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Plates

Plate I. Observed ranges of trilobites from the Ibexian Series composite stratotype section and
adjacent rocks, House-Confusion Range area, west-central Utah. Arrowheads at ends of range bars
indicate observed limits of stratigraphic ranges. See Figure 10 for explanation of abbreviations and
Plate III for explanation of rock symbols. Oversize.

Plate II. Observed ranges of conodonts from the Ibexian Series composite stratotype section
and adjacent rocks, House-Confusion Range area, west-central Utah. Arrowheads at ends of range
bars indicate observed limits of stratigraphic ranges. See Figure 10 for explanation of abbreviations
and Plate III for explanation of rock symbols. Oversize.

Plate III. Observed ranges of echinoderms, molluscs, and brachiopods from the Ibexian Series
composite stratotype section and adjacent rocks, House-Confusion Range area, west-central Utah.
Arrowheads at ends of range bars indicate observed limits of stratigraphic ranges. See Figure 10 for
explanation of abbreviations. Echinoderm ranges compiled by James Sprinkle and T.E. Guensburg.
Oversize.

Figures

Figure 1. Index map of the Ibex area in western Utah showing the locations of the detailed
maps in Figures 2-7. Inset map shows the location of this figure, in solid black, in the state of Utah.
This map includes parts of the U.S. Geological Survey Tule Valley and Wah Wah Mountains North
1:100,000 scale topographic maps. The small squares on the map are about one square mile in area.
Page 10.

Figure 2. Geologic map showing the location of the A section of Hintze (1951, 1973).
Symbols: OCnl, Lava Dam Member of the Notch Peak Formation; Oh, House Limestone, the middle
sandy zone of which is shown by a dashed line; Of, Fillmore Formation; Qa, surficial deposits. Heavy
lines are faults with bar-and-ball on the downthrown side. Line of section indicated by inverted "Vs".
Topographic base map is the U.S. Geological Survey 1:24,000 Hell'n Moriah Canyon provisional
quadrangle, 1991. Geology from Hintze (1974b). Page 12.



Figure 3. Geologic map showing the location of the Sneakover Pass (SnP) measured section of
Hintze and others (1988). Symbols: Cnh, Hellnmaria Member of the Notch Peak Formation; Cnr, Red
Tops Member of the Notch Peak Formation; OCnl, Lava Dam Member of the Notch Peak Formation;
Oh, House Limestone; Qa, surficial deposits. Heavy lines are faults with bar-and-ball on the
downthrown side. Line of section indicated by inverted "Vs". Topographic base map is the U.S.
Geological Survey 1:24,000 Skull Rock Pass provisional quadrangle. Geology from Hintze (1974b).
Page 12.

Figure 4. Geologic map showing the location of the Square Top measured section of Hintze
(1973). Symbols: Of, Fillmore Formation; Ow, Wah Wah Limestone; Oe, Eureka Quartzite; Oes,
Ely Springs Dolomite; Qa, surficial deposits; Qs, sand. Heavy lines are faults with bar-and-ball on the
downthrown side. Line of section indicated by inverted "Vs". Topographic base map is the U.S.
Geological Survey 1:24,000 Burnout Canyon provisional quadrangle, 1991. Geology from Hintze
(1974a). Page 13.

Figure 5. Geologic map showing the location of the Mesa and 1965-C measured sections of
Hintze (1973). In the 1965-C section, the lower boundary stratotype of the Tulean Stage is marked by
the lowest observed occurrence of Menoparia genalunata located at 11.6 m (38 ft) above the base of
unit 2 of the informal slope-forming shaly siltstone member of the Fillmore Formation. Symbols: Oh,
House Limestone; Of, Fillmore Formation with a key bed indicated by the dashed line; Tsr, Skull
Rock Pass Conglomerate; Qa, surficial deposits. Lines of sections indicated by inverted "Vs".
Topographic base map is the U.S. Geological Survey 1:24,000 Burnout Canyon provisional
quadrangle, 1991. Geology from Hintze (1974a). Page 14.

Figure 6. Geologic Map showing the location of the B section of Hintze (1951), the Lava Dam
North (LDN) and Lava Dam Five (LD5) measured sections of Hintze (1973) and Hintze and others
(1988). Symbols: Cnr, Red Tops Member of the Notch Peak Formation; OCnl, Lava Dam Member
of the Notch Peak Formation; Oh, House Limestone; Of, Fillmore Formation; Tv, Tertiary volcanic
rocks; Qa, surficial deposits; Qs, sand. Heavy lines are faults, solid lines in bedrock, dotted lines
where fault is concealed by surficial deposits, bar-and-ball on the downthrown side. Lines of sections
are indicated by inverted "V's". Lower boundary stratotypes of the Ibexian Series and Skullrockian
Stage are coincident and located in the LDS section (see text). Topographic base map is the U.S.
Geological Survey 1:24,000 Red Tops provisional quadrangle, 1991. Geology from Hintze (1974a)
and Hintze and others (1988). Page 15.

