4i 3

EW Wall Comments

stromatoporoid 5495 ZZg ,22 3.s

stromätöþoiôio titted s53o 280 16 5

,ðtromatoporoið scoured

ssa,+ ttf i I
5572 ,186 30 6

'5s86 t3o ,zs :B

5587 3b8 26 - i
!stromatoporoid

isliòmaìôpôiòiä

iéilómalóóóióío
jètiömáiöóúôid

rstromatoporoid i

'stromatopòroid 
encrustedbyProtrochiscolithus

:stromatoporoid

;éïómãióüôìð
róirömätöpóiòio

stromatoporoid 
:

ètromaióþoróio , good shietding

òtromätdóóióìó örüù;iôd"oi'v-öiàltàiodcia""'
stiomätoporolO encrusted by Protrochiscolithus

tilted to west; encrusted by Protrochiscolithus

tabular; slightly burrowed

:5710 t428 ;13 :5 
;

5723 232 15 5

:5760 373 20 2

Szor :¿go 22 s

saoÖ ¿ts:¡ã 5

58OB ,369 :ZZ '7

'5811 2:77 ,10 2- ss8s asz 2ß i
6008 :67 ,53 13

'oöoa sos 23 s 
;

6050 286 ,32 6

lRhabdotetradium '

,khabdotetrad¡um domical

anà'ø¿ò[è¡raci¡um 
'

Rhabdo¡etràtd¡um

,6157 :305 11 6

'6rs5 i4oà- iit-' ttl
:ßiß:s- |451- |6-.- -'4-
iz¿sé' ¡4él-*i'12 

--,3.5

:laie4* i¿lq^- ia*-"- ili.s
ioïgö iraz i1t i5-'
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Appendix B-2: Revised Fossil Data

NS Wall

Note:
1 . "Shielding" refers to the lack of mottling and/or bioturbation found underneath certain organisms
2. W : width at widest point in cm; H : height in cm; D : diameter in cm
3. x : horizontal distance from origin (0,0) in cm; y: vertical distance from base of section in cm

Comments jx:viw:H
55 469 19 3

àat' +s 7 2
i- --^-- :

1119' 440 21 4

isti , Qe 28 4

,2936 1 427 i1 16 3

iãaão r-177 ';, )1 '. z

:4015 : 273: 24

:'tàis :-tio ." i 
',

t +aeia ,-" ttt l--ô.5 ,

,, 5890 ', 222 i 14 :

;5905, 185ì 6:
:1109 : 482 i

:|t¡'st"-rli i" " .

4, 
I...". :.. -'.' ;2, 
1-' ':''-.'-"";

1.5: i

" --'|-.-'-.'.:t:
i

4: 
1

...'.,'''''' .'.'' ' '''''''.,''' ''':
J:

I

aJ

, i44721 323' 2l

t

i?60ã--5el** .- -'*" 
ãi

iäis:*ù's"l*-*-:- ^ -, *ä.5;

ì¿Ag¡: 37 ' 2t
igood shielding

ibranching

l

5390 346 5

I sB20 376 I

2S1 ,385t Z.S' : 0.5

841 ,253i 2 0.5

ibryozoan

bryoäl^*
lbranching; 2 branches

iencrusted by bryozoan

1657 : 295't

,2220 ¡ 425 i 2.5 )

2333 
"410, 4 1.5

1)
''''l

)

:

o:;bryozoan

tb'ñt"ä;
inùoiôäñ

'nrvôioa"
iù¡tòan'
,u,rvò)òå.

ioùò'oän'

:bryo;ôáà

2984 : 228.

, 3203

3293

r'àsàs
i-àC6,

:'seii
i.âsî7 

:

: is¡7 .

370 3.5 5*ìza 
i 
"'-' "- -*''- i,

zÀi+i : . r.si
z:à4"1 

'- 
- | l.s 

'-4äBi- - .*'-' 'ìs;
-âooi'-*-,-^t l"
iäii ì, ì -- i
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, NS Wall
'.biñ;;ÁÁ:n^--*

.bryozoan

:bryozoan
':b;,tyio;Á;án -- -

:øi,r t;";o;;;;"- 
- -'

cgT':"1-" ;xtYlW:H;D
14582: 426i 3 2l
4830 ' 363 2.5 3

:4844 | 361 : 1.5 1.5 '

, 4890 ; 429 : 2.5 2.5

5400 450 1.5 1

5519 444 1.5 ' 1

"-"-:- "-"-- .---" - -:
: 510 313 I 2.5, 2.5

1206 376 15 5

1393 474 6 2.5

1548, 396 5 2.5

1678 353 2.5 1 .5

'1681 3771 5, 1

i 1808 364 I 3.5 2

ibryozoan

'Cá;t;p|oi;¿ia" 
" --

,cà;ki|¿Ë¿iia- --
:,Cá,lãloieóla -'
'caiãþ,óéciiá -

Cà,tapüòiòciii

,óádù;;it--*
iò;i;;";"¡à*--".
tCaiái,p;;¿;à'-*^-

a

:partially scoured

riilted on side; in storm lens

,ón.iréiiÁé itio'.nátoporoiã

lencrusting Protrochiscolithus; encrusted by Catenipora; :2122 : 187 : 6 1.5
loverturned 

' 
i 1

| 2507 408 6 4

3904, 19i 3 1

i ¿üsiß :'- àß Ì r.à : 
' 

i.s
42so 1ü ä, ¡
is,+t tti 3 2

iCalapoecia iencrusting stromatoporoid

Càtlapoecia

òatapoecia

Calapoecia

Catapoecia encruJting gastropod

Catenipora

Catenipora

Cateüüiloira

,òà,iènipora encrusti ng Calapoecia; overtuineo

Catenipora

Cateniptòtra

Cattenipo,ìa

Càüei,niiòra

Càiéniþ,o,u
tcàteüipi,ora

Cateniþora

Caieniþora

catenip'oià

' 4607 24 2.5 2.5

äàt ' tto; 3.5 2.5

,47s7'qàO 3 4

ieee -t' 4 2,
soiô s+¿; 1 1

soCó ro¿ 2 2

so¿r 314t 4 2

ssza 220 3.5 2

szøz zzl 3.5 2

172 424 5 2

s6z 390 7 3

1962 430 7 3

zlà¿ 186 B 3.s

2205 +¿i tO S

2710 397 12 4

2820 414 B 5

2886 23t9 7 '2.5
á,¿aa, +zz 5 3

qila 39 tà' z.s

4204 37à 15 5 ,

i,aiàt +zo 6 4

s4eo , àii '. a 4'
seäo sö6 ri s.5Caten¡pora 

ì

ðéöhãíóóó,i* 
"" 

[óp"óibeãläpói öóñis ¿o ¿fésËòô-

cephalopod

;phålopöd 
- -

93, 345i^á¡t,-'itinl-^-

409 : 500 i

, 4.6-: - 
i.5-' .'q.s

282



Comments W D

-4
Ä

Ã

-7
-6

3.5
-4

-i
^-.þ.c

"1..s

H

ll
6

Endoceras?

)^

| 1415, 327 i

:-1i,+s+ , lsi',
- l llls'-*ã,6i i

Ã

;cephalopod i 11562: 37Ol 3.5
:cephalopod i ì57b i ãel i

i 1581 335cephalopod 'tLambeoceras?

cepnatopoO isg6.- äs6 i"'""--".'

1:fjl?.pgd ._..".. -ç1:ll:l.d 
by Protrochiscotithus ; tosa I +ze 

I

cephalopod iventralsiphuncte 
.- 

ì?à"0 :'à11 , "

;.pñ;bpód' ' jsoz 41s

lcephalopod iapex points south " ' 
I S6e 

- ZZB 14

;cephalopod iArmenoceras? 
*" 

lä11i' 
-"336- i-*--

cephalopod :apex points south i 2Og2', 3OB i tl

jcephatopod | 2130: 336Ì

',2140 : 287 i

12
-"is

'2

;o
. 5.5

t7
. )8,

'.''.'''',-.
o

J

:cephalopod i

i;èphàiópôd- iãpeiþòìÀts soutn

cephalopod

cephalopod Lambeòeeras?

cepnäiopoo Endoceras?

cephalopod

cephalopod 
:

'cepnäiopoà :

lcephalopod

¡òôpnaiòö"0

Ìc"äháopôà

:cuôüäróöòà

icôóhãiòôóá

1""pnäiòpóã

;cópnâtòpòo

.óepnäiópóó

,ò"pñãiópóo

icepñãlòpo¿

rcephálopod

ìcephalopod

lceÈnàlópôo

icepñároóóo

,2218 | 290 |

;izàt:-ü+i
,2390 : 259 i

fzìrs ' àoi i

:ãìiì:-C+gi
Ì'àìie :*äao j

l'àiei I'lio i

7

IJ

ti

2.5

J

à.s
a

ì
i

ât

'-i

à.s

5

-2612 347 t 1S

:2731 | 289 i 4.5 
i

2l
.,'.'-.j

2l
-4t,

'I

2.5 )...,;
J

ÃÃ

12r

11 
t

t

41,;
15:

i
I

I

;Endoceras?; top of bed; apex points 50 degrees

:Lambeoceras?

Endoceras'?

¡encrusted by S affordophyll um

;Endoceras?

;2750 ; 365 i

1 ã7sâ i-sài 
i

:àsisi¡, ä6
;3Q44 : 213 ;

i àtiz: zsi i

3200' 400i 13

3218; 347 :

aSoo : zoz j

3314 t 217 1, 21

3339: 326ì I
sä6s , ¿78 l
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, NS Wall t Comments

cephalopod

:cephalopod ;encrusting by Protrochiscolithus

,cephalopod

;¿éphäiotód--

,ceónàiópø--
;;éóñálópo.á'-

.;éóhäiópóä'-

];ée¡llp:d -

iencrusted by Calapoecia 3904 : 192 |

13913: 27: 12

4037 : 329 7

4l

cephalopod i

rohaloood i

-:Lä;- 
lô6 i

:4142t 3471 14

4157 363 15

'4168 144

:4198l301ì :

i4069 3541 : , 2

4116 35 1.5

i 4116 I 357 :

: 2:

: 6.5 
1

: Jl
......'''---''...-'-",

tz
'- -^-r- '--"I

, 6.5,
a.

4:....'.,..-.-¡
, âE
't

: 5.5;

i

iencrusted by Catenipora

'4271 351 4,
:4279; 82i , ' 2.5 

I

42.g)O 93 4.5 1.5 ,

ìcephalopod 4300 | 267 . 8.5 2

;cephatopod i 
** 

iìiãö'^420;^*-

i +sqg: i16 ìluepffarofroo lencrusreo oy \,atapoecra t 4549 | 116 l

;cephalopod | :4644 1 476i
;cephalopod I i ìo¿ò ,-""ìoi 

Ì

cephalopod encrusted by Saffordophytlum 4657 423

cephalopod in storm lens; trash 46gO ; ZSA 9

cephatopod i a47os,-'ll
cephalopod i ,, tl+l , 191

icephalopod ;encrusted by Rhabdotetradium :4757 , 153 í

cephalopod apex po¡nts south 4830 1 12 22

cephalopod ',483,7 : ill';
cephaiopod , ¿eoa i¿o ; rs
cepnatopoO apex points south 4952 62 11

cepnåtôpod apex points south SO27 ZS 11

cephalopod .covering horn coral 5OSS SO4 g

ceþnäiopoo'upexpóiñissouth''

6i
2i

3.5 ,

3i
A,

......i

I

l.s i

4:

3.5 ;

J
......;

oÃ
...1

7l

4,,

3.5 :

is;
2',

2

à

2.5
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Comments D;
--."-- |

2.5 1

:cephalopod i

;cephalopod elcrusled bv PlStl0c h iscolith 
ll 

s

cephalopod

c,,eipÂiiiaqinio iòn top ói s.io( 
1en;

icephalopod

,cépnäìoáðù'

ìô"pnålôpòä

cephalopod i

5338 138

5366 296

' 5370 : 344 1,

ì5383: 11: 20

5460 385

5467 ' 213 |

ò¿eo i 
-iìâ 

i

5502: 127 i

t
2

4.á'-;
J

á.5

14

o

I
i.i
3.5
"iz

2

3.å

io
;cephalopod

icepñär,;Èòd

:cephalopod

cephatopod "slîi: 
rcs

cephalopod I 5801 30

;cephalopod i

;cephalopod I

;cephalopod

,cepnâiopòo

lôÀÈÀäiòpoo

t"pñäioòòà
jðòpnáopô¿

r;elñäiòÈòá

óðôñâîJpóo

,Creni,ii¡t"s

:c,ìàrüuiiteüi-

iC,ei,nüii¡tÀi,i

:ò,rei'nui¡tes

:c,renui¡iei,i

icreri,ùillòi,i-

:ó;iei,niui¡til

¡ò,iiùi¡tÀül

:c,ieüÁüii¡tii

;Crentulite's
,crà,iit¡tà,t

5606 : 344 I

SOO¿ : 69, 3

lcephalopod i i5666t 3761 i 4.5

:5817 : 221

t ü,giC:- itiìi
:øi¿;i: qz

iéoei i*zo5

i 6oeò ' tB
,-oioo t-rz¿

,'ozäò , 
-*zö

ó¿öB: öô
t, 6+il :"^ si
i" ìà , ¡oo

IJ JCC

. 146 i 390

: -àii, 
ài¿

: qis i 'às+

i iöã: sos

ì sa7 ì ãis
I 65¿: 

-t6s

ì- 7öô i 
-ást

: ASg, aS2

2.5 t

10, 11 I.

