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The Ibexian, Lowermost Series in the
North American Ordovician

By Reuben J. Ross erehi F. Hintzez, Raymond L. Ethingtor?i,James F. Mille?,
Michael E. Taylor5, andJohn E. Repets?d

With a section o CHINODERM BIOSTRATIGRAPHYby James SprinkFeandThomas E. Guensbusrg

ABSTRACT The Ibexian Series is characterized by more than 150

conodont species and more than 150 trilobite and articulate

The Ibexian Series, first proposed by Hintze (1982), isbrachlopoc_i Species from a composite s_tratotype of 11 mea-
the accepted chronostratigraphic unit for the Lower Ordoviisurecj sections in the type area, located in the southern House
Range and southern Confusion Range in the USGS Notch

cian of North Ar_nerlcan_ usfage. The lower b(_)un_dary Stratopeak and The Barn 15-minute quadrangles, Millard County,
type of the Ibexian Series is defined at a point in rock 39.

tah. The composite stratotype section involves the Lava
meters (128.3 feet) above the base of the Lava Dam Membgl, i, Member of the Notch Peak Formation. House

of the Notch Peak Formation in the Lava Dam Five section of jmestone, Fillmore Formation, and part of the Wah Wah

the Steamboat Pass—Lava Dam composite section of Hintg¢mestone. The composite section aggregates 801 meters
and others (1988). The lower boundary of the Ibexian Serie®, 628 feet) of abundantly fossiliferous limestone and subor-
coincides with the lowest observed occurrenc€offdylo-  dinate calcareous siliciclastic rocks that formed in a miogeo-
dus?andresiViira and Sergeeva in Viira and others, 1987,clinal, shallow-water carbonate-platform environment.

which also defines the base of tH&sutodontus hirsutus The Ibexian Series is here divided, in ascending order,
Subzone of theCordylodus proavuZone. This horizon is into the Skullrockian, Stairsian, Tulean, and Blackhillsian
about 0.1 meter (4 inches) below the lowest trilobite sampl&tages and into 11 conodont zones and 14 shelly fossil zones
assigned to thEurekia apopsigone. The top of the Ibexian that augment and refine the original 10 Ross (1951) and
Series is defined as the base of the Whiterockian Serielintze (1953) shelly fossil zones, which have been widely
which, at its stratotype, is drawn at the base offfifgodus !Jsed in correlation Wlthln_ j[he North Amerlcan Faunal Prov-
laevisConodont Zone and coincidentally with the base of thd1C€ for 40 years. In addition nautiloid cephalopods, gastro-
Paralenorthis-Orthidiella Brachiopod Zone (=Zone L of pods, _SPonges, ecr_unoder_ms, ostracodes, and graptolites
Ross, 1951). In the type area of the Ibexian, the base of glgeur in the composite section.

Tripodus laeviZZone is 6.3 meters below the top of the Wah Recent W(.)rk ShOWS that the base OT the_ Ibexian Series
Wah Limestone can be recognized in low paleolatitude sites in both carbon-

ate shelf and slope facies in the Western United States, Appa-
lachian Mountains, eastern and western Canada, Mexico,
1Department of Geology, Colorado School of Mines, Golden, COGre,enland’ Kazakh‘?‘tan' Australia, southeastern Asia, Peo-
80401. ple’s Republic of China, and elsewhere. In deeper water car-
2Department of Geology, Brigham Young University, Provo, UT bonate facies the Ibexian Series is underlain in many places

84602-4646. by rocks bearing the geographically widespread trilobite
3Department of Geological Sciences, University of Missouri, Colum- Lotagnostus hedinfTroedsson).

bia, MO 65211.
4Department of Geography, Geology and Planning, Southwest Missou-

ri State University, Springfield, MO 65904-0089.

5U.S. Geological Survey (retired), Box 25046, MS 913, Denver INTRODUCTION

Federal Center, Denver, CO 80225-0046. Current address: Institute for

Camﬁb”a” Studies, P.O. Box 8, Springer, NM 87747-0008. Here we reiterate Hintze’s (1982) proposal that the
U.S. Geological Survey, National Center 970, Reston, VA 20192. . . . . . .
"Department of Geological Sciences, University of Texas, Austin, TXIbeXIan Serles_ IS SUp_e”or to the frach_onated and confusing

78712. Canadian Series, which to many stratigraphers has been the

8Physical Science Division, Rock Valley College, Rockford, IL 61114. lowest Ordovician Series for the United States. We designate

1



2 EARLY PALEOZOIC BIOCHRONOLOGY OF THE GREAT BASIN

a stratotype for the lower boundary of the Series and tabulate  Although no volcanic ash beds satisfactory for isotopic
its characteristic shelly fossil and conodont zones (figs. 8dating of the series have been found in North America to
10; pl. 1, chart&—C). The fossils make remarkable biostrati- early 1997, based on correlation against controlled isotopic
graphic control available for the series in the type area. Foudating elsewhere, we estimate that the duration of the Ibexian
new stages (in ascending order Skullrockian, StairsianEpoch probably exceeded 20 million years.

Tulean, and Blackhillsian) were tentatively proposed (Ross  Field measurements were taken in feet and in many crit-
and others, 1993) to supplant current stratigraphically inex-cal places the footages were painted on the rock. For pur-
act, geographically confusing terms, and to construct a bioposes of publication feet have been converted to meters. So
chronologic reference section to be used for correlationthat geologists can identify stratigraphic levels, both meters
throughout North America and other applicable areas. Outand feet are given in this report to help them coordinate text

primary purpose here is to focus attention on the superlvith painted footages on the outcrops of specific units and
lithostratigraphic column in the Ibex area, to demonstrate thehorizons in the field.

biostratigraphic excellence of the consolidated I|bexian

stratigraphic succession, and to formally describe the new

stages. In the opinion of the senior author, the continuity of IBEXIAN SERIES TYPE AREA
the composite-stratotype section and its biostratigraphic doc- AND SECTIONS
umentation are currently unsurpassed by any other Lower

Ordovician section in the world. The Ibexian Series is superbly exposed in the southern

At the outset we note that the Pogonip Group (Hintze,House and Confusion Ranges of west-central Utah (figs.
1951, p. 11-12; Nolan, Merriam, and Williams, 1956, p. 1-7). Outcrops are readily accessible both north and south of
23-25; Merriam, 1963) includes the Lower Ordovician andcombined U.S. Highway 6 and 50 in the southern Notch
lower Middle Ordovician formations of the Basin Ranges. Peak 15-minute quadrangle (Hintze, 1974b) and from there
Therefore the group includes but is not limited to the Ibexiansouthward for 19 km (12 mi) in the Black Hills on the east
units of this report. side of Tule Valley in The Barn quadrangle (Hintze, 1974a).

After 30 years of fostering cooperative work on sec- The upper contact with beds assigned to the younger White-
tions in the Ibex area, Hintze (1979) assembled an importantock Series is exposed 8-9.7 km (5-6 mi) to the west of Tule
summary of the biostratigraphic occurrences of trilobites,Valley at the south end of Blind Valley. The geologic map of
brachiopods, graptolites, conodonts, nautiloid cephalopodsThe Barn quadrangle was partly modified by Hintze and oth-
and other fossils, by leading paleontological authorities ancers (1988, figs. 8, 9) to show formation and member bound-
by graduate students. Detailed conodont studies were pularies in improved detail. New 1:24,000-scale topographic
lished by Miller (1969, 1988), Ethington and Clark (1971, quadrangle maps became available in 1991 and are utilized
1981), Ethington and others (1987), and Miller in Hintze in explanations of figures 1-7.
and others (1988). Following recommendations of the North American

The composite stratotype of the Ibexian Series has beeftratigraphic Code (NACSN, 1983) and guidelines of the
and continues to be used increasingly as the reference seliiternational Commission on Stratigraphy of the Interna-
tion for the Lower Ordovician in North America with few tional Union of Geological Sciences (Cowie and others,
exceptions (Ross and others, 1992). Perhaps the exceptiod986), the lower boundary stratotype of the Ibexian Series is
can be explained by poor distribution of its first publication defined as a point in rock in a measured section. The top of
(Hintze in Ross and others, 1982) in the United States or petthe Ibexian Series is defined as the base of the overlying
haps by the inertia of regional tolerance of habitual, if lessWhiterockian Series.
exact, terminology. The Ibexian Series has been used outside  Descriptions of the physical and many of the paleonto-
the United States with increasing frequency. logical attributes of the Ibexian Series presented here graph-

Acceptance of the Ibexian Series stems from the easécally (pl. 1, charAand part of chai€) are updated from data
with which its correlatives are recognized in the cratonic, Previously published by Hintze (1951, 1953, 1973, 1979) and
carbonate-platform, and upper slope facies throughout thé&lintze and others (1988). Hintze and others (1972) called
continent. The applicability of the Ibexian biostratigraphic attention to this same series of sections at the 23rd Interna-
zonation has been enhanced by the studies of Taylor and Halional Geological Congress in Prague in 1968. Figure 1 indi-
ley (1974) in New York State, Stitt (1977, 1983) and Derby cates the locations of maps (figs. 2-7) showing measured
and others (1991) in Oklahoma, and Westrop (1986) andraverses along which features of lithologic units are most
Loch and others (1993) in Alberta, Canada. Ji and Barnegasily observed and from which fossils were collected.
(1996) have made a valuable contribution to Ibexian con- The type sections of the formations constituting the
odont biostratigraphy in Jasper National Park, Canada; theicomposite stratotype of the |bexian Series lie in an area
interpretation of the position of the Cambrian-Ordovician whose detailed geology was first mapped by Hintze (1974a,
boundary differs slightly from ours. 1974b). The few fault displacements of Ibexian strata in the
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type area are small and easily taken into account in measur-  J.F. Miller's research was supported by National Sci-
ing and compiling a composite-stratotype section. Dips arence Foundation Grants EAR-8108621, EAR-8407281,
low. Exposures are excellent and key beds can be traced ovand EAR-8804352, and by Faculty Research Grants and
distances measured in kilometers. Fossils are abundaother funds from Southwest Missouri State University,
throughout the section. Springfield, Mo.

Although the Ibexian Series was formally proposed by James Sprinkle and T.E. Guensburg thank Fred Siew-
Hintze in Ross and others (1982), precise designation of ars, Ronald Johns, Anita Brosius, Colin Sumrall, Mike Slat-
base was deferred pending recommendation of a Cambriatery, Mark Wilson, J.F. Miller, J.D. Loch, and David Sprinkle
Ordovician boundary level by the Cambrian-Ordovicianfor assistance in the field. Ronald Johns reviewed the manu-
Boundary Working Group of the International Commissionscript section on Echinoderm Biostratigraphy. This work
on Stratigraphy, International Union of Geological Scienceswvas supported by the National Science Foundation under
(for example, Henningsmoen, 1973; Bassett and Dean, 198%rant BSR-8906568 and by the Geology Foundation, Uni-
Norford, 1988; Chen, 1986). An expected internationalversity of Texas at Austin (Sprinkle), and by an American
agreement failed to materialize in 1982. In 1985, Rolf Lud-Chemical Society—Petroleum Research Fund Grant to Mark
vigsen and S.R. Westrop, tired of waiting for a decision, desWilson, College of Wooster (Guensburg).
ignated the biostratigraphic level of the base of the Ibexian  J.T. Dutro, G.S. Nowlan, A.R. Palmer, and W.C.
Series at the base of tBirekia apopsiZone in the pub- Sweet are thanked for helpful reviews of an early draft of
lished Lava Dam Five section of Miller and others (1982,the report, although the reviewers do not necessarily agree
text-fig. 8; also see Hintze and others, 1988, p. 23-24, pl. 1with all the conclusions. Lorna Carter and Carol A.
The formal definition of the Ibexian Series as proposed her@uesenberry are thanked for outstanding editing and final
coincides with the observed base of @mdylodus proavus preparation of illustrations.

Zone which for all practical purposes coincides with the base

of theEurekia apopsiZone in the typical reference section

(fig. 9). In the definition of the Ibexian lower-boundary stra- DEFINITION OF THE IBEXIAN SERIES

totype, we place slight emphasis on conodonts rather than

trilobites because conodonts are more easily extracted from  The lower-boundary stratotype of the Ibexian Series is
the rock at closely spaced intervals, and many conodont taxgere formally defined as a point in rock 39.1 m (128.3 ft)
are geographically widespread. above the base of the Lava Dam Member of the Notch Peak

The base of the Ibexian Series coincides with abrupformation in the Lava Dam Five segment of the Steamboat
faunal change, sea-level change, and geochemical anomaliBass—-Lava Dam section of Hintze and others (1988, p.
that are recognized over a broad geographic area (for exard3—24, fig. 9; this report, figs. 8, 10). This measurement
ple, Erdtmann and Miller, 1981; Miller, 1984, 1992; Miller takes into account a 0.9 m (3 ft) offset by a minor normal
and others, 1989; Wright and others, 1987; Nicoll and Sherfaultin the lower part of the Lava Dam Member. The bound-
gold, 1991; Ripperdan and others, 1992; Shergold an@"y stratotype point coincides ywt_h the lowest obse_rved
Nicoll, 1992; and Ripperdan and others, 1993). The bound@ccurrence ofCordylodus ?andresiViira and Sergeeva, in

ary is thought to coincide with an isochronous event that wa¥!i"a an(;j otheri,_ 1987, thiCh Ioc]:allr3]/ def(ijn?sdthe base of the
global in scale (Miller and others, 1993). Hirsutodontus hirsutu&ubzone of th€ordylodus proavus

Zone (fig. 8). This boundary stratotype point is approxi-
mately 0.1 m (4 in.) below the lowest observed occurrence of
trilobites assigned to theurekia apopsiZone (fig. 8). The
highest observed occurrence of trilobites diagnostic of the
underlyingSaukiella serotin&ubzone of th&aukiaZone is

Dr. Peter Guth, Oceanography Department, U.S. Naval,q,t 10 cm (4 in.) below the base of @ardylodusproavus
Academy, Annapolis, Md., provided us with a version of hiszone  This near coincidence of boundaries of conodont and
STRATCOL computer program, specially modified to pro- trjopite zones also occurs in Texas and Oklahoma (Miller
duce the biostratigraphic range charts shown on plate Iand others, 1982).
Over a period of 4 years he has spent many hours working  The top of the Ibexian Series is recognized as the base of
cheerfully with Ross to tailor STRATCOL for changes to the Whiterockian Series, which was defined in the Monitor
computer programs and to a variety of printers. In fact it waRange of central Nevada by Ross and Ethington (1991) as the
the ease and accuracy of detail achieved by using STRATbase of th@ripodus laevi€onodont Zone and the coincident
COL that led to realization that the assembled Ibexian combase of theParalenorthis-Orthidiella brachiopod Zone
posite stratotype was unique in several ways. We thank=Zone L of Ross, 1951) (fig. 10). That level is 11 m (36 ft)
James Reed of RockWare Earth Science Software, Whe&elow the top of the Wah Wah Limestone (see p. 11, 26-27).
Ridge, Colo., and Cynthia Scheiner, Department of Geology,  Herein, we follow recommendations outlined in the
Colorado School of Mines, Golden, Colo., for advice onNorth American Stratigraphic Code (NACSN, 1983) and
computer applications. the International Commission on Stratigraphy (Cowie and
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20.1 m (66 ft) is the thickness of the exposed part of the Red
Tops Member, and the upper 39 m (128.3 ft) is the thickness

of part of the Lava Dam Member up to the boundary.

Definitions and faunal characterizations of the new
Skullrockian, Stairsian, Tulean, and Blackhillsian Stages are
given under appropriate headings herein.

We summarize, in ascending order, the lithostratigra-
phy, biostratigraphy, and chronostratigraphy of the Ibexian
N 4,327,000 Series and adjacent rocks in the type area, which is located in
the southern House Range—lbex area of western Utah.

LITHOSTRATIGRAPHY

The stratotype section of the Ibexian Series is a com-

. posite section consisting of part of the Lava Dam Member
E 292,000 E 293,000 of the Notch Peak Formation, all of the House Limestone

Figure 2. Geologic map showing location of the A Section of and Fillmore Formation, and part of the Wah Wah Lime-
Hintze (1951, 1973). Oenl, Lava Dam Member of the Notch Stone. The House, Fillmore, and Wah Wah formations,
Peak Formation; Oh, House Limestone, the middle sandy zone which are the lower part of the Pogonip Group, were ini-
of which is shown by a dashed line labeled s; Of, Fillmore For- tially defined in this area by Hintze (1951) and redescribed
mation; Qa, surficial deposits. Heavy line, fault; bar and ballon  py Hintze (1973). The locations of measured stratigraphic
downthrown side. Tielines indicate equivalent beds across sections that include typical examples of these lithostrati-

faults. Line of section indicated by inverted “V’s.” Base from raphic units are shown in fiqures 1-7. and geoaraphic
U.S. Geological Survey 1:24,000 Hell’'n Moriah Canyon provi- grap . . 9 ' geograp
coordinates are tabulated in table 1.

sional quadrangle (1991). Geology from Hintze (1974b).

others, 1986) for definition of biostratigraphic and /eirvj RVl
chronostratigraphic units. In addition, a distinction is made oenl N 4330000
between definition of units by selection and description of a A h _ o

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| ©h
which correlations are interpreted (Murphy, 1977). Only the
base of a unit is defined; tops are determined by the defini-
tion 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 (f&y.B), into Oenl N 4329000
the upper part of the Lava Dam Member of the Notch Peak
Formation at the Lava Dam Five section (fig. 6). The bolt is on m

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 m (194 ft) strati- Figure 3. Geologic map showing location of the Sneakover
graphically above the alluvial fill of the valley floor; the lower Pass (SnP) measured section of Hintze and others (1988). enh,
Hellnmaria Member of the Notch Peak Formation; enr, Red Tops
Member of the Notch Peak Formation; Oenl, Lava Dam Member
of the Notch Peak Formatio@h, House Limestone; Qa, surficial
Figure 1 (facing page). Index map of Ibex area, western Utah, deposits. Heavy line, fault; dotted where concealed; bar and ball
showing locations of detailed maps in figures 2—7. Base from U.S. on downthrown side. Tieline indicates equivalent beds across
Geological Survey 100,000 Tule Valley (1981) and Wah Wah fault. Line of section indicated by inverted “V’s.” Base from U.S.
Mountains North (1980). The small squares on the map base areGeological Survey 1:24,000 Skull Rock Pass provisional quad-
about 1 nd in area. rangle (1978). Geology from Hintze (1974b).

enr

QOenl

E 298,000 E 299,000
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Qa
0é G/Q(Zes of
ﬁ N 4,313,000
3 'a
Oes
Oes \OQ/Oes
C Y
7
_77'777 ow
=
7
Square Top A b
7
7 QS
N 4,312,000
a of
Q Tsr\<
E 295,000 E 296,000 E 297,000

Figure 4. Geologic map showing location of the Square Top measured section of Hintze (1973). Of, Fill-
more Formation; Ow, Wah Wah Limestone; Oe, Eureka Quartzite; Oes, Ely Springs Dolomite; Qa, surficial
deposits; Qs, sand. Line of section indicated by inverted “V's.” Base from U.S. Geological Survey 1:24,000
Burnout Canyon provisional quadrangle (1991). Geology from Hintze (1974a).