Figure 7. Geologic map showing the location of the G, H, and J measured sections of Hintze
(1951, 1973). The lower boundary of the Tulean Stage is located 1.8 m (6 ft) above the base of unit 2
of the informal slope-forming shaly siltstone member of Hintze (1973, p. 25) in the G section. The
lower boundary stratotype of the Blackhillsian Stage is 5.8 m (19 ft) above the base of unit 2 of the
informal calcarenite member of Hintze (1973, p. 26) in the H section. Symbols: Of, Fillmore
Formation, with the dashed lines showing key beds; Ow, Wah Wah Limestone; Oj, Juab Limestone;
Ok, Kanosh Shale; Ou, undivided Middle and Upper Ordovician rocks that are considerably faulted;
Tv, Tertiary volcanic rocks; Qa, surficial deposits; Qs, sand. Heavy lines are faults, dotted where
covered by surficial deposits, with bar-and-ball on the downthrown side. Lines of section are indicated
by inverted "Vs". Topographic base map is the U.S. Geological Survey 1:24,000 Warm Point
provisional quadrangle, 1991. Geology from Hintze (1974a). Page 16.

Figure 8. Detailed range chart for selected trilobites and conodonts at the lower boundary
stratotype of the Ibexian Series in the Lava Dam Five segment of the Steamboat Pass-Lava Dam
section of Hintze and others (1988). The lowest observed occurrence of Cordylodus andresi coincides
with the stratigraphic level of a steel bolt marking the base of the Ibexian Series at 39.1 m (128.3 ft)
above the base of the Lava Dam Member of the Notch Peak Formation. Open rectangles are error bars
that provide a semi-quantitative (non-probabilistic) estimate of how well established are lowest and



highest occurrences of a species as suggested by occurrence/non-occurrence in subjacent and
superjacent fossil-bearing samples. Abbreviations: Sj, Saukiella junia Subzone and Ss, Saukiella
serotina Subzone of Saukia Zone; Ea, Eurekia apopsis Zone; Md, Missisquoia depressa Subzone and
Mt, Missisquoia typicalis Subzone of Missisquoia Zone; Hh, Hirsutodontus hirsutus Subzone, Fi,
Fryxellodontus inornatus Subzone and Ce, Clavohamulus hintzei Subzone of the Cordylodus proavus
Zone; Hs, Hirsutodontus simplex Subzone and Ch, Clavohamulus hintzei Subzone of Cordylodus
intermedius Zone. Page 18.

Figure 9. Photographs of the Lava Dam Five section (LD5), southern House Range, Utah.
9a, Numbers on photograph identify the following: 1, east end of dirt track connecting to Tule Valley
Road; 2, base of Lava Dam Five traverse within the Red Tops Member of the Notch Peak Formation;
3, base of Lava Dam Member, from which all vertical measurements on Plates I, II, and III are taken;
4, normal fault that repeats 3 ft (0.9 m) of strata in lower part of Lava Dam Member (left side is
uplifted); 5, boundary stratotype point of base of the Ibexian Series; 6, base of massive cliff-forming
limestone unit in upper part of Lava Dam Member; 7, vertical fault with 12.2 m (40 ft) displacement
(strata to right uplifted); 8, base of House Limestone; 9, top of LDS5 part of measured section. View
from the north. See Figure 6 for location of traverse. 9b, Close-up of lower boundary stratotype
point of Ibexian Series, viewed from the east. Metal plaque near tip of arrow, attached to outcrop by
an iron bolt, is engraved "Base of Ibexian Series J.F. Miller 1992". Paint numbers 130 and 135
indicate footage above base of Lava Dam Member without correction for 3-ft-displacement fault shown
in Figure 9a (position 4). Photographs by J.F. Miller. Page 20.

Figure 10. New stages of the Ibexian Series showing the shelly fossil and conodont zones
upon which they are characterized with recommended abbreviations for zones. Also shown are
correlations with previous lettered shelly fossil zones of Ross (1951) for northern Utah and
southeastern Idaho, Hintze (1953) for the Ibex area of western Utah, and lettered conodont faunas of
Ethington and Clark (1971). Page 23.

Table

Table 1. Universal Transverse Mercator Coordinates of component sections of the Ibexian
composite stratotype section. Page 17.



ABSTRACT

The Ibexian Series (mainly Lower Ordovician), first proposed by Hintze (1982), replaces the
"Canadian Series" of North American usage. The lower boundary stratotype of the Ibexian Series is
defined at a point in rock 39.1 m (128.3 ft) above the base of the Lava Dam Member of the Notch
Peak Formation in the Lava Dam Five section of the Steamboat Pass-Lava Dam composite section of
Hintze and others (1988). The lower boundary of the Ibexian Series is coincident with the lowest
observed occurrence of Cordylodus andresi Viira and Segeeva in Viira and others, 1987 which also
defines the base of the Hirsutodontus hirsutus Subzone of the Cordylodus proavus Zone. This horizon
is about 0.1 m (4 in) below the lowest trilobite sample assigned to the Eurekia apopsis Zone. The top
of the Ibexian Series in its type area coincides with the correlated base of the Whiterockian Series
which is drawn at the base of the Tripodus laevis Conodont Zone and coincidentally with the base of
the Paralenorthis-Orthidiella Brachiopod Zone (= Zone L of Ross, 1951).