-.-. --,^,.-t: | 1Sl
ol

¡lol

: 2.5,

6 t 2:
............ ....... t

5, | 2l
z.a '

I

10 : 3.5ì

¿.c
:

l

:

I

ì

7

ro z.s

44, 12

2A' I
ii,5i
38 , 5.5

4.5 , 2.5

¡ó J

13 3.5

6, i
'; :lc c

6 0.5

3.5

2t
i

3i
,--.1
a

japex points north

i

iapex points south

I

,domical

t

I

roverturned

I

i

I

:encrusted by P rotrochi scolith u s

encrusted by P rotroch i s colith u s
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: NS Wall
',Crei"ii¡t"it- -'

Comments rx:yiWH:D1
'' 

"s4á ', lsl:-- s' - à -- i

:tonninif s..È:- 
^'i - -'i

1846 2OO: 4 1.5'
ìeö6, 4iá' t¿:- s

5800:339i 21, 3.5

5890 219 r 13, 2

5918 : 374 ; 24' 6

5957r 13Bj 11, 3

Crenutites overturned 1427 q,OiA Z 3.s

Crenutiteis
- ,i, ,lg'iai' te' s - 

',

Crenulites 1550 , 283 r 23 5

¡Crenulites

Crenulites i

Crenulites overturned

Crenul¡tes i 16sB 484 26 10

:Crenulites idomical | 2033 | 492 | 26 9 |

Creiù,ites overturned 2066 469 7.ò 3

1 
ò, ià üii i i tei, i- 

" * -- 
Ëiiä I y d id¿,rì;à"tò-èöìh 

*" "*-"
2602' 373 19 6 :"--iiæà. 

äòä|-îd ',- 
^-i ''-**

:ci"nä¡t"" * 
3142 3s3 23 10

'ci,iei,iiiie{*- 34oo 4r3 13 z

CrenulÌtes 3429 | 1 BB 18 1 .s

lCrenulites jencrusted by Protrochiscollfhus; dissolved in middle 3446 1gB 27 8 '

Crenulites

òrei,riùiitei

ðre,rii¡;;
òirèünuìiitei,i

ò;à;;1,¡à;

ò;;;r7,'f"s

c,iéünüüs

lCrenulites

:Crenulites

iCrenulites
a 
_* -"_.'-_" __ --.-.-'-^'_^_

;Crenulites

ic,éi,Àititei,l
a - -- - '

:Crenulites

tCrenul¡tes

',Crenulitei

lCrenulites
'¡Crenutlie,s

tc¡ei'i,ulné,s

:Crcnul¡tes

:Crenulites

:383s : tsi I t+ò:- l0 :

i sszo i 
'- ¡i i- z7 ä.s l

4144. 381 15 4.5

4190 : l,+A 6.5 2.s

|ìàoo r 
-zôl 

i- 7.s : ).à i - '"' 
i¿sàà | 10¿,-'26' -- âi'
iià¿ài"áoái -ii' ài'-
fìC6ä i àÁi i^'tzr' ä i'--
f 471î r--âäi j à.s ; 

" 
r.s i

i"ìsôi i toi'i 
' -äl 

¡-^'5 ,"- 
-

+saz: ài3 13 3:
i51óà .* -ô i* àö' -^ 

s , --'" - 
i"5âì8 i*ì5ô i- ö r- g'
ssåe 293: 24 3.5

5609 320 13 2.5

iasz, qss zo 5.s

5635 , 148 44 4.5

:5771:371i 27. 4:

I

;directly Oetow âtgát stromatoliie

286



' NS Wall i Comments

,c:"!!i:!"| l:yg'.tlllgd

ix:y iW H

59Bt 39s t.s 2.s

603:t 3i4 s 1.5

6105 417 7 1

osto ' sz 32 2.5

Dl

:Crenulites

"C;á;;i¡"i;

tencrusted by Protrochiscolithus

Crenulites I

16 429, 6 2

1 170" 4451 33, 13.

isr zoì ìo ¡.s"256 442 10 3

562 402 21 3.5

szo i ¿ss 10 5

624 347 I 2.5

i 778 3ggr 19, 6

:1074 387 ¡ 14 ' 2

Favistina: . .:-
Favtsttna

1248: 210 7 3

iFavistina
_
l-avtstrna
:.. -."...---..--,.,.,
¡Favistina
i-' . .- "
Favtsttna

.""'..-.."..'......"....
tFavistîna

Favistina ìdomical

loveriurned

*" 
loudñuineo i dòiùÀì¿;,ff 

' 
bôìiô'ìi u"l piòi'àäñ¡Àìòr,u'us

11316,3691 12, 3.5;" rcza 415 20 6,
ìs6s 414: 24 s

:1568r331 ì I 1':

lala' ztq 8.5 4.s

1707 225 9.5 2.5

1829 | 405 ' 4.5 2

tFavistina
t.Fav¡st¡na

lFavistina

1960 , 405 1 24 ,, 5

îi6î 1-'ãÌi6 i* - I' *'*l

:Favistina

lFavistina'-.'.-'.
Pawsttnat.

,,Favistina

- ."t-
l-avtsÙna

',Favistina
-.rawsttna

,''.....'....','.'...'.'...'.'.'
:FavÌstina
-..--l-awsttna
: ;.l--
ravtsuna

Favistina

- .. .::

l-avtsttna

Favistina

-.-.Favtsttna

Èàiist¡na -

l-avtsttna

Èavis,tina

-...l-avtsÙna

iavis,tina
I :t-
I-awsttna

Èai¡ü¡nu

Itabular

I

loverturned

ioverturned

jtilted to south

itilted; growing towards south

idomical

I

killed in middle; growth continued to the south

t

I

joverturned

I

;raised in centre

i

''
i

.2485) ßOl zn: 6:
äsäo | 374 . 10 2.s

2757 417 5 r.5

iàoto,..ìzóf sö'-- e,
3085 270 10 3.5

: 
Càoz , zos' 12 2.s ,

iàäej i 
-ria i i.q '- 

-"1 
:

3495 501 29 11

3551 276 12 3

385ä , gBZ 25 5

3923' 82 31 3.5

3983 269 30' 7"ì¿05s,+tti -s 
à,

4220 124 30 2

4260 403 34 I
4266 377 10 4

4334 42g I 5

:¿C6s: rogr 1r. í.s.
4442 438 20 6,
4514, 270 24 5

4717 375 15 5 5 
,

4730 | 383 14 5.5
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NS Wall i Gomments ;x,y,WH:D
4743' 261 11 3 ;Favistina

FAVtSnnA

Favistina_-..
l-avtsttna

gastropod iTrochonema

,partially dissolved in middle 4765:425i 23, 6

Favistina j

- : ..'
l-awsttna

Favistina

l-avtsÙna
"Faivi;li;à - '-

- : .:
rawsÛna

Èuiíitina'

l-avtsttna
¡_-...._ -_-"__-_'__:gastropod :Maclurina

rgastropod

:5153: 363i 18: 5

5232' 50 26 3.5
: saqa 293 18 i
s¡äb rsz 4 2.s

5346 : 265 16 5

15562 386, 9: 2

sszs 343 14 7

5781 87 25 s

oorr iy Ê 4

:6022:218t 5 1.5

: 19 411 ', .

37 369

igastropod iTrochonema
'gastropod 

Maclurina

37: 412i

41
.-.....:
2.5:
,)ql

t, 
?".:.1

: 2:

j 85 328 ì 5.5

j 101 | 3231

ì 106i 3761

t 220 : 436:

+l

2',

gastropod

æùopoà

:gaskopod

;òä;k"p"a

isä;i'þpõä

;gààtiòùá

tsä;iiopòà

rsàiì'.ôpòd

:ù;i;òùd
is"siiôpôà

igaitròpòd

;g"ìtròpoà

isàsiiôpod

:úsilòpòd
,s;siiòpóù

tgaòiròpoù

isàsiiòpod

:sáði,.òpoä

;ôasil.óóòd

:éàòtroöô¿

1gãsiropod

lsàéiiópòä

lgaòiioòoà
jôà;iiópod

.sãitióóoá

igáðt'òpoã

¡Trochonema

| 2361 441i

376 341 i

6'
b.5

| +ao, zoz i 4:

;Hormotoma; apex points north

énórusted by P rotroch isco tith u s

Maclurina

it,uàliü,inüu

Trochonema

Maclurina

;Hormotoma
i- - ---

iMaclurina

I

:----
1-
!

;

jMaclurina
;-' ' - -'
1

1,uài,iiùürini'a

iMaclurina

iiroii,noremu

. ssl i 
-àeB 

i

; 

*oss 
, -4àò 

l

j -7ìe 
l--à7à i

: "12Á: 
s7e i

:834, ãooi

r sàà ''" ita ),

i-868 i ä6é I

: gs1 .-"á5à i" 
, loss j 

-röá 
I

,-mòo i àio i

, tttli äi :

;-lisz , äa i

, ioo' áos I

- 
, ìììz ', iàs 

1

:'1áä, ãoo 
I

i tzit , zts I

i ìä6i , áàe i

i ìa6e i ãóä i
; ìC7ô ; á¡¿ i"

;'1âöì i sáô i

,l+ll , Sil i

' lqín:' isz i

, t+is' àgis i,

1.5

4.5 )

3l-.Ìa:

4l
6i

11 l

..1
2:

-..i
ó.c ,

.--.i
,lÃ
......1

3i
a
...'
2:

4.5:-,
4.5 i

2.5 t

3i
I

i

Ãi
'''.' '''.:

3,
lc:

l

7:
¿
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NS Wall Gomments

25

D

J

1.:i

si.¡
-¿

4

ã

z.c

3.5

¿.i
4

"-5

;gastropod I

;gastropod

ré;;ilóÉóã"

;gastropod

:sãJtropãd 
""

;öaJliõóóo 
-

róãsüoóóã

;gästropod

ìgaslropóã

;sáétiõóód 
'

,gffir:ó

:Hormotoma

,Maclurina

uiàctiur¡na

Maclurìna

: 1646 | 347 :.

, 1768 , 333 ;

I 1860 : 198 l

: 1997 : 489 l

'2010 201 
1

:2010 ¡ 218't

, lo,tz t,--á,01 i 
-" '

"räns:"zizi ^-'
;gastropod iMaclurina;encrustedby Protrochiscolifhus;overturned

:gastropod iMaclurina
gastropod tMaclurina

igastropod l

iMaclurina

2120 | 1Bg ì

2157 294 i 5.5

IJ2173: 495 i

2211 406 3

i2rl4 i* îil i'
i'î142'illi***

4'

jgastropod

tsa;ilopóä

,sãiì.päd
iòät'."pö
iËt'"póìj
:s";ilòüã
jsä;ù"Ëã

:sàsiiòpod

iòãiiroòóo

iöÀùôpod

isàsitopoã

:ü;ìiôpód
iéà;ùoöóà

g"siròpòd'

jMaclurina àir4'-ioiài
tMaclurina :2300 ì 228; 3.5

1.52309 : 403 i

263aa Áa 2

îo

,
tMaclurina '2438 | 502 |

1 2477 ' 280 i

ísÀirôpoà-- 
"i'uàiàturiì,à

gattropoO Maclutrina

tMaclurina

tMaclurina

',Hormotoma

1

tMaclurina

¡MaclurÌna
'_t_____*__*__-_-'

:Maclurina

:25Q3 , 412 t

i 2509 : 301 i

| 2547 428 ;

' isiì : "iaia 
i

i2593 ; 373 I

:2601 , 423 )

i äorg ì z¡1 i
t. àßzis: 

-z.sil 
i

i'zzöö :*zeò i
I 2741 j 333 ì

ràisB;--lgìt i

, 3.5
a

: 3.5

2'

'â
4

: à.à"

t 1.5

: 4.5--"r--¿

: 2.5- .,- ^à
¡gastropod

ià.i..oòò¿ 
-

i .''.'._ "_* _*-__ ^

;gastropod

igaskopod iMaclurina
gasiropod Macturina

;gastropod I

gastropod

g"itropôo

jgastropod 
i

:-gastropod Maclurina

gástropod Maclurina

:gastropod lHormotoma

gastropod Maclurina

:2762 I 264 i

i'ãaî? 'ìòz l-"

i àis+l i'-+lo"i

i Cinla ,' äta i

:âiizis', àisi
: eoä.t , 3sé i
,-SOOò . 

