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Abstract 

A PALZOECOLCGIC~.L BVALUATIJll OF DEPOSITIOclAL 

1•'.0DELS FOR THE UPPER ORDOVICIAN KOPE 

AND FAIRVIEW FORMATIONS 

A study of the trends in abundance of certain 

fossil groups fro"' the "'"diu'll-bedded li:ny sh9.les of the Upper 

Ordovici9.n Kope Formation to the thin- to medium-bgdded shaly 

limestones of the Fairview }'or~ation near Ripley, Ohio, was ~ade, 

and the results are combined with lithological considerations to 

interpret changes in the environnlent· of deposition of the area. 

To account for an upward decrease in shale percentage, decrease in 

bed thickness, increase in biomass and diversity, and increase of 

forms that require a hard substrate for attachnlent, the following 

model is proposed: In the broad, shallow shelf area in which the 

Kope and Fairview Formations were deposited, there was a gradual 

shallowing of the water, accompanied by a slight increase in mechan

ical energy and a slight decrease in the influx of terrigenous sedi-

ment. 



The Problem 

The aim of this study was to determine the relationships 

between changes in the abundance of certain groups of fossils and 

changes in the corresponding lithology. From considerations of these 

relationships an interpretive model for the history of the deposit~ 

ional environment would be constructed. The problem was originally 

suggested by Dr. Walter c. Sweet, who also assisted in the prelimi

ary examination of a series of Ordovician sections considered for 

this study. A stratigraphic section near Ripley, Ohio, including 

the top of the Kope Formation and most of the Fairview Formation, was 

finally chosen for a number of reasons. First, upward change in lith

ology in the section is sufficient to cause previous workers to di

vide the section into two formations. Second, various groaps of fos

sils are represented, many in considerable abundance. Third, thP. 

section is well exposed in road cuts and adjacent drainage channels, 

and is easy of access. 

Location of Study Area 

The area of the study consists of a section along US High

way 62-68 at its intersection with Chicken Hollow Run, 2.5 miles 

northeast of Ripley, in Union Township, Brown County, Ohio. The 

area is shown on the Russelville 7,5 minute quadrangle ( Fig, 1 ). 
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FIGURE 1: A portion of the Russelville, Ohio, 7. 5 -minute quad-

rangl e , showin g location of the section studied. 
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Stratip~raohy 

Both the Kope and Fair<iew Formations are Late Ordovician 

Cincinnatian ) in age. The Kope Formation was first defined by 

Weiss and Sweet (1964) from sections near Maysville, Kentucky, on 

the basis of its elastic ratio as, " medium-bedded limy shales 

(mean elastic ratio, 2.5 to 3.8) resting conformably between shaly 

Point Pleasan~ limestones (mean elastic ratio, 1.0) and unnamed 

shaly limestones (mean elastic ratio, 0.5). 11 The Kope Formation has 

be9n correlated with the Eden and the lower Fairview (Mount Hope 

Member) Formations of Cincinnati, and is therefore of Edenian and 

Early Maysvillian age. Near the study area it is estimated to have 

a composite thickness of 250 feet. 

'!'he overlying Fairview Formation (the "unnamed shaly licne-

stones"· of Weiss and Sweet; 1964) was redefined as a. lithostrati

graphic unit by F~rd(1967) on the basis of a section in Cincinnati, 

Ohio. It was defined as a thin- to medium-bedded series of shales 

and limestones (mean elastic content, 64%), in which none of the 

strata are greater than 1.5 feet thick and are mostly less than 0.6 

feet thick. The Fairview Formation as redefined is of Maysvillian 

age and at the study area is estimated to be 50 to 60 feet thick. 