The Ibexian Series is characterized by over one-hundred-fifty conodont species and over one-
hundred-fifty trilobite and articulate brachiopod species from a composite of 11 measured sections in
the type area, located in the southern House Range and southern Confusion Range in the Notch Peak
and the The Barn 15-minute quadrangles, Millard County, Utah. The composite stratotype section
involves the Lava Dam Member of the Notch Peak Formation, House Limestone, Fillmore Formation,
and part of the Wah Wah Limestone. The composite section aggregates 801 m (2,628 ft) of abundantly
fossiliferous limestone and subordinate calcareous siliciclastic rocks that formed in a miogeoclinal,
shallow water carbonate platform environment.

The Ibexian Series is here divided, in ascending order, into the Skullrockian, Stairsian,
Tulean, and Blackhillsian Stages and into 11 conodont zones and 14 shelly fossil zones that augment
and refine the original 10 Ross (1951) and Hintze (1953) shelly fossil zones, which have been widely
accepted for correlation within the North American faunal province for 40 years. In addition nautiloid
cephalopods, gastropods, sponges, echinoderms, ostracodes, and graptolites occur in the composite
section.

Recent work shows that the base of the Ibexian Series can be recognized in low paleolatitude
sites in both carbonate shelf and slope facies in the western U.S., Appalachian Mountains, eastern and
western Canada, Mexico, Greenland, Kazakhstan, Australia, southeastern Asia, China, and elsewhere.
In deeper water carbonate facies the Ibexian Series is often underlain by the geographically widespread
trilobite Lotagnostus hedini (Troedsson).

INTRODUCTION

Here we reiterate Hintze's (1982) proposal that the Ibexian Series should replace the
fractionated and confusing Canadian Series as the lowest Ordovician Series for the United States. A
lower boundary stratotype is defined and the Series is characterized by shelly fossil and conodont
zones which illustrate the remarkable biostratigraphic control available for the Series in the type area.
Four new stages (Skullrockian, Stairsian, Tulean, and Blackhillsian) are proposed to supplant current
stratigraphically inexact, geographically confusing terms, and to construct a biochronologic reference
section to be used for correlation throughout North America and other applicable areas. Our primary
purpose is to focus attention on the superb lithostratigraphic column in the Ibex area and to
demonstrate the biostratigraphic excellence of the consolidated Ibexian stratigraphic succession.

The Ibexian has been used outside the United States more frequently than in some regions of
the U.S., seemingly because its first publication (Hintze in Ross and others, 1982) was poorly
distributed in the United States.

After 30 years of fostering cooperative work on the sections in the Ibex area, Hintze (1979)
assembled an important summary of the biostratigraphic occurrences of trilobites, brachiopods,
graptolites, conodonts, nautiloid cephalopods and other fossils by leading paleontological authorities
and by graduate students. The fruit of his enthusiastic guidance is the superb biostratigraphic
documentation of the Ibexian section, unsurpassed by any other Lower Ordovician section in the



world. Detailed conodont studies were published by Miller (1969, 1988), Ethington and Clark (1971,
1981), Ethington and others (1987), and Miller in Hintze and others (1988).

The Ibexian Series has been and continues to be used as the reference section for the Lower
Ordovician in North America with a decreasing number of regional exceptions. Its acceptance stems
from the ease with which its correlatives are recognized in the cratonic, carbonate platform, and upper
slope facies throughout the continent. The applicability of the Ibexian biostratigraphic zonation has
been enhanced by the studies of Stitt (1977, 1983) and Derby and others (1991) in Oklahoma, and by
Westrop (1986) and Loch and others (1993) in Alberta, Canada.

Although no volcanic ash beds so far have been found in North America for satisfactory
isotopic dating of the Series, based on correlation against controlled isotopic dating elsewhere, we
estimate that the duration of the Ibexian Epoch probably exceeded 20 million years.

Normally, field measurements were taken in feet and converted to meters. Both units are
given in the report to help readers coordinate painted footages on the outcrops with specific units and
horizons in the field.

Ibexian Series Type Area and Sections

The Ibexian Series is superbly exposed in the southern House and Confusion Ranges of west-
central Utah (Figures 1-7). Outcrops are readily accessible both north and south of combined U.S.
Highway 6 and 50 in the southern Notch Peak 15-minute quadrangle (Hintze, 1974b) and from there
southward for 19 km (12 mi) in the Black Hills on the east side of Tule Valley in The Barn quadrangle
(Hintze, 1974a). The upper contact with beds assigned to the younger Whiterock Series is exposed 8-
9.7 km (5-6 mi) to the west at the south end of Blind Valley.

Following recommendations of the North American Stratigraphic Code (NACSN, 1983) and
guidelines of the International Commission on Stratigraphy of the International Union of Geological
Sciences (Cowie and others, 1986), the lower boundary statotype of the Ibexian Series is defined as a
point in rock in a measured section. Definition of the top of the Ibexian Series is the correlated base of
the overlying Whiterockian Series which was defined in the Monitor Range of central Nevada by Ross
and Ethington (1991). The geologic map of The Barn quadrangle was partly modified by Hintze and
others (1988, figs. 8, 9) to show formation and member boundaries in improved detail. New 1:24,000
scale topographic quadrangle maps became available in 1991 and are utilized in explanations of Figures
1-7.