CONSTRUCTION OF THE 472 ft (143.8 m) (558 minus 86 ft) for the composite.
COMPOSITE STRATOTYPE Because of the change from the original 475 ft to 558 ft, the
spacing of the trilobite collections reported by Hintze (1951,
The composite stratotype is based on lithostratigraphicp. 30-33; 1953, p. 24-25) was revised proportionally. The
units exposed in eight of the sections measured by Hintzepacing of conodonts is that reported by Ethington and Clark
(1951, 1953, and 1973) and by Hintze and others (1988for Section A (1981, table 1).
(figs. 2, 5, 6, and 7 herein). In order to establish a firm Cam- The top of the House Limestone at the Lava Dam North
brian foundation and to facilitate correlation with a section in section is marked by a resistant thoroughly burrowed lime-
the Southern Egan Range, being studied by W.C. Sweet, thetone bed, 3 m (10 ft) thick, that is traced northward to the B
Red Tops Member of the Notch Peak Formation at theSection (Hintze, 1951, p. 33—37; 1953, p. 25-26), as verified
Steamboat Pass—Lava Dam section is designated as the babglEthington and Ross in June 1994. This permits integration
unit (fig. 6). Itis 40 m (131 ft) thick. The Lava Dam Member of the ranges of trilobites in the top 104.6 m (343 ft) of the B
(77.4 m (254 ft) thick) is the next higher unit and includes theSection with those in the A Section.
base of the Ibexian Series 39.1 m (128.3 ft) above the base of The Fillmore Formation was separated into six mem-
the member, or 79 m (259.3 ft) above the base of the composyers by Hintze (1973, p. 9-11, table 2) (numbered 1 to 6 on
ite section (pl. 1). The lithostratigraphic description used top. 8-11 herein). In assembling the composite we have used
construct this lowest part of the composite stratotype isthe two lowest members from the C Section, respectively
found on pages 23-25 of USGS Professional Paper 139385 ft and 320 ft thick. The third and fourth members, 180
(Hintze and others, 1988), including the exposed beds of thét and 324 ft thick, were taken from the Mesa Section.
House Limestone through Unit 41. This inclusion provided aHowever, in order to assemble the greatest available thick-
natural continuum for ranges of trilobites through the lower ness, the fourth member in the H Section is integrated by
26.2 m (86 ft) of the House strata. aligning “Marker ledge 1” in unit 6 (Hintze, 1973, p. 27)
The thickness of the House Limestone at Section A, itswith the same “Marker ledge 1” in unit 2 in the Mesa Sec-
type section, was corrected from 475 ft to 515 ft by Hintzetion (Hintze, 1973, p. 20). The resulting aggregate thick-
(1973, p. 8, table 1). However, J.F. Miller found during the ness of the Fillmore Formation at the top of the fourth
1994 field season that the thickness should be 558 ft (170 mnember is 1,322 ft. By aligning the “Marker ledge 1" in
and we have adjusted the total thickness of the House Limeunit 4 in the G Section (Hintze, 1973, p. 24), the ranges of
stone accordingly. The House Limestone at the Lava Dantrilobites in the three sections have been integrated. Both
section is integrated with Section A by using only the upperthe fifth and sixth members of the Fillmore are taken from
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N 4,309,000 Conodonts of the Fillmore Formation are taken from
the same pertinent sections as published by Ethington and
Clark (1981), but collections made by Ethington in 1994 sup-
plement earlier collections in the J Section.

NOTCH PEAK FORMATION

The Notch Peak Formation of Walcott (1908a, b) was
redescribed and divided in ascending order into the Helln-

of
Al
A
A
A
A
N
A
A
N 4,308,000 maria, Red Tops, and Lava Dam Members by Hintze and oth-
Mesa ers (1988). The lithostratigraphy and biostratigraphy of the
Notch Peak Formation in the Steamboat Pass—Lava Dam
Qa area were described by Hintze and others (1988, p. 23-26).

Emendations to biostratigraphic ranges of conodonts and tri-
lobites were given by Miller and others (1982) and Miller
and Taylor (1989).

HELLNMARIA AND RED TOPS MEMBERS

Qa N 4,307,000

N
'?,\\ The Hellnmaria and Red Tops Members are mentioned
N here only for completeness, because neither member is
4;‘\ s involved in the Ibexian Series. The Red Tops is the lowest
77 unit exposed in the lower part of the Lava Dam Five seg-
ment of the Steamboat Pass—Lava Dam section (Hintze and
others, 1988, p. 23-26).
The Lava Dam Five segment of the Steamboat
Pass—Lava Dam section begins in a minor gully near the
N 4,306,000 south end of the “Lava Dam,” a channel eroded into the
Qa Notch Peak Formation and filled with Oligocene volcanic
rocks, and Tule Valley fill (Hintze, 1988, figs. 8, 9; this
Tsr report, figs. 1, 6). The base of the section is within the Red
of L/ Tst Tops Member, 20.1 m (66 ft) below the contact between the
] Red Tops and Lava Dam Members of the Notch Peak Forma-
E 296,000 E 297,000 tion. The stratigraphically lowest point in the measured sec-
Figure 5. Geologic map showing location of the Mesa and 1965-tion is marked by “0” with yellow paint. The exposed part of
C measured sections of Hintze (1973). In the 1965-C Section, ththe Red Tops Member consists of current-rippled oolitic,
lower boundary stratotype of the Tulean Stage is marked by the lowskeletal, and intraclastic lime grainstone and lime packstone
est observed occurrence MEnoparia genall_Jnathcated at 11.6. that contains trilobites representative of Beukiella junia
m (38 ft) above the base of unit 2 of the informal slope-formlngSubzone of th&aukiazone (Taylor, 1971; Taylor in Hintze

shaly siltstone member of the Fillmore Formation. Oh, House Lime- d oth 1988. pl. 1), | tructing th ite strati
stone; Of, Fillmore Formation (dashed line indicates a key bed); Tsr",Jln O, ers, ) , Pl 1). In constructing (f“ composite strati-
Skull Rock Pass Conglomerate (Hintze and Davis, 1992); Qa, surfdraphic section shown on plate 1 the full thickness of the Red

icial deposits. Lines of sections indicated by inverted “V’s.” Base TOPS Member, 39.9 m (=131 ft) has been used (Hintze and

from U.S. Geological Survey 1:24,000 Burnout Canyon provisionalothers, 1988, p. 25).
quadrangle (1991). Geology from Hintze (1974a).

1965-C

Oh

the H Section. The total thickness of the Fillmore aggre- LAVA DAM MEMBER

gates 558 m (1,803 ft). The thickness of the composite The type locality of the Lava Dam Member is at Snea-
section at the top of the Fillmore is 836 m (2,744 ft). kover Pass (fig. 3) in the central House Range (Hintze and

The Wah Wah Limestone, Juab Limestone, and Kanoslthers, 1988, p. 21, fig. 5, table 1) where itis 110.9 m (364 ft)
Shale and their trilobite and brachiopod faunas are takethick. As a result of facies changes, the Lava Dam Member is
from the J Section (Hintze, 1973, p. 28-30; 1951, p. 57-6376.0 m (249.5 ft) thick in the Steamboat Pass—Lava Dam
1953, p. 36-40). composite section (Hintze and others, 1988, p. 25).
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Table 1. Universal Transverse Mercator 1,000 m grid coordinates, Zone 12, for bottoms and tops of constituent segments of the Ibexian
Series composite stratotype section.

[Map locations are shown in figures 1-7. Segments are listed in the order they should be visited to demonstrate thetthisaittion]

SEGMENT

BOTTOM

TOP

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

E 295,950 m; N 4,300,980 m
E 296,230 m; N 4,302,000 m
E 292,320 m; N 4,326,980 m
E 296,060 m; N 4,304,150 m
E 298,440 m; N 4,329,580 m
E 295,600 m; N 4,312,230 m
E 296,600 m; N 4,307,850 m
E 297,100 m; N 4,308,320 m
E 296,160 m; N 4,305,800 m
E 296,880 m; N 4,306,500 m
E 287,400 m; N 4,300,720 m
E 287,200 m; N 4,301,800 m
E 286,960 m; N 4,302,220 m
E 286,590 m; N 4,302,130 m
E 286,640 m; N 4,303,670 m

E 295,910 m; N 4,300,770 m
E 296,560 m; N 4,302,120 m
E 292,570 m; N 4,326,910 m
E 296,330 m; N 4,304,400 m
E 298,250 m; N 4,329,450 m
E 295,870 m; N 4,312,540 m
E 296,860 m; N 4,308,100 m
E 297,040 m; N 4,308,600 m
E 296,760 m; N 4,305,800 m
E 296,950 m; N 4,307,000 m
E 287,680 m; N 4,301,080 m
E 286,900 m; N 4,301,830 m
E 286,600 m; N 4,302,130 m
E 286,400 m; N 4,302,150 m
E 285,700 m; N 4,304,060 m

The Lava Dam Member consists of skeletal, oolitic, andcontinuous layers. The base is marked by arenaceous lime-
intraclastic lime grainstone and of cherty lime mud-sup-stone in the Lava Dam Five section. Detailed descriptions
ported limestone. Massive stromatolitic limestone forms theof the Lava Dam Five section and other sections of the
upper half of the Lava Dam Member in sections fartherNotch Peak Formation and the lower part of the House
north, but stromatolites are restricted to a thin interval in theLimestone are given by Hintze and others (1988), and by
middle part of the member at the Lava Dam. In most of itsHintze (1951, 1973).
exposures the member forms conspicuous cliffs and ledges
below the low ledges and rounded slopes of the conformably

overlying House Limestone. 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 lithostrati-
. The_type locality of the.House Limestone is the A SeC'graphic members has effectively supplanted that definition.
t|on_of Hintze (197_3' p. 8-9; 1951, p. 30-33), where the_for‘These members aggregate 549.5 m (1,803 ft) in thickness.
mation was _con5|d_erec_l to be 156.9 m . (515 ff) thICk'The informal members and their best representative sections
Subsequent inspection in 1993 led J.F. Miller to concludeye giscussed here in ascending order. Because of a change
that a unit 13.1 m (43 ft) thick had been left out of this mea-jy his original C Section, it is essential that reference be
surement. The thickness of the House Limestone used in thg,ade to the modifications in location of the measured sec-
composite section is therefore 170.1 m (558 ft) on plate 1tjon that is designated 1965-C Section by Hintze (1973, p.
Supplementary sections are the Lava Dam North (LDN) sec46; and fig. 5 herein).
tion of Hintze (1973, p. 15-16) and Lava Dam Five (LD5)
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 sec-  The typical reference section of the informal ledge-

tion is offset and continues on the north side of the Lava Da”?orming limestone member (1) is in the 1965-C Section of
where outcrops are continuous from the upper part of thyintze (1973, p. 18-19) where the informal member is 147.8
Lava Dam Member of the Notch Peak Formation through they (485 ft) thick. The lowermost 22.5 m (71.5 ft) form the
House Limestone and into the Fillmore Formation. |edgy part of the member’ which rests directly on the upper-

The House Limestone consists of thinly to thickly bed- most massive ledge of the House Limestone at this locality.
ded, dark-gray limestone containing abundant brown toA supplementary section is inthe G Section of Hintze (1973,
black chert, grading from irregular masses to well-beddedb. 25). See figures 5 and 7 for locations.

HOUSE LIMESTONE

BASAL LEDGE-FORMING LIMESTONE MEMBER (1)
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N 4,304,000

N 4,303,000

N 4,302,000

Figure 6. Geologic map showing location of the B Section
of Hintze (1951) and the Lava Dam North (LDN) and Lava
Dam Five (LD5) measured sections of Hintze (1973) and
Hintze and others (1988). enr, Red Tops Member of the
Notch Peak Formation; Oenl, Lava Dam Member of the
Notch Peak Formation; Oh, House Limestone (dashed line
indicates a key bed); Of, Fillmore Formation; Tv, Tertiary
volcanic rocks; Qa, surficial deposits; Qs, sand. Heavy line,
fault; dashed where inferred; dotted where concealed; bar
and ball on downthrown side. Tielines indicate equivalent
beds across faults. Lines of sections are indicated by invert-
ed “V’s.” Lower boundary stratotypes of the Ibexian Series
and Skullrockian Stage are coincident and located in the
LD5 Section (see text). Base from U.S. Geological Survey
/ 1/ ‘ 1:24,000 Red Tops provisional quadrangle (1991). Geology
E 295,000 E 296,000 from Hintze (1974a) and Hintze and others (1988).

N 4,301,000

SLOPE-FORMING SHALY SILTSTONE MEMBER (2) informal basal ledge-forming limestone member and that

the section is offset approximately 0.8 km (0.5 mi) to the

The typical reference section of the informal slope-north (see fig. 5). In the Mesa supplementary section, the

forming shaly siltstone member (2) is in the 1965-C Sec-member is 98 m (312 ft) thick; its base is traced northward

tion of Hintze (1973, p. 17-18), where the informal mem-from the 1965-C Section. A second supplementary section

ber is 97.5 m (320 ft) thick. It should be noted that only theis the G Section of Hintze (1973, p. 21-22 and 25). See fig-
uppermost 9.4 m (30 ft) are exposed above the underlyingres 5 and 7 for locations.
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N 4,304,000

N 4,303,000

Figure 7. Geologic map showing 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 Blackhill-
sian 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. Of, Fillmore For-

mation (dashed lines indicate key beds); Ow,
Wah Wah Limestone; Oj, Juab Limestone; Ok,
Kanosh Shale; Ou, undivided Middle and Upper
Ordovician rocks, considerably faulted; Tv, Ter-

tiary volcanic rocks; Qa, surficial deposits; Qs,

sand. Heavy line, fault, dotted where covered; bar*
and ball on downthrown side; sawteeth on up-

thrown block. Tie lines indicate equivalent beds
across faults. Lines of section are indicated by in- \
verted “V’s.” Base from U.S. Geological Survey
1:24,000 Warm Point provisional quadrangle ‘
(1991). Geology from Hintze (1974a). E 286,000 E 287,000

7| N 4,302,000

N 4,301,000

LIGHT-GRAY LEDGE-FORMING MEMBER (3) (1973, p. 20) where the informal member is 98.8 m (324 ft)
thick. A conspicuous 1.5-m-thick (5 ft) ledge located
The typical reference section of the informal light-gray 51.8-53.3 m (170-175 ft) above the base of the informal
ledge-forming member (3) is in the Mesa Section of Hintzemember is used as a marker to offset 0.3 km (0.2 mi) to the
(1973, p. 20-21) where the informal member is 54.9 mnorthwest and to correlate with the highest of four marker
(180.0 ft) thick. The position of the base of the member isledges in the G supplementary section of Hintze (1973, p.
established by tracing the base of the underlying informal23-24) and in the H Section (Hintze, 1973, p. 27). See
member (2) northward from the 1965-C Section. Only 48.8figures 5 and 7 for locations.
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 5 and 7 for locations. CALCARENITE MEMBER (5)

The typical reference section of the informal calcarenite

BROWN SLOPE AND LEDGE MEMBER (4) 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

The typical reference section of the informal brown section is in the Square Top section of Hintze (1973, p. 22).
slope and ledge member (4) is in the Mesa Section of Hintzé&ee figures 4 and 7 for locations.
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Figure 8. Detailed range chart for selected trilobites and conodonts at the lower boundary-stratotype of the Ibexian Series inghe Lava D
Five segment of the Steamboat Pass—-Lava Dam section of Hintze and others (1988). Lowest observed oc&ordymlio$ andresi
coincides with the stratigraphic level of a steel bolt marking the base of the Ibexian Series at 39.1 m (128.3 ft) als®efttizelaava

Dam Member of the Notch Peak Formation. Open rectangles are error bars that provide a semiquantitative (nonprobabéitiof estim
how well established are lowest and highest occurrences of a species as suggested by occurrence/absence in subjacasrdridssilper]
bearing samples. Spaukiella juniaSubzone and SSaukiella serotingSubzone ofSaukiaZone; EaEurekiaapopsisZone; Md,Missis-
quoiadepressa&ubzone and Milissisquoiaypicalis Subzone oMissisquoiaZone; Hh HirsutodontushirsutusSubzone, FiFryxellodon-
tusinornatusSubzone, and C&lavohamuludintzeiSubzone of th€ordylodusproavusZone; Hs HirsutodontussimplexSubzone and

Ch, ClavohamulushintzeiSubzone ofordylodusintermediusZone.

CALATHIUM CALCISILTITE MEMBER (6) The upper 11 m (36 ft) of the formation is correlated with the
lowermost beds of the type Whiterockian Series (Ross and
The typical reference section of the inforr@allathium Ethington, 1991). See figure 7 for location.
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 IBEXIAN BIOSTRATIGRAPHY
(1973, p. 22). See figures 4 and 7 for locations.