' Previous Work on Cincinn<'ttian Depostional Envirnments 

With the increased interest in the lithic characteristics 

of Cincinnatian rocks of Ohio, Indiana, and Kentucky, new emphasis 

has been placed on defining the nature of the environments in which 
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the series of alternating ahales and biogenic limestones were de-

posited. One of the earlier interpretations is that of Bucher(1917), 

who suggested that the sequence was the result of periodic storm

caused waves that disrupte~ the sea floor, throwing most of the clay 

and silt into suspension while the associated biogenic matter set

tled out to form what eventually became the limestone units. How

ever, as Osborne(l970) points out, this interpretation does not ac

count for the lateral discontinuity of the limestone beds, most of 

which do not extend for more than a few hundred feet in aey direc-

tion. 

More recently, in his paleoecological study of the Tanners 

Creek Formation in Indiana, Fox(l962) attributed the series of alter

nating shales and limestones to pulsations in the rate of supply of 

clay and silt from the source area and to minor fluctuations in the 

water temperature, which would have affected the pH and thus the rate 

of precipitation of Caco
3 

• Later, Scotford (1965) again empha

oized the lateral discontinuity of the limestone beds and argued that 

their limited lateral extent could not be accounted for by the means 

that Fox suggested. Also, in the same paper, Scotford opposed the 

storm-wave theory of Bucher because it does not account for the fine 

Caco
3 

ooze and clay-sized partcles that are mixed in the limestones, 

unless they were introduced later in a post-depositional environment. 

Scotford notes four major facts about the lithology of Cin

cinnatian roc~s: (1) The limestones are composed of abundant coarse 

fossiliferous material with void-filling, secondary calcite, recrys

tallized ooze and clay-s:l.zed particles. (2) The l:l.mestones are lat-
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erally discontinuous over short distances. (3) The shale units. 

contain more silt than clay. ( 4) It is extre'.llely rare to find any 

fossils in the shale beds. 

Taking these observations into account, Scotford proposed 

that the fluctuations are not time controlled, but rather spatially 

related, the distribution being a result of the vagaries of current 

flow in a shallow, extensive basin. Because of their high silt con

tent, the shale beds were supposed to represent an environment of 

higher mechanical energy than were the limestone units, 

Weiss (1965), Ford (1967), and Osborne (1968) adopted sim

ilar views regarding the spatial relations of the limestones and 

shales, but differed from Scotford in their interpretation of mechan

ical relationships between the shales and the limestones. According 

to them, the limestone beds were produced by the shifting position 

of benthonic communities and of associated shallow depressions con

trolled by slightly changing current systems. The benthonic animals 

probably grew in patches, especially in areas that were higher than 

adjacent parts of the sea floor, because such areas would provide· 

more light, better circulation (higher mechanical energy)'· and rela

tive· freedom from accu:nulating terrigenous sediments. The even strat

ification and uniform texture of the shales as compared with the 

coarse-grained, cross-bedded and often ripple-marked calcarenites, 

led ?ord (1967) to conclude the the pelitic units were deposited in 

an environment typified by relatively low mechanical energy. Also, 

Osborne (1968) indicated that a textural association of skeletal 

grains and carbonate ooze may form in a relatively high-energy envi-
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ronment if the rate of production of the ooze exceeds its rate of 

removal. 

In a subsequent study of the Kope and Fairview Formation in 

eastern Hamilton County, Ohio, Osborne (1970) successfully applied 

the latter depositional model and drew some further conclusions. Due 

to the high degree of similarity observed in resulting trend compo

nents he concluded that the benthonic communities apparently remained 

largely intact with little transportation of the constituent skele

tal grains. In referenc'e to the Kope and Fairview Formations, 

Osborne concluded that there was a highe.r rate of supply of terri

genous silts from source areas during deposition of the Kope than 

during that of the Fairview. In addition, from the study of calc

arenites in each formation he concluded the the Fairview Formation 

was deposited in an environment of slightly higher mechanical energy 

the the Kope Formation, 

Nearly all authors agree that in light of the dominance of 

braciopods, bryozoans and pelmatozoans, as well as of the litholog

ies and primary stru' tt~res involved, thes,e formations were deposited 

in a low- to medium-energy, shallow-shelf environment with good. cir

culation and a moderate terrigenous influx. However, some disagree

ment arises when estimates coP..cerning the depth of water are compared. 

