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The Ordovician--An Introduction
John A. Catalani

Introduction

The Ordovician (approx. 48243 million years ago), which started as a compromise to
resolve a conitt of overlapping strata, is now recognized as the Geologic Period that witnessed the
greatest increase in taxonomic diversity in the history of life on Earth. After decades of intense field
work, radiometric dating, and lively discussion, a set of Gl8tades have been defined and now
serve as a standard for correlating Ordovician rocks around the world. As we shall see, the
Ordovician Period is one of widespread epeiric (shallow cratonic) seas that fostered an incredible
diversity of life that evolveth a warm, wet, mostly stable greenhouse climate punctuated by some of
the most violent volcanic eruptions in Eartho

History of the Ordovician as a time Period

The story of the Ordovician Period begins with the establishment of British stpdtig
investigations and two giants in the history of geology: Sir Roderick Impey Murchison and Reverend
Adam Sedgwick. The two began as friends and often collaborated in the field. One such
collaboration resulted in the two erecting the Devonian Sydtetime 1830s, they worked together
mapping the #Atransitiono rocks, those | ying
Murchison mapped the fossiliferous rocks in the south and worked his way north while Sedgwick,
who preferred to map lithologies@rock strikes, began in the north and proceeded south. In 1835,
they presented a joint paper at a Dublin conf e
systems. Murchison was responsible for the upper Silurian System (named for the Sillelsh, a
Borderland tribe) while Sedgwick proposed the lower Cambrian System (from Cambria, the old
Roman name for Wales).

Unfortunately for the friendship, a more detailed survey in the 1840s revealed that certain
rock layers were incorporated into botlsfms. Conflict and controversy ensued as each refused to
compromise. In addition, Murchison continued to add older rock layers to his Silurian System until
he virtually assimilated Sedgwickds entire Ca

Fortunately, as we shall see, Murchison dididhis Silurian System into Upper and Lower
units that, along with Suendigtwidcikvbiss iCoanmborfi a rh,e pfr
was the Lower Silurian that was claimed by both men). Murchison and Sedgwick died in the 1870s
but their folowers carried on the dispute until Charles Lapworth provided a solution. In 1879,
Lapworth used the tunit division to formulate a compromiske placed the disputed Lower
Silurian rocks into a new System he named the Ordovician (for the Ordovicegjemt &ibe in
Wales). He rationalized this by using index fossils, primarily graptolites, to define the Ordovician



strata and isolate these rocks from those of both the overlying Silurian and the underlying Cambrian
Systems (see Fig. 1).
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The Ordowcian was accepted as a System by the British Survey in 1901 and by the United
States Survey in 1903 but it was not until 1960 that the Ordovician Period was officially adopted by
the International Geological Congress

The Ordovician Today

Since the Ordvician was officially accepted as a Period of the geologic time scale, the
classification and assignment of Ordovician stratigraphic units has undergone dramatic changes
culminating in the Global Ordovician Chronostratigraphic Chart completed in 20@dditmon to
the establishment of the global stages (hames, boundary definitions, and type sections), many other
units were reassigned and/or renamed thus altering how we now subdivide the Ordovician.

In the stratigraphic system used during the early addlm1970s, the migvest Ordovician
was divided into three clearly defined Series based, of course, on the best information available at
that time including fossils and rock correlations. The lowest (oldest) of these Series was termed the



Canadian. The @adian is exposed in the limestones and cherts of Minnesota, Wisconsin, and
Missouri. The fossils contained in these rocks are more similar to those of the Cambrian than to
those found in rocks of the rest of the Ordovician, at least for the nautiloidss What prompted

the | ate Rousseau Fl ower, at that time the wo
ACanadiano unofficially as a System, compar a
publications. The middle Series was namedhamplainian and contained the molksachiopod

rich dolostones and limestones well exposed in the eastern United States. Inilestiao fairly
fossiliferous Champlainian groups of rocks are expetezllower Platteville Group (a formation in
Wisconsin and Minnesota) and the upper Galena Group. At that time, the Platteville was assigned to
the upper part of the Blackriveran Stage while the Galena comprised pretty much the entire
Trentonian Stage and both were tentatively placed in the lower Cavh8oitish terminology. |

mention these two units because tracing their changes in assignment gives us a local basis for
understanding the final global correlations. The taxa present in the rocks of these units are similar but
not the same due to the Diegcextinction that occurred at the PlatteviBalena interface of
deposition and is marked by the Deickdo&ntonite. The upper (youngest) Series was termed the
Cincinnatian and the rocks contained in this series are exposed in possibly the most prolific
collecting area in the United Statéke tri-state region of Indian, Kentucky, and Ohio. Literally

millions of fossils have been collected there and virtually every new excavation exposes these highly
fossiliferous shales and limestones.

