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The name Lawsonian Stage is proposed as the highest stage of the Cambrian System (Stage 10). The base of the pro-
posed Lawsonian Stage is at the First Appearance Datum (FAD) of the euconodont Eoconodontus notchpeakensis
(Miller, 1969). That horizon, the base of the E. notchpeakensis Subzone of the Eoconodontus Zone, is 3 m above the base
of the Red Tops Member of the Notch Peak Formation at the Steamboat Pass section in the House Range, western Utah,
USA. The conodont fauna of the Eoconodontus Zone is widespread in North America and occurs in Asia, Australia, Eu-
rope, and South America in facies that include cratonic nearshore sandstones, shallow and intermediate-depth platform
carbonates, deep-water ramp, continental slope deposits, and deep-ocean radiolarian chert. This horizon lies at or
slightly below the top of the Illaenurus trilobite Zone of western North America and within the lower part of the
Saukiella junia Subzone of the Saukia Zone in areas east of the Rocky Mountains. These trilobite and conodont faunas
can be traced into slope deposits containing cosmopolitan trilobites. The horizon is nearly coincident with the boundary
between the Billingsella and the Finkelnburgia calcitic brachiopod Zones; ranges of organophosphatic brachiopods also
characterize the horizon. A high-amplitude, negative, carbon-isotope excursion, the HERB Event, occurs in the
Eoconodontus notchpeakensis Subzone. This distinctive geochemical signal is known in western Utah, Australia, China,
and in poorly fossiliferous slope deposits in Newfoundland, Canada. The proposed boundary fits between two closely
spaced sequence-stratigraphic boundaries described from Utah and Texas, USA. • Key words: Cambrian, Furongian,
Lawsonian, Stage 10, chronostratigraphy, conodonts, trilobites, brachiopods, carbon isotopes, HERB Event.
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The Subcommission on Cambrian Stratigraphy is progres-
sing toward a long-term goal of dividing the Cambrian Sys-
tem into four series and ten stages. The uppermost series of
the Cambrian, the Furongian Series, is divided into the low-
er Paibian Stage, the middle Jiangshanian Stage, and an un-
named Stage 10 at the top of the Cambrian. The Subcom-
mission made a decision to place the base of Stage 10 at
the First Appearance Datum (FAD) of the trilobite Lotag-
nostus americanus (Billings) or another fossil. At the 15th

Field Conference of the Cambrian Stage Subdivision

Working Group, Landing et al. (2010) contended that the
taxonomic status and global distribution of Lotagnostus
americanus are too poorly understood to use that species
for defining the base of Stage 10. They proposed, as a supe-
rior alternative, that the FAD of the globally distributed eu-
conodont Eoconodontus notchpeakensis (Miller, 1969) be
used for defining the base of Stage 10.

Three reports in this volume are outgrowths of the pre-
sentation by Landing et al. (2010). Landing et al. (this vol-
ume) document problems with using Lotagnostus
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americanus for placing the base of Stage 10. Westrop et al.
(this volume) deal with the details of the taxonomy of
named species of Lotagnostus that have been considered to
be synonyms of L. americanus. In this paper we propose
the new name “Lawsonian Stage” for Stage 10 and present
evidence that supports using Eoconodontus notch-
peakensis as an alternative species for placing the base of

Stage 10. We present additional data that further character-
ize the proposed boundary at the FAD of E. notch-
peakensis, including ranges of other fossil groups as well
as non-biological correlation tools. We identify the pro-
posed stratigraphic horizon, which is in the lower part of
the Red Tops Member of the Notch Peak Formation, in
several sections in the House Range and nearby areas in
western Utah, USA.
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This report is a joint effort by the authors. J.F. Miller
is responsible for the sections on geologic history, strati-
graphy, lithofacies, measured sections, and conodonts. Other
authors are listed in alphabetical order. K.R. Evans and
J.F. Miller are responsible for the section on sequence stra-
tigraphy. R.L. Freeman is responsible for the section on
brachiopods. R.L. Ripperdan and J.F. Miller are respon-
sible for the section on carbon-isotope stratigraphy.
J.F. Taylor contributed the section on trilobites.
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Strata discussed here are exposed in the House Range,
northern Wah Wah Mountains, Tule Valley, and Drum
Mountains, all located in Millard County, west-central
Utah, USA (Fig. 1).

The area, which often is referred to as the Ibex area,
has a complex geologic history. During late Neopro-
terozoic time, rifting of the Panotia supercontinent re-
sulted in formation of a sea-floor spreading ridge along
the western margin of Laurentia (Sears & Price 2003).
A tropical, miogeoclinal carbonate platform formed after
this rifting, and rapid subsidence produced accommoda-
tion for up to 3.87 km of Cambrian strata (Hintze &
Kowalis 2009, Miller et al. in press a). These mio-
geoclinal deposits extend westward and grade into mixed
carbonate and siliciclastic slope deposits in south-central
Nevada (Cook & Taylor 1977, Cook et al. 1989). Utah
strata were thrust eastward during the Cretaceous Sevier
Orogeny. Late Neogene Basin and Range extensional
faulting produced the horst-and-graben pattern visible on
Fig. 1. Today, the area is a desert in which the predomi-
nantly carbonate strata of the Furongian Series crop out
over a large area as slopes, ledges, and prominent cliffs
(Fig. 2).

The large area shown on Fig. 1B is owned collectively
by the American people and is administered by the U.S.
Bureau of Land Management, and no special permission
is needed to visit this area. There are no permanent inhab-
itants, and the main use of the land is for grazing sheep
during the winter and spring. A dense network of gravel
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��� ��	�' Locations of measured sections that expose Red Tops Mem-
ber of Notch Peak Formation, Ibex Area, Millard and Juab counties, west-
ern central Utah. • A – map of USA showing location of state of Utah.
• B – detailed map with insert showing location of detailed area within
Utah. Measured sections include LC = Lawson Cove, SP = Steamboat
Pass, LD5 = Lava Dam Five, SC = Sevier Lake Corral, SNP = Sneakover
Pass, NP = Notch Peak, CKS = Chalk Knolls South.
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roads and dirt tracks provides access to the many sections
measured by dozens of geologists studying ~10 km of
Cambrian through Triassic strata during the past 60 years.
Fig. 1 shows only a few of the main roads, and an ordinary
automobile can be used on the minor roads and most of
the dirt tracks. Topographic maps at scales 1:24,000 and
1:100,000 cover the entire area, and geologic maps at
scales 1:48,000 (e.g., Hintze 1974) and 1:100,000 (e.g.,
Hintze & Davis 2002) cover most of the area.
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Strata of Cambrian Series 3 and of the Furongian Series
generally are very fossiliferous in western Utah and in-
clude the type areas of the international Drumian Stage (in
the Drum Mountains; Fig. 1) and the Laurentian Millar-
dan Series and Ibexian Series (upper Cambrian and lower
Ordovician). The Furongian Series is ~600 m thick and
is recorded in the Orr, Notch Peak, and House Formations;
their lithostratigraphic and chronostratigraphic classifi-
cations are shown on Fig. 3. The base of the Furongian

Series is slightly above the base of the Steamboat Pass
Shale Member. The stratigraphic position of the base
of the Jiangshanian Stage is unclear because the defining
taxon, Agnostotes orientalis (Kobayashi, 1935), is almost
unknown in Laurentia. The approximate base of that stage
is shown as a dashed line within the upper Steamboat Pass
Shale Member, although the correct position may be some-
what higher.

The base of the Ordovician System is shown near the
middle of the Barn Canyon Member; the dashed line indi-
cates uncertainty in correlating the base of the Ordovician
from the GSSP at Green Point, Newfoundland. Conodonts
used to characterize the boundary horizon at Green Point
occur in an inverted homotaxial succession and clearly are
redeposited, making it impossible to correlate the Green
Point GSSP to Utah (Miller et al. 2003, pp. 104–113). At
the Green Point stratotype, the base of the Ordovician Sys-
tem is at the lowest occurrence of Iapetognathus flucti-
vagus Nicoll, Miller, Nowlan, Repetski & Ethington, 1999,
at the base of the Iapetognathus Zone. That bio-
stratigraphic horizon is present in several sections in the
Ibex area, Utah.
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��� ��	)' View toward south of Lava Dam Five section (see Fig. 1 for location) showing slopes, ledges, and cliffs typical of Furongian strata in this area.
Strata exposed include all except lower 3–4 meters of Red Tops Member, all of Lava Dam Member of Notch Peak Formation, and lower 26 m of Barn
Canyon Member of House Limestone. FAD of Cordylodus andresi is indicated; this horizon in this section is the stratotype for the base of the Laurentian
Ibexian Series (Cambrian and Ordovician).
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Walcott (1908a, b) named the Notch Peak Formation, and
Hintze (1951) named the House Limestone. Hintze et al.
(1988) named the Hellnmaria, Red Tops, and Lava Dam
members (Fig. 3), and Miller et al. (2001) revised those
members slightly and named members of the House Lime-
stone. Miller et al. (2003) discussed the lithofacies, biostra-
tigraphy, and sequence stratigraphy of the Notch Peak and
House Formations. That report includes detailed descripti-
ons of 17 measured sections totaling 2.98 km in thickness;
all sections have thickness numbers painted on them. The

horizon proposed as the GSSP for the base of the Lawson-
ian Stage is in the lower part of the Red Tops Member. The
locations of most of the sections that include the Red Tops
Member are shown on Fig. 1.