Descriptions of the physical and many of the paleontological attributes of the Ibexian Series
presented here graphically (Plate I, part of Plate III) are updated from data previously published by
Hintze (1951, 1953, 1973, 1979) and Hintze and others (1988). Hintze and others (1972) called
attention to this same series of sections at the 23rd International Geological Congress in Prague in
1968. The locations of maps (Figures 2-7) showing measured traverses along which features of
lithologic units are most easily observed and from which fossils were collected are shown in Figure 1.

The detailed geology of the area that includes the type sections of the formations constituting
the composite section of the type Ibexian Series was first mapped by Hintze (1974a, 1974b). The few
fault displacements of Ibexian strata in the type area are small and easily taken into account in
measuring and compiling a composite stratigraphic section. Dips are low. Exposures are excellent
and key beds can be traced over distances measured in kilometers. Fossils are abundant throughout the
section.

Although the Ibexian Series was formally proposed by Hintze in Ross and others (1982),
precise designation of a base was deferred pending recommendation of a Cambrian-Ordovician
boundary level by the Cambrian-Ordovician Boundary Working Group of the International
Commission on Stratigraphy, International Union of Geological Sciences (for example, Henningsmoen,
1973; Bassett and Dean, 1982; Norford, 1988). An expected international agreement failed to
materialize in 1982. In 1985, Rolf Ludvigsen and S. R. Westrop, tired at waiting for a decision,
designated the biostratigraphic level of the base of the Ibexian Series at the base of the Eurekia apopsis
Zone in the published Lava Dam Five section of Miller and others (1982, text fig. 8; also see Hintze
and others, 1988, p. 23-24, pl. 1). The formal definition of the Ibexian Series as proposed here
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Figure 1. Index map of the Ibex area in western Utah showing the locations of the detailed
maps in Figures 2-7. Inset map shows the location of this figure, in solid black, in the state of
Utah. This map includes parts of the U.S. Geological Survey Tule Valley and Wah Wah Mountains

North 1:100,000 scale topographic maps. The small squares on the map are about one square mile
in area.
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coincides with the observed base of the Cordylodus proavus Zone which for all practical purposes
coincides with the base of the Eurekia apopsis Zone in the typical reference section (Figure 9). In the
definition of the Ibexian lower-boundary stratotype, we place emphasis on conodonts rather than
trilobites because conodonts are more easily extracted from the rock and the conodont taxa tend to be
more geographically widespread.

The base of the Ibexian Series coincides with abrupt faunal change, sea level change, and
geochemical anomalies that are recognized over a broad geographic area (for example, Erdtmann and
Miller, 1981; Miller, 1984, 1992; Miller and others, 1989; Wright and others, 1987; Nicoll and
Shergold, 1991; Ripperdan and others, 1992; Shergold and Nicoll, 1992; and Ripperdan and others,
1993). The boundary is thought to coincide with an isochronous event that was global in scale (Miller
and others, 1993).

DEFINITION OF THE IBEXIAN SERIES

The lower-boundary stratotype of the Ibexian Series is here formally defined as a point in rock
39.1 m (128.3 ft) above the base of the Lava Dam Member of the Notch Peak Formation in the Lava
Dam Five section of the Steamboat Pass-Lava Dam composite section of Hintze and others (1988, p.
23-24, fig, 9; this report, Figures 6, 8). This measurement takes into account a 0.9 m (3 ft) offset by a
minor normal fault in the lower part of the Lava Dam Member. The boundary stratotype point
coincides with the lowest observed occurrence of Cordylodus andresi Viira and Sergeeva, 1987, which
locally defines the base of the Hirsutodontus hirsutus Subzone of the Cordylodus proavus Zone. This
boundary stratotype point is approximately 0.1 m (4 in) below the lowest observed occurrence of
trilobites assigned to the Eurekia apopsis Zone. The highest observed occurrence of trilobites
diagnostic of the underlying Saukiella serotina Subzone of the Saukia Zone is about 10 cm (4 in)
below the base of the Cordylodus proavus Zone. This near coincidence of boundaries of conodont and
trilobite zones also occurs in Texas and Oklahoma (Miller and others, 1982).

The top of the Ibexian Series is recognized as the correlated base of the Whiterockian Series
(Ross and Ethington, 1991) which corresponds to the base of Tripodus laevis Zone and coincidentally
with the base of the Paralenorthis-Orthidiella Zone (= Zone L of Ross, 1951).

Herein, we follow recommendations outlined in the North American Stratigraphic Code
(NACSN, 1983) and the International Commission on Stratigraphy (Cowie and others, 1986) for
definition of biostratigraphic and chronostratigraphic units. In addition, a distinction is made between
definition of units by selection and description of a lower-boundary stratotype point in a measured
section, and characterization which deals with the faunal content of units in the type area and the
principal faunal data upon which correlations are interpreted (Murphy, 1977). Only the base of a unit
is defined; tops are determined by the definition of the next overlying unit.