INTRODUCTORY STATEMENT

WAH WAH LIMESTONE . .
As applied to lower Paleozoic rocks of the Western

United States and elsewhere, trilobite zones and subzones

The type section of the Wah Wah Limestone is in the raditionally have been contiguous assemblage zones and
Section of Hintze (1951, p. 16-17). The formation is wellsubzones (Taylor, 1987, p. 55, fig. 7.3). They are defined and
exposed in the mountain front between sections H and J afharacterized by associations of taxa that occur in a consis-
Hintze (1951; 1973, p. 29-30). The Wah Wah is 78.6 m (258ent homotaxial arrangement. (Compare NACSN, 1983, p.
ft) thick, but only the lower 67.6 m (222 ft) is Ibexian in age. 862—-863, fig. 4.) Correlation of trilobite assemblage zones
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Figure 9 (above and facing page). Lava Dam Five section (LD5), southern House Range, WtahAreal view, looking south. Numbers

on photograph identify the following: 1, east end of dirt track connecting to Tule Valley Road; 2, base of Lava Dam Feenitivethe

Red Tops Member of the Notch Peak Formation; 3, base of Lava Dam Member, from which all vertical measurements on pkate; 1 are ta

4, normal fault that repeats 3 ft (0.9 m) of strata in lower part of Lava Dam Member (left side is uplifted); 5, boundgypespraint at

base of the Ibexian Series; 6, base of massive cliff-forming limestone unit in upper part of Lava Dam Member; 7, vetiithl 2u® m

(40 ft) displacement (strata to right uplifted); 8, base of House Limestone; 9, top of LD5 part of measured section. Sderflguegion

of traverseB, Closeup 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 indicatd foetdgse of

Lava Dam Member without correction for 3-ft-displacement fault shown in Ri¢position 4). Photographs by J.F. Miller.

emphasizes comparison of faunal content of the zone, ratherorrelation risks error because of ecological (facies) differ-
than zonal boundaries. In contrast, conodont zones and sulences in sections away from the boundary stratotype.

zones are customarily interval zones in the nomenclature of  |n this report, we have integrated conodont, brachiopod,
the North American Stratigraphic Code (NACSN, 1983, p. and trilobite biostratigraphic data (fig. 10). The result is a
862, fig. 5; also compare Taylor, 1987, p. 55, fig. 7.3) andbiostratigraphic classification scheme that includes zones
normally are defined by the lowest observed occurrence of gat are (1) defined by the lowest observed occurrence of a
specified taxon in a typical reference section. Correlation byparticular taxon; and (2) characterized by faunal assem-
conodont interval zones may be accomplished by recognizblages with species that lived under different ecologic
ing the lowest occurrence of the defining taxon in rocks awayrequirements and whose remains exhibit widely divergent
from the typical reference section and by assuming that th@atterns of paleobiogeographic distribution. Thus, the Ibex-
two points are isochronous. In this practice, emphasis idan high-resolution zonal scheme enhances the probability of
placed on boundaries rather than content of conodonbvercoming local facies differences and improving precision
interval zones. Used alone the interval-zone method ofn long-range biochronologic correlations.
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PRE-IBEXIAN FAUNAL ZONES The Saukiellaserotina Subzone is recognized in the
Lava Dam Five section by the occurrenceEaptychaspis
The lithostratigraphy and biostratigraphy of rocks Kirki Kobayashi,Macronodasp., Heterocaryontubercula-
underlying the lower boundary of the lbexian Series aretum Rasetti, andLeiocoryphe platycephala Kobayashi.
briefly summarized here to provide a context for definition Based on present knowledge, no indicator ofShekiella
of the lower-boundary stratotype in the Lava Dam Five segserotinaSubzone occurs above the lower-boundary strato-
ment of the Steamboat Pass—Lava Dam section of Hintze art§ipe point at the base of the Ibexian Series.

others (1988, fig. 8; this report, figs. 6, 8). Pre-lbexian conodonts in the Lava Dam Member of the
Although the Notch Peak Formation of the Ibex areaNotch Peak Formation in the Lava Dam Five section are
has yielded trilobites that are as old as the Upper Cambriaassigned to the€€Cambrooistodusminutus Subzone of the
Taenicephalugone (Taylor, 1971; M.E. Taylor in Millerand Eoconodontuszone (Miller, 1988) (figs. 8, 10). Conodont
others, 1982), for practical reasons discussion here begins Bpecies present includ@ambrooistodusambricus Cam-
the Lava Dam Member of the Notch Peak Formation with tri-prooistodusninutus Eoconodontusotchpeakensj$®hakel-
lobites of the Upper Cambri@aukiellaserotinaSubzone of  odus elongatus Proconodontusmuelleri Proconodontus
the SaukiaZone. serratus andProsagittodontugureka all but one of whose
TheSaukiellaserotinaSubzone of th&aukiaZone was ranges terminate abruptly in the lbex area at the lower
named by Longacre (1970, p. 12) as a replacement name fboundary of the Ibexian Series. Other conodonts that range
theSaukiellanorwalkensisSubzone of Winston and Nicholls across the lower boundary of the Ibexian incliteon-
(1967, p. 69), which was based on an association of trilobiteedontusnotchpeakensjg-urnishinasp., Problematoconites
underlying theCorbiniaapopsisSubzone of th&aukiazone perforatus Prooneotodugallatini, andProoneotodusotun-
(=EurekiaapopsisZone of this report) in the Wilberns For- datus Rare specimens assignedtmtundoconusp. occur at
mation of central Texas. the top of theCambrooistodusninutusSubzone.



14 EARLY PALEOZOIC BIOCHRONOLOGY OF THE GREAT BASIN

IBEXIAN FAUNAL ZONES AND SKULLROCKIAN STAGE (NEW)
CHRONOSTRATIGRAPHY
The lower-boundary stratotype of the Skullrockian
Silicified trilobites of the type Ibexian were first Stage coincides with the lower-boundary stratotype of the

described in a classic monograph by Hintze (1953). JenseH)exian Series, 39.1 m (128.3 ft) above the base of the Lava

(1967) documented the stratigraphic occurrences of brachioD @M Five section of the Steamboat Pass-Lava Dam compos-

pods, although most of the species he described were fror'rt1e section. This point coincides with the base oftfirsut-

. . odontushirsutusSubzone of th€ordylodusproavusZone.
younger Whiterockian strata. Demeter (1973), Terrell.l.he name “Skullrockian Stage” is taken from Skull Rock

(1973), and Young (1973) augmented taxonomic knowledgq;ass (UTM Coord., Zone 12: E 297,380 m: N 4,322,800 m),

of Ibexian trilobites as well as information on their strati- although the rocks exposed in the pass are actually younger
graphic ranges. Conodont occurrences for these sectiongan the Skullrockian Stage.

were documented by Miller (1969), Ethington and Clark The Skullrockian Stage is characterized byEheekia
(1971, 1981), Ethington and others (1987), Miller and othersyonsis Zone, Missisquoia Symphysurina Bellefontia
(1982, p. 168-169), Miller in Hintze and others (1988, pl. 1), XenostegiumandParaplethopeltistrilobite Zones, and the
and Miller (1988). Hook and Flower (1977) described Cordylodusproavus Cordylodusintermedius Cordylodus
numerous nautiloid cephalopods from the Ibexian part of theindstromi lapetognathus Cordylodusangulatus and all
Wah Wah Limestone. Braithwaite (1976) described grapto-except the uppermost part of tRessodusanitouensigon-

lites from the Ibexian sections, but their ranges have not beendont Zones. The upper limit of the stage is the base of the
precisely determined. The ranges of genera and species &tairsian Stage, which is drawn at the base of_#ieste-
echinoderms are discussed in Appendix 4 by James SprinklgiumKainellaZone.

and T.E. Guensburg, and are shown on plate 1, €hart

EUREKIA APOPSISZONE

IBEXIAN STAGES AND Nomenclatural history of divisions of tl&aukiaZzone
TRILOBITE ZONES has been recently summarized by Loch and others (1993).
Herein we follow Ludvigsen and Westrop (1985, p.
Ross (1951) and Hintze (1953) subdivided the Lower139-140, fig. 1) by including thEurekia apopsisSubzone

Ordovician into a succession of trilobite and brachiopod ©f the SaukiaZone in the overlying Ibexian Series, rather

assemblage zones, which have been widely applied in biothan in the underlying Croixian Series as recommended by

stratigraphic correlation of North American rocks here Loch and bothers (1993d ﬁgo'l ?)',Tr?r?r:(? apquiSS:Jt;
assigned to the Ibexian Series. Ethington and Clark (1981)Zone can be recognized widely in Nor merican pattorm

Miller and others (1982), and Ethington and others (198”?2?}32??&15\:;ep(;?tcogmze the subzone as an indepen-

rovided detailed conodont zonal ranges in the Ibexian e . . . . .
P g vp The Eurekia apopsisZone is recognized in the Lava

area, but the conodont zone boundaries do not precisel}sam Member in the Lava Dam Five section b

. . - ) y the occur-
commdg with the trilobite zone boundgrle_s. As a m_a;ter ofrence ofEurekia apopsigWinston and Nicholls)Acheilops
convenience and for general communication, we divide themasonensisWinston and Nicholls,Larifugula leonensis
Ibexian Series into four new stages with stage boundarie%\,\,instOn and Nicholls), an@iriarthropsis nitidaUlrich (pl.
primarily defined on trilobite ranges in the composite strato-1. fig. 8). Lowest trilobite collections assigned to Eagekia
type section of the series. The stages take their names frogpopsiszone were collected 39.2 m (128.6 ft) above the base
geographic features in the general vicinity of the Ibexianof the Lava Dam Member, whereas the highest collections
composite stratotype in the southern House and Confusioare from 40.9 m (134.1 ft) above the base of the member. In
Ranges. However, rocks exposed at those geographic fedhe composite column (pl. 1) the zone ranges from 80.46 m
tures are not representative of the chronostratigraphic unitg264 ft) to 83.2 m (273 ft) above the base.
The new stage names and their component shelly fossil and
conodont zones are listed in figure 10. The inadequacies of
former Lower Ordovician stages are discussed in a section MISSISQUOIA ZONE

entitled “Historical Perspective.” o ) )
The MissisquoiaZone was named by Winston and

The utility of the trilobite zones of the type Ibexian is Njicholls (1967) for a characteristic trilobite assemblage in
exceptionally well illustrated by Dean’s (1989) monograph the upper part of the Wilberns Formation in central Texas.
on the trilobites of the Survey Peak, Outram, and Skoki ForDerby and others (1972) redefined MéssisquoiaZone to
mations at Wilcox Pass, Jasper National Park, Alberta. include those faunas above tt&atikiaZone” (that is, above
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Figure 10. New stages of the Ibexian Series showing the shelly fossil and conodont zones by which they are characterized with recom-
mended abbreviations for zones. Also shown are correlations with previous lettered shelly fossil zones of Ross (195@)rfastabrémd
southeastern Idaho, Hintze (1953) for the Ibex area of western Utah, and lettered conodont faunas of Ethington and Clairke(fpa#1)

tern, rocks missing at unconformity.

theEurekia apopsiZone of this report) and below the lowest to 238.1 ft) above the base of the Lava Dam Member. This
occurrence oBymphysurinan the Survey Peak Formation, translates to an interval 83.2 m (273 ft) to 114.3 m (375 ft)
southern Alberta, Canada. This restricted the lower part odbove the base of the composite section (pl. 1, cAa@}.

the zone in order to exclude the lower rangespimphys- The top of theMissisquoiaZone coincides with the
urina, which had been included in the original zone by Win-|qver boundary of th&ymphysurin&one which is recog-

ston and Nicholls (1967). Taylor and Halley (1974) nizeq |ocally by the lowest occurrence 8§mphysurina
recognized th&lissisquoiaZone in eastern New York State. brevispicata

Stitt (1977, pl. 12) refined and divided thBssisquoia
Zone into a lowemMissisquoia depress&ubzone and an
upperMissisquoia typicalisSubzone in the Signal Moun-
tain Limestone in Oklahoma. Both subzones can be recog-
nized in the Lava Dam Member of the Notch Peak _ o )
Formation in the Lava Dam Five section. TMessisquoia Lower and Middle Ordovician rocks in the Western
depressaSubzone is indicated by trilobites collected from United States were initially divided by Ross (1949, 1951,
41.5 m (136.1 ft) above the base of the Lava Dam Membet953, 1968) into a scheme of trilobite and brachiopod assem-
in the Lava Dam Five section. The assemblage containBlage zones lettered from A to M in the Garden City and
Missisquoia depress&titt, Plethometopus armatugBill- Swan Peak formations of southeastern Idaho and northeast-
ings), and a single olenid? free cheek. ern Utah. Hintze (1951, 1953, 1954) applied Ross’s zonal

The Missisquoia typicalisSubzone is recognized in the scheme, with some emendations, to the Pogonip Group in
Lava Dam Five section by the occurrenc®lafsisquoia typ-  the House Range-Ibex area of western Utah, the area of the
icalis Shaw. The subzone extends from 43.0 to 72.6 m (141.@resent report. Hintze (1953, p. 5) did not recognize Zone A

SYMPHYSURINAZONE (=ZONES A AND B, REVISED)
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of Ross; instead he assigned his lowest Ordovician trilobiteSymphysurina brevispicatdintze

assemblage to Zone B, which he called $yenphysurina  Highgatella cordilleri(Lochman)

Zone. Hintze’s (1953, p. Bymphysurin@one consists ofa  Missisquoia inflatawinston and Nicholls
lower part characterized byystricurus millardensigdintze Symphysurina bubop#inston and Nicholls
and Symphysurina brevispicatdlintze, and an upper part

that contains different speciesldystricurusandSymphys-

urinain association with species Gfelandia, Xenostegium BELLEFONTIA-XENOSTEGIUM ZONE
andBellefontia (=ZONE B IN PART)

Stitt (1977) studied detailed trilobite ranges in the Sig-
nal Mountain Limestone of the Wichita Mountains, Okla-
homa, and divided th&ymphysurinaZone into a lower

Symphysurina brevispicatSubzone, a middl&ymphys- 1_3—15) restricted thBeIIefontia—Xenostegiuerone_to trilo-
urina bulbosaSubzone, and an upp8ymphysurina woost- bite assemblages that occur above SgenphysuringZone

eri Subzone. Stitt (1977, p. 32-36, pl. 7) defined the base ofmd below theParaplethopeltisZzone in the McKenzie Hill
the Symphysurina brevispicat®ubzone as the lowest Formation of Oklahoma. The zone is correlated with the
observed occurrence &ymphysurina brevispicatdintze upper part oSymphysurinaone B of Hintze (1953) and is

andHighgatella cordilleri (Lochman). The overlyingym-  N€re recognized as a separate zone in western Utah. The
physurina bulbosaSubzone is defined by the lowest !BeIIefontla-XenosteglunZone occurs in a stratigraphic
observed occurrence 8ymphysurina bulbodaochman. As interval 7,1 m (233, f) 0 5.5m ,(18 ) pelow the top of th?
so defined, th&ymphysurina brevispicatiubzone can be Hoqse Limestone in the B Section of Hintze (19'51). That is
recognized in the Steamboat Pass—Lava Dam composite segduivalent to 216 m (708.6 ft) to 281 m (923 ft) in the com-
tion beginning 73.5 m (241 ft) above the base of the LavaPosite sectlon.. o ] ]
Dam Member (equals 1.6 m (5.4 ft) below the top of Notch The foIIowmg_ trilobite ano_l brach|9p0d species charac-
Peak Formation). In the composite section (pl. 1, chartderize theB_eIIefontla-Xenosteglumone in the typical refer-
A-C) the Symphysurin&one ranges from 114.3 m (375 ft) ©€nce section of the Skullrockian Stage:
to 216 m (708.6 ft) above the base. Trilobites:
Taylor and Landing (1982) studied new trilobite and Bellefontia chamberlainClark
conodont collections from the lowermost part of the GardenBellefontia ibexensiblintze
City Formation in northeastern Utah and southeastern Idah&lelandia utahensi®Ross
and showed that an unconformity exists between the GarHystricurus genalatuoss
den City and the underlying St. Charles Formation. TheyHystricurus politusRoss
concluded that the hiatus corresponds to most ofSgma-  Parabellefontia concinn&lintze
physurina brevispicat®&ubzone, whereas trilobite Zones A Symphysurina globocapitelldintze
and B of Ross (1949, 1951) are equivalent to the upper pa$ymphysurinaf. S. cleora(Walcott)
of the SymphysurinaZone B of Hintze (1951, 1953) (see Symphysurinaf. S. spicataWalcott
further, Stitt, 1977, p. 35-36; and Taylor and Landing, Symphysurina uncaspicakéintze
1982, p. 184-185). Symphysurinaf. S. woosterWalcott
Stitt's (1977) three-fold division of th8ymphysurina ~ Xenostegium franklinendRoss
Zone currently cannot be recognized in the type area of theenostegiunef. X. acuminiferentigRoss)
Ibexian Series. The possible reason for this is the presence of ~Brachiopods:
a massive cliff-forming layer, composed of lime mudstone Apheoorthiscf. A. melita(Hall and Whitfield)
from which few fossils can be broken out, within the strati- Lingulellacf. L. pogonipensisValcott
graphic interval of th&ymphysurin&one.
The top of theSymphysurin&one in the type area of
the Ibexian Series is here recognized at the lower boundary PARAPLETHOPELTIS ZONE (=ZONE C)
of the overlyingBellefontia-Xenostegiurdone (pl. 1, chart

A), which corresponds to assemblages assigned to the upper . Itn no:tgg?ﬁﬁ_rnkL_JtatE, R(;OSZ (19(‘;’%’ |p: 16, t1_9, Ztﬁ) tfound
part of theSymphysurinZone B by Hintze (1953, p. 6-8). 2n Intefva Ick In fhe T>arden &Ity Formation that was

. o ; . oorly fossiliferous and lacked markedly distinctive trilo-
The following trilobite species characterize tBgm- poorly y

h inaz ised herein. in the tvpical ref bites or brachiopods. Hintze (1953, p. 8) discovered forms by
physurinacone, as revised herein, in the typical relerence, ion this thin interval might be correlated. However, his
section of the Skullrockian Stage:

assemblage includddystricurus genalatufkoss, a species
Trilobites: thought to be characteristic of the underlyXenostegium-

Hystricurus millardensi$lintze Bellefontiaassociation of Ross’s (1951) Zone B. The distin-

Pseudokainella®p. guishing taxa are two species assigne®amplethopeltis

TheBellefontia-Xenostegiurdone was named by Ait-
ken and Norford (1967, p. 180) in Alberta. Stitt (1983, p.
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The zone occurs in a bed approximately 2.5 m (8 ft) thick The base of th&eiostegium-KainellaZone is defined
located 3.05 to 6.4 m (10 to 18 ft) below the top of the Houseinder “Stairsian Stage.” On plate 1, theiostegium-
Limestone in the B Section of Hintze (1951, p. 34). ThisKainella Zone is indicated by the letters LK. In the typical
horizon is approximately 281.5 m (923.6 ft) above the baseeference section of the Stairsian Stage, the zone is charac-
of the composite section (pl. 1). terized by the following shelly fossils:

Trilobite and brachiopod species recorded from the

ParaplethopeltisZone in the Ibex area include: Apat-gﬂleopbr:taeli.s finaligwalcott)
Trilobites: Hystricurussp.
Hystricurus genalatuRoss Kainellasp.
Paraplethopeltis genacurvidintze Leiostegium manitouensi¥alcott
Paraplethopeltis genarectusintze Pseudoclelandiap.
Brachiopod: Rossaspis pliomeriBemeter
Syntrophinacf. S. campbell{Walcott) Brachiopods:

Apheoorthisf. A. meekUlrich and Cooper
Nanorthiscf. N. hamburgensi§Walcott)
STAIRSIAN STAGE (NEW) Syntrophinasp.
As noted by Hintze (1953, p. 9), theeiostegium-

The lower boundary stratotype for the Stairsian Stage iainella Zone has proven to be one of the most useful
in a thick-bedded, fine-grained ledge-forming limestone,assemblages for correlation throughout North America, as
2.9-3.0 m (9.5-10.0 ft) thick that forms the prominentwell as in Colombia and Argentina. It occurs in a variety of
uppermost part of the House Limestone in the B Section oflepositional facies, from the shallow-shelf deposits of the
Hintze (1951, p. 33—-34). This limestone marker bed is tracetlanitou Formation of Colorado, to the Roberts Creek
northward in outcrop to the base of the 1965-C Section oMountains and Antelope Range of central Nevada, and in
Hintze (1973, p. 16-25). The base of the stage coincides witholcaniclastic breccias (Ross, 1958) of the Valmy Formation
the lowest observed occurrencd.-efostegiumandKainella, in western Nevada. BotfKainella and Leiostegiumare
which coincides with the base of theiostegium-Kainella  present in the Survey Peak Formation in Alberta (Dean,
Zone (=Zone D of Hintze, 1953, p. 9). In addition to the 1978). Pratt (1988) reporteteiostegiumand Kainella
Leiostegium-KainellZone, the Stairsian Stage is character-eleutherolfi Pratt from the Rabbitkettle Formation in the
ized by theTesselacauda, Rossaspis superciliaggpermost  MacKenzie Mountains, N.W.TKainella and Leiostegium
part ofRossodus manitouensisow Diversity IntervalMac-  are illustrated by Pribyl and Vanek (1980, pl. 12) from
erodus dianae and lower part of theAcodus delta-  Bolivia. Although Kainella seems to be the cosmopolitan
tus-Oneotodus costatugones. form, often associated with the olenidypermecaspis

The Stairsian Stage takes its name from “The Stairs,” d eiostegiumis reported as far away as the Digger Island
narrow valley along U.S. Highway 6 and 50 that descend$auna from Warata Bay, Victoria (Jell, 1985). Also, Qian in
from Skull Rock Pass westward into Tule Valley (UTM Chen and Gong (1986, p. 257—260) reported species of
Coord., Zone 12: E 297,000 m; N 4,322,200 m). AlternatingL eiostegiumin the Dayangcha section, northeastern China.
layers of resistant limestone and nonresistant shale of thBemeter (1973) describ&bssaspis pliomeriss a stem spe-
Fillmore Formation inspired the name. cies for pliomerids found in younger assemblages.