The Notch Peak Formation is entirely carbonate strata.
The Hellnmaria Member, the lower member of the forma-
tion, includes dolomite and limestone in the Lawson Cove
(LC on Fig. 1) and Steamboat Pass (SP) sections but is en-
tirely limestone farther north in the Sneakover Pass (SNP),
Notch Peak (NP), and Chalk Knolls South (CKS) sections.
Stromatolites are common in the Hellnmaria Member, and
body fossils and conodonts are rare in dolomite facies.
Conodonts are common in limestones in the Chalk Knolls
area and in the top 13 m of limestone of the Hellnmaria
Member at Steamboat Pass (Miller et al. 2003). Conodont
samples from the Chalk Knolls area yielded thousands of
organophosphatic brachiopod valves (Freeman & Miller in
press).

The Red Tops Member, the middle member of the
Notch Peak Formation, is very fossiliferous, shallow-ma-
rine limestone that includes intraclast conglomerates, oöid
and trilobite-hash grainstones, and some sections contain a
thin stromatolite bioherm. Conodonts useful for biostrati-
graphy can be obtained from virtually any bed of the Red
Tops Member that is not stromatolitic (Miller 1969; Miller
et al. 2003, 2006). Trilobites are common and include
some silicified faunas; conodont samples have yielded
common organophosphatic brachiopods, and calcitic
brachiopods are rare. Vendrasco & Runnegar (2004) de-
scribed chitons from the Hellnmaria and Red Tops Mem-
bers at Steamboat Pass.

The Lava Dam Member, the upper member of the
Notch Peak Formation, is limestone except in the northern
Drum Mountains, where it is dolomite. The lower part of
the Lava Dam Member is cherty limestone that records rel-
atively deep subtidal facies. The middle of the member in-
cludes shallower lithofacies, including oöid and other
grainstones and a widespread, thin stromatolitic biostrome.
The upper Lava Dam Member is lime mudstone and thick
stromatolitic reefs. Fossils in the Lava Dam Member in-
clude common trilobites (which are silicified at several ho-
rizons; Adrain & Westrop 2006), organophosphatic brachi-
opods (Popov et al. 2002, Holmer et al. 2005), and calcitic
brachiopods (Hintze et al. 1988, Miller et al. 2003).
Biostratigraphically diagnostic conodonts are abundant
and can be obtained from virtually any bed, including
stromatolitic reefs.
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Seven measured sections that include the Red Tops Mem-
ber are located on Fig. 1. All of these sections have yielded
detailed biostratigraphic information, but some sections
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��� ��	.' Lithostratigraphic and chronostratigraphic classification of
upper part of Cambrian Series 3 and of Furongian Series and of lower part
of Lower Ordovician in northern Wah Wah Mountains and southern
House Range, western Utah. Uncertain positions of base of Jiangshanian
Stage and of Ordovician System are discussed in text.
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have flaws that preclude them from consideration as a stra-
totype section. For example, the Lawson Cove, Sneakover
Pass, and Chalk Knolls South sections have thin covered
intervals at the critical horizon, and that horizon is slightly
below the lowest exposure at Sevier Lake Corral (SC).
However, sections at Sneakover Pass, Notch Peak, and
Chalk Knolls South document conodont zones of the upper
Jiangshanian Stage, and some sections document the upper
parts of the proposed Lawsonian Stage, including Lawson
Cove, Sevier Lake Corral, and Chalk Knolls South. Data
from all of these sections collectively document a stratigrap-
hic interval that extends from far below the base of the pro-
posed Lawsonian Stage upward into the Lower Ordovi-
cian.

Sections with the most potential for defining the base of
the Lawsonian Stage are in the southern House Range at
Steamboat Pass (SP) and Lava Dam Five (LD), sections
that are only 2.5 km apart (Fig. 4). Miller et al. (2003) pro-
vided detailed descriptions of both sections. The Steam-
boat Pass section includes virtually the entire Notch Peak
Formation, although it is so thick (~410 m) that the mea-
sured traverse extends across ~1.5 km (Hintze et al. 1988).
The section is accessed from the Steamboat Pass road by
driving north ~1 km up the canyon west of Steamboat
Mountain in 4-wheel drive and walking about another kilo-
meter to the base of the measured traverse (Fig. 4). Strata
dip a few degrees to the north. Several small faults cross the
measured traverse, but they do not present a problem for re-
constructing the stratigraphic succession. The upper 13 m
of the Hellnmaria Member, all of the Red Tops Member,
and the lower half of the Lava Dam Member are entirely
limestone and contain conodonts, trilobites, and brachio-
pods. Fig. 5 shows ranges of conodonts based on 6335
identified conodont elements (specimens).

The fossiliferous interval exposed below the proposed
boundary is thicker at Steamboat Pass than at Lava Dam
Five.

The Lava Dam Five section includes all but approxi-
mately the lower 3–4 m of the Red Tops Member, the entire
Lava Dam Member, and the lower 26 m of the House
Limestone. The section is accessed by driving east from the
Tule Valley Road (Fig. 4) on a smooth dirt track for
~1.2 km and walking ~150 m to the base of the section. A
fault with ~1 m of offset crosses the measured traverse
40 m above the proposed boundary horizon. A fault with
~13 m of offset crosses the section in the middle of the
Lava Dam Member (Fig. 2), but the measured traverse was
offset across that fault without difficulty. This section has
been intensively studied because the base of the Laurentian
Ibexian Series is defined there, near the middle of the Lava
Dam Member (Ross et al. 1997; Fig. 1 herein).

Fig. 6 shows the ranges of conodonts in the lower to
middle parts of the Lava Dam Five section. These ranges
are based on 8272 identified elements; the upper part of

the section (not shown on Fig. 6) contains thousands of
additional identified elements. Ross et al. (1997, Fig. 5)
showed ranges of conodonts and trilobites from the Lava
Dam Member and the House Limestone. Exposures in-
clude only 2.3 m of strata below the proposed boundary
horizon, a thinner interval than at Steamboat Pass, but
Lava Dam Five has more strata exposed above the bound-
ary horizon, including most of the proposed Lawsonian
Stage.

���

��� ��	/' Part of west edge of Red Tops 7.5´topographic quadrangle
showing measured traverse of Steamboat Pass measured section (SP) and
of Lava Dam Five section (LD5). Note scales for 1 km and 1 mile. Con-
tour interval is 40 feet (12.2 m). See Fig. 1 for general location.
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The name “Lawsonian” is derived from the Lawson
Cove section in the northern Wah Wah Mountains (Fig. 1).
The proposed Lawsonian Stage would be ~160 m thick, so
thick that not all of the interval is exposed in most of the
sections in the Ibex area. Strata of the upper part of the pro-
posed Lawsonian Stage, including the base of the
Iapetognathus Zone (base of Ordovician System), are ex-
posed at the Lava Dam North section, located about 1 km
north of Lava Dam Five, and at Lawson Cove, Sevier Lake
Corral, Chalk Knolls South, and three other sections not
shown on Fig. 1. Miller et al. (2003) documented ranges of
conodonts throughout the entire interval of the proposed
Lawsonian Stage.
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The proposed base of the Lawsonian Stage and strata
comprising the entire stage can be correlated to other
parts of the world using biostratigraphic and non-bio-
stratigraphic methods. Fossil groups that are useful
for correlation include conodonts, trilobites, and calcitic
and organophosphatic brachiopods. Non-biostratigraphic
methods include carbon-isotope stratigraphy and sequ-
ence stratigraphy.
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Conodonts are the most useful group for biostratigraphic
correlation of the proposed Lawsonian Stage. Three groups
of fossils that contain the suffix “conodont” are documen-
ted on Figs 5 and 6. Of these three groups, euconodonts are
most useful for correlation and are assigned to the genera
Cambrooistodus Miller, 1980, Clavohamulus Furnish,
1938, Cordylodus Pander, 1856, Eoconodontus Miller,
1980, Fryxellodontus Miller, 1969, Hirsutodontus Miller,
1969, Proconodontus Miller, 1969, and Teridontus Miller,
1980. Several of these genera were named from the Notch
Peak Formation (Miller 1969, 1980), and these faunas are
better known in Utah than anywhere else. Most of the other
genera on the range charts are paraconodonts, which are
not used for biozonation in strata of this age but have po-
tential use for correlation. Protoconodonts are considered
to be chaetognath worms or ancestral to them (Szaniawski
2002), and Phakelodus Miller, 1984 is a protoconodont
that is very long ranging and currently is not used for corre-
lation.