In order to help relocate the lower-boundary stratotype point of the Ibexian Series, J.F. Miller
in the summer of 1992 drove a steel bolt marked with a brass plate (Figures 9a, 9b), in the upper part
of the Lava Dam Member of the Notch Peak Formation at the Lava Dam Five section (Figure 6). The
bolt is 39.1 m (128.3 ft) above the contact between the Red Tops Member and overlying Lava Dam
Member of the Notch Peak Formation. The marker is approximately 59.1 m (194 ft) stratigraphically
above the alluvial fill of the valley floor; the lower 20.1 m (66 ft) is the thickness of the exposed part
of the Red Tops Member, and the upper 39.1 m (128.3 ft) is the thickness of part of the Lava Dam
Member up to the boundary.

The Ibexian Series is here divided into four new stages which are, in ascending order, the
Skullrockian, Stairsian, Tulean, and Blackhillsian Stages. Definitions and faunal characterizations of
the new stages are given under appropriate headings below.

We summarize below, in ascending order, the lithostratigraphy, biostratigraphy, and
chronostratigraphy of the Ibexian Series and adjacent rocks in the type area which is located in the
southern House Range-Ibex area of western Utah.
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E 293,000
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Figure 2. Geologic map showing the location of the A section of Hintze (1951, 1973).
Symbols: G€nl, Lava Dam Member of the Notch Peak Formation; Oh, House Limestone, the middle
sandy zone of which is shown by a dashed line; Of, Fillmore Formation; Qa, surficial deposits.
Heavy lines are faults with bar-and-ball on the downthrown side. Line of section indicated by
inverted "Vs". Topographic base map is the U.S. Geological Survey 1:24,000 Hell'n Moriah
Canyon provisional quadrangle, 1991. Geology from Hintze (1974b). : .
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Figure 3. Geologic map showing the location of the Sneakover Pass {SnP) measured section
of Hintze and others (1988). Symbols:-€nh, Hellnmaria Member of the Notch Peak Formation; -€nr,
Red Tops Member of the Notch Peak Formation; G€nl, Lava Dam Member of the Notch Peak
Formation; Oh, House Limestone; Qa, surficial deposits. Heavy lines are faults with bar-and-ball on
the downthrown side. Line of section indicated by inverted "Vs". Topographic base map is the
U.S. Geological Survey 1:24,000 Skull Rock Pass provisional quadrangle. Geology from Hintze

{1974b).
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Figure 4. Geologic map showing the location of the Square Top measured section of Hintze
(1973). Symbols: Of, Fillmore Formation; Ow, Wah Wah Limestone; Oe, Eureka Quartzite; Oes,
Ely Springs Dolomite; Qa, surficial deposits; Qs, sand. Heavy lines are faults with bar-and-ball on
the downthrown side. Line of section indicated by inverted "Vs". Topographic base map is the
U.S. Geolagical Survey 1:24,000 Burnout Canyon provisional quadrangle, 1991. Geology from
Hintze (1974a). - -
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Figure 5. Geologic map showing the location of the Mesa and 1965-C measured sections of
Hintze (1973). In the 1965-C section, the lower boundary stratotype of the Tulean Stage is marked
by the lowest observed occurrence of Menoparia genalunata located at 11.6 m (38 ft) above the
base of unit 2 of the informal slope-forming shaly siltstone member of the Fillmore Formation.
Symbols: Oh, House Limestone; Of, Fillmore Formation with a key bed indicated by the dashed line;
Tsr, Skull Rock Pass Conglomerate; Qa, surficial deposits. Lines of sections indicated by inverted
"Vs". Topographic base map is the U.S. Geological Survey 1:24,000 Burnout Canyon provisional
quadrangle, 1991. Geology from Hintze (1974a).
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Figure 6. Geologic Map showing the location of the B section of Hintze (1951), the Lava
Dam North (LDN} and Lava Dam Five (LD5) measured sections of Hintze (1973) and Hintze and
others (1988). Symbols: €nr, Red Tops Member of the Notch Peak Formation; @€nl, Lava Dam
Member of the Notch Peak Formation; Oh, House Limestone; Of, Fillmore Formation; Tv, Tertiary
volcanic rocks; Qa, surficial deposits; Qs, sand. Heavy lines are faults, solid lines in bedrock,
dotted lines where fault is concealed by surficial deposits, bar-and-ball on the downthrown side.
Lines of sections are indicated by inverted "V's". Lower boundary stratotypes of the Ibexian Series
and Skullrockian Stage are coincident and located in the LD5 section (see text}. Topographic base
map is the U.S. Geological Survey 1:24,000 Red Tops provisional quadrangle, 1991. Geology from
Hintze (1974a) and Hintze and others (1988).
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Figure 7. Geologic map showing the location of the G, H, and J measured sections of
Hintze (1951, 1973). The lower boundary of the Tulean Stage is located 1.8 m (6 ft) above the
base of unit 2 of the informal slope-forming shaly siltstone member of Hintze (1973, p. 25) in the G
section. The lower boundary stratotype of the Blackhillsian Stage is 5.8 m (19 ft) above the base of
unit 2 of the informal calcarenite member of Hintze (1973, p. 26) in the H section. Symbols: Of,
Fillmore Formation, with the dashed lines showing key beds; Ow, Wah Wah Limestone; Oj, Juab
Limestone; Ok, Kanosh Shale; Ou, undivided Middle and Upper Ordovician rocks that are
considerably faulted; Tv, Tertiary volcanic rocks; Qa, surficial deposits; Qs, sand. Heavy lines are
faults, dotted where covered by surficial deposits, with bar-and-ball on the downthrown side. Lines
of section are indicated by inverted "Vs". Topographic base map is the U.S. Geological Survey
1:24,000 Warm Point provisional quadrangle, 1991. Geology from Hintze (1974a).
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LITHOSTRATIGRAPHY