The top of the Stairsian Stage is the base of the Tulean
Stage, which is defined by the lowest observed occurrence of
faunas assigned to th#ntzeia celsaor&Zone. TESSELACAUDAZONE (=ZONE E)

The base of th@esselacaudZone occurs in unit 23 of

LEIOSTEGIUM-KAINELLA ZONE (=ZONE D) the informal ledge-forming limestone member (member 1)

of the Fillmore Formation in the 1965-C Section of Hintze

As noted, the base of theiostegium-KainellZone is (1973, p. 18). This level is approximately 112 m (368 ft)

in a thick limestone unit, 2.9-3.0 m (9.5-10.0 ft) thick, above the base of the Fillmore Formation. Although that
which forms the uppermost part of the House Limestone ifevel appears to be approximately 399 m (1,309.6 ft) above
the B Section of Hintze (1951, p. 34). The base of the zonéhe base of the composite section, Demeter (1973, p. 42;
lies at least 0.76 m (2.5 ft) below the top of the House Limetext-fig. 2) and Terrell (1973, p. 71) showed that the lowest

stone. Therefore, the boundary is no higher than 286 m (93@dicator of the zone is from 349 m (1,145 ft) of the com-

ft) above the base of the composite section (pl. 1, chartposite section (pl. 1).

A-C). Ethington and Ross revisited Hintze's (1951) B Sec- This assemblage zone has been recognized in the sub-

tion on June 17, 1994, to verify the observations of K.M.surface of the Williston Basin by Lochman (1966) despite

Engel (1984) concerning the positioning of this boundary. the lack of silicified preservation. It is also present in the
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upper part of the middle member and upper member of the  Trilobites:

Survey Peak Formation in Alberta (Dean, 1978), where it isAmblycranium cornuturfRoss
indicated byLeiostegium (Evansaspis), Tesselacaualad Goniophrys primaRoss
Paenebeltella Terrell (1973) made additional collections Hillyardina semicylindricaRoss
from the Ibex area and noted four species characteristic oflyperbolochilus marginauctuiRoss
Zone F that occurred in the upper part of the range of a Zon&lystricurus contractufRoss

E assemblage. Demeter (1973) confirmed the presence dfystricurus flectimembruRoss
Tesselacaudalepressaand addedPilekia? loella to the  Hystricurus oculilunatuRoss

assemblage. He also indicated tiRilekia? trio Hintze  Parahystricurus fraudatoRoss
ranges into Zone F. Parahystricurus bispicatuslintze

Pseudoclelandia cornupsittad@oss

Trilobites: Pseudoclelandia fluxafissufoss
Amblycranium variabilé&koss Pseudohystricurus obes®oss
Amechilus palaord&Ross Rossaspis superciliog&Ross)
Hillyardina sp.
Hystricurus robustufkoss
Hystricurussp. C of Ross (1951) TULEAN STAGE (NEW)
Leiostegium (Evansaspis) formadatze (4. (E.)
ceratopygoidef®aymond) The Tulean Stage takes its name from Tule Valley,
Paenebeltella vultulatRoss which bounds the west side of the House Range. Lower Pale-
Parahystricurus carinatuRoss ozoic strata, including those of the Ibexian Series, are exten-
Pseudoclelandia lenisorRoss sively exposed along both sides of the valley.
Pseudoclelandiaff. P. fluxafissuraRoss The base of the Tulean Stage coincides with the base
Tesselacaudaff. T. depressé&oss of the Hintzeia celsaoraZone. In some sections that level
TesselacauddepressaRoss may be indicated by the lowest occurrenceVi@noparia
Pilekia? trio Hintze genalunataand Psalikilus spinosum In other sections the
Pilekia? loella Demeter earliest appearance éfintzeia celsaoraname bearer of
Brachiopod: zone G-1 of Hintze (1953, p. 12) may be the better indica-
Syntrophing sp. tor. Although Aulacoparina quadratais present in either

case, the difference stratigraphically may be as much as
11.6 m (38 ft). Currently the lowest occurrence of

ROSSASPISSUPERCILIOSA ZONE (=ZONE F) Menopariq_genalunata’s the pragmatic choice because of
its recognition outside the Ibex area.
Hintze (1953, p. 11) applied the nalmtopliomerops The stratotype for the base of the Tulean Stage is located

superciliosaZone to a trilobite assemblage in the Fillmore in unit 2 of the informal slope-forming shaly siltstone mem-
Formation with a high percentage of taxa in common with Per (member 2) of the Fillmore Formation. In the 1965-C
Zone F of Ross (1951) in northeastern Utah. HarringtonSection of Hintze (1973, p. 17), unit 2 is 28 m (92 ft) thick,

(1957, p. 812) placeBrotopliomeropsn junior synonymy and underlain by 3.4 m (11 ft) of the informal slope-forming
with Rossaspis shaly siltstone member. The lowest reported occurrence of

From the Tarutao Formation of Southern Tha”and’Menopariagenalunat'ﬂ; 11.6 m (38 ft) above the base of unit

. . . _ ' 2.Inthe G Section of Hintze (1973, p. 25), unit 2is 9.1 m (30
S.ta't and oth.erst (;984.) reportB«bssaspmu_nopas,l a spe ft) thick, but underlain by a 24.7 m (81 ft) covered interval
cies almost indistinguishable froRossaspisuperciliosa

It and associated trilobites suggest correlation with this ar{rom which no distinctive fossils have been reported. Here

f the Ibexian Series. Th 199€st . ety of FI) he lowest reported occurrenceMénoparia genalunatis
ofthe fbexian Series. 1 here IS an Increasing variety ot plio-y g, (6 ft) above the base of unit 2, where it is joined by
merid trilobites, possibly derived fronRossaspis in

: - ' Hintzeia celsaoraThat occurrence is approximately 448 m
younger assemblages in the Tarutao Formakigstricurus

. X . (1,472 ft) above the base of the composite section.
and Hystricuruslike forms seem to reach a maximum We expect that additional attempts to collect fossils from

diversity in this zone. the poorly exposed shaly beds below unit 2 of member 2 will

The base of thRossaspis superciliostone is in unit4  require that the base of the stage be redefined downward.
of the informal basal ledge-forming limestone member

(member 1) of the Fillmore Formation in G Section of Hintze

(1973, p. 25). This level is 53 m (174 ft) above the lowest HINTZEIA CELSAORAZONE (=ZONE G-1)

exposure of the Fillmore Formation in that section. The level

is 124 m (406 ft) above the base of the Fillmore Formation in The lowest part of the Outram Formation (Dean, 1978)
the 1965-C Section of Hintze (1973) and approximately 408in Alberta contains species characteristic of this zone, partic-
m (1,340 ft) above the base of the composite section (pl. 1)ularly Menoparia genalunataLochman (1966, p. 524-526)
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recognized the zone in the subsurface of the Williston Basin,  Brachiopods, cephalopods, and graptolites:
but preferred to combine it with the next higher zoneNanorthissp.

(=Zones G-1 and G-2Benthamaspis obreptyéochman)  Syntrophin& sp.

was reported by Lochman (1966, p. 541-542) from theEndocerasp.

Deadwood Formation in the Williston Basin, Montana. A Rhabdinoporasp.

similar species was reported by Ross (1958) from a volcaniDidymograptu® sp.

clastic flow breccia in central Nevada.

Trilobites:
Aulacoparina quadratgHintze)
Hintzeia celsaorgdRoss)
Hintzeia firmimarginigHintze)
Menoparia genalunat®oss
Peltabelliasp. B of Hintze (1953)
Psalikilus spinosunidintze
Graptolite:
Rhabdinoporasp.

BLACKHILLSIAN STAGE (NEW)

The Blackhillsian Stage takes its name from the low
hills at the south end of the House Range that extend south-
ward from Skull Rock Pass for more than 32 km (20 mi). The
dark color of the lower Paleozoic carbonate rocks exposed
there lends itself to the name. Many of the exposures of the
Ibexian Series are arrayed along the west flank of these
Black Hills. The base of the stage and of its lowest faunal
zone, thelrigonocerca typicaone, is marked by the lowest
observed occurrence dffrigonocercatypica The lower
boundary stratotype is located in the H Section of Hintze

The lower contact of th@rotopliomerella contracta (1973, . 26), 5.8 m (19 ft) above the base of unit 2 of the
Zone is located at the bottom of unit 2 of the informal light- informal calcarenite member (member 5) of the Fillmore
gray ledge-forming member (member 3) of the Fillmore Formation. This levelis 708 m (2,327 ft) above the bottom of
Formation in the G Section of Hintze (1973, p. 25). In thethe composite section (pl. 1).

G and H Sections the zone ranges upward for 183 m (600
ft) through most of the overlying informal brown slope and

PROTOPLIOMERELLA CONTRACTAZONE (=ZONE G-2)

ledge member (member 4). The base of the zone is approxi- TRIGONOCERCATYPICA ZONE (=ZONE H)
mately 518 m (1,700 ft) above the base of the composite ) ) _ )
section (pl. 1). As just mentioned, the base of tfiggonocercatypica

The Protopliomerella contract&Zone of Hintze (1953, Zone of Hintze occurs 5.8 m (19 ft) above the base of unit 2
p. 13) is equivalent to Zone G-2 of Ross (1951). In additiorPf the informal calcarenite member (member 5) of the Fill-
to the lists of Ross (1951, p. 28) and Hintze (1953, p. 14)more Formation in the H Section of Hintze (1973, p. 26). Itis
note should be made of the study of pliomerids by Demete@quivalentto Zone H of Ross (1951, p. 28). To the lists of taxa
(1973). Fortey and Peel (1990) found bBtitabelliaand  published by Ross (1951, p. 28) and by Hintze (1953, p. 16)
Licnocephalain the Poulsen Cliff Formation in northern the faunal list of Young (1973) must be added. The earliest
Greenland and gave an excellent account of the wide ge@ppearance of cosmopolit&arolinites Ischyrotoma and

graphic occurrence défeltabellia

Trilobites:
Aulacoparia ventgHintze)
Aulacoparina impressaochman
Hintzeia celsaorgRoss)
Licnocephala bicornut&oss
Licnocephal& cavigladiusHintze
Macropyge gladiatoRoss
Menoparia genalunat&®oss
Peltabellia peltabellfRoss)
Peltabelliasp. A of Hintze (1953)
Protopliomerella contractdRoss)
Protopliomerella pauc®emeter
Protopliomerops quattuadintze
Psalikilus paraspinosurHlintze
Psalikilus typicunRoss
Protopresbynileus willder{Hintze)
Ptyocephalus fillmorensidintze)
Scinocephalus solitecRoss

Pseudocybelend the arrival of bathyurinids, such@asnio-
teling, set the stage for the closing of the Ibexian Ep®kib-
onocerca typicacan be recovered in many outcrops from
bioclastic limestones with relative ease. Fortey (1979) in a
well-illustrated paper interpreted the Catoche Formation of
western Newfoundland to be correlative with this zone.

Ischyrotoma blandeHintze normally is considered a
member of this assemblage, but in the H Section it occurs 8.8
m (29 ft) lower in the section.

Trilobites:
Amblycraniun? linearusYoung
Carolinites genacinaca nevadensiimtze
Carolinites killaryensis utahenshintze
Diacanthaspi8 trispineusYoung
Goniotelin& plicolabeonusroung
Goniotelin& unicornisYoung
Ischyrotoma bland#&Hintze)
Ischyrotoma ovat#Hintze)
Kanoshi& depressaroung
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Peltabellig sp. the base of unit 9 of the inform@lalathiumsiltstone mem-
Presbynileus elongatuslintze) ber (member 6) of the Fillmore Formation in the H Section of
Protopliomerop8 quattuor brevisyoung Hintze (1973, p. 26). The lower boundary of the zone is
Psalikilopsis alticapitalisyoung defined by the lowest observed occurrenc@sdudocybele
Pseudocybele lemuréfintze nasutg which is approximately 830 m (2,723 ft) above the
Pseudocybele altinasutdintze bottom of the composite section.
Ptyocephalus acclivélintze The Pseudocybele nasufZone has yielded one of the
Opipeuter angularigYoung) most diverse and abundant faunas in the lbexian Series. The
Shumardia exopthalmuRoss following list is supplemented piparelasma rowelliRoss
Trigonocerca typicdRoss and TritoechialoganensisRoss from the Garden City For-
Trigonocerca typica piochensitintze mation (Ross, 1951, p. 27-28; 1968, p. H2—H4). Because of
Graptolites: the great diversity of trilobites and burst of orthid brachio-
Didymograptuscf. D. nitidus pods, this zone has been recognized widely. Dean (1988)
Rhabdinopor& 2 spp. noted the zone’s occurrence in the upper McKay Group in
Brachiopods: British Columbia and (1978) in the top of the Outram Forma-
Diparelasmasp. tion in Alberta. The zone is also represented in the Dounans
Trematorthi® sp. Limestone in the Highland Border Complex, Scotland (Ing-
Molluscs: ham and others, 1985).
Euompha]ug SP- Trilobites:
Catoraphicerasp. Benthamaspis diminutividintze
Endocerasp. Carolinites genacinac®oss

Cybelopsi<f. C. speciosd@oulsen
Goniotelina williamsi(Ross)
PRESBYNILEUSIBEXENSIS ZONE (=ZONE I) Goniotelina brighti(Hintze)

. . . . Goniotelina brevugHintze)
The Presbynileus ibexensiZone as recognized by sgniotelina wahwahens{#intze)

Hintze (1953, p. 15) is equivalent to Zone | of Ross (1951)'Ischyrotoma caudanodog®oss)
The base of the zone is 3.3 m (10 ft) above the bottom of unifsyteloides polari®oulsen
7, which forms the uppermost 35 ft of the informal calcarenitek gnoshiact. K. insolita (Poulsen)
member (member 5) of the Fillmore Formation in the H Sec-k awina sexapugi®Ross
tion of Hintze (1973, p. 25). The level is approximately 777 Kawina webbiHintze
m (2,549 ft) above the base of the composite section (pl. 1){ achnostoma latucelsuRoss
Trilobites: Presbynileus utahens(slintze)
Pseudocybele nasufkoss
Ptyocephalus declivitéRoss)
Ptyocephalugf. P. vigilansWhittington
Stenorhachis genalticurvatifslintze)
TrigonocercellaacutaHintze
Brachiopods:
Diparelasmacf. D. transversaJlrich and Cooper
Hesperonomia fontinali@/Vhite)
Hesperonomiaf. H. dinorthoidesUlrich and Cooper
Syntrophopsigf. S. politaUlrich and Cooper
TritoechiasinuataUlrich and Cooper
Cephalopods:

Carolinites genacinac&®oss
Isoteloides flexuslintze
Ptyocephalus yersir{Hintze)
Ptyocephalus acclivéHintze)
Presbynileus ibexens(slintze)
Pseudocybele altinasuf&intze)
Pseudocybele lemuréiintze
Goniotelu® sp.

Brachiopods:
Hesperonomiap.
Diparelasmasp.

o ”Graptolltes: Campbellocerasp.

yllograptussp. Catoraphicerassp.