Then in the miell980s, | became aware, by way of the academic literature and several
fieldtrip guidebooks, of a subtle reassignment of several units of the Galena Group (see Fig. 2). The
upper Galena, including the very fossiliferous Wise Lake Formation and the Dubuquegibo,
was now correlated with the Edeni®ftaysvillian units of the type Cincinnatian area. The lower
Galena was still placed in the Champlainian Series, now renamed the Mohawkian Series. That meant
that the Champlainia@incinnatian contact occurred the middle of the Galena Group. | had
collected the fossiliferous Wise Lake Formation many times searching for the nautiloids that
represented the subsequent recovery fauna after the deposition of Platteville rocks and, as | became
aware of later, the Déte extinction. Curiously, the trilobites | had collected in Wise Lake rocks
seemed very similar to those | had found in the type Cincinnatian and one of them was of a common
genus-Flexicalymene After much subsequent collecting, | found that several ®\ise Lake
nautiloids also compared well with those in the Cincinnatian. Based on this meager evidence that |
had collected, the change in assignment of these two Galena formations appeared to be.warranted
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By the mid1990s the British Ordovian had been revised from six Series designations to

Fig. 2. Chart of the change:
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five and the North American Ordovician was modified, along with many name changes, into four
Series-lbexian (oldest), Whiterockian, Mohawkian (Platteville, etc.), and Cincinnatian (this name
will probably never change). The Mohawkian was in turn subdivided into five or so Stages and Sub

stages, which finally confused even an Ordovician Geek like me. Fortunately, cooler heads prevailed

and, with the use of bentonite beds described below, the MohawkiareSevas reevaluated and
subdivided into only two Stages. The lower (older) Turinian Stage contains all of the Platteville

rocks as well as the lower Decorah Shale while the upper Chatfieldian Stage contains the lower
Galena (the upper Galena is still igeed to the Cincinnatian Series). The Mohawkian was

correl ated

Ordovician.

The late 1990s and early 2000s saw the push for Global Stages to correlate the various local
ard regional Ordovician rock units wordide. As one might expect, the process of determining
these new stratigraphic designations and names was long and argumentative. Essentially two factors
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needed to be agreed upon by the International Subcommissiod@ndian Stratigraphy (ISOS) for
each Global Stage type locality and stage boundaries. Type localities must show boundaries

clearly and be accessible to future researchers. The lower boundary of each Stage is usually

determined by the first appearantermed First Appearance Datum or FAD) of a particular

ti
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graptolite or conodont since these fossils are abundant and havewideldlistribution. The
boundary is referred to as a Global Stratotype Section and Point (GSSP), more popularly known as a
Agolsdperkeo. I n addition, dependabl e absolute
stratigraphic levels. Unfortunately, rocks that contain the appropriate isotopes needed to determine
absolute ages are not always present in boundary rocks, hese tbf fossils. Also, absolute ages

are often fraught with uncertainty although with new and refined techniques our resolution of these
time boundaries has, and is, improving greatly.

One of the most helpful techniques in resolving the problems ofdeiag absolute ages
and correlations, at least for the Ordovician rocks of eastern North America, was the use of K
bentonites. Kbentonites are volcanic ashes that have been altered into potassictay beds and
represent a specific time horizon inetstrata (isochronous in geolegeak). There are 60+
bentonite beds in the North American Ordovician. They can be correlated regionally using chemical
fingerprinting in which the percent elemental composition of target bentonites is compared (there has
even been attempts to correlate several globally). In this way, a bentonite in, say, Minnesota (Deicke)
can be correlated with one in Tennesse&) TAdditionally, these volcanic ash beds can be
radiometrically dated fairly precisely using tar/ *Ar method. These isochronous markers can
also be used to define higher order stratigraphic boundaries particularly when, as with the Deicke, the
bentonites are associated with a significant, albeit regional, extinction. Given their versatility it is no
wonderwhy K-bentonite beds are often used as boundaries between stratigraphic units. For example,
the Millbrig K-bentonite deposited after (above) the Deicke is the boundary between the Turinian
and Chatfieldian Stages.