Bucher ( 1917) 1 ;_mi ted the depth of water to no more than 25 meters 

on the basis of the magnitude of current-formed pararipples, but 

Weiss (1965) considers Bucher ''very generous'' in that estimate, 

Hofmann (1966) used Allen's chart showing the relationship between 

increasing mean ripple height and decreasing depth to estimate that 
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the :nagaripples may have forr.ied in 1.vater about one meter deep. 

In all the above studies emphasis has been on lithic char

acters of Cincinnatian rocks in an attempt to interpret the environ

ments of deposition and to trace time variations in these environ

ments. Since there is much fossil material in the limestones, it 

would seem that a quantitative study of fossils would also serve to 

trace variations in the environment under the model that is now gen

erally accepted. However, very little work has been done with this 

in mind. Fox (1968) completed a detailed quantitative study of the 

fauna in the Tanners Creek Formation, but his study covered a part 

of that formation that is essentially uniform lithologically. How

ever, even within the interval he studied, he was able to attribute 

the succession of a series of biological communities to a gradual 

shallowing of the depositional environment. 

The aim of this study was to relate vertical changes in the 

aaundance of certain fossil groups to changes in the depositional 

environment, with th<> hope ~hat through considerations of paleo

ecology one might "" able better to define the type and extent of 

these V:3.1 .. iations. 

Procedures 

Lithology --- A detailed stratigraphic section that included 

all beds in are they 0.02 thick was measured over the interval to be 

studied. Only two principal divisions of rock type were employed, 

limestone and shale. No finer distinctions were attempted, although 

some noticeable variations in structures were noted, such as ripple 
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CT3rks and cxtre~e cross-bedding. 

From the thickndsses of the limestones and shales obtained, 

elastic ratios(CR) and bedding indexes(BI) were computed after the 

manner of Weiss and Sweet (1964). The elastic ratio of a series of 

beds equals the thickness of shale divided by the thickness of lime

stone. It was calculated for 3-foot intervals. The bedding index 

equals the number of beds per 3-foot unit multiplied by 100 and di

vided by 3. In addition to computing elastic ratios and bedding in

dexes, the shale percentage was calculated for uni.ts one-foot thick. 

In those units where fossils were tabulated, the midpoint of the one

foot interval was taken as the stratigraphic level of the bedding 

plane upon which the tabulation was made. In other intervals, the 

midpoint was considered to be the 0.5-foot level in the interval. 

The results of each of the above series of calculations (Fig. 

2) were then plotted as logs up the stratigraphic section for com

parison with the biological data. 

Fossil tabulation --- The method by which the abundance of var

ious fossil forms was determined is essentially a modified varsion of 

that employed by Fox (1962,1968) in his palccecological studies of 

the Tanners Creek Formation in Indiana. Basically the number of 

individuals occurring in an area of 0.02 sq. meter on the surface of 

a limestone bed was considered as representative of the abundance of 

fossil forns in that bed. In his study F~ox used three to four such 

counts p8r bed, but als0 adds that overall accuracy would be increas

ed by decreasing the nur!lber of counts per bed and increasing the nucn-
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b~r of bad counted. With this in min~, one to two counts were made 

per b~d, and an attempt was made to count at least one bed in each 

vertical foot of section. 

The figures obtained in the above fashion were then corrected, 

generally by a multiplication by 2, to correspond to a 0,08 2 
m. area 

and converted to the rho scale of fossil abundance. The rho scale, 

as devised by Fox, is the log to the base 2 of the number of indi-

v:lduals occurring in a 0,08 2 
m. area. The reasoning behind tha use 

of such a scale is based on the idea that a difference in number of 

a few individuals of a fossil form of low abundance is more signifi-

cant than a similar numerical difference of individuals in a form of 

high abundance, Thus a numerical abundance of 4 would have a rho

scale value of 2; 8 individuals would have a value of 3; a~d a rho

scale value of 7 would represent 128 individuals. These rho values 

were then plotted against their stratigraphic position and curves 

drawn. The only exception to this was in the cases of crinoidal 

material, which was plotted as percentage of the surface area. 