Conodont zones on the range charts are based on an
evolving lineage of species of the euconodonts Procono-
dontus, Eoconodontus, Cambrooistodus, and Cordylodus
(Fig. 7). The Proconodontus tenuiserratus, P. postero-
costatus, and P. muelleri zones occur in the middle to up-
per Hellnmaria Member, as shown on Fig. 8; the former
two zones are not known at the Steamboat Pass and Lava
Dam Five sections but occur in other sections in the area
(Miller et al. 2003). The P. muelleri Zone includes the top
strata of the Hellnmaria Member and the lowest few meters
of the Red Tops Member. Proconodontus muelleri Miller,
1969 is the ancestor of Eoconodontus notchpeakensis
(Miller, 1969), and the lowest appearance of the latter spe-
cies characterizes the base of the Eoconodontus Zone,
which is the horizon proposed to characterize the base of
the Lawsonian Stage (Figs 8, 9).

The taxonomy and evolutionary relationships among spe-
cies of Proconodontus and Eoconodontus notchpeakensis are
well understood and are not disputed. Proconodontus has a
basal cavity that extends nearly to the tip of the element, and it
lacks a cusp above the basal cavity (Fig. 7I, J). In the transi-
tion to Eoconodontus notchpeakensis, the two distinctly dif-
ferent elements became more slender, the basal cavity be-
came shorter, and a cusp made of white matter formed above
the tip of the basal cavity (Fig. 7K–N). Cambrooistodus
cambricus (Miller, 1969) appears slightly higher (Fig. 7E, F),
and C. minutus (Miller, 1969) still higher (Fig. 7G, H).
Proconodontus serratus (Fig. 7C, D) is a less common euco-
nodont species that is also characteristic of the Eoconodontus
Zone. Proconodontus tenuiserratus bicostatus Szaniawski &
Bengtson, 1998 has an anterior keel and a serrated posterior
keel and is considered to be a junior synonym of Proco-
nodontus serratus Miller, 1969. Proconodontus tenuiserratus
bicostatus cannot be assigned to P. tenuiserratus Miller,
1980, which lacks such an anterior keel.

It is not necessary to be a conodont specialist to identify
these taxa. Conodonts can be obtained from nearly any
sample of the Red Tops Member, and accordingly the FAD
of E. notchpeakensis has been determined to about a deci-
meter at both Steamboat Pass and Lava Dam Five. Both
types of elements of E. notchpeakensis occur in the lowest
sample containing the species at both sections. At Steam-
boat Pass the FAD of Eoconodontus notchpeakensis is
15.8 m above the base of the measured section and 3 m
above the base of the Red Tops Member (Figs 5, 9). At
Lava Dam Five the FAD of E. notchpeakensis is 2.3 m
above the base of the measured section (Figs 6, 10) within
the lower part of the Red Tops Member.

+��

��� ��	0' Range chart of conodont species found in Steamboat Pass section and conodont biostratigraphic units based on ranges of species. Short tick
marks indicate levels at which the species was found. Numbers of identified elements are shown for each species; total number of elements for all species
is 6335. Chronostratigraphic, lithostratigraphic, and sequence stratigraphic units are also shown. S3 = Sequence 3, S 5A = Sequence 5A, Seq. 7 = Se-
quence 7. Base of proposed Lawsonian Stage is at First Occurrence Datum of Eoconodontus notchpeakensis, 15.8 m above base of measured traverse.
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Cordylodus is a somewhat younger genus (Fig. 7A, B),
and appearances of successively higher species of that ge-
nus are used to name several zones.

Conodont zones on the range charts (Figs 5, 6) are
based on common euconodont species, and the numbers of
identified elements (specimens) are shown for each spe-
cies. Cambrooistodus cambricus and Proconodontus
serratus are less common euconodont species that are char-
acteristic of the Eoconodontus Zone. Although it does not
occur in Utah, Eoconodontus alisonae Landing, 1983 is a
species that occurs in slope facies in Newfoundland, Ver-
mont, New York, Maryland, and Kazakhstan and would be
useful for recognizing the proposed Lawsonian Stage in
slope facies. Barnes (1988, Fig. 8) reported that in the Cow
Head Group of Newfoundland, the range of E. alisonae
overlaps with Cordylodus and Clavohamulus, which occur
above the Eoconodontus Zone. The Cow Head Group is a
stratigraphic mélange, and the overlap in ranges of these
taxa may be due to redeposition of E. alisonae elements in
turbidites and debris slides in these slope sediments.

The early diversification of the Proconodontus-Eoco-
nodontus-Cambrooistodus lineage within the Eoconodon-
tus Zone was interrupted by a mass extinction at the top of
that zone (Fig. 8). Following that extinction, a second ma-
jor faunal diversification began in the Cordylodus proavus
Zone. Miller et al. (2006) proposed using the faunal turn-
over at the base of the Cordylodus proavus Zone at Lawson
Cove as the base of Cambrian Stage 10. However, the
Subcommission on Cambrian Stratigraphy has expressed
concern that use of a horizon this young would make Stage
10 undesirably thin, and they expressed a preference for
utilizing the FAD of Cordylodus andresi Viira &
Sergeyeva in Kaljo et al. (1986) for definition of a substage
boundary within Cambrian Stage 10.

Miller & Repetski (2009) considered three publications
that interpreted the base of the Cordylodus proavus Zone
(FAD of C. andresi) as diachronous. They concluded that
such interpretations are incorrect and that this biostrati-
graphic horizon is very useful for global chronocorrelation.
A substage boundary at the base of the Cordylodus proavus
Zone would separate very different conodont faunas and
would utilize a very correlatable horizon in the middle of
the proposed Lawsonian Stage.

Many of the euconodont species used for biozonation
are cosmopolitan in their geographic distribution, and they
occur in diverse facies and tectonic settings (Miller 1984).

Species of Proconodontus, Eoconodontus, Cambrooi-
stodus, Clavohamulus, Cordylodus, Fryxellodontus, and
Hirsutodontus all occur on several continents. Most of
those genera occur in North America, South America, Aus-
tralia, Asia, and Europe, and some have been reported from
Antarctica (Büggish & Repetski 1987). Localities on
Fig. 11 are based on strata having one or more of the taxa
that are considered to be diagnostic of the Eoconodontus
Zone, i.e., from the lower part of the proposed Lawsonian
Stage: Cambrooistodus cambricus, C. minutus,
Eoconodontus alisonae, Proconodontus serratus, or the
occurrence together of P. muelleri and E. notchpeakensis.
In Laurentia these faunas are known from slope facies in
the USA in western Nevada (Cook et al. 1989), Maryland
(Taylor et al. 1996), New York (Landing 1993), and Ver-
mont (Taylor et al. 1991), in Yukon in western Canada
(Tipnis et al. 1979, Landing et al. 1980), and from New-
foundland in eastern Canada (Barnes 1988). Faunas diag-
nostic of the Eoconodontus Zone are known in
miogeoclinal carbonate platform deposits on Devon Island
in arctic Canada (Nowlan 1985), North Greenland (Kurtz
& Miller 1978), Alberta and Saskatchewan in western Can-
ada (Derby et al. 1972, Westrop et al. 1981, Hein &
Nowlan 1998, including data from drill cores, Godfrey
Nowlan, written communication), Quebec in eastern Can-
ada (Godfrey Nowlan, written communication, data from
drill cores), in the USA in eastern Nevada (Taylor et al.
1989), western Utah (Miller et al. 2003); from mixed
clastic-carbonate shelf deposits in Montana, Wyoming,
and Colorado (Taylor & Miller, unpublished data; Myrow
et al. 1999, 2003); cratonic carbonates in Texas (Miller et
al. 2003) and New Mexico (Taylor & Repetski 1995); from
carbonates deposited in the Oklahoma aulacogen (Miller et
al. 1982); from nearshore siliciclastic deposits in Iowa,
Minnesota, and Wisconsin (Runkel et al. 2007, including
data from drill cores); from carbonate shelf deposits in
Maryland and northern Virginia (Taylor et al. 1992); and
from outer-shelf deposits in New York (Landing, 1993).
Outside Laurentia, faunas of the Eoconodontus Zone are
known in Argentina (Heredia 1999), Australia (Nicoll &
Shergold 1991), Estonia (Kaljo et al. 1986, Viira et al.
1987), Iran (Müller 1973, Ghaderi et al. 2008), Kazakhstan
(Apollonov et al. 1988, Popov & Tolmacheva 1995,
Dubinina 2001), Korea (Lee 2002, Lee et al. 2009), Siberia
(Kanygin et al. 1989, Ivata et al. 1997), Sweden (Müller &
Hinz 1991, Szaniawski & Bengtson 1998), and Turkey