As type sections and boundaries weresemoand accepted, Series and Stages were
reassigned until the Global Stages were gradually approved by the ISOS. The final result was an
Ordovician Correlation Chart that consisted of seven Global Stages (see Fig. 3). The Mohawkian is
now part of an expard Upper Ordovician and is correlated with the middle (rooidless) of the
British Caradoc Series. The Turinian (Platteville) is placed in the upper Sandbian Global Stage (fifth
Stage from the bottom) while the Chatfieldian (lower Galena) and theCipisenatian are part of
the Katian Global Stage (sixth Stage). Each of these Global Stages are subdivided into between two
and four Stage Slices (total of 20) that are informal designations but with defined bases, again
determined by a graptolite or conoddossil. The one reassuring aspect of all of this is that the
formation and member names of the rocks in which we collect our fossils rarely change giving us a
measure of reassurance and stability.

Paleogeography and Climate

The paleogeography of thedavician world reflected the highest sea levels in the Paleozoic
if not in all of geologic history. Continents were mostly centered on the equator with much of
Laurentia (North America) located south of the equator (see Fig. 4). During the Ordoviciast the
of several Paleozoic orogenies began the building of the Appalachian Mountains (see Figs. 5 & 6).
Off the southeast coast of Laurentia an island arc/trench system formed initiating an active
subduction zone resulting in large, active volcanoes.stage of the mountain building process is
called the Taconic Orogen

a
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Fig. 3. Global Ordovician Chronostratigraphic Chart showing correla
of British and North Amecan stratigraphic units. (Modified from th
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Fig. 4. Late Ordovician Palaeogeography
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Fig. 6. Geologic Setting of the Taconic Orogeny

Volcanic Island Arc

Laurentia

The climate of Laurentia during the Ordovician was warm and wet reflecting its position just
south of the Equator. Its location betwe&afd30’ south latitude placed Laurentia in the SE Trade
Wind Belt. This situation allowed for the effects of the volcanic island arc to be felt in the eastern
half of what is now the United States. Many volcanic ash layers were deposited by the erupting
volcarpes spewing materials into the atmosphere where the SE Trades transported and deposited
them in the shallow cratonic seas (see Fig. 7). They eventually weathered and compacted to form the
bentonite beds described above.
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The Great Ordovician Biodiversification Event

Life experienced its greatest jump in taxonomic diversity during the Ordovician. This series
of events is called the Great Ordovician Biodiversification Event (GOBE). The Ordovician radiation
is different from eitherthe Ediacr an or Cambri an AExpl osionso for
two both experienced a radiation of body plans, disparity, at the expense of taxonomic diversity
whereas during the GOBE only one new phylum, Bryozoa, originated but taxonomic diversity
increased dramatically. Second, the Ediacaran and Cambrian radiation events were restricted in time,
geologically speaking, with all groups diversifying at about the same time for each event whereas the
GOBE radiations, although occurring in definite palseere spread pretty much throughout the
entire Ordovician. Therefore, the origination of most of the phyla and classes of animals, as well as a
varied set of body plans, in the Cambrian set the stage for the Ordovician radiations to fill niche
spaces wit a diversity of species. The GOBE, it is generally acknowledged, was characterized by the
greatest increase in biodiversity in the history ofltfeere was a twold increase in taxonomic
orders, a thre#old increase in families, and a nearly fdald increase in genera. Nautiloids, for
example, were represented at the beginning of the Ordovician by only one order but, by the time the
Late Ordovician rolled around, had radiated into at least ten orders. Additionally, nautiloids
diversified into a wideange of shell shapes and species and reached themalbeak diversity at
this time.

As stated above, the GOBE occurred in definite pulses of radiations (see Fig. 8). Although
the most intense diversification took place during the Mid to Late Gs@dov{a duration of around
28 million years), taxonomic radiations lasted virtually the entire period (nearly 46 million years).
Also, the GOBE was taxonomically selecthsmme groups diversified robustly whereas others
experienced only moderate divers#tion. The first pulse commenced slowly late in the Early
Ordovician then picked up dramatically early in the Mid Ordovician until a plateau in diversity was
experienced for the rest of this stage. The second pulse followed this plateau with an egen great
rate of diversification during the beginning of the Late Ordovician with peak diversity in the middle
of the Late Ordovician. A minor decline in diversity was experienced after this peak. The final pulse
occurred near the end of the Late Ordovician whadrations again increased dramatically reaching
the highest diversity peak in the entire Ordovician just before th©eahalvician mass extinctien
an event second only to the eRdrmian mass extinction in severity. A p@stovician recovery
initiated a period of relatively stable diversity (the-sca | | ed fiPal eozoi c Pl a
significantly only by the enfDevonian mass extinction, which lasted until the massivd>enchian
extinction event.