The following types of fossils were observed and counted sep

arately in this study: Brachiopod genera; Zygospira, Strophomena, 

Rafinesquina, Sowerbyella, Resserella, and Platystroohia; Bryozoa: 

ramose and encrusting forms; the trilobite genus Flexcalymene;the 

gastropod genus Cyclonema; and crinoidal material. 

Certain guidelines were followed in tabulation, with the pur-

pose of obtaining increased accuracy. Whenever a number of disar-

t:lc:ulated brachiopod valves were encountered, only one type ( gener

ally the pedical valve) was included in the count. While it was not 
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difficult to distinguish the individual zoaria of encrusting bryo.7 

zoans, the broken fragments of the ramose forms required a subjec

tive judgement relating the size and number of fragments to the 

size of individual zoaria of that form, in order to estimate the 

number of individuals. It is the belief of the author, however, that 

the number of ramose forms may have been slightly overestimated. 

The distinct nature and low abundance of trilobite fragments 

posed no difficulty in ascertaining the number of individuals. The 

same was true for the gastropod fossils. However, in tb..e case o.f the 

crinoidal material it was necessary to estimate the percentage of the 

counting surface covered by disarticulated ossicles and use this val

ue, since there was no sure way of relating the number of ossicles to 

the number of individuals. 

In addition to determining the abundance of fossil forms, ad..:. 

ditional notes were made for each limestone considered. Noted were 

texture, bedding, degree of fragmentation of .fossils, orientation, 

and size of bryozoans. 

Results and Interuretations 

As can be seen on the graphic logs (Fig. 2), both the shale 

percentages and the faunal abundances exhibit numerous variations of 

short (one- to tb..ree-foot) stratigraphic duration. Therefore, at the 

outset of a study of the data, an attempt was made to determine the 

significance of these short-lived variations. This study posed two 

questions: (1) Were the variations in fossil abundance related 
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~ys·te~atically to changes in shale percentage ? o~t (2) Ware va~~-

ations in abundance in any one fossil group related to changes in 

abundance in any other group ? 

Relationship between changes .:h!! shale percentage and short

lived variations in fossil abundance. --- A preliminary visual com

parison of the shale percentage with each of the various groups of 

fossils (Fig. 2) revealed that no simple relationship exists between 

the two. However, it wa:s noted that the maxima of abundance of the 

brachiopods Rafinesguina and Platystrophia display a tendency to 

correspond with the minima· of the shale· percentage ( Hafinesauina, 

7 of 11, or 63%; Platystroohia, 5 of 8, or 62% ). However, there 

is no simple relationship between the values of the maxima or the 

minima. 

At this point, calculations were made of the range and mean 

shale percentages in the intervals of occurrence of the various forms. 

These calculations were w·~ighted by the abundance of each occurrence 

and produced interesting results:( Table 1 ): Most groups are 

shown to have extremely wide ranges of occurrence and only a slight 

range mean shale percentages occurs, especially among the most num

erous forms. Thus it appears that in order to define any meaning-

ful relationshio among the groups involved a form of statistical 

analysis that is beyond the scope of this study is required. 
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'TA.ELS 1 - lJiean shale percentages· and ranges of the fossil groups •. 

Type ~,lea.n Range 

• * Sowerbyella 62.0 46-33 

Z;vgospira 49.0 42-73 

Rafi-:iesouina 39.8 13-63 

Platystrophia 55.1 12-92 

Strophomena 60.4 12-92 

Resserella 55.6 12-92 

Ra!:!ose bryozoans 56.8 12-92 

Encrusting bryozoans 55.8 12-92-

Trilobita 62.8 1+3-84 

Gastropoda 52.9 44-62 

* All figures are shale percent. 

(2) Relationship between changes in abandance of ~ fossil 

group and changes in another group. - From the logs of abundance (Fig. 