The stratotype section of the Ibexian Series is a composite section comprised of part of the
Lava Dam Member of the Notch Peak Formation, all of the House Limestone and Fillmore Formation,
and part of the Wah Wah Limestone. The House, Fillmore, and Wah Wah, which are the lower part
of the Pogonip Group, were initially defined by Hintze (1951) and redescribed by Hintze (1973). The
locations of measured stratigraphic sections that include typical examples of these lithostratigraphic

units are shown on Figures 1-7, and geographic coordinates are tabulated in Table 1.

SEGMENT

Lava Dam Five
Lava Dam North
A (1951)

B (1951)
Sneakover Pass
Square Top
Mesa (lower)
Mesa (upper)
1965-C (lower)
1965-C (upper)
G

H (lower)
H (middle)
H (upper)
J

BOTTOM
E295,950m;N4,300,980m
E296,230m;N4,302,000m
E292,320m;N4,326,980m
E296,060m;N4,304,150m
E298,440m;N4,329,580m
E295,600m;N4,312,230m
E296,600m;N4,307,850m
E297,100m;N4,308,320m
E296,160m;N4,305,800m
E296,880m;N4,306,500m
E287,400m;N4,300,720m
E287,200m;N4,301,800m
E286,960m;N4,302,220m
E286,590m;N4,302,130m
E286,640m;N4,303,670m

TOP
E295,910m;N4,300,770m
E296,560m;N4,302,120m
E292,570m;N4,326,910m
E296,330m;N4,304,400m
E298,250m;N4,329,450m
E295,870m;N4,312,540m
E296,860m;N4,308,100m
E297,040m;N4,308,600m
E296,760m;N4,305,800m
E296,950m;N4,307,000m
E287,680m;N4,301,080m
E286,900m;N4,301,070m
E286,600m;N4,302,130m
E286,400m;N4,302,150m
E285,700m;N4,304,060m

Table 1. Universal Transverse Mercator 1,000 m grid coordinates, Zone 12, are listed for
bottoms and tops of constituent segments of the Ibexian Series composite stratotype section. Map
locations are shown in Figures 1-7.

Notch Peak Formation

The Notch Peak Formation of Walcott (1908a, b) was redescribed and divided in ascending
order into the Hellnmaria, Red Tops, and Lava Dam Members by Hintze and others (1988). The
lithostratigraphy and biostratigraphy of the Notch Peak Formation in the Steamboat Pass-Lava Dam
area was described by Hintze and others (1988, p. 23-26). Emendations to biostratigraphic ranges of
conodonts and trilobites were given by Miller and others (1982) and Miller and Taylor (1989).

Hellnmaria and Red Tops Members

The Hellnmaria and Red Tops Members are mentioned here only for completeness, even
though neither member is involved in the Ibexian Series. The Red Tops is the lowest unit exposed in
the lower part of the Lava Dam Five section of the Steamboat Pass-Lava Dam composite section
(Hintze and others, 1988, p. 23-26).

The Lava Dam Five section of the Steamboat Pass-Lava Dam composite section begins in a
minor gully near the south end of the "Lava Dam", a channel eroded into the Notch Peak Formation
and filled with Oligocene volcanic rocks, and Tule Valley fill (Hintze, 1988, figs. 8, 9; Figure 6,
index map). The base of the section is within the Red Tops Member, 20.1 m (66 ft) below the contact
between the Red Tops and Lava Dam Members of the Notch Peak Formation. The stratigraphically
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Figure 8. Ranges of selected trilobites and conodonts at the lower boundary stratoiype of
the Ibexian Series in the Lava Dam Five segment of the Steamboat Pass-Lava Dam section of Hintze
and others (1988). The lowest observed occurrence of Cordylodus andresi coincides with the
stratigraphic level the base of the Ibexian Series at 39.1 m (128.3 ft) above the base of the Lava
Dam Member of the Notch Peak Formation. Open rectangles are error bars that provide a semi-
quantitative (non-probabilistic) estimate of how well established are lowest and highest occurrences
of a species as suggested by occurrence/non-occurrence in subjacent and superjacent fossil-bearing
samples. Abbreviations: Sj, Saukiella junia Subzone and Ss, Saukiella serotina Subzone of Saukia
Zone; Ea, Eurekia apopsis Zone; Md, Missisquoia depressa Subzone and Mt, Missisquoia typicalis
Subzone of Missisquoia Zone; Hh, Hirsutodontus hirsutus Subzone, Fi, Fryxellodontus inornatus
Subzone and Ce, Clavohamulus hintzei Subzone of the Cordylodus proavus Zone; Hs, Hirsutodontus
simplex Subzone and Ch, Clavohamulus hintzei Subzone of Cordylodus intermedius Zone.
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lowest point in the measured section is marked by "0" with yellow paint. The exposed part of the Red
Tops Member consists of current-rippled oolitic, skeletal, and intraclastic lime grainstone and lime
packstone that contains a trilobite fauna assigned to the Saukiella junia Subzone of the Saukia Zone
(Taylor, 1971; Taylor in Hintze and others, 1988, pl. 1).