-5r¡ 
i

tStiz , qit i
3309 : 418 r

3405 266 I

àit¿t tsà |

3431 308 :

lMaclurina
i,nó,rmotoma

2.5*¿'

-4

1.5

4.5 ,

3l
2:

5'5 
l

3l
4:

3.5 l
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Comments :x',ytW
3443 513

'3499 273 ,

:3555 : 325 r

;3625 : 494 ,

: 3805 , 169 ì

D

12,

3.5 :

13

J.þ I

;gastroPod iMaclurina

lMaclurina

4012 . 116 i

i 4290' 369 |

r 4699 r 300 1

Àoaa õaE 1

J.5

i s.sl
." :. .* ''i, 2.5 1

'i
, 5.5t.----**l
: 2¿

: b!
i

a)
I

, 4l
la'¡
' 2.5t-.-¡

ât

.Õ
t^.

'i
' 4.5 1.:

Ò

2"

: 21:

' 2.5 1

J

J.
. -....I, 3.5 I

I

¿.c

iMaclurina

igastropod

'sã;ùôrjó,ijsäìr"p.;
jôã;ïdÈoì

]òã;i;ðôäa
jôäì'oòod

igà;tiópðd

:òä;ùäô"d

;ò;;ióóòä
iòàìi¡."dod

1éä.dôöòd

iéà;ì,"pòä

:gastropod

lgastropod

iòàsüoöód

iéàÀtioöo¿

is"ði.pòd

säàt'.opòd

!Maclurina

iMaclurina

iMaclurina

iHormotoma

i M acl u rì n a; encrusted by S affo rdophy I lum; overturned

4402 216

:4406 i 8ô

Àqsa ß4
¿+s+' 42ß

4528; 355

4605 84 3.5

qasa' qzq

:sasllopod . lH_olmotoma

lMacluina;gastropod

lsäiiòö"d 
'-

lgaÀiropòd"-

;ôasiiopoà'
jôa;i'.oùà

;sàìtiopod

igaðtrópóo

:öástropòo

lòasirôpoo

ìÈiiópód"
:gastròpoó 

"

ìgastropod

:gastropòd

.gà;tiopôã
jóástroÈoo -

i ¿asz: 74 j

:¿aòo:-roei--
t 4887 : 341 :

,iaöo 1 à87 i'*
: 5003 : 373 i

' 
5060 , 200 ì

:5075 l 338 i

: soso 3g8 i

'5104 ' 483 i

r 5110 332 i

5127 : 341 |

sìso : C¿r i

5150 : 355 i

5162: 37 
,

iMac!urina

iMaclurina

tMaclurina

lencrusted by Protrochiscolifhus; overturned

Macturina

:Maclurina

I

Macturina;encrusted by Protrochiscolithus

Matcturina

iMaclurina

'Macturina
-
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Comments .H D'
'....', '..,:

¡1,

5420: S4 i

' 
sqi2:"ré¿'' i 

"-- ' '' à.5

ìMaclur¡na :5466i 343, ' : 3

iMaclurÌna i 5514 : 105 4

lgastropod ¡ SS0O , 94 l

o''- -+.s:

161

2t
'---^ t

4l

2l
_'-'-.-" j

a

3l
''','''.'']
J.5

,', '''''.,..'.1

4:
2.5 1

)

t:

: 1.5

: 4.5

: 15

cà
,4
, 
*i.s

b.5
,....'..'.'..

e

J

4

2.5

1

2.5' 
i.s
;
J

t.i
3.5

2.5

1

igastropod iHormotoma

gaàtiópoo

sãit'.opoà

;gastropod

:gasìropòO 
-

'ù;i'.òpòdigastropod
t _ "" -
:gastropod

:gastropod

;sàsiròpóà
t_ __*___.-.' "_
igastropod

:éìil.òpod"
igastroÈoà
a

igaskopod

:gastropod

igastropod

gastropod Maclurina

|5òi5 i--56 i--ã.s , : 2

i soTo ,-- ät'i t- ' '' - 
2

;gastropod

inô'n äô'àr

tnõin óôral

inó'À óóiãi

jhighly abraded

inigr,iy abiãàê¿
f ' '..'.."

lepitheca abraded

I SZ¡S : ¿OA I

i 5üìi'-àil i' '

: saoo i 
'Aiz i

i seìä f lì6 i "-"

I saio' 3à¿ Ì

rstäô-àà¿ì^
, àsìà i äoö l- -^
:sgióf¿ô7i'
:oosa, lôi"
; éoöé ,' ìol i*'
I6iòs- lò6ì ---

¡ orzs , css I

, aÀz.a ' 1oi i

: orìg I 791

' d¡t¿': àit i -

i olgo i- ¿oz i
:6elT' ós i

i,'- -¿ : 4i3 ,

| 7i 27isi -

i 1q, ìesì-
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WH

-:.
- z,-

" -- -' t '''

t 139: 447 :

i 160i 438:'-' - *-|-îeã 
'"îää i

:hilõär*"*"*--ihdhtyãbiádeãjcàrd¡nalseptum 7ô des;óér äôwn trom ioutn-" 
- -i 

1ee :_-€il-

iüil1-rr'"*--"--- löpitiËääËd"¿, .td¡.;ì-;óóîür îô ijeôì# down rrom'nol.tn ' 240 ", l¿o

norn coral 
- 'hign¡y abradeã 260 i 35ö

horn coral iepitheca abraded; cardinal septum 70 degrees down from south ì 395 433 ì

horn coral ihighly abraded 418 , 254 i

rhorn coral ìhighly abraded , 420 : 298

horn coral epitheca abraded; cardinal septum 45 up from south 493 : 220

horn coral highly abraded ' siA+ ãi6

horn coral cardinal septum straighi down 5bé 465

:horn corál highly abraded OSg . zzO

horn coral highly abraded 6 60 217

horn òorat ,highly abraded; òardinal septum 45 degrees down from south 671 , 2ì6 '

norn coral highly äbraded ' 684 | 22A

hórn coral ,nignii a¡raded tli '' zis'
horn côrai *éäfiiy abraded; cardinal septum ¿O Oegrees from south 728 t, ZAZ

horn coral weakly äbräded; cardinal septum 45 degrees up from north 751 431

horn ðoral highly abradôd; cardinal septum 30 degrees down from noäh 771 463

horncoral weaklyabraded;carO¡nätseptum l0degreesdownfromsouth 826' 215

,horn coral highly abraded 843 àAA

norn coråi weakly abraded; ôardinal septum 45 degrees up from north 877 , 239'

horn coräl highly abraded 91 1 475

horn corai weakly abraded 959 323

horn coraì highly abraded ' 962 222

horn corål highly abraded 962 327

horn coral highly abraded; cardinal septum 75 degrees down from north g72 270

D"t
'i
f.i
ài

J

ãE

1

1

I

I
t4

1.5

: : 2l
| 31
' 
--.^' .'-. -.,- i

) 1l
:*'*'. i', 1i

, 2;
1l

z-3

1.5*25
*"i
''';-

I

1.5
;
J

'-à.5

â.ò'.; -z.c
-1

;
J

1.5

à-1
^iä
' -';

J
- 
z.s

--1.à

ì.5
-2

3.5

2' 
+.s
--5.5-ì
2.5

J
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NS Wall 
I

horn coral nignty recryitãllizäO

horn coral ihighly abraded

Comments v lw
t 1019, 374 i

441 |

lói¿ i

ále l

2

t.c

J

4.i

Ĵ

1 088

horn coral imoderately abraded; apex pointing north | 1102

horn coral weakly àbradèd; fìlled ;ith sediment; cardinal sepium 30 degrees 1121
idown from south

horn coral iapex po¡nts south

epitheca abraded

highly abràded

highly abradeo

ép¡tllêcä aoiaoeo; càroinal septum straigñt do;;

;highly abraded

1161 243i , 1

; 1142 441 : 7.5

lhorn coral

,nóin òoiaì 
'* -"' '

,norn òorat

.horn coral

,horn coral

:norn òoiàt

;horn coral

lñoiÀ"coTaf 
- --

,ñáñ ¿à;åì--*""-"-

i1163 243i , , 2

¡ 1iôó I à,zii iò ' """4

1217 215',,

iáiÃ,-;2si*7"5
irãti áãsi 

'*-

ú+i , it+ 
'

¡.c

ì.5

ì.s
1.à

1.5-i
i.¿

epiine.u abrad'ed; cardinat septum A0 ä"gr""r down from south 1255 216 1

nig'hty abraOeO; cârdinal septum ¿S àégréeJ down from south 1264 237

nòrn óoial 
"- 

rp"ipo¡nir sorin e7o I izz t ' "-¿

jhorn coral
i- --^"- - --

ihorn coral

jhorn coral

ihorn coral

ihorn coral

ihorn coral

:nórn Coiai

;horn coral

jhorn coral
t- --- --- ---'
jhorn coral

lhorn coral

ihorn coral

;norn òóiäi

;horn coral

:r'óil cóiäi

lhorn coral

ihorn coral

:horn coral

thorn coral

lhorn coral

;horn coral

;horn coral

:horn coral

ilife pos¡tion

tire posiiion

iepitheca

nishry ãoraäää; cäioinat septum points sliäishloó*n
"n¡ghit 

abiàded

eóiiñäcä aoraoeo; ôaro¡nal septum straigni oown- -;möd;äieiy 
äoraoeo; caøinät iäþtur iiiaisnt down

ihighly abraded

nighty aOraOeO

i

highly abraded

ìmoderately abraded

thighly abraded

ldissolved

iin growth position
-- möåerätuty anråoeo

thighly abraded

.nigillV abraded
I

ihighly abraded; cardinal septum 30 degrees up from north

n¡önlv ä¡raoe¿

I

epitneóä-äoiääeo 
-

t13181 235; 4t I 3

'tà+a qa i 1.5 - 
1

! 1351 , 205 i

i 1359 : 288 I

i-ìisi I ìr8 i

:êpiihäóä-äb;äðöo; càø¡nal sêpirm sò degree; up from south uzs àto .

ì39s 4,42' r -t t
t¿i+'iaà -- --1

, Mß, qas

t iqÀa'' -ta,s 
i

i1456: 326i , , 2

1459: 327 :

ììeà l-lào 
I

tqais'- äü :

1's1, 
'á66:

1550:486i ' r 3

' .''''''''''''''''''' \

1r

t;
...,...'..''''.']
: 1.5 I

i 1652 i 296 
ì

:'iaió,-+üs ¡

J]

2'5 t

u

--l
2t

1-5 
r

4l
1

2'5 
r

1i
1i
1i

horn corat 
"pitnäää 

äoiäääo 183ì 210 ì.s
horn coral nighlt äoråäeo; óard¡nal säpium siäìönt ãown 18,47 ì as , 3

nór. óöiäl 
- 

n¡énrv äoräoeo 185¿ ito ã.s

1680 : 280 2

: 1686 481 j

i rToo ì ãéó i---ì
:iìàn' 166' --
lleaöl"âlói --

-^1

l.s

:horn coral

:horn coral
t-" '^ '--"^- "" -"
;horn coral

ihighly abraded i t AOO ! ZO¿ I 1.5 )

ìhighly recrystallized 1921 274 |

epiiñ;ä ô;; cardinal septum +s oesreèi down from jouth ' 
lszi äBs -

293



r NS Wall

:hiþ;n ¿¿;;ál-'

,horn coral

lnioirn éarát

,ñóiñ äòiár 
-

,naiin cÁrai- 
' ;highly abraded

tÁ¡dhil;-ábládü"iÁ

, Comments

highly abraded

highly abraded

ihighly abraded; cardinal septum 50 degrees down from north

xYi
1934 271 |

1957 , 274'.

1960 , 276:

te6À : 1sia,

1965 352 i

t"sdd''i62 t

W D

L.S'i
t.s

1

J

thorn coral lhighly abraded

ihorn coral thighly abraded t 2045 : 295 i

:--_""----- ¡_"'
ì 2053 i 219 I;horn coral i highly abraded

;horn coral iepitheca abraded

;horn coral imoderately abraded

t2080: 293i
:¿
: 1.5

õ:¿
i2183 225 i

_ *-__ :- _____-__

i 2195 : 335 ì

2.5

2.à

r.å

li;
i:5
-'ì

12200: 225 |

i 2213 : 270 :

iñìöñrtàbìàðeàË;¿ùår ;èpiüñ"È"i"i"ìöiih-' 2215 1 407 i

12224:269i
2274 | 267 i 2

Iiepitheca abraded; cardinal septum points straight down 2295 ¡ 407 t

2299 tiþ' 1.5

lhorn coral

,jhorn coral

:horn coral

thorn coral

;nörÀ Còl.ãl

ihorn coral

inö'.À ðóiãi

lhorn coral

lr,óil òoräl

lhil *iäl
jnöiÀ cóiât

jhorn coral

jnoiñ'óoi'í

,Àö'ñ'òóiäi

:horn coral

,ñö'.ñ ðóiär

iü;;ö;âí
;horn coral

,ñòñ ;o'.ãi

lfrorn Coral

lnóin òoial

;nòin ôoiäl

jhóñ öäi
,h;. co;äi

iniai¡n-lirat

lmoderately abraded; cardinal septum 45 degrees down from
jsouth

upiÛ,äðá anráoeo; caioinår septum 45 degrees up fróm soutn

mooeiatéiy äoiäoèä; .äià¡.äl septüm oúó south

hishly recrysiâtlitää-

highly recryställitèd

' n ¡ön lV iecrystatti=eo

lepìlnðôä öôñe; cäro¡nal sébtum zo desrèeö üö iiöö äoüin -

"n¡gnrv 
äbiäääó

'äpiih;ä äoiääää; ðärä¡nal septum äo oegrées oown rrom söüin

n¡gnlv abradeà

.n¡önly aOraOeU

.caiäiåar Jeptum 20 deüäää dóil iiom sörtn

hishry a¡räoeo; ðãiäi;al;eplú* straisñi äöwn

weakly aOraOeä

äËi pointö iôutn

èþitneca abraded

epilneða äbraded
"ep¡tnóc" 

"oruåu¿
highly abraded

highly abraded

èpitheca abraded; cardinal.upirr 10 degrees down from south

hishri äbräded

highly abraded

ìhighly abraded-* 
iåTiäiôói"Ëðüih

lcardinal septum straight down

lyegt<f v-ao-1go9o¡e1crustedbv.p1lo-!!"?rl!:?-!n.y1,.