+�*

��� ��	1' Range chart of conodont species found in Lava Dam Five section and conodont biostratigraphic units based on ranges of species. Short tick
marks indicate levels at which the species was found. Numbers of identified elements are shown for each species. Total number of elements for all species
is 8272 for part of section illustrated; Ross et al. (1997) showed ranges of additional species based on thousands of additional specimens recovered from
upper part of section. Chronostratigraphic, lithostratigraphic, and sequence stratigraphic units are also shown. Seq. 5A = Sequence 5A. Base of proposed
Lawsonian Stage is at First Occurrence Datum of Eoconodontus notchpeakensis, at 2.3 m above base of measured traverse. Strata above 62.0 m comprise
the type section of the Laurentian Ibexian Series.
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(Özgul & Gedik 1973). Faunas of the Eoconodontus Zone
occur in many provinces in China, including Anhui (Dong
1987), Hebei (An 1982), Hubei (Dong 1984), Hunan
(Dong et al. 2004), Inner Mongolia (Wang 1984), Jilin
(Chen et al. 1988), Liaoning (An 1982), Shandong (Wu et
al. 2005), and Zhejiang (Lu & Lin 1984, Ding et al. 1988).
Worldwide, these occurrences are from nearshore sand-
stones, mixed carbonate and siliciclastic strata, platform
and shelf carbonates, organic-rich “stinkstone” concre-
tions, upper and lower slope deposits, and deep-ocean
radiolarian cherts. The wide geographic and lithofacies

distributions of these conodonts makes them ideal for
global correlation, in part because it is possible to tie the
base of the Eoconodontus Zone into regional zonal classifi-
cations based on other fossil groups, such as trilobites and
brachiopods.

Two localities on Fig. 11 are questionable. Landing et
al. (2007) described conodonts from the Tińu Formation in
Oaxaca, Mexico. These strata were deposited directly on
Middle Proterozoic crystalline basement, and the lower
8 m of their Tu section has exposures of only a few lime-
stone beds. They found Cordylodus andresi 1.3 m below

+��

��� ��	2' Photomicrographs and line drawings of conodonts characteristic of the proposed Lawsonian Stage. Small scale bar applies to Fig. 7I, J; larger
bar scale applies to all other figures. On line drawings, gray area shows shape of basal cavity, white area shows shape of white matter in cusp. Specimens
are reposited at the University of Iowa Paleontology Museum (SUI), Iowa City, Iowa, USA. • A, B – Cordylodus andresi, rounded element, SUI 125996,
from sample SP-6-49, Lava Dam Member, 84.1 m above base of Steamboat Pass section (Fig. 8), at base of Cordylodus proavus Zone. • C, D – Pro-
conodontus serratus, SUI 125991, from sample SP-RT-110, Red Tops Member, 33.5 m above base of Steamboat Pass section (Fig. 8), at base of
Cambrooistodus minutus Subzone. • E, F – Cambrooistodus cambricus, geniculate element, SUI 125994, from sample LD5-LD-131, Lava Dam Mem-
ber, 61.9 m above base of Lava Dam Five section (Fig. 9), from top of Cambrooistodus minutus Subzone. • G, H – Cambrooistodus minutus, geniculate
element, SUI 125995, from same sample as E. • I, J – Proconodontus muelleri, SUI 125990, from sample SP-UH-10, upper Hellnmaria Member, 3.0 m
above base of Steamboat Pass section (Fig. 8), from Proconodontus muelleri Zone. • K–N – Eoconodontus notchpeakensis, from sample
LD5E-RT-5–15 cm below top of oölite, Red Tops Member, 2.3 m above base of Lava Dam Five section (Fig. 9), from base of Eoconodontus
notchpeakensis Subzone. • K, L – rounded element, SUI 125992, M, N, compressed element, SUI 125993.
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the lowest occurrence of Eoconodontus notchpeakensis
and interpreted that relationship as indicating conclu-
sively that C. andresi occurs near the base of the
Eoconodontus Zone in that facies (compare with Figs 5
and 6 herein). Their table 1 indicates that there are few
samples with relatively few conodont specimens in the
lower part of their Tu section. Their data are far too few to
consider that the ranges of these species are well enough
established in the Oxaca section to contradict ranges of
these species that have been established in many other
parts of the world. Proconodontus muelleri occurs in one
sample below the lowest occurrence of Cordylodus
andresi, so the locality is plotted on Fig. 11, but the age is
highly questionable.

The other questionable occurrence on Fig. 11 is in the
Tarim Basin, far western China. Jing et al. (2008, fig. 5)
used a combination of conodont faunas and carbon-isotope
profiles to correlate strata in the Tarim Basin with strata in
North China, Australia, Newfoundland, and Lawson Cove,
Utah. The conodont taxa that they used are not explained
clearly, and thus the locality is marked with question on
Fig. 11. However, the correlations of Jing et al. (2008) us-

ing carbon-isotope profiles indicate that strata that they
studied surely do include the Eoconodontus Zone. Their
isotopic correlations are discussed in a later section of this
report.

Conodont faunas from what would be from the upper
part of the proposed Lawsonian Stage include the Cordy-
lodus proavus Zone (Fig. 8) and the overlying Cordylodus
intermedius and Cordylodus lindstromi zones (Miller et al.
2003). Faunas that characterize those zones are known
from many more localities worldwide compared to faunas
of the Eoconodontus Zone but include the same broad
range of depositional environments.

�	
���
�
�

The position of the base of the Eoconodontus Zone, in the
upper half of the Laurentian Sunwaptan Stage, renders its
characterization by Laurentian trilobite faunas quite mana-
geable, despite strong biofacies differentiation and associa-
ted challenges in accomplishing precise correlation across
the lithofacies belts that surrounded Laurentia during the

+��

��� ��	7' Conodont, trilobite, and calcitic brachiopod biozonations and sequence stratigraphic classification applied to members of the Notch Peak For-
mation in Utah (see Fig. 3 for more stratigraphic information). Calcitic brachiopod zones were defined in Oklahoma. Base of proposed Lawsonian Stage
is base of Eoconodontus Zone. Sequences are indicated by numbers 2–9; divisions of numbered sequences indicated by letters (e.g., 5A, 5B, 5C are divi-
sions of Sequence 5). Shaded areas, Red Tops Lowstand and Lange Ranch Lowstand, indicate intervals of distinctive high-energy strata interpreted as
having been deposited during times of relatively low sea level.
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late Furongian. This interval is characterized by rapid
speciation within genera assigned to numerous families
that are well represented in platform faunas. Eurekiid, di-
kelocephalid, and ptychaspidid genera (amongst others)
display rapid turnover of species through this interval in
high-energy, grainstone-rich platform facies (the Eupty-
chaspis-Eurekia Biofacies of Ludvigsen & Westrop 1983).
Plethopeltid and catillicephalid species are similarly
short-ranging in microbial-reef-dominated facies through
the upper Jiangshanian Stage and lower part of the propo-
sed Lawsonian Stage. Consequently, the proposed stage
boundary separates distinctly different trilobite species as-
semblages that could be used to distinguish Jiangshanian
strata from Lawsonian strata in various platform trilobite
biofacies.

Conodont faunas that tightly constrain the FAD of
Eoconodontus notchpeakensis have been collected from
sections with precise trilobite range data in numerous sedi-
mentary basins in North America. Consequently, the posi-
tion of the base of the proposed Lawsonian Stage is well es-
tablished within a number of facies-specific successions of
trilobite zones and subzones. Such integrated macro- and

micro-fossil data are already available from sections de-
posited across the full environmental spectrum from inner
shelf clastics (Runkel et al. 2007), across the full breadth of
the carbonate platform (Miller et al. 1982, 2003; Westrop
et al. 1981; Orndorff 1988; Taylor et al. 1996, 2009), and
into off-platform successions that accumulated in deep wa-
ter on both the southern (Barnes 1988, Ludvigsen et al.
1989) and northern (Landing et al. 1980, Cook et al. 1989)
margins of Laurentia.