Retiograptussp. Endocerassp.
PSEUDOCYBELENASUTAZONE (=ZONE J) HESPERONOMIELLA MINOR ZONE

(="ZONE K” OF HINTZE, 1953)
The Pseudocybele nasutZone was recognized by
Hintze (1953, p. 15-18) in the uppermost Fillmore Forma- The Hesperonomiellaninor Zone of Hintze (1953, p.
tion and lower Wah Wah Limestone. It is equivalent to Zone 19) is based on a remarkable 0.3-m (1 ft) thick shell bed of
J of Ross (1951). The base of the zone is 8.8 m (29 ft) abovevhite-weathering brachiopods. It occurs in unit 20 of the
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Wah Wah Limestone, at 65.5 m (215 — 217 ft) above the basRidge and Ranger Mountains Members of the Antelope Val-
of the J Section of Hintze (1973, p. 29). The level is 902 mey Limestone in the northern Ranger Mountains, Nevada,
(2,959 ft) above the bottom of the composite section. The faufrom which the stage takes its name. This is the lowest stage
nal assemblage occurs below a thin calcareous siltstone bearfthe Whiterockian Series. In the Ibex area Zone L is present
ing a variety of runzel marks. Scattered valves occur highein the highest 8.5 m (28 ft) of the Wah Wah Limestone,
through a thickness of 6 m (20 ft) in the stratigraphic sectionthroughout the Juab Limestone, and in the lowermost lime-
On the basis of stratigraphic position alone Hlesper-  stone beds of the Kanosh Shale. In the composite-stratotype
onomiella minorZonal assemblage has been referred, probsection the base of zone L is 902 m (2,966 ft) above the base.
ably incorrectly, to Zone K of Ross (1951, p. 27, 30). In The upper limit of the Rangerian is not a subject for this
addition to the Ibex area, it occurs as far east as Kanosheport. Under consideration is a proposed Kanoshian Stage,
Utah. In Utah the species may be associated with discontirte include brachiopod zones M and N , probably with a type
uous facies-controlled carbonate sand bars. section in the lbex area. Prior to a formal proposal its rela-
The critical features of the interior of the brachial valve tionship to the Chazyan must be precisely determined. The
of Hesperonomiella minowere poorly known (Ulrich and base of the Kanoshian in the lIbex section is 974 m (3,194 ft)
Cooper, 1938, p. 124) until Hintze made specimens availablabove the bottom of the composite section.
to Cooper (1956, p. 337, pl. 121H, figs. 20-22). Jensen
(1967) also published a description of the interior.
The genudHesperonomiellas represented biesper- PARALENORTHIS-ORTHIDIELLA ZONE (=ZONE L)
onomiella porcias(Walcott) in the Sarbach Formation of o ) _
the Canadian Rockies (Ulrich and Cooper, 1938, p. TheParalenorthis—OrthldleIIaZoqe is equivalent to the
124-125) and bydesperonomiellajuebecensii boulders ~ Z0ne L of Ross (1951) and th@rthis subalataZone of
of the Mystic Conglomerate in southern Quebec (Cooper,Hi“tze (1953, p. 19). At Ibex the brachiopod fauna is not as

1956, p. 337-338). It has also been reported by Lauridully developed as in sections to the west. Hiaremalorthis
(1980) from Tasmania. juabensisand species ddrthidiella appear in the upper part

The Zone K of Ross (1951, p. 27, 30) contains a transi®f the zone. The full faunal complement of the zone is listed

tional assemblage in northeastern URiparelasmasp. and by Ross and Ethington (1992’ table 1). o _
Hesperonomiasp. suggest affinities with Zone J, while the Subsequent to the writing of the original manuscript of
appearance dlastoidocrinussuggests a markedly younger this report (Ross and others, 1993), Fortey and Droser (1996,
“Chazyan” age. Sprinkle (1971, particularly figure 2, col- particularly table 1) made an important addition to trilobite
umn C) subsequently confirmed that this echinoderm is aRiostratigraphy of the Rangerian Stage and of Zone L at the
indicator of upper Zone L. Ross listétbtorthis from his Ib'ex section. With the exception of cursory trgatment by
Zone K, but it was a single valve identified with trepidation. Hintze (1953, p. 19), by Ross (1970, pl. 21), and in a master's
The close interrelation of Zones K and L was further dis-thesis by Valusek (1984, p. 133-138), the trilobites of this
cussed by Ross (1968, p. H2—H4). interval had received little attention. The trilobites described
The seeming absence of Zone K from some section®Y Fortey and Droser (1996) have been included on plate 1,

cannot be taken seriously as an indicator of hiatus, becauseGPartA of this publication.

was never established as a distinct zone in the first place. It should be noted that the base of ipodus laevis
conodont Zone essentially coincides with the base of the

Paralenorthis-OrthidiellaZone.

WHITEROCKIAN SERIES Brachiopods:
Paralenorthis marshall{Wilson)
The Whiterockian, originally proposed as a Stage byAnomalorthis juabensidensen
Cooper (1956), was redefined as a Series in Ross and othedsomalorthis lambd#&oss
(1982). Ross and Ethington (1991) provided a precise definiOrthidiella spp.
tion of the basal stratotype in the Monitor Range, centralSyntrophopsis transversdirich and Cooper

Nevada, supported by graptolite zonation by Mitchell Trilobites:
(1991). The base of the Whiterockian Series marks the top dEleutherocentrusp.
the Ibexian Series in the Ibexian type area. Parapilekie? sp.
Pseudomerap.
The trilobites added by Fortey and Droser @egolin-
RANGERIAN STAGE (NEW) ites ekphymosusg-ortey, Ectenonotugprogenitor Fortey and

DroserE. whittingtoniRoss GoniotellinaensiferFortey and

The Rangerian Stage is proposed here for the intervabroser,Ischyrotoma stubblefieldngham Kanoshiareticu-
represented by a Zone L fauna (Ross and Ethington, 1991ata Fortey and Droseiawina wilsoni Ross,Madaraspis
fig. 6; Ross and Ethington, 1992, fig. 4A) in the upper PaiutemagnificaFortey and DroseiRetigurusinexpectang-ortey
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and DroserPsephothenaspiglabrior Fortey and DroseR. generic reassignments and species synonymies based on

microspinaFortey and DroselR. pseudobathyurugRoss), later reports. Ranges of conodonts shown on plate 1,Bhart
PseudomeraarachnopygeFortey and DroserPseudoole- are taken from the work of Miller (1969, 1984) on lower
noidesaspinosug-ortey and DroseRunkacf. P. nitida(Bill- Ibexian faunas and on that of Ethington and Clark (1981) for
ings), andJromystromcf. U. validum(Billings). the House, Fillmore, and Kanosh Formations. Ranges of the

Wah Wah and Juab conodonts are based on unpublished data
from Ethington’s recollection of the entire span of these two
units in Section J of Hintze (1973). Several major studies of
Lower Ordovician conodonts are in press or in progress, and
further revisions of nomenclature can be expected. However,

Echinodermata:
Blastoidocrinu® sp.

CONODONT ZONES the purpose of this report is to demonstrate the general lithic
and fossil successions of the type Ibexian, and discussion of
INTRODUCTORY STATEMENT taxonomic nuances will detract from that objective.

Conodonts from the lowest part of the Ibexian Series

th M'”eli)(l%g) ;Nats tr;r:‘!rsttto desdcr(lzkl)e Eogggims from (lower part of the Skullrockian Stage) are cosmopolitan in
e type [bexian strata. Ington an ark ( ) SUMMaz iy distribution, and intercontinental correlation of these

rlzeddthetthir;\lcutrk:eAnt kr!owledg:edoft':]h? Low;ar”Ord((ijtlJman strata is not difficult (Miller, 1984). Rocks from the upper
conodonts of North America, a Study that was foflowe yanpart of the Skullrockian StageR¢ssodus manitouensis

overview of the distribution of these fossils in the Ibexian Zone) contain species that are more provincial in their distri-

type area and other p.arts of the Great BaS|.n by I_Ethmgt_orbution. Strata of the succeeding Stairsian, Tulean, and Black-
(1978, 1979). A detailed taxonomic and biostratigraphic hillsian Stages contain conodont species of the North

study of conadonts in the Ibex area of western Utah was P'®American Midcontinent Conodont Province. This faunal

sented by Ethington a’?d Clark (1981),.Whose coII(.ect.mg horl'province generally is associated with epicratonal and mio-
zons were keyed into the detailed descriptions of . . ; ; .
geoclinal environments, and intercontinental correlations

stratigraphic sections of Hintze (1951, 1973). J.F. Miller based on these vounder faunas are more difficult. Some spe-
(1988) has studied the lowest Ibexian conodonts in multiple young ' P

. . . ugs in these younger strata do occur elsewhere so that such
sections in the type area, and his range charts have been use . . : : X
X . . . X . correlations are possible at some biostratigraphic levels.
widely in international and intracontinental correlations.

These several reports demonstrated that conodonts are virtu- 1 he relationships between conodont and trilobite zones

ally ubiquitous throughout carbonate rocks of the type aredn the Ibexian composite stratotype section is indicated on
of the Ibexian Series. plate 1, charté andB, and in figure 10.

In Ibexian Series rocks, a sample of no more than sev-
eral hundred grams usually contains conodonts in suffi-
cient abundance and diversity to allow evaluation of the PRE-IBEXIAN CONODONT ZONES
collection and biostratigraphic placement. Preservation of
the specimens ranges from adequate to good. Conodont The conodont biostratigraphy of pre-lbexian strata was
Alteration Index (CAl) values of about 3.0 are typical for discussed by Miller (1969), Miller and others (1982), Miller
the Ibex area. A composite range chart prepared by Ethingin Hintze and others (1988), and Miller (1988). Conodonts in
ton and Clark (1981) shows a near continuum of speciepre-Ibexian strata in Utah are represented wholly by coni-
introduced in the Ibex sections. Although this sequence oform elements. Uppermost strata of the Trempeleauan Stage
species offered promise of a high-resolution biostrati- (upper part of the Red Tops Member and lower half of the
graphic zonation of the Ibexian strata, Ethington and ClarkLava Dam Member of the Notch Peak Formation) are
chose not to establish biozones that might be only of locahssigned to th&oconodontugZone, which consists of two
significance and instead recognized discrete segmentsubzones. The lower, ti®conodontusotchpeakensiSub-
within the Ibexian sequence as “intervals” that are characzone, is characterized Boconodontusiotchpeakensiand
terized by loosely defined faunal associations. Subsequerfroconodontusnuelleri species that continue to the top of
work in other parts of North America has demonstrated thathe overlying subzone, which is characterized by the pres-
many conodonts among those known at lbex occur in conence ofCambrooistodusninutus The top of th&Cambroois-
sistent sequential order elsewhere, and conodont biozonasdusminutusSubzone is marked by an abrupt termination
have been recognized in some parts of the Lower Ordoviof the ranges of conodonts and trilobites. Of the abundant
cian. Additional zones for previously unzoned parts of theconodonts, onlyEoconodontusnotchpeakensisoccurs in
succession are offered herein. Figure 10 summarizes thgounger strata in the Ibex sections. The complete thickness
older and new biostratigraphic nomenclature. of the EoconodontusiotchpeakensiSubzone is not shown

This discussion for the most part utilizes the taxonomicon plate 1, but the thickness of tiembrooistodu$ubzone
nomenclature of Ethington and Clark (1981) with someis 44.8 m (147 ft).
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IBEXIAN CONODONT ZONES Subzone is characterized by an influx of new species with
coniform elements, includinglbiconus postcostatusir-
CORDYLODUS PROAVUZONE sutodontus simplexMonocostodus sevierensis, Semiacon-
(=FAUNA A, LOWER PART) tiodus lavadamensisandUtahconus utahensisThe upper

subzone, that o€lavohamulushintzej begins 20.7 m (68

Cordylodusis the oldest ramiform conodont genus, the ft) above the base of the House Limestone in the Lava Dam
oldest whose elements display secondary denticles, in NortRorth section. It is characterized by advanced species of
America. Most of the conodont zones of the Skullrockian areCordylodus including Cordylodus druceiand Cordylodus
named for species d@ordylodus although species whose intermediusthat occur most commonly in the upper part of
elements are all coniform are used to recognize several sukhe subzone and continue into overlying strata. The
zones. The lowest observed occurrenc€afdylodusPan-  Clavohamulus hintzeBubzone varies in thickness within
der is immediately above the bolt and plaque that mark thehe Ibex area but typically is about 15.2 m (50 ft) thick. In
base of the Ibexian Series and Skullrockian Stage @Y. 9 addition to nearly all of the species of the underlying sub-
The base of th€ordylodusproavusZone is 39.1 m (128.3  zone, theClavohamulus hintze&ubzone is characterized by
ft) above the base of the Lava Dam Member in the Lava Dant|avohamulus hintzeindUtahconus tenuis
Five section. The lowest observed occurrendeéartlylodus
andresimarks the base of t&ordylodus proavuZone. The
lowest observed occurrence@érdylodus proavugs 3.7 m CORDYLODUS LINDSTROMIZONE
(12 ft) higher, and it ranges into younger zones. (=FAUNA B, LOWER PART)

The Cordylodus proavuZone occurs in the upper half ) )
of the Lava Dam Member of the Notch Peak Formation, and ~ Other advanced cordylodontiform and coniform con-
the top of the zone apparently coincides with the top of th@donts are introduced in the succeedgrdylodus lind-
member in several sections in the Ibex area. The Zone &FOMi Zone. The taxonomy o€ordylodus lindstromiis
divided into three subzones all of which are defined in thecontroversial, and we use the name in the loose sense, includ-
Lava Dam Five section. From oldest to youngest, the subnd in it elements that Nicoll (1991) described-asdylodus
zones are (1) theirsutodontus hirsutuSubzone, defined at  Prolindstromi Thus the base of owordylodus lindstromi
39.1 m (128.3 ft) above the base of the Lava Dam Membe@?”e correlates WIFh th€ordylodus lindstromi Zone_ of
and characterized bordylodusandresj Cordylodus proa- ~ Nicoll (1991) and with the base of t&ordylodus prolind-
vus andHirsutodontus hirsutug2) theFryxellodontus inor- ~ Stromi Zone of Shergold and Nicoll (1992) in Australia. In
natusSubzone, defined at 43.9 m (144 ft) above the base df'€ Ibex area, th€ordylodus lindstromZone begins 29.9 m
the Lava Dam Member and characterized Guyrdylodus (98 ft) above thg basg of the House L|m§stone in the Lava
proavus Fryxellodontusspp., Hirsutodontus hirsutysand ~ Dam North section. It is 11.9 m (39 ft) thick and is charac-
Hirsutodontus rarusand (3) theClavohamulus elongatus terized byCordondu§ I|nd.strom|.SeveraI species with coni-
Subzone, defined at 67.4 m (221 ft) above the base of thierm elemer?ts contlnue into this zone from the underlying
Lava Dam Member and characterizedgvohamulus bul- ~ €ordylodus intermediugone.
bousus Clavohamulus elongatus, Cordylodus progvus

Fryxellodontusspp., andSemiacontiodus nogami IAPETOGNATHUS ZONE (NEW)

The Cordylodus proavusZone can be recognized in (=FAUNA B, MIDDLE PART)
many parts of North America and elsewhere in the world
(Miller and others, 1982; Miller, 1988, 1992). The lapetognathusZone begins at 42.7 m (140 ft)

above the base of the House Limestone in the Lava Dam
North section. It is characterized by elementdapfetog-
CORDYLODUS INTERMEDIUSZONE nathusn. sp., a complex species that has worldwide distri-
(=FAUNA A, UPPER PART) bution. The base of the zone in the Ibexian type area is at
the lowest observed occurrencelapetognathusThe top
Advanced cordylodontiform species are introduced inis at the base of the overlyir@€prdylodus angulatuZone.
the overlyingCordylodus intermediugone in which they ThelapetognathusZone also contains several species with
are associated with a diverse fauna of species with coniconiform elements that are assigned tAcdntiodus’
form elements, many of which continue into overlying “Scolopodu$ and Utahconus The lapetognathusZone is
strata. This zone occurs in the lower part of the Hous&.9 m (26 ft) thick and occurs in the middle part of the
Limestone and includes two subzones. The lowerHihe House Limestone. This zone contains several taxa that also
sutodontus simplexsubzone, begins at the base of theoccur in the underlying zone, includir@ordylodus lind-
House Limestone in the Lava Dam North section. Thisstromi Previously, strata assigned to this new zone were
horizon is equal to the “50 ft” paint mark above the base ofncluded in theCordylodus lindstromiZone or the lower
the Lava Dam North traverse. Thirsutodontus simplex part of conodont Fauna B of some previous authors.



24 EARLY PALEOZOIC BIOCHRONOLOGY OF THE GREAT BASIN

lapetognathus. sp. is associated with the Tremadocian noted that, althoughoxodusbransoniis persistent through
olenid trilobite Jujuyaspis borealis(see Acenolaza and the range of this fauna and widespread geographically, only
Acenolaza, 1992) in the Drum Mountains, Utah, and in cen-a few specimens are found in most occurrences and many
tral Texas (Stitt and Miller, 1987), and in the House Lime- samples lack the species. He recommended that this biostrati-
stone north of Skull Rock Pass, central House Range (Millegraphic interval be identified as tfossodus manitouensis
and others, 1990). A probable associatiodwpfiyaspisand (= New Genus 3 of Ethington and Clark, 1981) Zone.
lapetognathusas been reported for the Rocky Mountains of Ethington and Clark (1981) observed that the con-
Canada (Westrop and others, 1981). At the time of publicaodonts of thdRossodus manitouendsne, which flourished
tion of that reportlapetognathusiad not been named, and during deposition of the upper half of the House Limestone,
Ed Landing discussed as New Genus B specimens whoséisappear abruptly at the top of that formation. They are
description suggests that they represent what he later nameéplaced in the lower part of the Fillmore Formation by an
lapetognathuslapetognathusccurs with earliest Tremado- almost wholly new population that has low diversity and
cian graptolites andujuyaspisat Naersnes near Oslo, Nor- abundance. They noted that this same succession is seen at
way (Bruton and others, 1988) and with earliest many places on and adjacent to the North American craton
Tremadocian graptolites in Estonia (Kaljo and others, 1988)and inferred that this faunal replacement event might be the
and in western Newfoundland (Landing, 1988). These occurmost persistent biostratigraphic event for correlation within
rences support a correlation of the base of the Tremadociathe Lower Ordovician conodont succession of North Amer-
Series of the Acado-Baltic faunal province with the base ofica. Ethington and others (1987) further documented this
thelapetognathugone in the type area of the Ibexian Series. event by comparing its expression in the type lbexian with
the conodont succession in the coeval lower Arbuckle Group
in Oklahoma. They suggested that this seeming continent-
CORDYLODUS ANGULATUSZONE wide abrupt replacement of a well-established conodont
(=FAUNA B, UPPER PART) fauna by an impoverished population mimics the trilobite
biomeres that have been recognized in the Cambrian of
The Cordylodus angulatuZone begins 50.3 m (165 ft) North America. They also reported that significant changes
above the base of the House Limestone in the Lava Danin the invertebrate faunas in the same sections occur at dif-
North section. Itis 18.3 m (60 ft) thick and includes the mostferent horizons than the conodont event, so that mutual
advanced species @ordylodusthat occur in the Ibexian as response to environmental change seems not to be indicated.
well as a great variety of species with only coniform ele- Additional evidence for this event is provided by Ji and Bar-
ments. This zone is characterized®yrdylodus angulatus  nes (1993), who recorded a similar abrupt termination at the
Pander and many species that continue into this zone fronop of the range of the conodonts of tRe manitouensis
underlying strata, for exampl€ordylodus lindstrom{see  Zone in the St. George Group of the Port au Port Peninsula in
further, pl. 1). western Newfoundland.
The horizon of this event is just above the top of the tri-
lobite ParaplethopeltiZone and the boundary between the
ROSSODUSVIANITOUENSIS ZONE (=FAUNA C) House Limestone and Fillmore Formation (see Ethington
and others, 1987, for details). It lies within the basal part of
TheRossodus manitouengisne begins 84.4 m (277 ft) theLeiostegium-KainellZone and of the Stairsian Stage.
above the base of the House Limestone in the Lava Dam
North section. It contains a much more diverse conodont
assemblage than is present in earlier zones. The base of the@w DIVERSITY INTERVAL (=FAUNA D, LOWER PART)
zone is marked by the lowest observed occurrenBos$o-
dusmanitouensisCordylodusis represented by occasional The conodonts in the lowermost 100 m (318 ft) of the
specimens ofordylodus angulatuBander, but many of the Fillmore Formation occur in very sparse numbers and have
taxa that Furnish (1938) reported from the Oneota Formatioow diversity. Principal components of the fauna are
of the American Midcontinent dominate the conodont faunasDrepanoistodusbasiovalis (Sergeeva) and a species very
of the upper half of the House Limestone. These includesimilar to and perhaps conspecific wiBcolopodusrex