2) it can be seen that the maxima of abundanc~ of Rafinesquina and 

Platystroohia coincide in a majority of the cases. Previously, it 

was also noted that that the maxima of abundance of both generally 

correspond with the minima of shale percentage. Richards (1972) 

rvints out that Rafinesguina was an inhabitant of muds and sandy muds, 

whareas Platystrophia is found in association with shell gravals. 

Thus, it would appear that the present co-occurrence in the lime

stones of these two forms represents a thanatocoentic rather than 

a biocoenti.c association. 
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A second relationshio is found among the variations in the . . 
atur1rlanc •3 of cncr11sting bryozoans and brachiopods of the Order S ~ro-

phomenida (Rafinesquina, Stroohomena, and Sowerbvella). In this 

case comparison of the respective logs(Fig. 2) indicates that an in-

r.::-ease in the number of individuals of these brachiopods is accom-

panied by a similar increase in the abundance of encrusting bryozoans. 

Richards (1972) points out that on the muddy substrate that these 

brachiopods inhabit, the living shells and disarticulated valves are 

the major source of hard attachment surfaces upon which the encrust-

ing bryozoans and similar forms are able to live. . Even if these 

valves are removed to a shell bank, their large smooth surfaces are 

preferred attachment areas for these forms. 

Beyond the relationships just mentiooed, the remainder of the 

short-lived variations in fossil abundance appear to be entirely of 

a random nature. A simple chj-square test based on the presence or 

absence of forms as outlined by ·Reyment ( 1971) was pe.cformed on the 

brachiopod genera, but none· of the results was statistically signi

ficant. Osborne (1970) asserted that the henthonic communities re-

mained largely intact with little transportation of constituent skel-

atal grains.on the basis of thin-section study of the limestones. 

Since .in thin-section identification is pos~ibl~ only to the level 

of phylum for most groups. and Osborne gives no definition of the 

benthonic coummunity, it is difficult to relate it to this study. 

However, the randomness of the occurrence and abundance of the var-

ious forms suggests that considerable mixing of forms of differe~t 
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habitats has occurred 

After discovering that the small-interval variation ware too 

random to allow interpretation of environmental changes, attention 

was directed to the long-range trends, those across more than 10 

feet of section, which are to be found in the shale-percentage log 

and fossil abundance logs •. Through compar~sons of these the gen

eral changes in depositional environment are likely to be traced. 

In the logs (Fig. 2) the following trends are found to be present 

in the lithologies and corresponding fossil abundances: 

Lithological · 

(1) A decrease in the mean shale percentage from the base 

to the top of the measured section. 

(2) An increase in the. bedding index up the section. In the 

Kope the thickess shale beds ar~ up to 5 feet thick; how

ever, shales decrease to 1 to 2 feet near the Fairview 

base and are always less than one foot thick in the 

Fairview. 

Biological 

(1) Sowerbyella: Extremely abundant at the base of the sec

tion; disappears rather abruptly about 30 feet above the 

base. 

(2) Resserella: Extremely abundant at at the base of the 

section, in the Kope, but slightly less abundant than 

Sowerbyella. With disappearance of Sowerbyella its abun

dance increases slightly. A large maximun occurs near 
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the base of the FairviE?.¥; then abundance drops off to·. 

a moderate persistent value. 

(3) Stronhomena: Sporadic in the lower part of the section; 

increases' in abundance slightly above level of disappear

ance of Sowerbyella. Increases to great maximun at base 

of the Fairview (~. planoconvexa Zone); drops sharply off 

in abundance and continues at a moderate value, persist

ing to the top of the section. 

(4) Platystronhia: Absent in lower 30 feet of section; then 

rier:~isently present in the Kapa in low abundance. At the 

base of the Fairview abundance is still low, but gradually 

increases to a moderate to high maximun near the middle 

of the Fairview; above that abundance decreases gradually. 