Trilobites from the proposed stratotype section at
Steamboat Pass include taxa that are helpful in establishing
the precise position of the proposed stage boundary within
two separate trilobite zonal classifications used for coeval
strata in different parts of Laurentian North America. In
Texas, Oklahoma, and other areas east of the Rocky Moun-
tains, the Saukia Zone is divided into Rasettia magna,
Saukiella junia, and Prosaukia serotina subzones (Fig. 8).
In the Rocky Mountains and areas farther west, strata
equivalent in age to the R. magna Subzone and basal part of
the S. junia Subzone are assigned to the Illaenurus Zone.
Faunas at Steamboat Pass indicate that the base of the
Eoconodontus Zone lies at or just slightly below the top of

+�+

��� ��	8' Exposures in Steamboat Pass section, Utah. John Cutler stands at contact between Hellnmaria and Red Tops members, at UTM Zone 12,
0295350 m E, 4298638 m N. Contact between Red Tops and Lava Dam Members is not visible in ledges in upper part of section. Lowest strata are as-
signed to Proconodontus muelleri Zone. Base of proposed Lawsonian Stage is at FAD (First Occurrence Datum) of Eoconodontus notchpeakensis, 3.0 m
above base of Red Tops Member, and overlying strata are assigned to Eoconodontus Zone. Fig. 5 shows ranges of conodonts in this section.
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the Illaenurus trilobite Zone in western North America
(Fig. 12). Collections from the Red Tops Member from be-
low the FAD of E. notchpeakensis include species of
Illaenurus, and the uppermost collection, only decimeters
below the proposed boundary, includes several taxa
characteristic of the Bowmania lassieae Fauna described
from the Great Basin by Adrain & Westrop (2004).
Among those species are Eurekia rintintini and
Cherrycreekia benjii; the latter species also occurs at the
very top of the Illaenurus Zone in Alberta (reported as
Acheilus cf. oklahomensis by Westrop 1986). Species
from horizons within the basal 10 meters of the Steam-
boat Pass section compare closely with the taxa reported
by Westrop (1986) from the superjacent Proricephalus
wilcoxensis Fauna (Fig. 12). Consequently, the top of the
Illaenurus trilobite Zone serves as a highly satisfactory
proxy for the base of the Eoconodontus Zone in western
North America for sections from which conodonts have
not been recovered.

The exact position of the age-equivalent horizon within
the Saukia Zone in central and eastern North America has

been difficult to determine, even with the relatively broad
species concepts used by Cambrian biostratigraphers in the
late 20th century (Grant 1965, Stitt 1971, Westrop 1986,
Hughes & Hesselbo 1997). The problem of imprecise cor-
relation between eastern and western North America has
grown more acute in recent years, as thorough documenta-
tion of species morphology based on large silicified collec-
tions has resulted in the separation of many broadly defined
species into numerous, less variable, and more geographi-
cally restricted new species (e.g., Adrain & Westrop 2004,
2005). Nevertheless, the trilobite data currently available
confirm that the top of the Illaenurus Zone of western
North America lies somewhere within the lower half of the
Saukiella junia Subzone of eastern North America. The
data reported herein from Utah are consistent with those
from Texas and Oklahoma, where the precise location of
the base of the Eoconodontus Zone has been documented
in sections with tight trilobite biostratigraphic control
(Winston & Nicholls 1967; Longacre 1970; Stitt 1971,
1977; Miller et al. 1982, in press b). In all of these areas, the
base of the Eoconodontus Zone is approximately a third of

+�,

��� ��	��' Close-up view of exposures in lower part of Lava Dam Five section; see Fig. 2 for view of entire section. Rebecca Freeman and John Cutler
stand near lowest exposure of Red Tops Member, at UTM Zone 12, 0295891 m E, 4301044 m N. Contact between Red Tops and Lava Dam members is in
ledges in upper part of exposure. Lowest strata are assigned to Proconodontus muelleri Zone. Base of proposed Lawsonian Stage is at FAD (First Occur-
rence Datum) of Eoconodontus notchpeakensis, 2.3 m above base of section, in lower Red Tops Member, and overlying strata are assigned to
Eoconodontus Zone. Fig. 6 shows ranges of conodonts in this section.
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the way up into the S. junia Subzone above its basal contact
with the underlying Rasettia magna Subzone.

Fortunately, the fauna of the Saukiella junia Subzone is
not homogenous throughout its vertical extent. Rather,
a significant number of new trilobite species appear at
approximately the level of the base of the Eoconodontus
Zone. Some of these, such as Saukia tumida, Saukia
imperatrix, and “Bayfieldia” simata, are broadly defined
species that might well be split into multiple species in the
future. However, such subdivision would not compromise
their utility for distinguishing Lawsonian strata from Jiang-
shanian strata, because the multiple new species would all
still occur only above the proposed boundary between
these stages. Similarly, many new species are likely to
emerge from such uppermost Jiangshanian taxa as Eurekia
granulosa. However, again, the more restricted strati-
graphic ranges of the more narrowly defined species would
refine, rather than diminish, their utility as stage indicators.
Species of ptychaspid genera such as Idiomesus and
Euptychaspis also occur as common constituents of the
faunas of multiple platform biofacies. Both genera include
a number of species whose ranges do not extend above the
base of the Eoconodontus Zone, as well as other species
whose FAD’s lie very close to the base of the proposed
Lawsonian Stage (Ludvigsen & Westrop 1986; Miller et
al. 1982, in press b).

Additional sampling is needed to increase the number
and size of conodont collections available to establish the
precise location of the FAD of E. notchpeakensis along the
northern Laurentian margin in northwestern Canada. How-

ever, the biostratigraphic data recovered so far from slope
facies in that area (Landing et al. 1980, Ludvigsen 1982)
confirms that the FAD of E. notchpeakensis lies within the
range of the Yukonaspis kindlei Fauna, the interval that is
equivalent in age to the Saukiella junia Subzone in plat-
form facies. Consequently, the species of such rapidly
evolving deep-water trilobite genera such as Elkanaspis,
Larifugula, and Kathleenella hold promise for constraining
the base of the proposed Lawsonian Stage in northern Lau-
rentian slope facies. Slope-facies strata in south-central Ne-
vada contain cosmopolitan trilobites, including Charchaqia,
Hedenaspis, and Westergaardites, that are associated with
conodonts of the Eoconodontus Zone (Cook et al. 1989,
fig. 5-3). Such associations of cosmopolitan trilobites with
conodonts offer additional potential for intercontinental cor-
relation of the proposed Lawsonian Stage.

Facies rich in microbial reefs are abundant in the
Furongian platform carbonates of Laurentia, and certain
species of several genera that are common in that facies are
restricted to either the upper part of the Jiangshanian Stage
or the lower part of the proposed Lawsonian Stage. A dis-
tinct contrast in morphology within the genus Rasettia,
from species with well impressed furrows such as
R. magna and R. capax in the Jiangshanian, to more effaced
Lawsonian species resembling R. wichitaensis, would
prove useful in positioning the base of the Lawsonian in
some areas. Plethopeltid genera, which dominate many
Furongian reef faunas, could also assist in positioning the
base of the Lawsonian Stage. Plethopeltis stitti is a
short-ranging and common species that occurs high in the

+�-

��� ��	��' Global occurrences of conodonts diagnostic of the Eoconodontus Zone, the lowest zone of the proposed Lawsonian Stage. Some symbols
represent two or more nearby localities. See text for references that document these localities.
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Jiangshanian Stage across much of southern Laurentia
(Stitt 1971; Taylor et al. 1996, 2009). Conversely, Steno-
pilus latus is a common species that appears very close to
the base of the Lawsonian Stage and ranges some distance
up into the stage (Miller et al. 1982, in press b).
Meniscocoryphe platycephala is perhaps the most promis-
ing plethopeltid species for delineation of the base of the
Lawsonian in reefal facies where conodonts are sparse or
absent; it appears almost exactly at the base of the
Eoconodontus Zone in some places and is everywhere re-
stricted to the Lawsonian.

Meniscocoryphe platycephala also extends correlation
into the southern Laurentian slope facies, where it is among a
relatively small number of trilobites that are restricted to the
Keithia schucherti Fauna of Ludvigsen et al. (1989). There-
fore, use of the FAD of E. notchpeakensis to define the base of
the highest global Cambrian stage would have the beneficial
effect of assigning the two highest Cambrian fossil assem-
blages recognized in deep water faunas from eastern North
America, the K. subclavata Fauna and K. schucherti Fauna, to
the Jiangshanian and Lawsonian stages, respectively.