“Acanthodus lineatus “Oistodu$ triangularis, Variabilo- Lindstrom. This part of the section also has sporadic occur-
conus basslerandScolopodu®sulcatusLess common fau-  rences ofColaptoconus quadraplicaty8ranson and Mehl)
nal elements ar€lavohamulus densusurnish, Paltodus and Eucharodus parallelugBranson and Mehl), two spe-

spuriusEthington and Clark, anidoxodus bransorirurnish. cies that Ethington and Clark (1971) considered to be fun-
Ethington and Clark (1971) identified this assemblage ofdamental to the assemblage that they identified as conodont
conodonts Fauna C, and they (1981) subsequently discussétuna D. These latter species are long ranging in the type
the upper House strata in which it occurs aslibeodus Ibexian and elsewhere in Lower Ordovician successions.
bransonilnterval. Landing (in Landing and others, 1986) Frequently they are found to the exclusion of any other
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conodonts, and, by themselves, are insufficient to charactethrough its range with two species that make their appearance
ize a zone. We therefore follow the lead of Ethington andslightly lower in the Fillmore Formation, afcodus eman-
Clark (1981) in not defining a conodont zone for the loweruelensidMcTavish (138.7 m; 455 ft) arfdneotodusostatus
part of the Stairsian Stage; as a result, the stage depengshington and Brand (129.5 m; 425 ft) (417 m and 408 m
upon the trilobites and brachiopods of theiostegium respectively above the base of the composite section). These
Kainella Zone for definition of its lower boundary and char- species, together witWalliserodus ethingtoniaff. Drepan-
acterization of its lowermost zone. The informal conodontodus forcepgLindstrom),Oistodus bransonithington and
Low Diversity Interval encompasses all but the lowest 6 mClark, and the ubiquitous long-ranging components of con-
(20 ft) of Stairsian Stage (all but the basa&iostegium- odont Fauna D dominate the conodonts in the lower middle
KainellaZone and most of thEesselacaud@one). part of the Fillmore Formation. This assemblage of conodont
species is a distinct one among the succession of faunas in the
Ibexian, and we identify the interval between the lowest
MACERODUS DIANAE ZONE (NEW) observed occurrence dkcodus deltatusand the lowest
(=FAUNA D, MIDDLE PART) observed occurrence 0kpikodus commun(&thington and
Clark) as theAcodus deltatus/Oneotodus costafmne. It
The Macerodus diana&€one comprises the upper part includes almost all of thelintzeia celsaor&one and much
of the basal informal ledge-forming member of the Fillmore of the Protopliomerella contract&Zone, thus encompassing
Formation (upper part of th&esselacaud&one through the slope-forming siltstone member, the light-gray ledge-
almost all of theRossaspissuperciliosaZone). Its strati- forming member, and the lower 55 m (175 ft) of the informal
graphic expression corresponds to the rang®ladferodus  brown slope and ledge member of the Fillmore Formation.
dianae Fahraeus and Nowlan beginning at 110 m (350 ft) Recognition of this zone can be made in other regions at
above the base of the Fillmore and continuing upward to 14%he craton margin wherkcodusdeltatusis present, but that
m (460 ft) in the formatiorMacerodus dianaés associated species is not widely distributed in the continental interior.
with Scolopodus flowerRepetski (identified as “affalto- Correlation with sections in the shallow-water carbonates of
dus sexplicatusby Ethington and Clark, 1981) in the type the interior may be possible usir@neotodus costatus
area of the Ibexian Series, as well as with long-ranging comwhich is introduced in the Arbuckle Group in Oklahoma near
ponents of the former conodont Fauna D. This assemblage iee base of the Kindblade Formatio®. costatusalso
present in the Manitou Formation in Colorado and in the Coohppears above a thick interval in the middle and upper part of
Creek Formation in southern Oklahoma (R.L. Ethington,the Cool Creek Formation with faunas of thlacerodus
unpub. data) as well as in the El Paso Group of West TexatianaeZone (R.L. Ethington, unpub. data). Repetski (1982)
(Repetski, 1982). Ji and Barnes (1994) found this associatioreported similar distributions of these species in the type El
of species in the Boat Harbour Formation (St. George GroupPaso Group of West Texa&codus deltatuss present in
on the Port au Port Peninsula in western Newfoundlandower Arenigian strata in Sweden, and its occurrence in this
Maceroduswvas described initially by Fahraeus and Nowlanpart of the Ibexian provides a tie point with the Lower
(1978) from Bed 8 of the Cow Head Group in western New-Ordovician succession of northern Europe.
foundland, and Nowlan (1976) recorded its presence in the
Baumann Fiord Formation of Devon Island in the Arctic

Archipelago of Canada. Williams and others (1994) referred OEPIKODUS COMMUNISZONE

to a Macerodus diana&Zone in a report on the biostrati- (=FAUNA E, LOWER PART)

graphic significance of the type Cow Head Group of New-

foundland but did not discuss its stratigraphic limits or In a review of paleogeography of conodonts of the

characterize its fauna. These widely separated geographlcower Ordovician of North America, Repetski and Ething-

occurrences with consistent biostratigraphic position relativdon (1983) established th@epikodus communiZone for

to faunas above and beneath justify recognitionNdfieero-  the rocks containing conodont Fauna E of Ethington and

dus diana€one, although additional collecting in all of these Clark (1971). They suggested the top of this zone be recog-

localities is needed to document its range completely. nized at or near the base of ffrgpodus laevis/Microzarko-
dina flabellum Interval of Ethington and Clark (1981)
thereby excluding from it the top of the range of Fauna E in

ACODUS DELTATUS/ONEOTODUS COSTATUZONE the lbex region as originally envisioned by Ethington and
(NEW) (=FAUNA D, UPPER PART) Clark. We herein further restrict the top of tBepikodus
communigZone.
The lowest occurrence in the type Ibexian of the char- Oepikodus communigas described initially by Ething-

acteristic P elements édfcodus deltatusindstrom is at 151  ton and Clark (1964) from the El Paso Group in the Franklin
m (480 ft) in the Fillmore Formation (425 m above the baseMountains, West Texas. Subsequently this species has been
of the composite sectioncodus deltatuss associated recognized widely in North America. Its range in the type
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Ibexian is from 56.4 m (185 ft) below the top of the informal elements from the Ibexian collections is unique to that area.
brown slope and ledge member of the Fillmore FormationStouge and Bagnoli (1988) found only the coniform elements
through the lower 66.1 m (217 ft) of the Wah Wah Lime- in Bed 11 of the Cow Head Group in western Newfoundland,
stone, an interval of 268.9 m (882 ft) of strata; this interval isalthough their collection consisted of only nine specimens
equivalent to 635-904 m (2,084.6—2966.6 ft) above the bas&om a single sample. As a result we retain the query in the
of the composite section. In 1981, Ethington and Clarkdesignation of these forms as representativé® ahdinus
reported that a diversity of conodont species is introduced>hould subsequent research demonstrat&tratdinusioes

into the section within the range Gfepikodus communis not cqntain coniform elements or that the glements reported
and therefore they divided the stratigraphic range of that spely Ethington and Clark are not properly assigneRitattero-

cies into three “Intervals” based upon these other species. WUS @ néw generic and specific name will be required for
here are restricting th®epikodus communiZone to the these coniform elements because _Serpagll designated
lowest of these (thé@epikodus communis/Fahraeusodus another element as th(_e hplotypd?;fandmus .
marathonensisnterval). The conodonts of the zone include “Reutterodus andinus a significant part of an associ-

Oepikodus communisand Fahraeusodus marathonensis ?r?r?)r; Efmzosrt]g??hnéswgnh \:Caeh E;?nheesstgnillilrtzr:t Fg{g:ﬂg&
(Bradshaw) (formerly Microzarkodind marathonensis 9 yp '

and long-ranging species that continue upward from theThese species includamudontus ganandaooperProtop-

derlvi Theenikod - tend rioniodus arandaCooper, anduanognathus variabiliSer-
underiying zones. epikodus communisone extends pagli, as well a®Depikodus communiand Fahraeusodus

fr_om the lowest occurrence in the section of th'e named SP€harathonensiswhich continue upward from tf@epikodus
C|§s to the lowest occurrence &teutterodus andlnLSerpa- communisZone beneath. This assemblage is that for which
gli at 439 m (1,440 ft) above the base of the Fillmore gihington and Clark proposed the designation conodont
Formation (718 m (2,354.6 ft) above the base of the cOmpoSEana E. The subsequent use of that term by numerous
ite section). This interval encompasses the upper 56.4 m (18gythors to report conodont faunas from elsewhere documents
ft) of the informal brown slope and ledge-forming member the potential of this faunal association for biostratigraphy.
of the Fillmore and the lower 25.9 m (85 ft) of the informal We establish theReutterodus andinuone to formal-
calcarenite member. The boundary between shelly fossi|ze biostratigraphic correlations using these species. The base
zonesProtopliomerella contractaand Trigonocerca typica  of the zone in the type Ibexian is at the lowest occurrence of
(the boundary between the Tulean and Blackhillsian Stages)Reutterodusindinusat 439 m (1,440 ft) above the base of
is within this conodont zone in the type Ibexian. the Fillmore Formation (718 m or 2,354.6 ft above the base of
the composite section). The zone comprises all strata from
that horizon through the lower 67.3 m (221 ft) of the overly-
REUTTERODUS ANDINUSZONE (NEW) ing Wah Wah Limestone. Itincludes the upper part of the cal-
(=FAUNA E, MIDDLE PART) carenite member of the Fillmore, all of the overlying
Calathiumcalcisiltite member, and the Wah Wah Limestone
?Reutterodus andinusas reported by Serpagli (1974) through 1.2 m (4 ft) above the distinctive brachiopod coquina
from the San Juan Limestone in Precordilleran Argentina.of theHesperonomiella minaZone of Hintze (1953, p. 19).
Ethington and Clark (1981) described and illustrated distinc- As now understood, theReutterodus andinugone
tive coniform elements from the Fillmore and Wah Wah For-encompasses the upper two-thirds offfigonocerca typica
mations whose morphology is closely similar to that of Zone and all of théd’resbynileus ibexensi®seudocybele
specimens that Serpagli interpreted as “cone-like elementshasutg andHesperonomiellaZones. It includes all but the
of the apparatus d®. andinus Ethington and Clark did not lowest part of the Blackhillsian Stage.
find the other elements (unibranched, bibranched) of that =~ Jumudontusand Protoprioniodus are abundant in
reconstructed apparatus and therefore assigned their congcoeval Australian faunas from the Horn Valley Siltstone
form elements t&. andinuswith query. The holotype dR. (Cooper, 1981), and a few specimens representing these gen-
andinusSerpagli is what was described in the initial report asera are known from the Baltic region in Eurogaanog-
a “unibranched element.” Repetski (1982) illustrated speci-nathusand Reutterodugrovide ties with South America.
mens from the El Paso Group of Texas that are identical to the
coniform elements from the type Ibexian and also reported a
few specimens that he identified as unibranched elements. WHITEROCKIAN CONODONT ZONES
His illustrations of the latter specimens do not show marked
differences from the coniform elements, however. This is the TRIPODUS LAEVIS ZONE (NEW)
only report of these specimens in association with the coni- (=FAUNA E, UPPER PART)
form elements other than in Serpagli’s initial definition of the
species. Identical coniform elements have been recovered Ethington and Clark (1981) assumed the base of the
from many samples from numerous localities in the GreatMiddle Ordovician to be indicated by the appearance near the
Basin west of the Ibex area (R.L. Ethington, unpub. data), andottom of the Kanosh Shale of a distinctive assemblage of
it is unlikely that the absence of bibranched and unibranchedonodonts dominated Byistiodella altifronsand a variety of
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species with hyaline elements. This association of speciesis The superb interpretation and exposition of the physical
found at the bottom of the Middle Ordovician sequence instratigraphy of the Cow Head Group authored by James and
southern Oklahoma and is present in the lower part of th&tevens (1986) provided the concrete foundation for work on
Middle Ordovician Whiterockian Series in central Nevada.the graptolites by Williams and Stevens (1988). A conven-
These occurrences led them to assign the upper part of thimn was established whereby the coarse flow breccias, com-
Wah Wah and the Juab Limestones at Ibex to the Loweposed of carbonate clasts, were given even bed numbers and
Ordovician, although Ross (1970) earlier had consideredhe intervening graptolite-bearing shales were given odd bed
these units to be Whiterockian on the basis of their brachionumbers. A minimum age for each breccia is established by
pod faunas. Recent work in the Roberts Mountains (Finneyhe youngest trilobite or brachiopod found in a clast. On that
and Ethington, 1992) and on the type lower Whiterockian inbasis Bed 12 is known to be of earliest Whiterockian age and
the Monitor Range in central Nevada (Ross and EthingtonBed 10 is correlative with uppermost Zone G2 and all of
1991, 1992) showed that the lowest occurrenceslisf Zone H at Ibex. Bed 11 therefore must be older than basal
tiodella altifronsand the associated hyaline conodonts maywhiterockian and no older than Bed 10. Bed 11 correlates
be diachronous in the Great Basin. These results essentiallyith Braithwaite’s Zone 4; similarly Bed 9 correlates with
substantiated Ross’s earlier correlation of the highest Walrilobite Zone G2, establishing the Tulean age ofTibea-

Wah and Juab with the lower part of the Whiterockian Seriesgraptus approximatugraptolite Zone.

In the type area of the Ibexian Serigspodus laevis Graptolite zones as designated by Braithwaite (1976,
Bradshaw is present and abundant in the upper 11.3 m (37 ff}y. 10) are listed in ascending order, as follows:
of the Wah Wah Limestone and through the overlying Juab

Limestone. It is associated through this range Rithtopri- ZONE 1. Dendrograptidae. Based on long-rangla-
oniodus aranda Fahraeusodus marathonensisuanog-  109raptusspp. andictyonemaspp. (s.l.), this zone extends
nathus variabilis and occasionally withJumudontus rom the Bellefontia-XenostegiunZone (Zone B) almost
gananda. Microzarkodina flabellugiindstrom) and a spe- through theHintzeiacelsaoraZone (Zone Gl)Cactograp-
cies probably conspecific witBepikodus minutugMcTav- tus pogo_mpens@ranhwalte occurs at the level of Zone D
ish) occur with these species through much of their collectivéndMastigograptussp. at the top of Zone F. Unfortunately,
ranges. The same association is present at the base of f&re is no cosmopolitan species with which to subdivide or
type Whiterockian in the Roberts Mountains (Finney and€Ven to charqcter!ze this zone as orlglnally defined. A partial
Ethington, 1992) in association with abundéfistiodella ~ Solution to this m|§f0rtung lies in a collection made on July
altifrons. These latter occurrences provide positive evidence?8: 1977, by David Skevington and B.D. Erdtmann on an
for defining the top of the Ibexian in its type area at the bas€Xcursion led by Ross up the north tributary canyon of Nine-
of the Tripodus laeviZone 11.3 m (37 ft) below the top of Mile Canyon, Antelope Range, central Nevada.
the Wah Wah Limestone, and 1.2 m (4 ft) aboveHesper- From the resulting collection Erdtmann and Comeau
onomiella minowshell bed. (1980) identifiedAnisograptus richardsonBulman. It was
collected from the lower part of the Goodwin Formation
above the bed crowded with abundant obelloid brachio-

GRAPTOLITE CORRELATIONS pods, which in turn overlies th€aryocaris beds of the
uppermost part of the Windfall Formation. (The coordi-
IBEXIAN GRAPTOLITES nates of the locality are UTM 1,000 m grid, Zone 11: E

564,200 m; N 4,339,600 m, Horse Heaven Mtn. 15-minute
Although graptolites are not abundant in the Ibexianquadrangle, Nevada.)
stratotype section, they do occur at several levels. Braith-  Repetski has identified conodonts of f@ssodus man-
waite (1976) made extensive collections from the FillmoreitouensisZone in the uppermost part of the Windfall Forma-
Formation, Wah Wah Limestone, Juab Limestone, and overtdon in the Antelope Range. Ross has identifia@inella
lying Kanosh Shale. He arranged these collections into seveftagricaudaandHypermecaspisp. in the lower part of the
biostratigraphic zones, of which the lower five are Ibexian inGoodwin immediately above the graptolite locality and con-
age. The possibility of effective correlation with graptolites siders those beds to belong to trilobite Zone D. Although the
elsewhere at first seems difficult. However, the graptolites irlocality is well to the west of the Ibex area, it provides a
the Ibexian stratotype occur interbedded with trilobite, bra-definitive graptolitic fix on this level in the Antelope Range,
chiopod and conodont assemblages, an advantage lackingwell above the base of the Ibexian Series. This same level is
most graptolite-bearing sections. represented in the southern Rocky Mountains of Canada
A comparison with the Cow Head Group of westernwhere Dean (1989, fig. 10) has equated Almésograptus
Newfoundland (James and Stevens, 1986) is helpful in deakichardsoni Zone with theBellefontia-XenostegiunZone
ing with the upper Ibexian in particular. The sedimentology(trilobite zone B). Therefore the zone is late Skullrockian to
of the Cow Head with its breccia flows contrasts with theStairsian in age. Based on the work of VandenBerg and Coo-
platform-to-ramp facies of the typical Ibexian. per (1992), we conclude that this level correlates with
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Australian Lancefield Lalb and that it is an interval with ANOMALIES AND CORRELATIONS
wide geographic recognition, as shown by Cooper and Lind- _ _ _
holm (1990, p. 506-507, fig. 1, parts I-IlI; figs. 4, 5). The stratigraphic range dletragraptus approximatus

in the Australian scheme (VandenBerg and Cooper, 1992,
o range chart) is La3—-Bel. In western Newfoundland Williams
most pa_rt of tr|Iob|_te Zone Ql and all but the topmost part ofamd Stevens (1988), in their study of Lower Ordovician grap-
G2 and is Tulean in age. Itincludes the appearand@emf jiteq of the Cow Head Group, indicated thagpproxima-
drograptusspp. and oDesmograptuspp., and the continu- s occurs in Bed 9 of the Ledge section (text-fig. 4) and in
ation ofCallograptusspp. andictyonemaspp.Dictyonema  Bed 9 of the Jim's Cove section (text-fig. 6) on the Cow Head
cordillerensisBraithwaite,D. filmorensisBraithwaite Ade- peninsula. In the Western Brook Pond section (text-§id.. 5
lograptus novugBerry), Clonograptuscf. C. sarmentosus  approximatusccurs in Beds 9 and 10, and the base of 11. At
Moberg, Cactograptus utahensi®raithwaite, andTem- Martin Point North (text-fig. 8), itis in Bed 9, and at Martin
nograptus utahensiBraithwaite are the designated species, Point South (text-fig. 9) it was found near the top of Bed 9.
and their occurrences are limited to the lower part of ZoneAt St. Paul's inlet, North Tickle section (text-fig. 10,
G2. Only two of these species have outside distribution. ~ approximatuss present through much of Bed 9 and possibly
ZONE 3. Clonograptus flexiligHall) andPhyllograptus as high as the base of Bed 11. In featragraptus approxi-

haiosBraithwait th vt ies in thi _matusis an important component of both theapproxima-
archaiosbraithwaite are the only two Species In this ZON€, v\ 5 g akzharensiZones, underlying thBendeograptus

they occur in uppermost trilobite Zone G2. The latter speciegyicosuszone. Nor should one overlook the possibility that
has no outside distribution and the former has a long rangeipe Pendeograptus fruticostend Tetragraptus approxima-