2300': 276 i

:2á18 t'^àii i

2Áiai ,--ä6 
i

:'zi,ai ,- i.í¿ i

iãâ88 '--äö5 i

i àiss+ : -;¿;" 
¡

i_ ^_-.'_ f"' --_- |

i2408 : 264 i

i l¿àl;-slo i

t'i4à:È'-^ä6 i

1'lasiÀ': 
-tsin 

i

i àÀ,5i,6 i'-is1 i

: i4,6i0;^ii¿ i

i i+isi¿ ' +ìi i

:i4üi t'-¿io i
:l+iaià,' iìl't
i'- -_ --_ :.._..- '. ìi2492 377 ;

i la,s; ,'-àß,6 
i

i-â¿ss ' ¿ìã i

l zs+a', )1à I

:, is,ai¿ : iaC :

,2565: 407 :

i züo ' ¿oi,e i

, áinin ' ztø :

;2584 : 251 :.

i2591 414 5

4-5

2.5

I
'"i
*ì
-i
1.5

-- ------ 12i

1¿
...................... I

1i
l:

t--- --1
2j

.......... . . l

1.5 1

1.5

t.i
1

i
i.s
I
1

t.s
t.i
2.à

:horn coral ld,sä - [aþ |

, 15

á.5 i*' " :-;.i
ìhorn coral ,2595 | 417 

1
t4

294



horn coral ,life pos¡tion 2600t 253i 2.5 1.5 .

1l
1.

ihorn coral inishrt áoraoeo; càrdinai septùm 50 degrees oown irom nòrtÀ 
*** iääl i âii i^*- , 

*-* 
i**î I

,ñólnðoräl 
'- 

instormteñ - zats, iii 35, " '"2.5',

jhighly abraded ziihorn coral

iùiùài
i '-'.- *-'. '.'.
jhorn coral

;nôir ô"iâr

:noin coiái

rhiläài
,nòin òòiãì

inòin òó'à¡

,horn coral

,nóin ðótti

iriil òo;àì

iÈôià ðòrai

'nòin 
corát

inorñ ôoràr

lhorn coral

jhóñ;õiái

iffi;;ò;äi
inóin ôóiär

inoin"córài

inô'n óóiái
jnorn óóiãi

¡norn-còrai

1,2948 : 22s i

i 2962 : 319 i

I 2965 i 230 ì

,3005 : 480 i

,3006 ' 230 i

3036: 404 i

3058 r 234 i

I 2861 : 366 ì

ihighly abraded I ZAAS . eOS ', 4.5 
t

ihighly abraded

highly abraded

nignty abraded

highly abiadeO

;highly abraded

iniònrv'àoäea
epitheca abraded; cardinal septum 45 degrees up from north

highly abraded

highly abraded

ìhighly abraded

ln¡ghry àb'áãêd

ìmoaèiáielv ãora¿eo

ihighly abraded

,highly abraded

wértpiéseräo

,apex points souih

óarO¡näf septum due souih

highly abraded; apei points nortn

ãoôoiäà¿]- i ", 
1

a:
.... 1

1.5 |

2.5 I

15:
1.5 i

2Ã

1

13106: 355i : : 4

'3149 2161 , 1

3067 358 i

3106 ; 283 I

3286 ' 267 j

Cásl , zas:

3.5

ì.s

2

i.5
ì.5

1.5

1.5

lmoderately abraded '.3166 , 214 i 2.5

ep¡inéca abraded; cardinal septum +S Oegrees down from south 3204 ' 27 1

lüatl ' âia1

i3259 3ooi : : 2

I 3260 : 361 ì
2Ã

3280;285', 6 4

295



: NS Wall

ihorn coraf

,horn coral

: Gomments

n¡ghlt a¡raOeä

x,y
3331 267

rW D

i.s
ihighly abraded ; highly recrystallized | 3336 : 478 1:

: ábÁi,"412 i

t lsais : lls t

i-zeçi¿ - íli:
: áiióis qia'
, züqàs , 

-toi,z 
t

,-àq¿i ',- is,s ,

,l+Bia ist .

i zsi,oi ',--ian't

3508 ì 470 j

i 3525 ì 260 :

iàäii'-"¿öäi

: 1.5:

QÃ

1.5

t.5
J

J'2

1.5
-t

1.5

.t

ihorn coral

ih;;;ä;ä
i'id; ääì

;moderately abraded
i;,*".;;;;*"**highly abraded

r3846; 851 :

i"äð65 i 31ã"i-***r**-ä
1.5

2

,
1

I

lhighly abraded I äsoo '"45õ i**-*:*--*-
ihorn coral iweakly abraded

noiriloräl ,mooeráteìy abradêd

noin òóiâi-- mode,aìery äuiaoeo

lhorn coral imoderately abraded

3900 453 ,

horn coral iepitheca abraded; cardinal septum 45 degrees down from south

lweakly abraded

I 3901 i 455 i

i-âòöà i*-¿ö i***
'*löol ,*1*'',-*"*-
3904: 447 i 3.5

2

ahorn coral

horn coral ihighly abraded 2.53906, 455 ì

horn coral Ìepitheca abraded 3907: 451 ì

3912 : 456 I

3918 : 455 ,

¡sìó , -3o 
i

àöãò : iò¿ r

2

tò
1.5

1.5

a

i.à
z

l.s
1.5'i

ä

á.s

rhorn coral

,norn 
"oiuì

,norn.òôrai

'hùl;ò;ài

Ìweakly abraded

lwòariry äuiaùeo

iÈisÈìt 
"biààéo

iÀigñíy äbiådéo

imòoäiäièìv"äÈiaàeo

i'òdè;ài"it äbiàd"a

inigÈìt àbiààää-* -
iÀiòhìy äbiàded*"*

:horn coral

ihôñäái
ihilòôiaì
i#;";óiãi

3937 , 400 i

1-.'__---_--
i moderate

ì 3938 : 194 ì

:3941 : 44 i

iäö¿î;--"ú i--
läö{iä 

r--äll 
i- 

-

i3998; 46i
i.._'-"""_ " .-___-'___ ¡ ^.._ _

i 4043 317 ì

ihorn coral

tü;äàì
jhorn coral

;hòñ coäi

ihôñ cõiäi

,nóiä 
"òiti

isiiòri ci,o,ràt

;hôñ;oiãi
thoñ óórat

:norn cóiat

.norn òòrál
jhorn coràt

'horn coral

ihorn coral

jmoderately abraded; cardinal septum 45 degrees up from south

iweakly abraded; cardinal septum 45 degrees down from north

imoderately abraded

,highly äbraded

eþitneCá abraded; cardinal septum ts Oägrees up from south

nigniy ãorad"o

highly abraded

moderately; cárdinäl septum straight down

rrigñiy äbiàoeà

epitheca abraded; cardinal septum 5 degrees down from south

highly abraded

moà"àtuly abraded

Àighly abraded

ì4056: 46i
l¿o7s'-iäi i -

i'+atl t--ìos i
i +ois', 46 i

i ìoôb , zoe i

r ¿ôôö ì 43',

, ìoòé , qi,
,4100 ZS l

I ¿ro¡ àzi:
:4118 , 81 j

t +izp'. siz',

4
-^
J

2.5

¡ò
¡
;
J

I
2.5

2

1

z

296



;horn coral

:horn coral

thorn coral

ìhorn coral

thóiÀöai
1r,óin"òoiãr

highly abraded 4254 ì sg r .S

ñighit abi"à"ä- Àite 51

, 1.5

: 1.5
;J

:horn coral ¡highly abraded | 4279 : 51 i i 2.5

lhorn coral ;highly abraded : 4283 : 385 i 2.5

:horn coral ;epitheca abraded 4284 91 2

jhorn coral :h¡ghly abraded t, 4i}i,6, 
*Si 

I 
- - 

1

I " -'_

lhorn coral lhighly abraded

nórn ðäral 
- 

epitheca abraded; ôardinal septum straight up

ihorn coral highly abraded qisi sì 
'"1.¿

horn coral 
- 

epitheca abraded; ôardinal septum straight up 4301 334 1.5

horn coral highly abraded 4307 405 1

'ñãiñ;;t-** 

*-' 
iñshry auraoeo "'- - 

i43oi i" iäì" ì- 
- - 

1 5 i

iñôi;;;i*-- -i€p'iË;;üä¡ÊAtà;ãËi;¡ìùm¿iláóäôiôj..o'n"ñô'tñ- 432a, 4as, ---.*i:si
rhorncoral ì i4360: 74t : : 2

ihorn coral ìepitheca abraded; cardinal septum 45 degrees down from south I 4278 : 403 1

,noi. ðoitl ,eþitheca abraded; ó"ràiñär septum 45 degrees down from north ¿Àoi,g 2oo

horn corat lhighiy ab;áoäo 4417 | gs3

;horn coral ¡moderately abraded 't 4443 : 305 t

horn coral n¡gñiv äbradöà 't qSZl I qlS 
:

horn corat móoeratety aoràoeå 4s23 298

'hòñ;öiai niörriv aoraoeo ' 442a | 3s6 r.s ,

1.5

äÈ

*-:-- * 
,*-zi

: : 1i
i*: - ' i"*à.ä;

ihighly abraded

inighiy àb'ààäà

inìönìv àuiàäèo

4535: 430 l

¿s+s i.. ä¿,

¿sos :- -74 
I

3.5 
,

1j
¿.c

2l
')^::horn coral

inôin òòiâi

iÈôin'ôoiâi

'nórn 
òórar

inóin ðo'.át

jhorn coral

;noin corat
!- ^-- - -
lhorn coral

lnóià òó'.ät

jhorn coral

:rròrn óotäi

:4587 ; 76 i

r 4590 : 299 ì

i ¿oöä , 
-äoi 

I

ì 4619 , 262 ì

;4628 , 263 I

,4630 203 l

r ìoss sos l

i 4641 , 104 i

'4651; 24i

i4692 | 265 |

i ¿ogà i 1ôe i

jhighly abraded
l

¡

highly abraded; in storm lens

highly abraded; in storm lens

highly abraded; in storm lens

thighly abraded

rmoderately abraded; apex points south

highly abraded

highly abraded

¡highly abraded; in storm lens
1---
ìmoderately abraded

1nøOt: ZAOi'horn coràt ñ1sñ!v ãor.aoèo¡ 
¡n 

Jtoim réns

1.5

â.5

r.s

1.5

J

Ã

2.5

1

-t
2.5 

i

1.5 i
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ñoiÀ ðoiár nisnty ånraoeo ¿ose 232

NS Wall Comments

ihighly abraded

'rr¡éniv ãnïaäeo

epiinéða a¡raoeo; covered ¡y cepnälopôä ðnelt

Dl

2;

1.5 i

+

" 
-a

â,
'.'''....'. :

1.5 :

..'.'....'':

2.5 t

3;

1:5 
,

;
... ,.. )

2.5:

2

ó

à

îi;

horn coral ihighly abraded 5001 ì 25 i

ihorn coral jhighly abraded i 5004 : 49 i

horn corat 
- hignivãniá¿ed ; æão ióä : alu;

..',---'..'....,-!