Lava Dam Member

The type locality of the Lava Dam Member is at Sneakover Pass in the central House Range
(Hintze and others, 1988, p. 21, fig. 5, Table 1) where it is 110.9 m (364 ft) thick. As a result of
facies changes, the Lava Dam Member is 76.0 m (249.5 ft) thick in the Steamboat Pass-Lava Dam
composite section (Hintze and others, 1988, p. 25).

The Lava Dam Member consists of skeletal, oolitic, and intraclastic lime grainstone and of
cherty lime mud-supported limestone. Massive stromatolitic limestone forms the upper half of the
Lava Dam Member in sections farther north, but stromatolites are restricted to a thin interval in the
middle part of the member at the Lava Dam. The member normally forms conspicuous cliffs and
ledges below the low ledges and rounded slopes of the conformably overlying House Limestone.

House Limestone

The type locality of the House Limestone is the A section of Hintze (1973, p. 8-9; 1951, p. 30-
33) where the formation is 156.9 m (515 ft) thick. Supplementary sections are the Lava Dam North
(LDN) section of Hintze (1973, p. 15-16) and Lava Dam Five (LDS5) section. Figures 2 and 6 show
locations of sections.

Only the lower 27.6 m (90.5 ft) of the House Limestone is present at the Lava Dam Five
section. The composite section is off-set and continues on the north side of the Lava Dam where
outcrops are continuous from the upper part of the Lava Dam Member of the Notch Peak Formation
through the House Limestone and into the Fillmore Formation.

The House Limestone consists of thinly to thickly bedded, dark gray limestone containing
abundant brown to black chert grading from irregular masses to well-bedded continuous layers. The
base is marked by arenaceous limestone in the Lava Dam Five section. Detailed descriptions of the
Lava Dam Five section and other sections of the Notch Peak Formation and the lower part of the
House Limestone are given by Hintze and others (1988), and by Hintze (1951, 1973).

Fillmore Formation

Although Hintze (1951, p. 14) designated his sections D, G, and H as the composite type
section of the Fillmore Limestone, his subsequent (1973, p. 16-19) redescription of the Fillmore
Formation and its five informal lithostratigraphic members has effectively supplanted that definition.
These members aggregate 549.5 m (1,803 ft) in thickness. The informal members and their best
representative sections are discussed below in ascending order. Because of a change in his original C
section, it is essential that reference be made to the modifications in location of the measured section
which is designated 1965 C section by Hintze (1973, p. 16; and Fig. 5 herein).

Basal Ledge-Forming Limestone Member (1)

The typical reference section of the informal ledge-forming limestone member (1) is in the
1965-C section of Hintze (1973, p. 18-19) where the informal member is 147.8 m (485 ft) thick. The
lowermost 22.5 m (71.5 ft) form the ledgy part of the member, which rests directly on the uppermost
massive ledge of the House Limestone at this locality. A supplementary section is in the G section of
Hintze (1973, p. 25). See Figures 5 and 7 for locations.
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Slope-Forming Shaly Siltstone Member (2)

The typical reference section of the informal slope-forming shaly siltstone member (2) is in the
1965-C section of Hintze (1973, p. 17-18) where the informal member is 97.5 m (320 ft) thick. It
should be noted that only the uppermost 9.4 m (30 ft) are exposed above the underlying informal
member and that the section is offset 0.8 km (0.5 mi) to the north (see Figure 5). In the Mesa
supplementary section, the member is 98 m (312 ft) thick; its base is traced northward from the 1965-
C section. A second supplementary section is the G section of Hintze (1973, p. 21-22 and 25). See
Figures 5 and 7 for locations.

Light-Gray Ledge-Forming Member (3)

The typical reference section of the informal light-gray ledge-forming member (3) is in the
Mesa section of Hintze (1973, p. 20-21) where the informal member is 54.9 m (180.0 ft) thick. The
position of the base of the member is established by tracing the base of the underlying informal
member (2) northward from the 1965-C section. Only 48.8 m (160 ft) of this member (3) is present in
the supplementary 1965-C section and 59.1 m (194 ft) in the G section of Hintze (1973, p. 17 and 24).
See Figures S and 7 for locations.

Brown Slope and Ledge Member (4)

The typical reference section of the informal brown slope and ledge member (4) is in the Mesa
section of Hintze (1973, p. 20) where the informal member is 98.8 m (324 ft) thick. A conspicuous
1.5-m-thick (5 ft) ledge located 51.8-53.3 m (170-175 ft) above the base of the informal member is
used as a marker to offset 0.3 km (0.2 mi) to the northwest and to correlate with the highest of four
marker ledges in the G supplementary section of Hintze (1973, p. 23-24) and in the H section (Hintze,
1973, p. 27). See Figures 5 and 7 for locations.