(5) Rafinesguina: Extremely rare in the Kope Formation, but 

at the base of the Fairview assumes a low-abundance, 

which remains nearly constant to the top of the section. 

(6) Crinoidea: Ossicles are present at least in traces at 

all· levels, and some maxima are noted: In the upper beds 

of the Kope, a few limestones have 50% of the surface 

covered with crinoidal remains. Also, from a point near 

the base of the Fairview there is a slow, uniform in

crease to 25% near the middle of the formation, followed 

by a slow irregular decrease. 

(7) Trilobita: Present in numbers only in the Kope, several 

feet above the base of the section measured; otherwise 

rare. 
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(8) Bryozo3: The numbars are ge~erally unLrorm, shoRing.no 

~ajar trend i~ 3bundance fluctuations fa~ either the ra-

mose o~ encrusting forms. 

from these and additional obsarvattons a few more general 

trends ca~ be d~termined. 

(1) A general up-section increase in the biomass of the sys-

. tern: This conclusion is drawn from two observations. 

First, the zaaria of bryozoans, especially of the ramose 

forms became large and imply more individuals. The abun

dance of zoaria, however, is apparently much the same 

from one level to the next. Second, although abundance 

is nearly the same from level to level, ~he mean individ

ual size of brachiopod shells in:reasea upwards. Basal 

strata c-:rntain s!llall for;T.s such as Resserella and Sow,,r

bvella, whereas the higher beds have larger numbers of 

medium to large forms such as Pla·tystrophia and Rafines

guina. 

(2) An increase in diversity of brachiopod genera up-section, 

without an increase in the number of individuals. As 

mentioned above, the abundance remains the same for the 

brachiopods as a whole, but in the lower portions (Kope) 

the population consists mainly of two genera, Resserella, 

and Sowerbyella. Abovo this the number of genera increases 

to three and in the Fairview brachio;:iods arc represented 

by nearly equal abundances of four genera, with a few 
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speci:nens of a fifth. 

(3) An upward increase in forms th~t required a hard sub

strate or at least gravel-sized debris for attachment. 

This is based on the oservation that Platystrophia is 

rare. and crinoid ossicles occur in low frequency in the 

Kope, but both increase to frequency maxima in the Fair

view. Platystrophia is assumed to have had a large pedi

cle and as Richards (1972) states, is typically associ

ated with shell gravels. Crinoids generally prefer a 

hard substate for attachment, but will tolerate mud bot

toms only if the water is quiet (Fell,1966). 

Models 

In order to correlate the observed biological changes with 

the accompanying lithological changes and pr?duce an interpretation 

of the changes in the environment of depositibn, a series of deposi

ti.onal models was set up. In evaluating each model one variable was 

allowed to change, with the others held constant and the expected 

lithological and biological variation due to the change in the one 

variable was compared with the observed trends in lithology and bio

logy. Three of these models will be discuss~d briefly here, The 

models are: (1) A decrease with time ·in the influx of tarrigenous 

sediment. (2) An increase with time of mechanical energy. (3) A 

dacrcase ~ith time in water depth. 

1 8 
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Hodel 1 

It has already baen shown that shale percentage decreases 

upward in the ?tratigraphic section studied. Osborne (1970) con-

siders this decrease in shale percentage to correspond to a de-

crease in the influx of terrigenous sediment from the source area. 

If this were the only variation, the following should have been pro-

duced to affect ecology of the area. 

(1) There should have been a corresponding decrease in tur-

bidity of the water, thus increasing the depth of light penetration 

and i~eneral increasing its intensity. Restriction of sunlight in

r"\ 
tensity would be expected to exfert a detrimental effect on the pop-

ulations of phytoplankton and other microscopic forms that serve as 

a source of nutrition for filter feeding animals such as brachiopods 

and bryozoans. Thus, with decreasing turbidity, there should have 

been an increase in the planktonic populations and a corresponding 

increase in the biomass and diversity of for~s that feed upon the 

plankton. 