2.5 
i

2l
1.5 

|

2q:
I

rqi

;horn coral

;horn coral

iùñ ôôiàf--
rü. óôiãi

lnòrn òóial

lnoin córái

:nòrn òôiaì 
-

jnòrn""oiàì 
'

íÈòñ;o;'l- 
-

rhoñ cöiäi -

,norñ coiàf*

,nó'ñ óôiài' 
'

ihðñ ¿dài -

tnoin òòiàl- 
"

iÈorn coiãí- 
-

:- -^- -
ìhorn coral

'horn 
coral

inorn õóral 
-

,norn óóiäi

inôrn coiat: *_ -_-_---"
rhorn coral

,norn corâl

horn coral

jhighly abraded; cardinal septum 30 degrees down from south . 5068 , 199

highly abraded 5112 4g2

i5034; 26i
i5ôà6 

*1ôö 
I

' 
5055 503 r

I 5143 : 339 I

isì+0, szì

; sìà+ , ¿os i

i5iàB i -C6 
i

iàìBB ; 
-^à 

i

' 
5ìöá 1-f is I

i stôs i àäB j

ì5265: 69i

ì 5304 : 460 
I

,5ãó6: ,Biol-
i òißrisi 4sili
i5337 , 222i

i ssá8 i Bi:
, sCäs , isz i

. ão+o . ast ;

2.5 i

-t.il

1l-...;
1)F':
',' . ...,'' i

4l
al

.1 I

;

4t
11.-''';
'l

1.5 
i

1¡
..-,..'...i

3.5 :

z:
t

2i
1l

,^.
'','''','',ì

4i

1

1:

2l

2.51

2.5 |

ihighly abraded

moderately abraded

nighlV åbraded

nighty anraOeO

hìghly abrádeo

imoderately abraded

ìhighly abraded

thighly abraded; in storm lens

highly abraded

highly abräded

ñigñit abraoeo

lrighly abraded

highly abraded

highly abraded

n¡snlv ábiãdèà

weakly abraded; cardinal septum 50 degrees down from north 5230 136

Àighiy ã¡iáã"0 s24s 23s

weakly abraded; cardinal septum 50 degrees down from north 52.63 
t, 

240
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Comments ,x
:ól¿l

i sißi,sü

;-ssóã
:'sÀ:ßl

áÀi4

5378

daaie

394 r

-siB '' z

336

HD
- -' ã.s

-'^ -2

W

horn coral

ñorÁ ðóial

ñoiñ óoiri

horn coral

horn coral

--2ß;i 
1

òcò

457

461

2

2

2

;J

5403' 463 I 1.5

; cardinal septum 50 degrees down from south 5404 i 456 ì 4.5
^à

""ii s¿oo : ¿so l

1 5415 | 262 i

highly abraded 5420- 
: i:ïnäväoiäoeo--**- s422

' 
n¡ghly abraded 5444

mòOeraiefy abraded; cardinal septum 60 degrees Oown from nortn SSOi :

highly abraded 5510

inishry "Èräoóo . s5Có '"

highly abradeà 5s67

nignly abraded -ilZ.S

epilheca aoraoeä; ðäio¡nar sôptum ao Oegrees down irom north 'stäo

epitnéää abraded; cardinal septum 60 degrees Oown tróm sôutn 5830

highly abraded 5855

irl¡ônlv aoraàeo , siaiz .

highly abraded 5890

2
--à
"à
i

-2,.s

ä

-5.5

-i.5

i.s
ä.s

r.s
;
3

1.5-'t
'i

1--ï
l:

J.þ I

-. ------ t: 4l
, 2r

tq
:

2.5 
|

'''..,..''l
1i

1.5 i*:
Á

I

l.)

.. .. . .....,

.:
3i

')4
.- . . '...'-...:

2.5:

2,
1

299
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x:Yl
ssas . ã1ó,

5é5s '--äló i

W Di
2Ã

2'
.-.-.- . i

2:
2.5 

i

2l
LI

jhighly abraded

êpitneca aOraOeO; óär¿¡nai septum 45 degrees down from south

ihighly abraded

móàèratefy abraded; cardinal septum stra¡ght up

epithu." abraded

hig'hly abraded

i 5960 , 328 i

:5972 ) 58

5977 | 56 j

6051: 2i
: ooss , áì+ f'--."

1.5
-ò

| 4210 : 423:

i ñlr;r' ïsB i

2.5

:ManÌpora

iM;n¡;ora 5526 484 12

:P rotro chiscolithus iencrustin g stromatoporoid

I 1045 490 i

.'... ..,.., . '.. . ,.. . ' .' ì

: 1519 385 ,

r-sàrá,""äìä'i
1 1141 34Bi

'--'Tää 
.*¿á5 i

1.5

6"i
'i

là

!
2

'1.5

Protrochiscolithus t

i i ròi,t ióiüii ióo ¡ ti u I i --
2

"*"Ã
',,

*-ii Þt ;ói¡ ;oi ¿i i ;i ¿þ i ü h;; l

Þrotlòc;hiscolithus ,

,, P rotrochi scol ithus j mound shaped ; overturned
: 

Protìoò,n¡sdoinhus

,prolroi,òniiconnus overturneà; encrüsting äephatopod

ipioiiJärlsàôr,t¡ii l'öüno "ñ"Ëd*- 
- -'

Protrochiscolithtùs

P rotrochi sco t Ìthus encrustin g gastropod

Protrochiscoiithrs enclüsiing Crenutites

'.P rotroch ¡scol ¡thus lencrusting C re n u lite si borin gs

a. P rotro c h i scol¡thus if ragment

Protrochiscoiithus ,

Þiotrocniscot¡liuis

.Protrochiscolithus
' Protrochiscolithus

P rotroc hi scot ithus overturned

¡Protrochiscolithus t

;Protrochiscolithus ;

Þrotroc:hiscotithus

Protrochiscolithus '

Protrochiscolithtus

Þiotiòc;hiscotithus

11 ,

o

t

306 i

445 i

äBe"l-

193

üs
24à

r 
"äãã 

,*ssì i
;-¿Câ í-soe i
i--söà i äoÈ i

i 6òà '"ää/ i

,- i¡8,'-4si" j

,-"aáa ,'-ã6? ì'

ì- asì' ìs¿ i

l 
- goó i-ãso 

i

t rosì i äri i
, lziä | âol i

1 làüß | 
"i14 i

ttstt, zzai
i ììö¿ ' iss 

1

ì 1561 190 i

. fSOO , SSO i

1 ttzO: +àSi
) lllß i àiäis i

t iai,ot : àia i

fiBBä i-ääå i

;äzà, ãôì i

12, 4

8: 2

9' 1.5

1, ,-- 
-à

ì5 '- 
-'" 

à

¿' -á
- 5,- ò.ò-'ì: ^1

6, 1

-"ì ,-.-i.s-io 
s.à

1t'. 1.5

ßt
4.5 1.5

4.5 . 0.5

6 1.5

s.si 1

11 ;. 3

S.S: f.S
- i ,'.--t
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. NSWall I Comments x y W ; H

:Protrochiscolithus t1 2098 487 10 s

irotrochtiscotitrus enòrusting gåriròpoO; encrusted by Cataptoec;ia: overturned 2120 1BB O 1

', Protrochiscolithus i

1: i;ì;í6; ;í;;; i'ú h u ; i oue'rì i*jil

,t2174: 295) 7 2

I 2195 r 307 I 2.5', 1.5 ,

:2318:470: 39' 12

2323 , 410 t 4.5 1

ii¿a 2s s 2

2363 2!g1 6 1

2434 291 4.5 0.5

2437 363 6.5 1

zisi: +tz 7 3.5

i-zsoai*âBõ"i d.s - i,
2596' 416 4 1

i2668:425) 71 2,
zitst"t zbz i.s 4

2738 473 7 1.5,.s i i
i

i2BB7ì 357i 4, 1¡ i

i2978:4BBi 3: 1; ì

31361 475 ì 16, 2

3309'222 5 1,
3309'427, 7 2

i P ;ò;iiòian¡;;;i.tth ;;" ËñC'*t¡n g c¡e n u I ite s âiiö i'äito i'*ä'**-ã
lProtiochiscolithus

:Protrochiscol¡thus ion top of storm lens

Protrochiiscotithus

Protrochìscotithus good shieldìng

Protrochiscolithus

P rotroc h i scot ithus overturned

Þ;ioitioicn¡iconnus encrusting cephatopod

Pi ròtroc;hßcotithus encrusting ðeönatopoo

Piòiro,chiscotithus

Prolrochiscolithui

Proiochísò,otithus encrusting cephalopod

Þ ioìiioi ini icoiitnus encrustins sorä train

Þ ròtro c;it i scol ìth u s,
P rò,t ro c h i sc o t i tf,us'

Protrochiscolithus
I piòiiiòòniüòot¡tlrus enøusting gastropod

'¡P rotroch i scol ithus ¡encrusting gastropod

Protrochiscolithus

Protrochiscitithus encrusted by Pataeophyttum
protroci¡scott¡thus encrusting reóeptaculitid

, P rotroch i scol ithus lencrustin g gastropod

t 3475 : 422 i 3.5 , 1.5

saii +:7i 6 1

:3583r 301i 6.5. 1

3830:428i 24

3896' 426 i 18

4107,351i 5

4128:198 ] 4.5

4196l 3031 4

4200:314ì 2.5

4306: 426 i 5

4362i 3541 3.5

-+i+ü i C3o i- 7.s

aseü+: taz i s
-¿dÀtr ddel si.s

söôâ: à+àt t
sioì: lae i s.s

sü5ß 2ài,2i s

5213:341l 6

sã¡ei ¿7àl ì.s
szs+; áüei- à

szti , ts+|, l.ò

1:
3:

¡i
'.......'..'...
0.5

0.5 :

z
-i',
ì.

2.5:"ìr, -

à:
;'Z:

l.i'
LS '-
f .S ,

;
I

;
1'----
1'

¡4453, 65i 7

P rotro chi scol ithus tencrusti n g Cre n u I ite s
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I NS Wall : Comments

Protrochis;cotlithus encrusting stromatoporoid

Protrochis;colithus encrusting cephalopod

Protrochis;colithus .

: P rotrochiscolithus,.

:Protrochiscolithus ltilted on side

, Protrochiscolithus ìencrusted by Saffordophyll um
) Protrochiscolithus igood shielding

txYìW:H,Dl
| 5343 281 1 20' 1 |

:

, 5366 297 r 15 1.5 :

:5428 : 395 ; 5.5 1' ì

;5465 , 451 , 10 2: l

t,-sisitl'"lais; 4' á )

5632 368 9 1

; 5663 , 361 r 9.5 1

r5679:369ì I 1.5. )
a Protrochiscolithus ;

tProtrochiscolithus 
t i5709:433ì 8.8, 4

i'-"---' "--"--"- i.'-----_--:--- _ ..-

', 5764 , 374 t 4.5 : 1.5

6037 : 375 i 6.s , 1.5 ,

6083: 161 I 1.5

6137: 398 5 0.5

6226 335 8 1

6¿¿ó i 55 i'- ô :--. ì

lreceptaculitid ì

Ê;¿ôñuiitld**- j

';eceÈiàðuriiià 

*-'- 
Í

i';"päuiìiil - I

,ieðeptuôuiii¡à* 
- 

i

:ieòèpiãòuiii¡ä-* i

35 193 14 1

37 : 217 \ 14', 1

i 59 3121 17, 2

: 94,3721 6, 1

;110: 192i 9; 1

I 123; 350ì 10, 1

ieceptacul¡i¡O good shielding; ón top of störm lens

receptaculitid i

i rzsj seoi 12, 1

; 135 its iz t

i-ì6t , 
'46ö i-'-ri '--"'à i

ioe i-ãöõ i -a',' - I

I tio i^Ci,sil i 1i : 
*-t :** 

i; àìt'*+¿si**"'ö.-*l- - i

l ãâã i*ãgá i* 
"àn , ì.s . ' ;

,257:4481 17

, 259r 3861 17

,, àsn, zlø t 9.s

: 268 | 402); 5

: 280' 502 1 I
,285:331i 11

295 257 17 1.5

ireceptaculitid i

receptacuiitid

,receptacul¡t¡d 
ì

receptacuiitid :

ràòeptaculitid

:iéòéptacul¡t¡O

lreceptaculitid lgood shielding

iéceptaðrl¡tio

receptaculitid

receptaculitid

recepiácutitiO

ireceptaculitid i

ireceptaculitid I

receptaculitid

298 467 1 10

Col, àst , tø

1

1
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NS Wall i

receptaculitid i

rxtylW:H
30ì 416 6 1

:1

'' )
; -i

I

1

"1:1
2

,2
ì1
';ta
:1

I

I

1

D

)