In western Newfoundland Fortey (1979) has pre-tusZones are partly correlative, as indicated in text-figure 6
sented a thorough and beautifully illustrated analysis of theof Williams and Stevens (1988).
trilobite fauna of the Catoche Formation. He concluded that A close examination of figures 4-10 of Williams and
the age of the formation ranges from highest Zone G2Stevens (1988) reveals not only that {l)approximatus
through Zone H of the type Ibexian or late Tulean to earlyP€longs to Bed 9, and (2) a new ZoneTofakzharensis
Blackhillsian. He suggested the possible correlation of thebelongs in either the very top of Be(_j 9or _the .bO“OT“ of Bed
lower Catoche with Berry’s (1960) graptolite Zone 4 (Zone 1.1' but also tha_t (3) the Zone Iaffrutlcosugs d|sturb_|ngly

. fickle because it is in lower Bed 11 (text-fig. 6), or in upper

of Tetragraptus (now=Pendeograptys fruticosus 4-

. . . Bed 11 (text-fig. 5), or it may be designated in an interval
bra_nched). On that basis we r_mght conclude that Bralth'Without any graptolites at all (see their fig. 10) in a section
waite’'s Zone 3 could be equivalent to the Zone Pof

) Hve whereinP. fruticosustself occurs in the higher? Zone bf

fruticosus4-branched (or Bendigonian 1-2). bifidus. We conclude that the graptolites of Cow Head Bed
ZONE 4. Didymograptus fillmorensis Braith- 11 are correlative with upper Zone 3 and Zone 4 of Braith-

waite-DidymograptusmillardensisBraithwaite. In addition ~ waite, or very high Ibexian.

to the two named species, this zone includes the continuation ~ Our attention goes to Fortey (1979), who showed that

of Dendrograptussp., andDictyonemasp., as well as the the Catoche Formation, St. George Group, is equivalent to
appearance oPhyllograptusilicifolius major and Phyl- Zones G2 and H at Ibex. James and Stevens (1986) indicated

that the youngest trilobites from clasts in Bed 9 also matched
G2, that trilobites from Bed 10 (a flow breccia) matched
Zones H and possibly | from Ibex, and that brachiopods from
. S . - Bed 12 are Whiterockian. In other words the key to dating
side d_|str|but|on suggest th|dymograptusprotob_lfldus the Cow Head slope facies and the St. George platform facies
Zone (in the Australian scheme equal to Chewtonian). lies in matching the faunas of the carbonates against the type
ZONE 5. Tetragraptus The zone characterizes the entire Ibexian! The odd-numbered beds are the graptolite bearers
Wah Wah Limestone. It includes the continuatiorDafn- and they are locked in between the carbonate breccias.
drograptus spp., the termination oDesmograptusspp., Therefore, the position of graptolite zones in the deeper
Dichograptus octobrachiatus Tetragraptus pogonipensis facies is also locked into the Ibexian stratotype.
Braithwaite, T. ibexensisBraithwaite, T. bigsbyi(Hall), T.
agilis Braithwaite, Tetragraptussp., Phyllograptus loringi
White, P. ilicifolius major, P. griggsi, P. anna longus, P. anna HISTORICAL PERSPECTIVE
and Didymograptus extensu#lall). The age of this zone
clearly falls within the range of the Australian Bendigonian
Be2 to lower Castlemainian.

ZONE 6. Didymograptis nitidugHall)-Didymograptus Some traditionalists may not favor the introduction of
patulus(Hall). Both species of this zone occur in the upperthe Ibexian or of these new stage names because they do not
part of the Juab Limestone in the basal Whiterock Series. realize the inadequacies of the old familiar ones. In support

ZONE 2. Adelograptus This zone is limited to the top-

lograptusgriggsi. The zone is found in the uppermost Fill-
more Formation, equivalent to upper trilobite Zone H and all
of Zone | or middle Blackhillsian. The two species with out-

BACKGROUND AND APPEALS
FOR TRADITION
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of the correlation chart of Ordovician strata in the UnitedLimestone plus “300 feet of Cutting dolomite.” Subse-
States, Ross and others (1982, p. 5-7) provided a detailagliently, Fisher and Mazzullo (1976) correlated this part of
account of the origin, evolution, dislocation, and physicalthe Cutting Dolomite with the Smith Basin Limestone of
inadequacies of the components of the original Canadiaflower (1964). (Compare their figure 8 with Flower's (1964)
Period of Dana (1874). For the sake of clarity, a synopsis ofigure 53.) Flower (1964, and thereafter) included the Smith
the material covered by Ross and others is expanded hereiBasin Limestone in his Gasconadian Series. This inconsis-
Teichert and Flower (1983) thought that the termtent correlation among authors has tainted the use of the
“Canadian” could be applied to rocks of part of the PogonipDemingian. In any case, to determine where one of those
Group in western Utah to preserve tradition, and Forteystages ended and the next began was and is impossible
(1988, p. 43—44) recognized that the base of the “Canadiartjecause of the combination of disjunct geographic distribu-
is best defined in the Ibexian section. The opinions of theséion and poor biostratigraphic control in the reference areas.
authors reflect their rejection of the inadequacies of the  Conodonts have the strongest potential for delimiting
“Canadian” relative to requirements of the Internationallbexian correlatives in the shallow-water sandstone and
Commission on Stratigraphy (Cowie and others, 1986)dolostone facies of southern Missouri and northern Arkansas
which emphasizes biostratigraphy over pure tradition. (Kurtz, 1981, p. 115-117). R.L. Ethington and J.E. Repetski
have undertaken systematic stratigraphic collecting of con-
odonts from the six formations in the Ozark Mountains of
ALTERNATIVE VIEWPOINTS Missouri (Repetski and others, 1993). Such work may lead to
a better understanding of Lower Ordovician biostratigraphy
From the 1930’s into the 1950’s, the stratigraphic sec-n the Ozark area.
tion in the Ozark region of Missouri and Arkansas served as ~ Wright and others (1987) and Miller (1988) expressed
the reference section for the Lower Ordovician. Althoughconcem that previous usage of the term “lbex” might dis-
better than the New York composite sections, even here ihaualify its further application. Widespread use of the Ibexian

units are not all in stratigraphic succession one above anoth&€ri€s by stratigraphers in North America and abroad indi-
in asingle section. In fact, all of the formations are not presen""tates that most have been unconcerned about this nomencla-

in outcrop in any single area. There is no widely held agreet_ural problem. Previous usages included the little-used Ibex

ment about the identification of formations or stratigraphicMember ofthe Ely Sp_rings Dolostone of Budge and Sheehan
. . . (1980). Sheehan (written commun. to RJR, March 7, 1989)
equivalents in various outcrop belts (Thompson, 1991).

The f i ianed to the L Ordovician in th saw no reason for confusing this Upper Ordovician member
€ formations assigned to the Lower Lrdovician In i€, i the Lower Ordovician Ibexian Series. The “Ibex Sub-

Ozark region are the following: , stage of the Cassinian Stage” of LeMone (1975, p. 176-179)

Smithville Dolomite (and its Black Rock Limestone  \yag proposed to be equivalent to the single Ross/Hintze tri-
Member) lobite Zone H (Frigonocercatypica Zone of this report) in

Powell Dolomite a stratigraphic classification that has not been used by other
Cotter Dolomite stratigraphers. The Permian Ibex Limestone of Texas
Jefferson City Dolomite (Cheney, 1948) is less than one meter thick and is now con-
Roubidoux Formation sidered to be a member of the Moran Formation, Wichita
Gasconade Dolomite Group (Price, 1978).

The Lower Ordovician Series was based on these for-
mations in the 1940’s. Cullison (1944) described trilobites
from the Roubidoux, Jefferson City, Cotter, and Powell For- GEOGRAPHIC PERSPECTIVE
mations. Each formation was supposed to include a charac-
teristic fauna, largely molluscan, but no range charts other NORTH AMERICA
than Cullison’s were available. Subsequently there has been
no suitable documentation or synthesis of either the physical

stratigraphy or biostratigraphy of the Lower Ordovician In 1951 Ross assumed that the base of the Ordovician

Ozark succession that could be used as the basis for intrWas at the base of the Garden City Formation of northern
regional correlation, let alone as an.interregional standard. | 111 and southeastern Idaho. In the Bear River Range of Utah
In a paper on ellesmeroceratid cephalopods, Floweg 4 |gaho, Landing (1981), Taylor and Landing (1982), and
(1964) recommended that the Canadian Series be a systeffhyjor, Landing, and Gillette (1981) demonstrated that a hia-
divided into the Gasconadian, Demingian, Jeffersonian, ang;s representing the lower part of ®BgmphysurinZone is
Cassinian Series. The Gasconadian and Jeffersonian wesgesent between the Garden City Formation and underlying
derived from the Ozark region. The Cassinian came frongjolostones of the St. Charles Formation. Additionally, they
eastern New York (Fort Cassin Formation and its fauna)showed that th€ordylodus proavuZone, which is equiva-
Although the Demingian was named for a section south ofent to theMissisquoiaZone andEurekia apopsiZone, is
Deming, New Mexico, it was based largely on the Fort Annpresent in the upper part of the St. Charles Formation.

UTAH AND SOUTHEASTERN IDAHO
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In 1985 M.E. Taylor and J.E. Repetski reviewed the In their detailed study of the upper Rabbitkettle Forma-
trilobite and conodont evidence in the Bear River Rangetion, District of MacKenzie, Canada, Landing and others
and carried it southwestward, through the southern Lake{1980) correlated their lowestissisquoiabearing interval
side Mountains, Stansbury Island, the northern end of thend the base of the@ordylodus proavuZone (identified as
Stansbury Range, to the southern House Range and the ty@ordylodus oklahomensénd correcteth erratum with the
area of the Ibexian Series where deposition is considered t€orbinia apopsisSubzone (Eurekia apopsiZone of this
have been more or less continuous. A similar trilobite-con-report) in Texas and Oklahoma. This correlation confirmed
odont succession is present in the Egan Range, east-centitfle earlier observation of Tipnis and others (1979).

Nevada (Taylor, Repetski, and Sprinkle, 1981, fig. 20; Tay-

lor and others, 1989, figs. 6-2, 6-3). The correlations can be

extended to mixed carbonate-siliciclastic platform margin, EASTERN CANADA

slope, and basin facies in south-central Nevada (Taylor,

1976; Taylor and Cook, 1976; Cook and Taylor, 1977,
Miller, 1992; Cook, Taylor, and Miller, 1989; Repetski and

Taylor, 1983). . . . -
. ) . nopora flabelliformi$ and with trilobites of the Acado-
Miller (1984, p. 48-55, fig. 1) presented evidence for ABaltic Westergaardia Subzone of theAcerocare Zone,

eustatic lowering of sea level, termed the Lange Ranc i o .
Eustatic Event (LREE), coinciding with the baseHifsut- r}:(Ce(geby providing a tie with the Acado-Baltic faunal prov

odontushirsutusSubzone of th€ordylodusproavusZone. In western Newfoundlan€ordylodus proavusZone
This event has been recognized widely, and Miller (1992) onodonts andEurekia apopsis Zone trilobites were
discussed the evidence for it in detail in several depositionaf ) . .

. . . ; reported in both in-place rocks and transported limestone
settings. In some sections at the level at which evidence fo{)locks of the Cow Head Group by Fortey and others (1982
the LREE might be. e.xpected, generglly shallow water sedi, . 95-129) along with a graptolite assignedRaaiograptus ,
msgaagrezhrﬁ;ﬁe(g?“;it g(r:](;ugma}tsh n;gcs%r)ﬂral and WeSJ[errosieranusﬂexibilis Fortey. Deferring to a coincident paper

y ’ ' by Rushton (1982), these authors sought to move the Cam-
brian-Ordovician boundary stratigraphically upward to the
lowest occurrence of long-rangimgjctyonema flabellifor-
mis. Barnes (1988) corroborated that fBerdylodus proa-
us Zone has been recognized from the slope-facies

At Navy Island, New Brunswick, Canada, Landing and
others (1978, p. 75—-78) demonstrated @atdylodus proa-
vus occurs belowDictyonema flabelliformgnow Rhabdi-

CANADIAN ROCKY MOUNTAINS

. . . . . . Vi
The base of the Ibexian Series is a biostratigraphically .
correlated level in the Canadian Rockies and other Westerﬁg’lrbonalte deposits of the Cow Head.

areas (Derby and others, 1972, faunal unit 2, fig. 2). Dean Detailed work in the coeval autochthonous platform
(1978, p. 4, figs. 3, 4) not;ed the’presencElmeki'a apopsis carbonate sequence of western Newfoundland (upper Port au

in the basal Silty Member of the Survey Peak Formation inPort and St. George Groups) clarified Ibexian relationships

the Canadian Rockies of Alberta. In a stratigraphically con-Fhere (Stouge, 1982; Stouge and Boyce, 1983). From clasts

trolled and well-illustrated monograph, Dean (1989) demon-" the debris flow Conglomerate. of Bed 19 at Greeq Point,
strated that virtually every assemblage zone of the lbexiai\lewfoundland, J.F. Taylor (written commun., April 15,
Series is represented at Wilcox Pass in the Rocky Mountain 997) repor’Fed .that h_e has fguﬁyimphysurlna:f. S cleora .
of Alberta. Westrop and others (1981) and Westrop (1986 nd other trllopltes diagnostic of the basal Ibexian zones in
provided the documentation of trilobite and conodont distri- tah. -B-ed 19 is below the level of a proposgd Camt?rllan-
bution in the upper Mistaya and lower Survey Peak I:Orm‘,i_Ordovwlan boundary stratotype, on which no final decision
tions from their measured section at Wilcox Pass, nealhas been reached as of April 17, 1997.
Dean'’s area of investigation.

Loch and others (1993) discussed details of uppermost EASTERN UNITED STATES
Cambrian and lowermost Ordovician biostratigraphy of the
Survey Peak Formation in the Mount Wilson and Wilcox M.E. Taylor and Halley (1974) identified trilobites
Pass sections in Alberta. They provided new data and reintelindicative of both theSaukiella serotinaSubzone of the
preted some earlier published work. Loch and others (1993SaukiaZone and thélissisquoiaZone in samples from the
fig. 3) recognized the lower part of the Ibexian Series andupper part of the Whitehall Formation in the Champlain Val-
placed the base of the Ibexian at the base dffiksisquoia  ley of eastern New York. Repetski (1977) identified the
depresséSubzone of thissisquoiaZone. The underlying  CordylodusproavusZone in the same unit in that region, as
Eurekia apopsisSubzone of th&aukiaZone of Loch and  well as North American Midcontinent conodont faunas C
others (1993) correlates with tliurekia apopsiZone of  (=Rossodus manitouensi§this report), D (=Low Diversity
this report. Our different placement of the base of the Ibexiarinterval,Macerodus dianaeandAcodus deltatus—Oneotodus
Series is a difference in definition, not in correlation. costatusZones of this report), and E@epikodus communis



IBEXIAN SERIES, NORTH AMERICAN ORDOVICIAN 31

Zone of this report) in overlying formations. These studiesevidence is sparse and macrofossils are almost nonexistent.
show that the Skullrockian and Stairsian Stages can be reFhus far, only a few conodont collections (Repetski, 1992, p.
ognized in platform rocks of the Champlain Valley. 39-46) are available to show the general position of these
In an important contrast with the carbonate-platformrocks within the lower part of the Ibexian Series.
and platform margin faunas of Utah and Alberta, J.F. Taylor  J.F. Taylor and others (1996) have demonstrated the
and others (1991, particularly fig. 4) found the base of thaisefulness of the Ibexian and its stages in the Frederick
Hirsutodontus hirsutuSubzone of th€ordylodus proavus  Valley of Maryland.
Zone to be equivalent to thelkanaspis corrugatdrilobite
Zone and to be immediately underlain by strata with geo-
graphically widespread.otagnostus hedinin the deep- SOUTHERN MIDCONTINENTAL UNITED STATES
water, slope facies at Highgate Gorge, Vermont. They called
attention to the identical relationship in Kazakhstan (Apol- Stitt (1971, 1977, 1983) and Derby and others (1991,
lonov and others, 1988, figs. 2 and 3), in southwestern P.R.CGigs. 5, 6) have assembled a thorough review of the Cambrian
(People’s Republic of China; Lu and Lin, 1980, 1984), andand Ordovician of Oklahoma. The position of key basal
northwestern P.R.C. (Wang and others, 1985). Both Apolibexian trilobite and conodont species approximately 122 m
lonov (1991, p. 34-43) and Dubinina (1991, p. 117, 121)400 ft) above the base of the Signal Mountain Limestone is
have supported these observations in Kazakhstan. clearly demonstrated at Chandler Creek, Wichita Mountains.
J.F. Taylor and others (1991) demonstrated that LandMiller (1992) discussed how the Lange Ranch Eustatic Event
ing’s (1983, p. 1149-1167) earlier interpretation aitdy- is manifested in these strata.
lodus proavusappeared earlier in slope settings than on the Flower (1957, p. 18) named the Jeffersonian Stage of
shelf in Vermont was based on a miscorrelation of a keythe Canadian Series for dolomitic rocks and chert-mold fos-
debris-flow marker bed. Landing (1993) has continued tosils in the Jefferson City Formation of Missouri. Loch (1995)
support his 1983 correlation. redefined the Jeffersonian Stage on trilobite faunas in the
Cordylodus proavuZone conodonts from low in the Kindblade Formation of southern Oklahoma. Loch’s rede-
Stonehenge Formation of northern New Jersey and eastefimed Jeffersonian Stage correlates with shelly fossil Zones
and central Pennsylvania (Tipnis and Goodwin, 1972; Kark-G-1 and G-2 flintzeia celsaoraand Protopliomerella con-
lins and Repetski, 1989; J.E. Repetski, unpub. data) showracta Zones of this report). Thidintzeia celsaorandPro-
that the base of the Ibexian locally falls near or at the base dbpliomerella contract&Zones characterize the Tulean Stage
that unit. Most or all of the younger Ibexian conodont zonesof the Ibexian Series in the type area. Loch’s data (1995) are
can be recognized in overlying formations of the Beekmanfurther evidence that the Ibexian Series and its stage divi-
town Group in this region. sions are recognizable in different facies of Laurentia and the
In the central Appalachian region J.F. Taylor and oth-North American Faunal Province. Repetski (1982, 1988)
ers (1992, p. 414) found that “the most tightly constraineddescribed Ibexian conodonts from West Texas.
and easily recognized of the three potential Cambrian-  Repetski and others (1997) have demonstrated the close
Ordovician boundary stratotype levels is the base of thepplicability of the Ibexian Series and its stages and zones to
Cordylodus proavugone.” They found evidence of a rapid the stratigraphy of the Ozarks region in southern Missouri.
marine transgression in the lower Stonehenge Limestone in | the continental-slope deposits of the Ouachita Moun-
the youngerCordylodus angulatuZone. TheCordylodus  tains, west-central Arkansas and eastern OklahGoaly-
proavusZone lies 80 m (262 ft) lower in the stromatolite- |odus proavugone conodont faunas have been recovered by
rich peritidal beds of the Conococheague Formation, but n&thington and Repetski and will be instrumental in under-
distinct signature of the Lange Ranch Eustatic Event is evistanding the stratigraphy of this structurally complex region.
dent. However, they concluded that evidence of shallowing
followed by transgression closely paralleled the strati-
graphic sequence from St. Charles Formation to Garden MEXICO
City Formation in central and northern Utah and southeast-
ern Idaho (Taylor, Landing, and Gillette, 1981; Taylor and The Lower Ordovician platform succession of mixed
Landing, 1982; Taylor and Repetski, 1985). carbonate and minor siliciclastic rocks in northeastern and
Repetski (1985, p. 28) called attention to possible evinorth-central Sonora, Mexico, has little biostratigraphic doc-
dence for the Lange Ranch Eustatic Event at the base of thementation. Preliminary studies show that it can be corre-
Chepultepec Dolomite at Thorn Hill in eastern Tennesseedated readily with platform successions in the central and
but the currently available biostratigraphic evidence is onlywestern United States, including the lbexian type area
suggestive. In the southern Appalachians lower Ibexian an{Repetski and others, 1985). To the west, in northern Mex-
underlying Cambrian rocks are in mainly dolomitized car-ico, Ibexian strata comprise mainly deeper water siliciclastic
bonate-platform/ramp facies. As a result of unfavorabledeposits with sparsely documented graptolites and con-
facies and lack of detailed study in this region, conodonbdonts from isolated and structurally poorly constrained
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localities (Gastil and Miller, 1983; Bartolini and others, the deeper water facies of lkes Canyon in the Toquima
1989). In Oaxaca, southern Mexico, the deeper water TinulRange, central Nevada. Fortey and Droser (1996, p. 80, table
Formation contains Upper Cambrian and Lower Ordovicianl) have compared trilobites of the uppermost Ibexian and
fossil assemblages (Robison and Pantoja-Alor, 1968; Soulower Whiterockian with those of Spitsbergen, particularly
and Buitron, 1987). The lowermost Ibexian at Oaxaca conthose of the upper Olenidsletta Member and Profilbekken
tains cosmopolitan trilobites and conodonts assigned to thdember of the Valhallfona Formation (Fortey, 1980, fig. 1 in
Cordylodus proavuso Cordylodus angulatuZones (Clark  pocket (not figure 3)).