(2) If a large·vo"'..ume of suspended clay and silt is consider-

ed to be less than optimum for bryozoans and brachiopods then the 
'":'! 

st·itement of Hedg~peth ( 1957) would apply," The variety of species is 
v 

reduced but the individual members are increased in a community as 

the environmental conditions depart from the normal or optimum .for 

most of the species concern8d. 11 Thus as turbidity decreases the num-

bar of individuals could remain the same but the diversity wotild in-

crease., 

19 



(3) With a g~neral tlec~ease in the influx of terrig3nou~ 

d3~ritus tha Bravelly shell banks or hard substrate formed by tl1~ 

shifting current systems would have remained relatively uncovered 

for successively longer intervals of ti~e. Thus, there possibly 

would have been ::i.n increase in the number of forms, su:::h as large-

pedicled brachiopods, that require such substrate for attachment. 

(4) With the decrease in supply of terrigenous detritus, 

there would have been an increase in forms that are less tolerant of 

a large volume of clay and silt in suspension. 

In comparing the above model with observed distributions, 

there appears to be general agreement in most cases. Both show, or 

:·eq_uire an upward Cecreas8 i.n b'io~ass, an i:tcrease in diversity, and 

an increas~ ln forms req~iring a hard or gravelly substra~e~ It 

impossible to evaluate the last argument of the model, the increase 

in forms of low tolerance to clay and silt in suspension, because of 

the lack of information on the subject for the animal types involved. 

Model 2 

An increase in mechanical energy with time was also suggested 

by Osborne (1970) on a the basis of his study of the limestones of 

the Kopa and Fairview Formations. If the mechanical energy increased 

with ttme, the rate o~ shifting of the benthonic communities and 

a3sociated shoals of shell debris would also incr~ase. Thus, even 

if th0 influx of terrigenous detritus remained the same, the thick-

n0ss of shale beds would decrease upward and the bedding index would 

increas0, althotigh the shale percentage in given intervals would re-
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main the same. Ecologically the following would result; 

(1) There would be a general increase in turbidity with 

time as the competency of the current systems acting on the muddy 

bottom areas increased. The effects would be the opposite of those 

discussed in the preceding section for a decrease in turbidity. That 

is, an increase in turbidity should lead to a decrease in biomass. 

(2) With the increased energy of the current systems, there 

would also be an increase in general circulation, exposing the sessile 

filter feeders to a larger volume of water and would be able to col

lect more nutrients. This might tend to negate the effect of in

creased turbidity, but probably not completely. 

(3) Also, with the increase in current strength, the topo

graphically higher shell banks would be swept cleaner of mud and 

remain uncovered for longer intervals of time. As discussed before, 

there would be an increase on the banks of those forms that require 

such mud-free substrate. 

(4) The forms which are oetter adapted to living in an envi

ronment of increased mechanical energy would.also be expected to in

crease in numbers with time. The brachiopods with large pedicles or 

if unattached, of greater siie would occur in increasing numbers. The 

zoaria of ~amose bryozoans would become more massive and encrusting 

hryozoans would be present in increasing numbers. 

In the model of incre3sing mechanical energy, less s11ccess is 

met when the model is compared with the observed distributions. The 

upward thinning of the beda is accounted for, but the mod~l does not 

account for tho decreasing shale percentage~ The up~ard increase of 
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stron3ly 3ttached brachiopods ~nd more massive bryozoans is poss~ 

ibler but there would be no i~cr0aae in biomass as has been obs~r-

ved. 

Model 3 

If the water depth decreased with time but the influx of 

terrigenous sediment and the mechanical energy remained constant, 

only a limited number of. effects can be visualized •. 

(1) There would have been little or no effect on sedimenta

tion. The lessened water dapth would tend to restrict the circulation 

of the area, but under the assumptions used in forming this model 

the same quantity of sediment would enter the area under the same 

energy conditions. Thus, a uniform lithology would deposited with 

slightly decreasing water depth. 