Trilobite ranges shown on Fig. 12 are based on data
from reconnaissance collecting conducted in May, 2010 to
determine the position of the FAD of Eoconodontus
notchpeakensis within the trilobite biozonation. Additional
collecting will likely produce additional occurrences. Col-
lections did not extend high enough to identify the base of
the Prosaukia serotina Subzone (or equivalents in western
North America) at Steamboat Pass, but faunas of that
subzone are well known at the nearby Lawson Cove sec-
tion (Fig. 1). Fig. 13 shows ranges of trilobites that are as-
signed to that subzone at Lawson Cove and also those as-
signed to overlying trilobite zonal units of the proposed
Lawsonian Stage. Miller et al. (2003) showed ranges of
even younger trilobites and their zonal assignments from
higher parts of the Lawson Cove section.

�	���
�����

Organophosphatic and calcitic brachiopods in the Notch
Peak and House Formations are useful for correlation of

+��

��� ��	�)' Range chart showing stratigraphic distribution of trilobite species recovered from the proposed stratotype section at Steamboat Pass and po-
sitions of zonal and subzonal boundaries relative to the proposed stage boundary.
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the proposed Lawsonian Stage. Popov et al. (2002) and
Holmer et al. (2005) described organophosphatic brachio-
pods from these formations and named several new taxa;
their ranges and distribution are recorded in range charts
and tables in those publications. New collections from the
Red Tops and lower Lava Dam Members are available at
the Steamboat Pass, Lava Dam Five, Sevier Lake Corral,
and Sneakover Pass sections (Fig. 1); their occurrences are
recorded in Table 1 herein. Freeman and Miller (in press)
described collections totaling more than 6000 valves from
the Hellnmaria Member in the Chalk Knolls area. These col-
lections from the Notch Peak and House Formations com-
prise a brachiopod data set that includes acrotretids and lin-
gulids, and all of the data help to characterize Jiangshanian,
Furongian, and lowest Ordovician strata in this area.

Some species reported previously from the Lava Dam
Member now are known to occur in older strata. Quadri-
sonia? lavadamensis Popov et al., 2002 and Zhanatella
utahensis Popov et al., 2002 have lowest occurrences in the
Hellnmaria Member. They also occur in the Red Tops and
lower Lava Dam Members as high as the top of the Cam-
brooistodus minutus Subzone (Popov et al. 2002). These
species characterize the upper Jiangshanian Stage and the
lower part of the proposed Lawsonian Stage. The lowest
occurrence of Lingulella? incurvata Popov et al., 2002 is in
the upper Eoconodontus notchpeakensis Subzone, and its
range extends throughout the proposed Lawsonian Stage
and into the lowest beds of the Ordovician.

The summit area of Notch Peak Mountain produced
specimens that were named “Westonia” notchensis
(Walcott, 1908c). Hintze et al. (1988) reported brachio-
pods from the Red Tops Member near the summit of Notch
Peak, and recent study indicates that they are Walcott’s
species. These and other new collections of that species at
Sneakover Pass (Fig. 1) are from the Eoconodontus notch-
peakensis Subzone; additional fragments that appear to be
the same species occur in the Cambrooistodus minutus
Subzone. Study of this material indicates that it is a new ge-
nus, and an older species of the same genus occurs in the
Hellnmaria Member. Walcott’s species appears to charac-
terize the lower part of the proposed Lawsonian Stage.

Eurytreta sublata Popov, 1988 (in Koneva & Popov,
1988) occurs as low as the upper part of the Hirsutodontus
hirsutus Subzone (Fig. 8) at Lava Dam Five, Lawson Cove,
and Sneakover Pass. The species ranges nearly to the top of
the proposed Lawsonian Stage and characterizes its upper
part. This species is the oldest in a lineage of species that
occur in miogeoclinal carbonates in Utah. It occurs also in
slope deposits in the Malyi Karatau, Kazakhstan. Other

brachiopods occur in the same conodont zones in both ar-
eas (Popov et al. 2002), suggesting that these organo-
phosphatic brachiopods are useful for intercontinental cor-
relation.

Valves of Wahwahlingula Popov et al., 2002 are rela-
tively common in the Red Tops and Lava Dam Members
(Table 1). The material is not assignable to any named spe-
cies and appears to be a new species that also occurs in the
underlying Hellnmaria Member.

Calcitic brachiopods are less common than organo-
phosphatic taxa in the Red Tops and Lava Dam Members,
but they can be assigned to the Billingsella, Finklnburgia,
and Apheoorthis Zones that Freeman & Stitt (1996) estab-
lished in Oklahoma (Fig. 8). Hintze et al. (1988, p. 17) re-
ported Billingsella sp. in the lower part of the Hellnmaria
Member where U.S. Highway 50 crosses the House Range
(Fig. 1); associated trilobites are from the Drumaspis
Subzone of the Idahoia Zone (pre-Saukia Zone). This col-
lection is assigned to the Billingsella Zone (Fig. 8).

Freeman & Stitt (1996) identified a Cymbithyris hami ho-
rizon (Fig. 8) in Oklahoma at the top of the Billingsella Zone
at a level that is, within sampling error, exactly at the base of
the Eoconodontus notchpeakensis Subzone. This is the oldest
Laurentian calcitic brachiopod with a concavo-convex shape,
but in most other respects it is similar to Billingsella and may
have evolved from it. The species is only known from three
sections in Oklahoma, but it is potentially useful for charac-
terizing the base of the proposed Lawsonian Stage.

The Finkelnburgia Zone is documented by two collec-
tions in the Red Tops Member (Table 1). One specimen of
Finkelnburgia osceola? (Walcott, 1905) is from 6.1 m
above the base of the Lava Dam Five section, and six speci-
mens are from 9.4 m above the base of the Red Tops Mem-
ber at Steamboat Pass. These collections are from approxi-
mately the same stratigraphic level in the lower Red Tops
Member and are from the lower part of the Eoconodontus
notchpeakensis Subzone. In Oklahoma the base of the
Finkelnburgia Zone (Fig. 8) is in the Eoconodontus notch-
peakensis Subzone and in the Saukiella junia Subzone, and
the Red Tops material confirms that the base of the
Finkelnburgia Zone is in the same position relative to the
conodont and trilobite zones in Utah.

Hintze et al. (1988, table 4) reported Billingsella from
32.3 m in the Steamboat Pass section, in the upper part of
the Eoconodontus notchpeakensis Subzone. Recent at-
tempts to resample this horizon to confirm the generic
identification produced no additional specimens. A single
specimen of Billingsella sp. in the lower Red Tops Member
at Sneakover Pass is also in the lower part of the

+��

��� ��	�.' Range chart showing stratigraphic distribution of trilobite species recovered from the Lower Lawson Cove section and positions of zonal
and subzonal boundaries. Names of trilobite zones and subzones are those recommended in Taylor et al. (in press). The Apoplanias and Tangshanaspis
depressa (= Tang. depressa) Zones are equivalent to the Parakoldinioidia and Tangshanaspis Zones of Landing et al. (2011).
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E. notchpeakensis Subzone. These occurrences are slightly
higher than the Finkelnburgia occurrences, indicating that
the ranges of Billingsella and Finkelnburgia probably
overlap in Utah, although they do not in Oklahoma.

The relatively thin Nanorthis Zone succeeds the
Finkelnburgia Zone in Oklahoma. However, the lowest oc-
currence of Nanorthis is associated with Apheoorthis in
Utah and is assigned to the Apheoorthis Zone (Fig. 8).
Miller et al. (2003, p. 57) reported Apheoorthis oklaho-
mensis Ulrich & Cooper, 1938 and A. ornata Ulrich &
Cooper, 1936 from 0.6 m and from a coquina bed 1.2 m
above the base of the Fryxellodontus inornatus Subzone
(Fig. 8) at Lawson Cove. Miller et al. (2003) reported
Nanorthis hamburgensis (Walcott, 1884), Glyptotrophia
imbricata Ulrich & Cooper, 1936, and rare Syntrophina
campbelli (Walcott, 1908c) from a coquina bed at the same
stratigraphic position as the Apheoorthis coquina bed at
Lawson Cove. Apheoorthis cf. melita (Hall & Whitfield,
1877) also occurs sporadically in the lower part of the
House Limestone at Lawson Cove (Miller et al. 2003,
p. 57) and at Lava Dam North, about 1 km north of the Lava
Dam Five section (Jensen 1967). All of these faunas are as-
signed to the Apheoorthis Zone.