As with the other radiation events, a plethora ofiptssausal factors have been proposed to
explain the GOBE. These factors include, but are not limited to, intrinsic biological factors,
increased volcanism that resulted in an influx of continental nutrients into the oceans, an areal
increase in hard sutvates, greatest continental dispersal in the Paleozoic, greatest amount of tropical
shelf occurrence in Phanerozoic, highest sea levels of Paleozoic, and escalation in the partitioning of
marine habitats.



Fig. 8. Details of Ordovician Diversification Event
(modified from Schmitz et al., 2008, Figure 1.)
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Now, in a recent paper, Schmitz aralleagues (2008) suggest an intriguing explanation for
the onset of the GOBE. The authors claim Atha
~470 Myr ago coincides with the disruption in the asteroid belt of-itteindrite parent bodsthe
largest documented asteroid breakup event duri
that they emphasize corresponds approximately to the middle of the first GOBEgpaisiically,
the Mid Ordovician increase in the rate of diversificatiosaded above. The asteroid breakup,
they say, caused an elevated rate of meteorite bombardment which laste@@milllon years
after the initial breakup. Evidence, compiled from sections in Sweden and China, for this event
includes rocks enriched witan isotope of osmium commonly found in meteorites, the recovery of
unaltered chromite grains with an elemental composition distinct from terrestrial chromite, and the
discovery of abundant fragments of the meteorites that were incorporated into thueposhted at
that time. Additionally, from an analysis of
have been more common by a factor €f(bduring the Middle Ordovician compared with other
periods of the Phan e rocanpileddataof fossil bEaéhiopodsTdmtained ut h
in rocks of the same age from Baltoscandia and conclude that, for this region at least, the onset of the
t wo events, meteorite bombardment and brachiop
52). It has been claimed by others, however, that the initial diversification of the GOBE started
before the sustained bombardment.

So, how can impacts cause faunal diversifications instead of the extinctions that are popularly

presumed to have resultedrin them? It turns out that hard evidence for imjgacised extinctions
for all but the eneCretaceous event is tenuous at best. Apparently, there is a size threshold below
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which impacts disrupt ecosystems but do not initiate mass extinctions. The suthard e t hat i
minor and persistent impacts could generate diversity by creating a range of new niches across a
mosaic of more heterogeneous environmentso (p.
by the numerous impacts resulted in maireerse environments that, in turn, fostered speciation

events to fill these new niches. Admitting that these conclusions are speculative, the authors maintain
that the most reasonable explanation is that numerous and persistent impacts caused m®dification
Earthos biota. This cause and effect scenario
proven.

An Analysis of Ordovician Life

Any assessment of prehistoric life during a given period of geologic time is biased in favor of
hardshelledmarine animals. This is just the realities of normal fossilization. During the Ordovician,
life on land was virtually nonexistent so the marine fossils we find are a good representation of what
was alive at that time. Generally speaking, ecological tienrigunal organisms, and bioturbation
all increased during the Ordovician. Additionally, the first reef communities appeared consisting of
rugosids, tabulates, and stromatoporoids. Because of the expanse of shallow cratonic seas and the
influx of nutriens from an essentially bare land surface, the abundant faunas were often quickly
incorporated into the sediments and fossilized. Fossils can occur as bgaldiang concentrations
in limestone, withidbed accumulations of molluscs in dolostones, and uioigsiifossils in the
abundant shales of the Ohio Valley. When describing the Ordovician faunas specifically, it is
convenient to return to the older thhgeries designation (Canadian, Champlainian, Cincinnatian)
since the three faunas are somewhat distinct

The fossils found in Canadian rocks of the Lower Ordovician are more similar to Cambrian
fossils than they are to those of the rest of the Ordovician. The Canadian fauna represents the
survivors of the Cambrian extinctions and taxa derived from these/ets. The extinctions
occurred near, but not right at, the end of the Cambrian. Trilobites suffered three separate extinctions
and of the extensive nautiloid fauna of the Late Cambrian (4 orders and 34 genera) only one order
and two genera survived intee Ordovician. The dominant constituents of this early recovery fauna
were inarticulate brachiopods, molluscs, and some trilobites.