Calcarenite Member (4)

The typical reference section of the informal calcarenite member (4) is in the H section of
Hintze (1973, p. 26-27) where the member is 94.5 m (310 ft) thick. A supplementary section is in the
Square Top section of Hintze (1973, p. 22). See Figures 4 and 7 for locations.

Calathium Calcisiltite Member (5)

The typical reference section of the informal Calathium calcisiltite member (5) is in the H
section of Hintze (1973, p. 26), where the informal member is 51.8 m (170 ft) thick. A supplementary
section is in the Square Top section of Hintze (1973, p. 22). See Figures 4 and 7 for locations.

Wah Wah Limestone

The type section of the Wah Wah Limestone is in the J section of Hintze (1951, p. 16-17).
The formation is well exposed in the mountain front between sections H and J of Hintze (1951; 1973,
p. 29-30). The Wah Wah is 76.2 m (250 ft) thick, but only the lower 70.1 m (230 ft) is Ibexian in
age. The upper 6.1 m (20 ft) of the formation is correlated with the lowermost beds of the type
Whiterockian Series (Ross and Ethington, 1991). See Figure 7 for location.
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IBEXIAN BIOSTRATIGRAPHY

Introductory Statement

As applied to lower Paleozoic rocks of the western United States and elsewhere, trilobite zones
and subzones traditionally have been contiguous assemblage zones and subzones (Taylor, 1987, p. 55,
fig. 7.3). They are defined and characterized by associations of taxa that occur in a consistent
homotaxial arrangement (compare NACSN, 1983, p. 862-863, fig. 4). Correlation of trilobite
assemblage zones emphasizes comparison of faunal content of the zone, rather than zonal boundaries.
In contrast, conodont zones and subzones are customarily interval zones in the nomenclature of the
North American Stratigraphic Code (NACSN, 1983, p. 862, fig. 5; also compare Taylor, 1987, p. 55,
fig. 7.3) and normally are defined by the lowest observed occurrence of a specified taxon in a typical
reference section. Correlation by conodont interval zones may be accomplished by recognizing the
lowest occurrence of the defining taxon in rocks away from the typical reference section and by
assuming the two points are isochronous. In this practice, emphasis is placed on boundaries rather
than content of conodont interval zones. The interval-zone method of correlation alone risks error
because of ecological (facies) differences in sections away from the boundary stratotype.

In this report, we have integrated conodont, brachiopod, and trilobite biostratigraphic data
(Figure 10). The result is a biostratigraphic classification scheme that includes zones which are: 1)
defined by the lowest observed occurrence of a particular taxon; and 2) characterized by faunal
assemblages with species that lived under different paleoecologic requirements and exhibit widely
divergent patterns of paleobiogeographic distribution. Thus, the Ibexian high-resolution zonal scheme
enhances the probability of overcoming local facies differences and improving precision in long-range
biochronologic correlations.

Pre-Ibexian Faunal Zones

The lithostratigraphy and biostratigraphy of rocks underlying the lower boundary of the
Ibexian Series are briefly summarized here to provide a context for definition of the lower-boundary
stratotype in the Lava Dam Five section of the Steamboat Pass-Lava Dam composite section of Hintze
and others (1988, fig. 8; this report Fig. 6, 8).

Although the Notch Peak Formation of the Ibex area has yielded trilobites that are as old as the
Upper Cambrian Taenicephalus Zone (Taylor, 1971; M. E. Taylor in Miller and others, 1982), for
practical reasons discussion here begins in the Lava Dam Member of the Notch Peak Formation with
trilobites of the Upper Cambrian Saukiella serotina Subzone of the Saukia Zone.

The Saukiella serotina Subzone of the Saukia Zone was named by Longacre (1970, p. 12) as a
replacement name for the Saukiella norwalkensis Subzone of Winston and Nicholls (1967, p. 69) which
was based on an association of trilobites underlying the Corbinia apopsis Subzone of the Saukia Zone
(= Eurekia apopsis Zone of this report) in the Wilberns Formation of Central Texas.
Chronostratigraphic nomenclature of the pre-Ibexian rocks in the Great Basin is discussed in detail by
M.E. Taylor (1994, in preparation).

The Saukiella serotina Subzone is recognized in the Lava Dam Five section by the occurrence
of Euptychaspis kirki Kobayashi, Macronoda sp., Heterocaryon tuberculatum Rasetti, and Leiocoryphe
platycephala Kobayashi. Based on present knowledge, no indicator of the Saukiella serotina Subzone
occurs above the lower-boundary stratotype point at the base of the Ibexian Series.

Pre-Ibexian conodonts in the Lava Dam Member of the Notch Peak Formation in the Lava
Dam Five section are assigned to the Cambrooistodus minutus Subzone of the Eoconodontus Zone
(Miller, 1988) (Table II). Conodont species present include Cambrooistodus cambricus,
Cambrooistodus minutus, Eoconodontus notchpeakensis, Phakelodus elongatus, Proconodontus
muelleri, Proconodontus serratus, and Prosagittodontus eureka; all of which terminate abruptly at the
lower boundary of the Ibexian Series. Other conodonts that range across the lower boundary of the
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