In summary, calcitic brachiopods occur in three zones
in Utah. Based on occurrences in Oklahoma and Utah, the
Billingsella Zone appears to be characteristic of the Jiang-
shanian Stage. The Finkelenburgia Zone is characteristic
of the lower part of the proposed Lawsonian Stage, and the
base of the zone as recognized presently in Utah is only
slightly higher than the base of the proposed stage. The
Apheoorthis Zone is characteristic of the upper part of
the Lawsonian Stage and extends into the overlying Lower
Ordovician.
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A high-amplitude, negative carbon-isotope excursion, the
HERB Event (Fig. 14), is found in strata assigned to the
Eoconodontus notchpeakensis Subzone, and this excursion
is a very characteristic feature that occurs slightly above
the base of the proposed Lawsonian Stage. Ripperdan et al.
(1992) first identified this distinctive isotope excursion in
the Black Mountain section in western Queensland, Aus-
tralia (Fig. 14D), and Ripperdan & Miller (1995) drew at-
tention to the excursion on carbon-isotope profiles from
Black Mountain and from the Lawson Cove section in
Utah. Ripperdan (2002) coined the name, HERB Event.
Fig. 14 illustrates four carbon-isotope profiles in which the
HERB Event is identified and a fifth profile that begins
slightly above the HERB Event. Fig. 14A–C are Utah secti-
ons at Lawson Cove, Sneakover Pass, and Sevier Lake
Corral, which are located on Fig. 1. Fig. 14D is from Black
Mountain, in western Queensland, Australia. Fig. 14E is

from the lower part of the Green Point section in western
Newfoundland, Canada; the GSSP for the base of the Or-
dovician System is located in that section a few meters
higher than the top of the profile. This Green Point profile
has not been published previously.

Although there are several high-amplitude cycles of
carbon isotopic variation preserved in upper Cambrian sec-
tions, the HERB Event is unique in magnitude, with values
abruptly falling by approximately 4 per mil in sections at
Black Mountain and Green Point and by approximately
2–3 per mil in several other sections. In the Ibex area the
HERB Event occurs within the Red Tops Member of the
Notch Peak Formation, within the Eoconodontus notch-
peakensis conodont Subzone, and within the Saukiella
junia trilobite Subzone.

In addition to the large-scale excursion associated with
the HERB Event, there is also consistent small-scale varia-
tion. A small positive shift in carbon isotopic values occurs
near the middle of the Proconodontus muelleri Zone at
Sneakover Pass, and a similar positive peak occurs at ~275
m on the Black Mountain profile. In both instances the shift
follows a prolonged interval where carbon isotopic values
remain largely the same. The Lawson Cove profile appears
to begin above that positive peak. Above that positive peak,
in each section the profile shifts rather consistently toward
negative isotopic values and reaches the peak of the HERB
Event near the middle of the Red Tops Member in Utah and
slightly below the top of the Chatsworth Limestone at
Black Mountain. At Green Point the peak of the HERB
Event is near the base of Unit 10. The base of the proposed
Lawsonian Stage is at the base of the Eoconodontus
notchpeakensis Subzone, approximately midway between
that positive excursion and the negative HERB Event.

Above the negative peak of the HERB Event, isotopic
values in all sections on Fig. 14 shift back toward the posi-
tive and then quickly reverse, resulting in a smaller nega-
tive peak. This smaller negative peak is near the base of the
Sevier Lake Corral profile. Above the secondary peak, iso-
topic values shift back toward positive values, resulting in
a second positive peak near the base of the Cambrooistodus
minutus Subzone on profiles from Lawson Cove,
Sneakover Pass, and Sevier Lake Corral. That second posi-
tive peak is at ~480 m on the Black Mountain profile and at
~42 m on the Green Point profile. Discussion of higher
parts of these carbon-isotope profiles is beyond the scope
of this report, although Miller et al. (2006) discussed corre-
lations of carbon-isotope profiles near the base of the
Cordylodus proavus Zone.

The HERB Event and other, slightly younger isotopic
peaks are already being used for global correlation. Jing et
al. (2008, fig. 5) produced a carbon-isotope profile from
the Tarim Plateau in far western China and used conodont
biostratigraphy to assist their correlations to other areas.
They obtained carbon-isotope profiles from the Dayangcha
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:;��"�	�' Distribution of brachiopod specimens in samples from Chalk Knolls South (CKS), Lava Dam Five (LD5), Sevier Lake Corral North (SCN),
Steamboat Pass (SP), and Sneakover Pass (SNP) sections, western Utah, USA. H = Hellnmaria Member, RT = Red Tops Member, LD = Lava Dam Mem-
ber, all members of the Notch Peak Formation.

Sample number
and measured thickness

in section (in meters)
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CKS-RT-111 (33.8) Eoconodontus notchpeakensis 1 1
CKS-LD-153 (46.6) Cambrooistodus minutus 1 2 3
CKS-LD-235.5 (71.8) Cambrooistodus minutus 1 5 6
CKS-LD-236 (71.9) Cambrooistodus minutus 1 1
CKS-LD-237.5 (72.4) Cambrooistodus minutus 1 1
CKS-LD-240 (73.2) Cambrooistodus minutus 1 1
CKS-LD-244 (74.4) Cambrooistodus minutus 4 58 62
CKS-LD-245 (74.7) Cambrooistodus minutus 2 2
CKS-LD-247 (75.3) Hirsutodontus hirsutus 1 1 2
LD5-RT (-7.5) (0.2) Proconodontus muelleri 1 1 2 4
LD5-RT (-2.5) (1.7) Proconodontus muelleri 1 1? 1 3
LD5-RT (-1) (2.1) Proconodontus muelleri 2 1 3
LD5-RT-12 (6.1) Eoconodontus notchpeakensis 1 1
LD5-RT-56 (19.5) Cambrooistodus minutus 1 3 4
LD5-RT-57.5 (20.0) Cambrooistodus minutus 1 1
LD5-RT-61 (21.0) Cambrooistodus minutus 2 2
LD5-LD-83 (47.2) Cambrooistodus minutus 1 2 3
LD5-LD-130 (61.6) Cambrooistodus minutus 4 4
LD5-LD-146.5 (66.6) Hirsutodontus hirsutus 1 1
SCN-RT-10 (3.0) Eoconodontus notchpeakensis 1 1
SCN-RT-17 (5.2) Cambrooistodus minutus 1 21 22
SCN-LD-11 (12.8) Cambrooistodus minutus 1 1
SCN-LD-128.5 (48.6) Cambrooistodus minutus 2 4 6
SCN-LD-147 (54.3) Hirsutodontus hirsutus 1 1
SCN-LD-149 (54.9) Hirsutodontus hirsutus 25 25
SCN-LD-153 (56.1) Fryxellodontus inornatus 1 1
SP-H-2 (0.6) Proconodontus muelleri 1 1
SP-H-20 (6.1) Proconodontus muelleri 1 1
SP-RT-47 (14.3) Proconodontus muelleri 3 3
SP-RT-51.5 (15.7) Procondontus muelleri 6 3 9
SP-RT-75 (22.9) Eoconodontus notchpeakensis 6 6
SP-LD-166 (44.2) Cambrooistodus minutus 1 1
SP-LD-176 (47.2) Cambrooistodus minutus 1 1
SNP-H-18 (5.5) Proconodontus posterocostatus 1 1
SNP-RT-1 (34.4) Proconodontus muelleri 1 1
SNP-RT-4 (35.4) Proconodontus muelleri 1 1
SNP-RT-22 (40.8) Eoconodontus notchpeakensis 2 3 2 7
SNP-RT-23 (41.1) Eoconodontus notchpeakensis 2 2
SNP-RT-26 (42.1) Eoconodontus notchpeakensis 1 1
SNP-RT-45 (47.9) Eoconodontus notchpeakensis 2 14 16
SNP-RT-50 (49.4) Eoconodontus notchpeakensis 1 1
SNP-RT-109 (67.4) Eoconodontus notchpeakensis 4 5 9
SNP-RT-121 (71.0) Cambrooistodus minutus 3 3
SNP-LD-192 (129.2) Hirsutodontus hirsutus 2 2

TOTALS 8 4 6 7 4 26 38 95 6 28 1 7 228
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section in Jilin Province, China (Ripperdan et al. 1993,
Chen et al. 1995), from the Green Point section in New-
foundland, Canada (Cooper et al. 2001), and from the
Black Mountain section in Queensland, Australia and the
Lawson Cove section in Utah (Ripperdan & Miller 1995).
One of the two profiles from the Tarim Plateau begins
slightly below the HERB Event. They clearly used the
HERB Event in their correlations of strata from the Tarim
Basin, Dayangcha, Green Point, Black Mountain, and
Lawson Cove, although they did not use the name “HERB
Event”.