I

lgood shielding
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Gomments ,X:Y;W:H
901 268 7 0.å

gto2 i38 B.s 0.5

ss7 ¡io I 0.5

965 361 10 1

966 362 10 1

eãs ãa¿ ró 1.s

990 202 13 1

990 316 22 1.5

992 471 I 1

i 995 496i 9: 1

-- - -- l

: 996:438; 15. 1.5,

t1008r 325| 7" 1.5,' .^:^:'::_ : _

1006; 500 6; 0.5

ìòôì' ì" àã4" i-*"iô'-'t t -"*-'- 
l

1010' 347 I I

1033 359 13 2.5

, 1063 255 i 15 1

1100 271 15 1

receptaculitid 1104: 271 i 18 : 1

:receptaculitid :1107:371: 7: 1

1125' 261 22 1receptaculitid

reôpta;üiitìä-^.* 
- i1139¡ 403 I 12; 1

receptaculitid 11421 4951 7' 1

:receptaculitid 
Ì

receptaculitid

reðeptacuiitid

réceptaculitid

,.écéôtaòrritio

receptaculitid good shielding

reòe¡ácuritiO

receptaculitid ;

ieceptacutiilo good shielding

1172 : 475 i 15 1

1ìe6,-ai¿i --i' r.s

r ìöi , 
- àsì t- ii', t

ìàss; ìosì s ì
1289' 378 i 17 1

ìzs6,-ìaeI ìä, ,

lqit , zß4 12 1

1 1426 ; 485 ì 12: 1

1438 css 13 1

t+¿t, àaa 17 1.5

rlt+iÁ', 28à i "rá , ì
I lusi , 434 i s, 'ì

' uta, àoo i zô 2

1479 350 30 4

1490 : 283 | 12 1

rsoa] jr¿r 10: 1

rsos srz 10 1

lreceptaculitid

iiôðèp-iàò,iiiio 
*

:;è¿eptacùiììù 
*

jreôeptãCuiiiio-

iiàòeptãäüiii¡á-

,receptacui¡iiO

1'-éceótáôùl¡i¡ã

i..""àóiäðür¡i¡à
,recòpiáóul¡i¡o

,ieceptacútitio

rreceptaculitid

,recéptãcutitiO

:receptaculitid

;receptáãuritio

I

rgood shielding

i

lgood shielding
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Gomments x:yrw;H
-1si,il' ltß , ls -**i
-1s;¡i,¿"-il1t e i^lsin - ¿:4s: -6 ,-- 

' 
i

1524 283 . 15 1

15241 427 I 1

1539 229 I 1

1545 426 6 I

jreceptaculitid

:receptaculitid

.iôóeptaóüiitio-

;,Jceòmìùìiiiä'

rieòËptäðtiiiiâ-

:ieôè'itaô,.jiitø

:ièòäôiâóùiiìi¿'

;;éòeptacùliiiã^

r'.èiéöïáJùlii¡d^

;ieájòiäì.iùì¡o 
-

j;ääpäüiiid*

,Ë,;öTäCüiitià"

lË;.ói";lrin'd-

good shielding

1619 , 315 11 1

1630' 280 I 11 1

rctz 316 12 1.5

1644 333 21 2
:*.-..-l

l

i 1685 ì 479 i 12, 1,5 
|

1686 423 10 i
; 1692 ', 419 ) 10 1

, 1712 209 ì 7 1.5 ,

r ìzîè 
' 
ììà r ì6 ãreceplaculitid i

_""_^ i--'--
receptaculitid ì 1722, 479 i 11 , 1

i.."pt"òrñt¡o

ieôèptãCJi¡iio-

t1727ì 481i 8r 0.5:

1737 475 19 1 |

:ll+1 36+ 5 1

: izäis |-48ä |--e ,' o.s '- 
"

r 7os iij¿ rc 1.s

lreceptaculitid ì

'.ecèpiãcuìiìio
ieðèpiácurit¡o

receptäculitiå

receptaculitid

recepúòulitid

iéceptacul¡tiO good snielding

receptacul¡tid

rèceptaòulitid

receptaiulitid

receptaculitid

receptaculitid

iecepiáculitid

receptaculitid

receptaculitid

receptaculitid good shielding

receptaculitid

receptaculitid

receptáculitid

receptaculitid

reðéptáculitid

ì 1786 i 352 i 16 2:,

11789: 389i I 1

1802 251 I 1.5

i isìs '-äiô i 16 
-' i. -

1839 418 15 1

t ió5ó , àBã j- -rs . 2'
1860 418 16 1

:1867,215: 8: 1,
: 1892 , 222; I 1

1893 ; 383 I 10 1.5 
,

: 1s26 ¿16 | tt ¡.5 :

lsti 4BB e r

, lgzs | +:n ; lz 1'
1949 393 18 1

ItssS: glsi li', 1

ìróéeí¡ooi 7', 1l

:1982:422i 9. 1l
:1985:234i 10, 1:
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NS Wall 
I

' " "' î "" '--'-.'-"receptaculitid i

iécediáðri¡tiä 
* 

i-- -

'"ó"piáCuiiäo--- i - 
---

''''''' ''' a -- ----- r -----

2020, 418 17 2

2023 232 20 2

| 2037 323 6 : 1.5 ,

t, zo++ s+l t, 1o , 1.s

:2070 219 | 15 : 1

r2109: 368l 13, 1

2124 : 339', 14 ' 2

2124, 362 B 1

iidt , 
-qi¿s, " -a' '-t

lls+' isi,s i' 
"-tà- ' 't

:receptaculitid

i;óepiáðriiiiä 
-

.;õépiä;,1í1iô--

,iã"'ÈTãôuiiüo 
-

,recepîãôurítio 
-.

'.áò"óiãõriit¡ã

'ièóépiuóijriäo 

-'

:oood shield¡no

,good shielding

:receptaculitid i

róceptåcuiitio

receptåcuiitid 
"

;receptaculitid

r 2156 318 , 12 1.5

2174 386 11 1.5

receptaculitid i

good shielding

',2200 : 422 i 24 : 22 :

2229 267 11 1

12229: 427 i I 1.5 :

'"-' a '"2274,221t I 1

2275 415 14 2 

",receptaculitid 2293, 372 13 3

;receptaculitid i

iäòèöäúit¡¿í*- 
-:

i*¿ËóËuiitid 
"--*i

2376 | 331 i 29: 1.5

ièðéptâãùiitio 2381 404 .. 23 2

receptaculitid igood shielding iseo 306 
" 

1s 
- 

1.5'à4oo sil I tt 2

ã¿o¡ sos 1o , 1 |

2A24 518 18 1.5

r2430:366j 15, 1,
zizt rbo 1s 1

2446' 435 14 1.5

.2455',312i 20, 2,
2476 350 11 1.5

2477,348 B 1.5

äii, 3ts ä 2

: àäs t-i.6il i e.5 -i 
' 
- - -

2538 215 13 1

ãseo 276 20 1

2580 tß4 11 1

zslo, ttz 16 2

:zsll:qzl 13 1

:2627 262 I 1

'zøài i òré I ra '- r'i
l àoâô : ãsz j 11' 1 i--

ir6a7i +ài: t, 1;
äzoo ¡go 23 2

2711 237 7 1

2727 473 8 1

ireceptaculitid

lieð;öiäòuiiìià

,iecópiäôrl¡ì¡à

;reòepiJcuriíiâ

;,àcêpiicuiiiio 
-

íiéãeptáóur¡iío
jieðepiãòui¡i¡ã 

"

iiòôèpiáCui¡tiä 
-

:ieòèpiàði,il¡o'"

,rèòèôiäcùitio-

l'.eòèpiaóui¡t¡o 
-

iréCeptacul¡t¡à

i'.êôeòiàcùiiiià 
'

,räòepiàð"ìiì¡o- 
-

liécéptäðüiii¡ð-

iièiéóiáðürii¡o

iréðépiå"ui¡iia

rr.éóépiâcur¡iio

:iéóéptàðùiiiiá

ìr""uótäôùrii¡o

''.eòèptãótr¡iiã
rieôéótacuiii¡¿

:récepiäcuiii¡o

ì

lgòôo sÈiäioi.é

1

i
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i NS Wall

,léüÁltÁüóü¡ü;À--

:ióópiã;uiitid

,i;;eóiá;uiítid
,Ëðóiâ;üiiii¡-"

;i"óeóiãó,iiìio" 
"

,iéõ"óiacuiitiá -
:ióó"óiäcuíiiiã

'ióóápiaãuiitio
;réõäótåCüiíiìã-

i

ìgood shielding

'óóoo rniéiãíng

Comments 1x'ytWH
2734 1g2 22 1.5

:2741:216t 23: 2

2766 222. 18 1.5

2:776 432 21 2

2786 2g5 18 1.5

', 27BB : 422 , 14 1.5

:2790 : 467 ', 25 1

2792 514 16 1

äeos 4ii 1s 1

:receptaculitid 'i 2824 : 356 i 25', 2

;receptaculitid

äC"òtà;úr¡ää-

2890:255 i B. 1

zsù ¿iz 12 1.5

1 is;r;à :'ôl 1* 
" 

1"1 :-**t

i;Bsl'-4Bl |** e '-.- î -* 
* 

I

2900 472 12 1 ,

jreceptaculitid

;i:::9139!iti9
Íreceptaculitid i

iä"ptå;ùiitid 
----i-

;Ëcepià;ùliiid**-- I

2906 389 r 14 1

2933 389 16 2

2934 431 15 1

receptaculitid 
I 2940ì 3651 8ì 1

:receptaculitid I i2943: 275t 18: 1.5

:receptaculitid i 2956; ¿30i 9 1

receptaculitid ,

receptaculitid i

2957 i 316 i 14 1

??10 49,9 ¡ 1? 1

;2980,469; 12 1:

3oo0 235 7 1

ãoo¿ 359 13 1

r3005:481i I 1

äoo7 ita 7 1,

3o1o' à12' ro s

13030:2441 14: 1,

i'à053 i-5de ì" 
-ìã ; -ì ì'-'--

lreceptaculitid j

iÈ¿epiàòùiiià 
^ 'i

î;èöiaòüriiià -- i

iiôôòôtàð,lii¡¿* 
- 

i

;iéððpiàãuiäio 
*" *'ì

:iecäËiaôuriiià- 
- 

ì

;iêòêptáòùi¡i¡à j

rrècòpiáiúrii¡ã i

iiècepiáóui¡l¡o l

;receptãculitid 
ì

,reòàptacutiiio ;

jiècepiácuriiio 
',

lrecéptäóutitiá l

jreóéptåcur¡i¡á 
1

;iéóépiãõúi¡i¡o :

3052 , 336 i 12,, 1.5

3060: 242 ì 14 2

3065 : 404

ãòàs;*ìz?
3oö1 í--rat

3136 i òì¿

ãris , sre

elü: Sll
ãröì' áãs- :'
3197 : 185

niÁ: qào

àisz, sina

3270 : 470

szaz , isr
á).e2, +s+

i 7, 1

i 18, 1.5

l-^ ì,- -¡

10 : 1

13 , 1

13 : 1.5

20 1.5

iì t.s
ä. i
ta: -¡

9, 1

1i', 1

11 1
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ñ5 Wãir

receptaculit¡d

rreceptaculitid

;rôóéplãóurliid

colmgnls :x y tW H

3285 476 I 1

;3353 ; 330 j 12 2

3359: 308; 11 1

D

rreceptaculitid

iiðõöËiáôuiitìä--"-

Ëceóiã;üiitiã- 
-

ireceptaculitid

receptaculitid ;good shielding

:receptaculitid

i¡é;épiã;;iitiá

i;õ;piã;uiüìd
;;eäéôiá;"iíi,d

receptaculitid igood shielding

receptaculitid

i3360;2301 11: 1

,3370,490r 27, 1.5

1 3375 : 388 i 12: 1

:' -"-*"' :--'"--'" 4-" -- -"-'-----

:3424 , 418 i 16 0.5

;3426i 319r 18 2l
ites -+zs ré ì.s
3447 226 46 1

3448: 385 i 12, 1.5 :

3451 , 351 ', 12 , 1

3iôs'" ã76', is ' -ì

receptacul¡tid

;èiáptä¿Jiiäa- 
*.

ieòêóiäôi,iä¡ð'

ièòeôiäðüi¡ì¡o--*

i.ò"öiäoiiìîù 
*"'

äl;ôäc,iüil*'_ good shielding 3613 ¡ 485 | 12: 1

receptaculitid i t3680;482i tO' 1

lreceptaculitid i 3820 : 198 j 16 1

jreceptaculitid 
i

ir¿¿èäiàcuiiiiä- 
-.- 

i

iieóeptaðüi¡ì¡d-**ì

1iècepiäCtit¡ìio I

iróCèptàörrii¡o I

;i"òèóiácur¡iià I

iiòòèpìäcüiiiù 
-- 

i

:;;.ãpËüiiiid 
- 

i

iiu"èpiäcùr¡tio.. 
- 

I

iiuòupt.crr¡iià i

.r"òupiàòul¡i¡à ì

:r"céóiaóul¡i¡ã .