During the Champlainian (now placed in the lower Upper Ordovician), the GOBE was in full
attack mode. At this time, seavkls rose and carbonates were the most common rocks deposited.
Radiations filled every niche and articulate brachiopods and molluscs dominated the fauna. Also
during this time, nautiloids experienced their greatest diversity not only taxonomically legistat
10 orders represented but also morphologically with a variety of shell shapes. The only glitch was the
Deicke extinction that occurred at the Platteviialena interface (marked by the Deicke K
bentonite bed) and was most pronounced in the Uppssiddippi Valley Area. The fauna was
repopulated by survivors and their descendants as well as immigrants. A very diverse and abundant
fauna contained in rocks of the Mifflin Formation (Platteville Group), discovered and aggressively
collected from a quayrin northcentral lllinois, has provided us with an unusually complete glimpse
of an Ordovician shallowvater community. Of the nine phyla represented, molluscs dominate with
68% of the total species (43.7% gastropod, 34.5% cephalopod, 14.9% bivabaniécellaneous
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molluscs). The next most abundant group is brachiopods with a bit over 13% of the total species
although, as usual, they were very abundant in terms of specimens available.

The Cincinnatian (upper Upper Ordovician) is divided into thragest Edenian (oldest),
Maysvillian, and Richmondian (youngest). During the Cincinnatian, there was a cooling of the
climate and a fluctuation of sea levels that was accompanied by the deposition of shales and
interbedded limestones. It is estimated tlmames shales were deposited in as little as 25 meters of
water. The dominant constituents of the fauna were articulated brachiopods, echinoderms, trilobites,
and molluscs.

During the Cincinnatian, an interesting faunal modification occurred that has tveed tee
Richmondian Invasion. It is now known that there were two separate invasions, the first during the
Edenian and the second during the Richmondian. Both coincided with global warming and
transgressions of the sea in the Cincinnatian Arch area. Betive two invasions, cooling waters
and influx of clastic sediments forced the fauna to retreat to the original source area where they were
held there by thermal and/or topographic barriers. The source of the invaders (immigrants) was the
coeval Arctic Fana (A.K.A. Red River Fauna) from the western US and Canada. These areas also
served as a place of refugia between the two invasions. This invading fauna was more diverse
because of a location closer to the padgoator (fossils found in warmwater carboate rocks).
Although it was a study of nautiloids that led to the identification of an invasion, many taxonomic
groups were involved such as other mollusks, echinoderms, trilobites, brachiopods, bryozoans, and
corals. Apparently, the prexisting Cincinnaain fauna did not fill all niches so the invading taxa,
mostly ecological generalists, were able to establish themselves relatively easily. Evidence indicates
that there were no significant extinctions during the invasion and the immigrants simply atided to
diversity. It also appears that the event was somewhat prolonged and not a quick invasion at the
beginning of the Richmondian as once thought. All of the taxa were subject to {Bedewcian
extinction event(Representative Ordovician taxa are presented at the end of this paper.)

End-Ordovician Glaciation and Extinction

The end of the Ordovician was marked by both a glacial event and a mass extinction. The
glaciation is referred to as the Hirnantian (after the last global stage, see Fig. 3) Ice Age and lasted
approximately .5L.0 million years. The large volumesaairbonates deposited at this time locked up
atmospheric C® thus effectively ending the periddng greenhouse and lowering global
atmospheric temperatures. The result was an ice cap that formed over north Africa and an
accompanying lowering of sea levetsme 100 meters. Evidence for this is an increase in‘t&'€
ratio (termed an excursion) indicating that@as buried thus depleting atmospheric,Cihe cause
of this ice age is similar to the cause of the Pleistocene Ice-Miiemkovich Cycles. Rferred to as
orbital forcing, Mi l ankovich Cycles depend on
revolution-axial tilt (22.1-24.5), axial precession (gyroscopic motion of axis), and eccentricity
(shape of Earthodosearckint yiclityi ofcltamgddsi mritbh e
Hirnantian Ice Age.
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Near the end of the Ordovician, life on Earth experienced the second most severe mass
extinction in geologic history. The extinction affected the standing diversity gr8ay of species,
61% of genera, and 26% of families succumbed. The glaciation lowered sea levels which in turn
exposed cratonic sea floors. Oceans were cooled an estim3=d\sQsual, the tropical species
were affected the mosivhen Earth cools the teraate and polar animals can move south but there
is no place for tropical animals to seek refuge. The extinction actually occurred in two pulses. The
initial pulse took place as sea levels dropped quickly decimating the epicontinental communities.
The find pulse occurred as sea levels rose quickly flooding the shelf areas with anoxic waters and
decimating the response fauna that appeared after the initial pulse. In both cases the animals could
not adapt quickly enough. The Silurian recovery took someilion years and the resulting fauna
had similar ecological patterns to those of the Ordovician. This recovery resulted irctikedo
APal eozoic Plateauodo mentioned above.
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Representative Ordovician Fossils

Lingula elderi
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