Recognition of the HERB Event in the Green Point sec-
tion is especially significant because it illustrates that the
boundary horizon for the base of the proposed Lawsonian
Stage can be identified in strata with few fossils. Fig. 14E
shows that the trilobite Symphysurina cleora occurs in Unit
19 at Green Point, in clasts in a debris-slide breccia (James
& Stevens 1986, p. 145). Barnes (1988, table 6, fig. 9) re-
ported Cordylodus and Eoconodontus notchpeakensis
from distal turbidites in Unit 18. No biostratigraphically
useful fossils are reported from lower parts of the Green
Point section. Nonetheless, the HERB Event is so distinc-
tive that it can be identified in the carbon isotope profile.
Jiang et al. (2008) used a different profile from Green
Point, but they correlated their highest amplitude negative
peak with the HERB Event from Black Mountain and Law-
son Cove. The base of the proposed Lawsonian Stage is
somewhat lower that the HERB Event at Green Point, per-
haps in Unit 5 (Fig. 14E). The ability to identify the ap-
proximate level of the base of the Lawsonian Stage in such
poorly fossiliferous strata is a powerful asset that enhances
the suitability of the FAD of Eoconodontus notchpeakensis
for global chronocorrelation.
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Miller et al. (2003) divided the Notch Peak and House
Formations into 13 sequences; the lowest 4 sequences are
in the Hellnmaria Member. Sequences 1–3 collectively
comprise an interval that is referred to as the Hellnmaria
Highstand (Fig. 8), interpreted as recording a prolonged
period of relatively high sea level. Sequence 4 is a thin in-
terval that extends from a lithologic change coinciding
with the base of the Proconodontus muelleri Zone and
continuing up to the top of the Hellnmaria Member. Sequ-

ence 4 (Figs 5, 8) is transitional between the Hellnmaria
Highstand and the overlying Red Tops Lowstand, which
Miller et al. (2003) identified as coinciding with the Red
Tops Member. Lowstand portions of sequences often are
recorded as unconformities, but Cambrian strata in west-
ern Utah accumulated so rapidly that lowstand deposits
are recorded as shallow-marine, high-energy grainstones.
The Red Tops Member consists mostly of such lithologies
and is divided into Sequence 5A and 5B (Figs 5, 6, 8).
Sequence 5C is the highstand part of Sequence 5 and in-
cludes deep subtidal deposits in the lower Lava Dam
Member.

A relative drop in sea level at the top of the Hellnmaria
Member (top of Sequence 4) commonly is marked by a
thin stromatolite biostrome with a truncation surface at
the top. The overlying base of the Red Tops Member re-
cords a relative rise in sea level that was brief and ended
with a second relative drop in sea level; the thin interval
between comprises Sequence 5A. The second regression
is marked by a variety of lithologies in the lower Red Tops
Member, including thin, recessive beds with evaporite
bands at Lava Dam Five and thin tidal-flat deposits at
Steamboat Pass and Sneakover Pass. In all three sections
these peritidal to supratidal deposits occur between very
shallow subtidal oöid grainstones and flat-pebble con-
glomerates. In central Texas a glauconite greensand oc-
curs at this level in the San Saba Limestone Member of
the Wilberns Formation. A relative rise of sea level at the
base of Sequence 5B is recorded by a thin stromatolite
biostrome at Lawson Cove, and in western Colorado a
widespread stromatolite unit, the Clinetop Bed, occurs at
this level in the Manitou Formation (Myrow et al. 2003).
In the Black Mountain section, Australia, an eolian sand-
stone, the Lily Creek Member of the Chatsworth Lime-
stone, occurs at this level (Nicoll & Shergold 1991).
Miller et al. (2003, pp. 75–78) discussed correlation of
some these strata.

The horizon proposed for the base of the Lawsonian Stage
is within Sequence 5A, which is only ~5.2 m thick at Steam-
boat Pass, 4.3 m at Lawson Cove, and 7.6 m at Sneakover
Pass. Sequence 5A appears to be widely identifiable, which
suggests that it has considerable potential for global correla-
tion of the base of the proposed Lawsonian Stage.

A somewhat higher interval of distinctive lowstand
strata, the Lange Ranch Lowstand, occurs in the lower
Cordylodus proavus Zone and is identified as Sequence 7

+��

��� ��	�/' Carbon-isotope profiles that display the HERB Event in the middle of the Eoconodontus notchpeakensis Subzone and coeval strata. A–C are
located on Fig. 1; D, E are locations shown on Fig. 11. • A – redrafted and modified from Ripperdan & Miller (1995). • B – unpublished profile; lower part
of profile (with data points shown as circles) is from exposures across a valley from upper part (with data points shown as squares). • C – unpublished pro-
file; exposure begins slightly above interval of HERB Event. • D – redrafted and modified from Ripperdan et al. (1992). • E – unpublished profile; occur-
rence of trilobite Symphysurina from James & Stevens (1986, p. 142), occurrence of conodonts Cordylodus and Eoconodontus from Barnes (1988, Fig. 9,
Table 6). Horizontal and vertical scales are not uniform among figures; differences affect shapes of profiles.
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on Figs 5, 6, and 8. Miller et al. (2003) discussed correla-
tion of Sequence 7 in Utah, Texas, and North China, and
this distinctive sequence has considerable potential for
global correlation of strata in the middle part of the pro-
posed Lawsonian Stage (Miller et al. 2006). Miller et al.
(2003) identified other, stratigraphically higher, lowstand
deposits that also may be useful for correlation in the upper
part of the proposed stage.

� �����

The name “Lawsonian Stage” is proposed for the highest
stage of the Cambrian System (Stage 10). The recommen-
ded base of the Lawsonian Stage is at 3.0 m above the base
of the Red Tops Member of the Notch Peak Formation at
the Steamboat Pass section in the southern House Range,
Utah, USA. This point in rock coincides with the FAD of
the euconodont Eoconodontus notchpeakensis (Miller,
1969), at the base of the E. notchpeakensis Subzone of the
Eoconodontus Zone. That species and other cosmopolitan
conodont species that are diagnostic of the zone occur at
many localities in North America, Asia, Australia, Europe,
and South America in lithofacies that include nearshore
sandstones, mixed clastic and carbonate strata, platform
and shelf carbonates, organic-rich “stinkstone” concreti-
ons, upper and lower slope deposits, and deep-ocean
cherts. Within the E. notchpeakensis Subzone is a distin-
ctive, high-amplitude, negative carbon-isotope excursion,
the HERB Event, which has been identified in Australia,
Canada, China, and the United States. The HERB Event
provides an independent, non-biological horizon for global
correlation that is slightly above the base of the proposed
Lawsonian Stage, and it can be identified even in poorly
fossiliferous strata.

Trilobite and conodont faunas in these Utah strata can
be correlated throughout a variety of platform and shelf de-
posits in North America and into slope deposits that con-
tain cosmopolitan trilobites. Organophosphatic and calcitic
brachiopods occur in these strata and provide further crite-
ria for correlation. Sequence stratigraphy is another avail-
able correlation tool. The Hellnmaria, Red Tops, and Lava
Dam Members of the Notch Peak Formation and the over-
lying House Limestone all contain conodonts, trilobites,
and brachiopods that characterize the Jiangshanian Stage,
the proposed Lawsonian Stage, and continue into the
Lower Ordovician. The upper Jiangshanian Stage, the en-
tire Lawsonian Stage, and the lower part of the Ordovician
are well characterized by carbon-isotope stratigraphy in
western Utah.

The base of the proposed Lawsonian Stage and the
strata comprising the body of the stage in Utah can be cor-
related worldwide using several powerful correlation
tools.

��+���"������
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Ed Landing (New York State Museum, USA) suggested the idea of
placing the base of Stage 10 at the FAD of Eoconodontus notch-
peakensis. Godfrey Nowlan (Geological Survey of Canada)
searched his computer database for localities where conodonts diag-
nostic of the Eoconodontus Zone are known, and localities he pro-
vided in Canada are shown on Fig. 11. John Repetski (United States
Geological Survey) provided similar locality information for the
eastern United States. Guillermo Albanesi (Universidad Nacional de
Córdoba, Argentina) provided similar information for Argentina.
Tatiana Tolmachaeva (Russian Research Geological Institute, St.
Petersburg) provided similar occurrence data for Russia. Gabriella
Bagnoli (Italy) and Hubert Szaniawski (Poland) reviewed the manu-
script and made numerous helpful suggestions. M.M. Craig, director
of the Electron Microscopy Laboratory at Missouri State University,
made the micrographs of conodonts on Fig. 7. John Cutler, Ben
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