:iêcéptàôul¡ï¡o i

jreceptàôùritio 
1

:ru"èptâòürit¡à I

;eõpt'rcrliiid

;receptaculitid joverlies Crenulites

*** 
iäääi'--ião i 

*ì6": " *l 
;-' 

-

i à8¿â ;--ìsô i" ro i 1.à '- *

¡asz1 see 10 1.5 :

-iàBà8 
,- aga"i-- a ,-- 1 t- --"

,3860, 426i 18, 1

sb6e' ãea P 1

3874, 85 6 1.5

38741 190 I 1

3874 , 477 11 1.5

3875 iSq rc 1

3888 351 11 1

,3888, 3681 10 1

3896 123 6 1

ieos 65 12 1

,3903,234i 10r 1

3919 468 16 1

3927 40s 9 1

Cg¡o ros 1e 5

àsso ers 11 1.s

'ãs¿s . see 11 1

3949 356 8-5 1

, s95¿ 43,4 13 1.5

3,975 , 232 16 1

,receptaculitid ibent; arched

receptacuiitid

receptaculiiid

receptacutitid

iéòeptäcùtitio

receptaculitid
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Comments

,iéceptac.rlit¡o* ,4i48 223 -11 1, 
,

receptacutitiJ 41Bs ¿zs lz, 0 5 
"

receptaculitid 4190 362 21 : 1 .5

reiepiacutiÍà 42à6 nà 23 1.s

1

1

1

1

i
t
1

1
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Comments H

i"'í
1

t.c

i'¡
4E

-1
-'1

-l

Íreceptaculitid

iie¿è¡Ë;iiìid-
;'.ôðepiaCui¡ì¡o

1iéòðpiãõ,iììio 
"

liéô.pì'ðrii¡à-

lièòòptà"ürii¡¿-

li"òêpi'óri¡i¡à

;'."äeótacuiiiià

1réóéptácuriiio

;réceótáòul¡t¡o

:ieceptacul¡t¡ã

lrecèptacul¡t¡ã

,'.eòepiäôúliiio

iièòéptäculitio

;rècepiaôul¡i¡o

,reòeptâcul¡tiO

'ràòeptãCut¡t¡o

,4763 17 16 1

i¿iil t'-liii*-îe ;*"ì.5 i

t"üìà;-taai 
--ìs:- 

ì.s i

4790i 130 8i 1

+zsô : à¿a 21 4.s

', tleß'- aia i 
- ìì ' "r

4795 296 15 1

4800 344 10 1

4811 336 16 2
:¿ado rgz 16 1

¿ass n7 fi 1.5

4834 280 18 1

4843 364 9.5 1

4848 318 21 1

¿Bsã 58 16 1

¿eos z2i ¡i 1

qett tàt 12 1
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¡ 4896 ; 448

t, 4911 ) 123

4916: 467

9, 1

- la ,' 1.s
--11-: --1

ireceptaculitid

ii"cäó1áðuìiäã"-

'4919 : 340

.4920 , 387

;4985 i 458
_ - ___..'- l..- -'_.._- .--..*_'_..',,4990 , 275

11 1.5

iá Ls
15 1--iâ '-t
i¿-" I
¡t."s ' ì
ìì , ì*-"t '' " 

i
11 1

---ì o - 
"'ò.s

10 , 1

'10 : 1

:receptaculitid i

reòeóiáäur¡t¡à

receptaculiiid

rèceþtacutitiO

recepiaculitid

receptaculitid

4990 344

I 4995 ] 488

;receptaculitid

iäpËüätå**
5000 | 29 13 1 ,,

:-¡ïi---7 --- i

I to, 2t :

'.--.-".-,.... -.'..,....-. -, .,''..--...'.... ;1 t¡: f i

receptàcùtitid t 5042 | 118

r 5069 i 262

1 5035 l 348

1 5o7s . 190

i 5086 r 258

i-sioi i-ãã¿

,5107 | 471

| 5108 | 462

treceptaculitid

iáceËËüiitiâ*--
iiäòéôi".üi¡t¡o
jièòèötaðùiìi¡o "-

1rèòèpiaò,iiii¿ 
..

jieòepiãcuìììio-

,ièð"plãôriiiià

lrecepiäôuíiiiA 
-

irèóéôiäður¡ì¡ä

¡rôòeptàòurit¡o

;ieòépiàõri¡tio

;iôóèptãórr¡iio

;'.òcêpiáóui¡iù

iiéôèptäòùr¡i¡o 
" '

j;e;èpiâc,iiiiä^ -

1'.eóèótacul¡i¡o

jrecèpt""ul¡i¡à

jiéôéóiàôüiit¡à

;recepiãóuiitiá

¡reòóptacul¡t¡O

:réceptacúlttià

;ieceptaòuriiià

;reóépiacul¡t¡o
jieòepiáôrril¡ð

aa

i 5129: 467

i'sìsi' ìbò

: àiCà , 'ìâo

I sìoô :- zss
ì 5208 : 253

: sàoe , C76

:5211 , 465
¡. sütà i" +Bi

: ààào i'i?s
t,szs¿, -i
1üasi,a i sàs

, szoo I äìa

I saoò , rio
i 5406 ' 299
i ----__'1_-_ - -

:5417 : 452
t - ----- t-----
i 5435 : 240

i dÃt¿t, àià
;il¿i;" zts

10

31 '

12

ä
1

ì.5

11 : 1

8; 1

5. -ì

àt ' "t

or
10' ì.s
|i, ¡
lsl ì
-ô - -i
tÁ , 1..s

ó.5' 1

9i ì
1si 3

lA 
'- 

I

7, 1

lo' 1

ll , I

16 1

;overturned; encrusted by Protrochiscolithus
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NS Wall

'.ecepiãCúiii¡d- 
-

'e;ãóiá;uiíid--
receptaculitid

ieðàptããrt¡ilã-'

receptaculitid

,ecóóìäóriiää

Ëõpiã;,;iítiã 
--

;éäôià;,iiiid -
ie;óóiãc.'ìiíiil 

-

;ð;éóiaólítiá"

'éóãóíãðuiíiã"-"

Gomments ,xyrwH:D
,5444: 401, 23 1.5

5444 460 9 1

',5452,418 21 , 1

54,82 476 17 1

5485 , 126 1 14: 1

,5497 : 283 : 18 2

15500,423; 9, 1

ssrs zåe 15 1

5530 2s1 11 |
ssaà ¿sa Q 1.5

5534 347 12 1.5

itilted

receptaculitid ì

receptaculitid

t5548:218i 10: 1

tss73 128 13 1

ireceptaculitid
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Appendix C: Instrumental Analysis Data

Table C- 1 
I 
Transmitted li ght microscopy ob servations

Matrix

: Bed

.B
',C
. 'ó

:t
F

'G
]È
' 

eed

:B
'-- C-

¡^ -D-
:E'
i-È

Element

c'-^o--
-Mé--- -

-cà -"-'
-i\4i- "-

l
l-e

Calcite

-siu
-95%

-e5t;-
'-Ás;/"

-òol"
-sol"
:,soü/";

öaicite
-à5;¡;

- 
¿sþi"

- 
¿6,"/;

-ál;¡"

.sü/,

Dolomite
a EolJ-J /O

a Êo/

-- 
3-5% 

"
c iàt

à àot

i-sptl-
-5-5;¡;

Porosity
<1o/o

<1Vo

.1o/o

ilót"
.16/o

lt;/o
¿a'/"

Dolomite ì Porosity
- ,so% i - 

-s,"li 
'

-';eioól; t ---{;jl-

Grains

' aioctãéÍíó loominaniiy ectrinoderm¡ fágmêñis, micrite

Bioclastic (dominantly echinoderm) fragments, micrite

Bioclasiic (dominantly echinoderm) fragments, micrite

Bioclastic (dominantly echinoderm) fragments, micrite

Bioclastic (dominantly echinoderm j fragments, miðrite

Bioclastic (dominantly echinoderm) fragments, micrite

Bioclastic (dominantly echinoderm) fragments, mìcrite

Mottles

Grains

Èune¿ral dolomite rhombs (-0.1-0.15 mm)

Èuneäiäi àótómite rhombs i-o.l-o.r s mt
Euhedral dolomite rhombs (-0.1-0.15 mm)

Euhedral dolomite rhombs (-0.1-0.15 mm)

Euhedral dolomite ,nomOs f-O.f -0.15 mm)

>90% I -5%
:iül;
- -"o,

-5% ; Euhedral dolomite rhombs (-0.075-0.12 mm)

-5% ¡ Euhedral dolomite rhombs (-0.075-0.12 mm)

Burrow

i Wóíéhlt"

I 1à.no--'

i ¿g.7ö- 
-

, G ', .5Yo

:H,<5%

>90%
jso*,

;öö%

;:eioól; t

Table C-2: EMPA - element weight percent from matrix and burrows
Bed B

Matrix
-'-Weìéñlt;
- 

'' ti.io' --
- 
;"¿ai.is -'

-'-'ö;.14' ^" -

- t 44 ..es 
^" *"

*:-Ìt¡o..-.-..-
- 

j" ó.ói-*-_.
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ö--
ö
Mó-----
C:,a---'
ùn-* 

-

', 12.49

i 23.96

: ö.óà- -' -

lFe 0.12

Bed E

Mairix

^tl-t
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ó'-..
o *..-".

H¡g

aà

Mn"--:
l-e

r Weight %
.. 

,-'r2.cio --
-- 

'47.72- --

: o.os

l ¡g.¡t
--'"0.i;2--'
- : oi.ni 

'"

iO
I l¡s

UA

iMñ
t-Êé

I Element i Weight %

, c 12.00

i 49.76

: lz.to

, zsi,..sa

; o.oo"

i'0.12
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Element

c
o-
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öà' --'

Makix
I Weis'ht i;
I tz.olo

, 4a.ts'

i O.OA -

i 4à.oo

Bed H
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iö -

,o
;MS^- i'öÁ-'
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weishf %

', 1t.oo
: 49.97

t 12.77

; 2¡.ga-'

Mn I 0.00 0.00

Fe 0.00 i 0.00

Table C-3: EMPA - transect data across mottle-matrix contact
i Bed B: transect across contact (mottle-to-matrix)

, Element Weight Weight Weight Weight , Weight ' Weight Weight
', , okptl %pt2 %pt3 %pt4 "/.pls , %pio ' wpll

Mg 1r..CB 12.17 12.22- -1z.sa ' 12.ss - -ö.2¡ ' 0.21

ca -- 23.é3 23.92 ä¡.ss 2t.34 : zqs3 | 40;.04 ¿1.¡s
Mn 0.00 0.oo 0.05 0.00 0.03 i o.oo o.o2

Fe 0.06 0.06 O.3l 0.09 0.08 0.OB 0.06

Fe

Weisht i

%otB
12.00 i

''.....'.'' ',.'..'. ',.' . '.'' i

46.88 
Ì

ö.io r

.''....''.,,.'''.',.''''.''','..
37.17 ì

0.öò- - - 
I

.. ........ ......... ....... :.0.00 
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c----'
ö--'-

i Weight
j%pt1
l'"tz-to*

i ¿ö.s¡

Bed E: transect across contact (mottle-to-matrix)

Weight Weight : Weight Weight . We¡ght
lokpt2 i%pt3 io/opt| %pts %pt6

12.00 1i.00 12.00 | 12.00 : 12.00

Weight Weight
%pt7 : %pt8
'i"z.so-' -" 

:" ii..ilo 
- - -

4alsÃ- 
^^ 

'- 
¿s 1ö

0.26

4ì.0ô

i 48.35

i Fe 
' -; 0.10 0.09 0.04 O.O4 0.08 ; 0.03

49,.79^^-^:-4a.1s' -- 
1 +o.aa ', +¡.,at

I 0.00

ì 0.04

0.12

s2.ss

ó.óe

0.i 6-

Element ì Weight
i %Pt1

-ö- --- I 12.öö'*-
-o*---^ i-¿ö.áö*--
Ms" 

* - 
i"i2.ììs--''-ca i lls.sa-'

Mn | 0.01

Èê---- t ö.1o "

Bed H: transect across ðôntäct (möttleio-matiix¡
" We¡önt weiönt - -wijiôni we¡örrt , 

.weignt ' Weishi-- weisrito/opt2 okpt3 %pt4 o/opis ; ø pio '. v"pll "/"pta

30.73 41.71 38.21 37.36 41.89 40.66 41.67

' 0.31 0.0ö 0.oo o.oo ' o.oz 0.00 0.0g
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Appendix D: Correlation and Linear Regression Data

Table D-1: Correlation data of fossil group density up-section
|* --* - *--* Ëosðiiö;ouós -r**ìilrèiáiiôñ-ööiflciöäi -

Receptaculitids i Protrochìscolithus 
:
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, I r ói {lo cihii í s c ôi¡ln I i
inecepiacuiitios 
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:stromaio[oióioé
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iatròiidopifuun
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j S ài rr oì, rd ; p; h¡ y i i ui m

: Saffordophyllum ;Horn Corals
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.iàffòiidó;;piii¡uh' 
"--:eryö2óáns --

, anaødotetrà¿¡ùm :ÄigäiströmäÌölite

; Saffordophyllum

:"Sîiömáiod#oídl
rcaiaiüòìècià*-'

Favistina

Receptaculitid

:Calapoecia

iCrenüùäiiiéi -
icàìtei,nipoi,ia

; aryôzóañò

inràCnìopoos

iCàtapoecia

r Cephalopods

'clenii¡tes 
^

, Bryozoans
- 

:'nÚo2öäné 0.7532

Ò.7szg" 
-

0.6éó4 
-"---

o.ooae-- 
-.