(2) With the decrease of water depth the benthonic commun

i ti9s would be nearer the surface and the areas of greater light in

tensity, In these areas of greater light intensity the planktonic 

populations would be expected to be more abundant and the gradual 

increase in volume of available nutrients should be reflected in an 

increased biomass of the bryozoans and brachiopods. 

(3) The decreasing of the water depth would also restrict 

the circulation in the area of deposition, but its effect iri the 

restriction of food supply to the sessile forms of life would be 

minimal due to the increased proximity of the nutrients to the~. 

As can be seen, th8 model of decreasing water depth with 
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ti~a of f ~rs fow points of co~parison wi t h the observed distributions . 

Only one change of this model agrees with these observations, tha t 

o f incre· sing biomass . 

As ~ould be expected, none of the three models accounts for 

all of the trends observed' l n the lithology a nd fossil dis tributions, 

although the model of decreasing terrigenous s ediment is the most 

attractive . Inasmuch as in each model two factors were held con-

stant and a third was varied, i t is important to recognize that these 

are extremely simpli fied cases. Thus, the effects of changing one 

fac tor with respect to the others, especially in light of the gener-

alized Ordovician depositional model nust be consider d also ., 

A decrease in t he influx of terrigenous sediment would have 

no effec t on the depth of water J but might have been associated wit!1 

a decrease in the energy of the shifting current · syste~a. However, 
. . 

a revie;,v of ... J}:8 sir:rpJ.e models of each show that t heir combined effects 

on the ecology do not match the observations. Ati increase in the 

~echanical energy would have no effect on the water depth , while 

its rela t ion to the influx of terrigenous sediment has been discussed. 

Howevert in a general environ~ent of current systems acting 

nn a broad, shallow s helf area, a dec r ease in water depth would sure -

ly be accompanied by a corresponding i~crease in the mechanical ener-

gy acting on the substrate. This has been clearly stated by Ri~h 

( 1951) ~ho divided shelf a r eas into a series of environments in ·which 

the effect of varying current intensity on botto~ lithology would 

vary wlth depth. Thus the simple models of increasing mechanical 
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ener gy a nd decreasing water depth can be combined. With such a 

combination, one of t he obj ections to a model lnvolvi~g only an in

cr8ase in mechanical energy is remo ved : the failure to pro vide the 

cor.ditions for an increase of biomass. Wi t h the increasing proxim

ity to the surface, the combination of increased light intensity and 

increased ciculation s hould negate the effects of increased turbid

ity and result in an increase in the biomass. 

Only one trend is not explained by the combination of these 

factors : the upward decrease in shale percentage. On narrow shelf 

areas the clay and silt are removed from the shallow areas and are 

deposited in deeper water by the currento. However, in the broad 

shalf area of Ordoviciau deposition most of the clay and silt must 

have r emained on the shelf. Thus , there must have been a decrease 

in the volu~e of terrigenous sediment r eaching the deposi tional a~ea . 

The addition of this factor , as · can be seen from the discussion of 

i ts $imple model , would c~eate a · ~odel which accounts for all of the 

observed trends in li thology and fossil abundance. 

Conclusion 

The mod~l proposed for the deposition of the Kope and Fair

view Fornations i s as follows : Accompanied by a gradual, slight de

crease i~ t he influx of terrigenous sediment, the depositional en

vironment was altered by a gradual shall owing of water, which caused 

an increase in the mechanical e nergy acting on t he shelf surface& As 

a result, the strata deposited became thinner-bedded , due to the in-
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creas d migration o f shell shoals ~ith their associated bentho~ic 

coT.muntt~es, and individually less shaly. The combination of de

crc~sing the volume of suspended clay and silt , increasing cicula

tion, and increasing proximity to the surface caused a larger vol

uma of microscopic food particles to become a vailable to the ben

thonic organisms. As a result there was an increase of both biomass 

and diversity of forms as the optimum conditions for bryozoans , 

brachiopods , and other attached fo rms was approached, especiall y for 

those requiring shell gravel and other hard substrate as places for 

attachment. 
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