0.6672

o.oåas

o.osáe

0.5117

0.4789

:Siióiriaioporóidé 
" -- -' tcieinulne|s ' | 0.6536 "--.-l

' CaÍenipora ,$ryózoans ö.Oggl

i$üöiôàicpôiòià;--*"*- iöäfelllËori****-*"** r***^ * **ò:öäì?* ^ --- *i

iHoin còiarô ;airåònioþocs 
^ -- j o.özs8 - 

i
I

,satro,ioopiytiuim :Èài¡st¡na - i-- -- -- o.éTor

i

rnéóòptacuiitiäi,s*----^i'ua|npblà"-" "-; o.s¡so - 
'

0.5137 i

iMä;ipoiá*-- -iöäÈliàiðpoðs"--- "-- "" i 0.s067 ..--i
lBrachiopods 0.5018

i S àffó; ;d;p iii i itäm 
-' - *- - : "' -" 

***- "-0.4 
ótii" 

-' --
iBrachiopods

0.4693

o.+øll
oi,..4sio

o.Áai¿'s

o.¿ssì

o.+i.a+

Protrochiscolithus iManipora 0.4201

:Màäiiiò;ià-- iÈài¡s.¡nà
:Pakeophyttum - 'Fàv¡siina*- 

-

:Horn Corals iCrenulites

0.4190
-**-*0/140

: 0,4084

o.szos

0.3726

0.3722" * 
ö.3iÈ*

:saffordò'iiilluim 
^ - ^-- 

iCroilociüóoii{äul- --' I

Palaeophyllum Brachiopods
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Fossil Groups Correlation Goefficient

: Bryozoans

ravtsuna
'',.'.".,.-.-''','..
rGastropod

ìSiromátoÈórõíd; 
'

'sáilrdcìpivium
, Rhatbdotetradiu¡m

,cãsiiópóo - -

iuâüniipòra -
iHoin õóiars -.''

:ÈeòeptàCuiiüàs 
-

:Rôóóóiá¿ùiitiós -
iHoin Cóiãls

¡Siiòmàióóöröioð

iiänoü¿iiniiiïm*'
iHorn coräts

;"öäsiióþöo -----
:pioit:ioüònü¡scoü¡ilnii

; Stromatoporoids

iRóóeóíääÍiiáð-"--"
, t àì¡roii i ¿ o p; ni v i i ùi m- - -

:öàielüiiolá

Hóin Cóälò-

', uanipoià
'örenüüÍriö- "-*^-"
-càieniip,òìia- -

i Stromatoporoids
I p àli a e o p| i i i tl i ri*'
;'Stiömátóóöró¡ðs-

. Rh'à;þii;l¿;{iádí¡m

: a n aìi bì d oìieì¡ r a ¿ i ù m
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..','''.',,..''..'.,.'''.'.'.'.''''',.'.'''
i Protrochiscolithus
: I ioi i ó ò n ísìc oüi {nl ü s
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Cìeiäut¡{eil -'-

ìAlgal Stromatolite
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'-:: t it _'-

I l-avtsttna- 
:uàìin¡po;,rà- 
rÌiejcðpiäòuì¡ùo 

"

: Manipora

lerácníòpóos

ÌÀisài sîiómáióiite" -ióéóhãiôóódô--
- 

lôåiònìpôra
.'Þ;áiaiÊóphilum

-- lcaüiaiþoiecüà

yÞàtàteopiyttum'- 
iöasi'ditôìi
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-- 
i ööpääËpoäé---"

- iiaìiàeiopiyiim--'

0.3635

0.3634

o.i5öé

o.$b3
o.s3ó¿

0.3154

o.Cóeó
-0.àó3¿

ó 3Ò20

0.30ò7

oi.zsa¿

o.zoe5

o¡;.àii4i
-ri.ãsla

o.i41s
0.2369

0.2318

: Favistina iCephalopods

Éeóéptäôúitid;*- - 
** 

ì öööÈäi¿jÈôäè

ìGastropod'* 
iCàiiäpio;rlóíá

-- 
iuaüniipoüiá-

-- lA,dáÍ Säómäiôrité--- 
"

-- 
iÒaienþärà
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iöàiàiôeóia'- 
i-Biäöhiööödis^--" 

" -

lAlgal Stromatolite
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^
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- -
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0.0465
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i.öööhäiöööä;-
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i eryõioané--
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ö.ö362
|ca¡äiròä*,' --"-'iöa/âF;¿**
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,néõãpiaóüiiäôJ

: Cài,tapòìà¿ià

, 
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:rlòin Òòiàls

1Þ:;láe;p;hütiiùm
:Þ rlil ioî ti ¡ sìii'i i liìr3- -'" 

*

, nnàø¿òtétlà¿¡im

. Rðcei;taðüiìiìdò

lAlgal Stromatolite

I Cephalopods
: : t: - -

,l-awsttna

iCaiiipiailCiá-- 
"

iöôiiriáiópó¿é'- 
- -

: i iói ló ó nit i é c óü i i I ni i i
;Alöäi Sircmnòlrte-
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"ó.0áós'

-ó.0äoo
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-0.o,4+z
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Table D-2: Correlation data of average fossil size up-section
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Table D-5: Linear regression of average fossil size data
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Table D-6: Linear regression of horn coral abrasion data
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Appendix E: Vertical Trends of Fossil Groups

Table E-1: Area of Tyndall Stone intervals

i- i 'i 
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Table E-2: Fossil count by interval
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Table E-3: Population density by interval
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Table E-5: Population count and percent; combined data
' - eiôup Gount Þercent

Receptaculitids

tíorl óóraiõ' 
-"- -

Gastropods

: Cephalopods

iSiiómáiòóöiôid

:CrenulÌtes
!: a :'
I l-awsttnâ

:Cait;p;þ;e;ia'*
,"aiächiôpôds

; Bryozoans

: ÄigäiSiiômalôiìiés 
"-

tiàtro'd;ii,yiiu^ ',

'"uáìiílóia-'-' 
':

ininab¿oteìiiaid¡ù¡m,

Maclurina : 223 7.03

Hormotoma Ì 18 0.57

Trochonema 12 0.38

genuð ünkñòwñ l'- és ,--- à.éa r

, 966 30.44

,-its,-l2sa
I 338 : lo.os

i 277 t 8.73 :

\ 240 ; Z.S0 I

i 126 i 3.97 i

i 108 ; 3.40 ì

. --'''- ^'-'-* -'^ -"--^-"" a

i 63: 1:ee1

i 42' 1.32 .

28 : 0.SB ;

2ó-, 
-*-o.oC-r

''--. -- ---- ----- )

15 : 0.47 |

6' - -o.àii"r
................1
6 0.19:

I Cale;ll¿;iá*' 
*"" *" 

i^-*ã5',"*î. ìî' i

Palaeopnitiuim 'i s. cj.4a'

Totat àtit 1oo

Table E-6: Average size of fossil specimens by interval
i Average Size (cm) r lnterval

ntgãtsfromaiótites (w¡¿tnj , 4 N/A ' t i 11.2 20.3 17 
"

i Brachiopods (diameter)

i caläpöè;;äiwídtñi- 
- "

I c ài, t e; ü i iü òii à tr/V¡o tn i

3.42:3.33i 2.5i Ñ¡n J J./ I

iCðôñäopöd;(d,amètdi** 
* 

l* i.ö- i" i. 1 d" i- 
-fu I r 

* 
4.54 

" 
:'- 

- ã.ol i--+ó¡ "

7i 8l
-ùÀ'i'*'ñ/A'i--
'sh i o.r+-i

2.?b" i--'4.8ì- i""

-é i- ì'r.1 ì 
-

4e?"1-*äÏe i"
ìs.7 1 21.8 i-
¡13l-"-4s'i-

rlìl

9l 10
-'-.---...-'-'---.-.-.-.--..- l

18.9 : 12.7 )

7jì ;, - i;
6.64 : 3.5 

i-5.i,'- 'la 
i

4.59 , 5.02 i

ig.¿- i-- ze.¿"1
.'.. -.' .-...-.'.. -.:
15.7 : 8.5 

,

Crenulifes (width)

Favlsfrna (width)

CástropoOs

Uoiimtòtoma (tength)

Maclurina (diameter)

Trochonema (diameter)

Fiorn Corals (diameter)

Manipora (width)

j -* 5;:..4' t'^,1.ió"i-"4:ol i- --' ï :^*4.1 i 
* 

1.4:Á" I

i- 
*io' 

;'- 
" - I i-- ¡i¡ ,-----e" , -1s.5 i-'-lö ,

iÃ.4 : -i2 l-'à6.8 i -ài..s r'-ai|B i - is.4

¿ ,7.5

j 3.58 3.58 ; 4.06

, N/A . 1.5 ; N/A

z.tó z.tó ¿.at

, N/A; N/Ai 11

4 l^--"é f-- "i
4.48 | 4.41 1 4.88 :

3.25j ,i i.s,
- "'z.ta" 

i'-"àl..ais" 1^ 
-i.t" 

,^--)6i^ 61" 4"C'

4: 6, 5

5.38 :- ¿.it ' 4.i
N/A; N/A; 3.2.5

t.i6 t-- -i.B-, "z.tì
'4i ñlÀi ñrn

' 
ò.es

i.ts'.
12"

: P a I a eo p hyl I u m (width)

: P rotroi cn i s co t ¡nui lwiOtn ¡

: ñeôeôÍäðuiìt¡oé-(widthi" 
''

'' 
iáiióüid o p; i y ii um (wið tn I

: 5trômãtõóóióid (w¡diiìi"

. n nì ài, øi¿ òIei¡ r àìø ium twið i n I

9i N/A

a.zi i r,e
iá..s I i2.6
l¿.- ö+

aá.s l 
-" -2.+

ñlÀ i ñlÀ

N/A N/A j N/A

bo. l.e,s, a.zi
-4-¿.á ,*- tz..s'ì- 

- 
ià.ó" ñrn 1o.B i e

2s.s :-" is.B ,"" ze.g

tt, tt: ÑiÀ

329

¡ N/A

i 5.33 :"i-'ìz.t 
::

þ

1t
,.......''.,.

I N/A:

7i 7.5; N/4, N/A

o.s¿ z.ss , 7.51 9.59

14 13.3 : 12.7 13.4

36 io.3 11.5 2

zds - z.si.i' 27.4 23.s

N/A N/A: 8 9



Table E-7: Encrusting relationships by interval
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Table E-9: Horn coral abrasion by interval
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Appendix F: Paleocurrent and Storm Lens Data

Table F-1: cephalopod orientation data from horizontal beds

Note: Trend I is the original measured direction (in degrees). Because original measurement is non-
directional, it may represent one of two possible directions. Thus Trend 2 adds 1800 to Trend 1.
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Table F-3: Attitudes of cardinal septa from horn corals

Note: "0" denotes that cardinal sepfum is directed straight up, while "180" indicates straight down.
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Table F-4: Distribution of cardinal septa attitudes

Note: Top row indicates position of cardinal sepfum in relation to horizontal plane

Betòñd Betoñd withlñ wiihin inliit¡¡n ' witn¡n Beyond
i is' ' qso i ¿so , ¿so i ¿so 4so ' ¿so

Beyond Total
4so

r sa-laöo 'Angle

ñilnbð;
Pèiceni

4

z.ao

s to ìo-__._roi-***--iê,"-*-- t0,--^.rB
3.50 13.99 r 6,99 6.99 32.17 13.99 19.58

143'

100,

Table F-5:Directions of cardinal septa from hom corals (for corals with cardinal septum
within 45o of horizontal.

íFóéllf ---:ólilé{üin-of "óáifaíini,äléléptui,n-

noin òóiäl '5 degrees up from west
:horn corai 10 degrees down from west

horn coral ,10 degrees up irom west

horn coral 15 degrees down from west

hoin corat 20 degrees down from east

nóiñ ðörai 2o oegreeò down from west

hórn coral so oegieé; oown from éäsi

horn coral SO Cegreei down from east

hoin coral ¡0"¿êgrööö oown fröm êäst

ñöiä ööiai- sö degrees down from east

nbrñ'öiài' iti âêsieesìown Jrornwest

,horn coral SO Oegrööð Oown from west

noin ôoiåi so oesiees ðown tiöm"wdbt

nöin coràl 30 degrees down tiòm wööi

:horn coral i30 degrees down from west

norn cöräi :sö dëöiööä oown riom west
,norñ corál äo äeöieé1"üp from eaðt

irüñóial þö ðeöiées oô'nl ïióm-wesl- -" äa6i-üééi
horn coral þ0 degrees down from west 'east-west

iFóés¡l - o¡réóilõñ of óárolnãfseÈtum' i -wãi -

horn coral +S Oegiöös up irom west east-west

:horn coral :Due east

¡òrn òòiàr ,ouè eàéi

'foinijó;iàf:óué west"

,horn coral ,oúe wéót
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teast-west 
I. .-. -.. .. )past-west 
I

reast-west I

.horn coral i5 degrees down from south ,north-south I

horn corâl 10 degrees down from south north-south

horn coral 10 degrees down from south north-south 
'
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horn coral äö Oegreös Oown from nörtn north-south:
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'
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Table F-6: Distribution of horn coral directional data
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Table F-7: Storm lens data EW Wall

Note: x : horizontal distance from origin (0,0) to middle of lens, in cm; y : vertical distance Íìom base of
section to base oflens in cm
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Table F-8: Storm lens data NS Wall

Note: x : horizontal distance from origin (0,0) to middie of lens, in cm; y : vertical distance from base of
section to base oflens in cm
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