in Robison and Pantoja-Alor, 1968). The Oaxaca shelly fos-

sils have affinities with the Acado-Baltic faunal province.

WALES
OUTSIDE NORTH AMERICA Rushton (1982) reported on the lithologies, trilobites
and graptolites within the traditional interpretation of the
SOUTH AMERICA Tremadoc Series, and (p. 46) noted tBatdylodus proavus

is associated wittBhumardia alatawithin the Acerocare

The thick Upper Cambrian to Middle Ordovician suc- Zone at Bryn-llin-fawr. Ther®ictyonema=Rhabdinopora
cession in northwestern Argentina correlates well with theflabelliformis was about 20 m higher (Rushton’s fig. 3).
type lbexian where its fauna has been documented. FoFhese are the same relative positions that are present in Oslo
examp|e' Rao (1988, in Sarmiento and Garcia_LopeZ, 1993?]0|’d, WherdBOEkaSpHﬂirSUtaOCCUrS less than 1.0 m below
reported conodonts of ti&ordylodus proavuandCordylo- Rhabdinopordlabelliformis(Bruton and others, 1988).
dus intermediuZones in Jujuy Province. F.G. Acenolaza
(1983) and Acenolaza and Acenolaza (1992) summarized

the distribution of trilobites, graptolites, and conodonts in AUSTRALIA

Latin America critical to choosing the lower boundary of the TASMANIA

Ordovician System and recommended thatGoedylodus

proavusZone be included in the Ordovician. Laurie (1980, 1991) described an array of brachiopods

pagli (1974), Sarmiento and Garcia-Lopez (1993), and LenBasin Ranges that one can hardly avoid the correlation and
nert (1993) for middle and upper parts of the Ibexian Serieh€ environmental similarity of the two areaeptellaand

in Argentina. Many of the middle Ibexian conodonts Archaeorthign the lower Karmberg Formation suggest a link
reported in Argentina show affinities with the Acado-Baltic W'th the_ N|_nem|le Formation O.f central NevaqHaesperon-
faunal province. These faunas are similar to those in outer'e”aln siltstones near Caroline Quarry, Railton area, Sug-

platform facies in the central and western parts of the BasirgeSt the Wah Wah Limestone of westem Utah. Laurie’s

. . iscussion (1991, p. 19-21) of brachiopod zonal assemblages
and Rangg province, Western United States. In t.he ubper Ioa?rtom the Florentine Valley Formation leaves little doubt that
of the Ibexian Series, however, numerous species in the Sa&n

. ~the formation closely parallels the typical Ibexian Series,
Juan Limestone also occur through the upper part of the F'”from Apheoorthisnear the base, througtanorthis Tritoe-
more Formation and Wah Wah Limestone. ’

chia, and Leptella This succession includes many of the
same graptolite, trilobite, and conodont genera and species.
Above them isHesperonomiellawhich we interpreted (p.
SPITSBERGEN 21) as uppermost Ibexian, not necessarily Whiterockian.
) ) o o ) Webby and Nicoll (1989) published a new correlation
In his classic study of the Ordovician trilobites of Spits- chart for the Ordovician of Australia. This chart indicated the
bergen, Fortey (1980, p. 8-17, fig. 3) presented his presumeglang in Australian thinking concerning the base of the sys-
evidence for the erection of a distinct Valhallan Stage, oldetem. The authors called attention (1989, p. 4) to the ease with
than the Whiterockian and younger than the Ibexian Seriesyhich North American terms could be applied to Australian
Perusal of his figure 3 reveals the flaw in this proposal. It isunits, and indicated (p. 20-21) their preference for the base
now known that thésograptus victoriaeZone is overlapped  of the Hirsutodontussimplex Subzone of theCordylodus
by the Didymograptus bifiduZone. It is also known now proavus Zone for the level of the Cambrian-Ordovician
that the base of the Whiterockia@rthidiella Zone) coin-  boundary. This level is only slightly above the base of the
cides with the base of thsograptusvictoriae Zone (Finney  Symphysurin@one in North America. Their chart correctly
and Ethington, 1992). Ross and Ethington (1992, p. 146showed the base of the North American lbexian Series as
noted the close parallelism, both faunal and sedimentologibeing older than the base of the “British” Tremadoc Series.
cal, between the upper Valhallan of Spitsbergen and the In his taxonomic revision afordylodus Nicoll (1990)
Whiterockian of Utah and Nevada. The lower Valhallan is recognized the validity of th€ordylodus proavusZone,
clearly of late Ibexian age. The Valhallan fauna is present irconsisting of three subzones, thatifsutodontus hirsutus



IBEXIAN SERIES, NORTH AMERICAN ORDOVICIAN 33

being the oldest. He dispensed with @mdylodus interme- emphasized the inadequacies of the first appearance of
diusZone for taxonomic reasons, replacing it with two zonesRhabdinopordlabelliformisas a boundary indicator. Dubi-
that were formerly the two constituent subzones of thenina (1991) compared Ordovician sections in two different

Cordylodus intermediuZone of Miller (1988), theHirsut- paleoenvironments, the Sarykum section in central Kazakh-
odontus simplexSubzone below and th€lavohamulus stan and the Batyrbai section in southern Kazakhstan. In both
hintzeiSubzone above. she reported th&ordylodus proavugs underlain by otag-

nostus hedinand marked the base of the Ordovician System.
The conodont succession is strikingly similar to that at the
QUEENSLAND base of the Ibexian in the type area and in a deep-water suc-
) ) cession reported by J.F. Taylor and others (1991) in Vermont.
Nicoll and Shergold (1991, p. 95-98) discussed con- Subsequent collecting at Batyrbai, southern Kazakh-

odont biostratigraphy at Black Mountain in western . .
Queensland, Australia, and clarified ranges of key taantan’ by J.F. Miller (unpub. data, 1990) suggests a slight

They noted that the lower boundary of tHesutodontus bv_erl_e_lp of _ranges of.otagnostgs hedinand Cordylodus
hirsutus Subzone of the&Cordylodus proavugone is well primitivus (=Cordylodusandresj this report) as rgported
below the top of the Ninmaroo Formation and indicative of®Y APollonov and others (1988). However, specimens are
the base of the Datsonian Series. Their figure 2 shows th@'€ and the interval is thin, occurring in thinly bedded
stratigraphic position o€ordylodus primitivug=Cordylo- ~ lime mudstone, so the slight overlap may be merely an
dus andresbf this report),Fryxellodontusinornatus Hir-  artifact of sampling.

sutodontugirsutus Teridontussp. B,Cordylodusproavus

and Clavohamulus spp. between 582 and 632 m

(1,852-2,011 ft) above the base of the section. This assem- JILIN PROVINCE, PEOPLE’'S REPUBLIC OF CHINA

blage clearly correlates with thdirsutodontus hirsutus

Subzone of Miller, and is earliest Ibexian in age. Ripper- Chen and others (1985, 1988) and Chen (1986) docu-
dan and Magaritz, joined by these same two authors (Ripmented ranges of conodonts and other fossils from a section
perdan and others, 1992, figs. 1 and 3), showed that theear Dayangcha in northeast P.R.C. Their figure 6 (1988)
components of this assemblage at Black Mountain appeafhows ranges of conodonts in one part of the Xiaoyanggiao
first at approximately 540 m (1,718 ft), coinciding with a composite section. This section was under consideration for
paleomagnetic polarity reversal, believed to be coincideny global stratotype for the base of the Ordovician System, but
with the eustatic sea level change of the Lange Ranch ywas not approved in 1992 by a postal ballot of the Cam-
Eustatic Event. The plotting of first appearanc€ofdylo-  pjan.ordovician Boundary Working Group of the Interna-
dus proavussome 40 m (127 ft) higher is peculiar becausetional Union of Geological Sciences. Approximately the

g:eir::eto fgre trl?uljasteeds:aoel?irrll 'nteﬁvz:§2|atalsaf,lv(§||czgog% r;tt‘:‘étl@wer 10 m of the Xiaoyangqgiao composite section is referred
y case, 1o . 9 phy to theCambrooistodugone, which correlates directly with
graphic confirmation of the importance of the base of the

Ibexian Series, this and a corroborating paper by Rippert_heCambromstodusnmutusSubzone of this report. There-

dan and Kirschvink (1992, fig. 6) are noteworthy. Sher_fore, these strata are pre-lbexian in age. Younger strata in the

gold and Nicoll (1992, p. 86-87) repeated and emphasizeffi20yangqiao composite section are referred tdiwelylo-
the importance of this “event in Cambrian-Ordovician con-dus proavus Cordylodus intermedius, Cordylodus  lind-

odont evolution.” stromi and Cordylodus angulatusChosonodina herfurthi
Shergold and Nicoll (1992) showed that the lowestZones, which correlate with the Skullrockian Stage.
occurrences ofordylodusandFryxellodontus inornatuare Chen and others (1988) referred the interval from about

coincident, and additional collections from the Black Moun-10.0 to 28.5 m to th€ordylodus proavuZone and divided
tain section confirm this relationship (J.F. Miller, unpub. it into lower, middle, and upper parts. The lower part corre-
data, 1991). A relatively thin interval of strata beneath thesgates with theHirsutodontushirsutusSubzone of th€ordy-
faunas contains molds of anhydrite, and is barren of contodus proavuZone of this report. The middle part correlates
odonts. We suggest that the base of the Datsonian Stagejith the Fryxellodontus inornatusSubzone of this report.
Australia correlates within th&ryxellodontus inornatus The upper part of th€ordylodusproavus Zone at Day-
Subzone of this report and that the base is slightly youngedngcha correlates, in part, with tBéavohamulus elongatus

than the base of the Ibexian Series. Subzone of this report, but the upper portion of this subzone
at Dayangcha has few conodonts that are biostratigraphically
REPUBLIC OF KAZAKHSTAN diagnostic. Conodont collections from the Dayangcha sec-

tion containHirsutodontus simplefrom the stratigraphic
Apollonov (1991) reviewed the reasons for the Sovietinterval from which Chen and others (1988, fig. 6) collected
decision to use the base of tBerdylodusproavusZone, samples 10 A(1-6) (J.F. Miller, unpub. data). Chen and oth-
locally underlain bytotagnostus hedinto mark the base of ers (1988) referred this stratigraphic interval to the upper part
the Ordovician System in southern Kazakhstan. He alsof the Cordylodus proavusZone, but the presence of
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Hirsutodontus simpleindicates that the interval correlates Cordylodus proavuZone and trilobites from th8aukiella

with the Cordylodus intermediuZone of this reportlape- serotinaSubzone of th&aukiaZone to theeurekia apopsis
tognathusalso occurs at higher stratigraphic levels in the Zone. The boundary meets the rigid requirements of the
Dayangcha section (J.F. Miller, unpub. data). North American Stratigraphic Code (NACSN, 1983) and the

Ripperdan and others (1993) reported results of carborinternational Commission on Stratigraphy (Cowie and oth-
isotope and magnetostratigraphic studies of the Dayangchars, 1986) for definition of chronostratigraphic units. The
section and concluded that several hiatuses (or highly consharp biostratigraphic boundary is also marked by several
densed intervals) exist. One hiatus was interpreted to occur gfeochemical anomalies that make the boundary one of the
the base of th&Cordylodus proavusZone and a second more useful lower Paleozoic horizons for global correlation
slightly higher hiatus at the base of the second division of th€Miller and others, 1993).

Cordylodus proavuZone (=base dfryxellodontusnorna- The upper limit of the Ibexian Series is the base of the
tus Subzone of this report). They (Ripperdan and othersRangerian Stage of the Whiterockian Series, recently shown
1993, fig. 5) related the two hiatuses to the two stages of théo be marked by conodonts of thigpodus laevisZone, tri-
Lange Ranch Eustatic Event of Miller (1992). lobites and brachiopods of thRaralenorthis-Orthidiella
Zone (=Zone L of Ross, 1951) (Ross and Ethington, 1991,
1992), and by graptolites of tHeograptus victoriaeZone
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APPENDIXES 1-3.
TAXONOMIC NOTES

Trilobite, conodont, and brachiopod taxa reported from
the Ibexian stratotype section are listed here with referenc
to original description and illustration. Echinoderms are

listed in Appendix 4.
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figs. 1, 2. Variabiloconus basslerfFurnish, 1938), p. 331, pl. 42, fig.
?Scolopodus sexplicatukones, 1971, p. 65-67, pl. 5, figs. 1. Ethington and Clark, 1981, p. 116-117, pl. 8,
4a—c, 7a—c, 8a—c, pl. 9, figs. 4a—c, text-figs. 16a—c. figs. 11-12.
Ethington and Clark, 1981, p. 105, pl. 12, figs. 3,4. avalliserodus ethingtorfFahraeussensu_ofgren, 1978, p.
aff. Scolopodus striatuBander, 1856. Ethington and Clark, 114-1186, pl. 4, figs. 27-35, text-fig. 33. Ethington
1981, p. 105, pl. 12, figs. 5, 6. and Clark, 1981, p. 116117, pl. 13, figs. 10, 14-16,
Scolopodus sulcat=urnish, 1938, p. 325-334, pl. 41, figs. text-fig. 35.

14, 15, pl. 42, figs. 26-29. Ethington and Clark, \estergaardodiniiller, 1959, p. 465-467.
1981, p. 105-106, pl. 12, figs. 7, 8. Repetski, 1982, 2 New Genus 1 Ethington and Clark, 1981, p. 117, pl. 13,

p. 126, text-fig. 2B—E. fig. 17.
?Scolopodusp. Ethington and Clark, 1981, p. 106, pl. 12,
figs. 9-11.
Scolopodiform A Ethington and Clark, 1981, p. 106, pl. 12,
fig. 27. APPENDIX 3. BRACHIOPODA
Scolopodiform B Ethington and Clark, 1981, p. 106-107, pl.
12, fig. 13, text-fig. 28. Diparelasma rowellRoss, 1968, p. H7, pl. 2, figs. 3-10, 13.
Scolopodiform C Ethington and Clark, 1981, p. 107, pl. 12, Diparelasmacf. D. transversaUlrich and Cooper, 1938.
fig. 4, text-fig. 29. Ross, 1968, p. H8, pl. 1, figs. 14-17; pl. 2, figs. 1, 2.
Scolopodiform D Ethington and Clark, 1981, p. 107, pl. 12, Hesperonomia fontinaliéWhite). Ross, 1968, p. H5, pl. 1,
figs. 15-17, 23, text-fig. 30. figs. 1-9.
Scolopodiform E Ethington and Clark, 1981, p. 107-108, pl.Hesperonomiaf. H. dinorthoidesUlrich and Cooper, 1938.
12, fig. 18, text-fig. 31. Ross, 1968, p. H5-H6, pl. 1, figs. 10-13.
Semiacontiodus lavadamengidiller, 1969), p. 420, pl. 64, Syntrophopsiscf. S. polita Ulrich and Cooper, 1938, p.
figs. 55—-61. Miller, 1980, p. 33, pl. 2, fig. 4. 237-238, pl. 51C, figs. 23, 24, 27, 30, 31.
Semiacontiodus nogamidliller, 1969, p. 421, pl. 63, figs. Tritoechia loganensiRoss, 1968, p. H8—H9, pl. 3, figs.
11-20, 41-50. Miller, 1980, p. 32, pl. 2, figs. 8-18.
10-12, text-figs. 4V, W. Hesperonomiella mingiWalcott). Ulrich and Cooper, 1938,
Teridontus nakamurajNogami, 1967), p. 216-217, pl. 1, p. 124, pl. 21, fig. 28. Cooper, 1956, p. 337, pl.
figs. 9-13, text-figs. 3A—E. Miller, 1980, p. 34, pl. 121H, figs. 20, 22). Jensen, 1967, p. 84-85, pl. 2,

2, figs. 15, 16, text-fig. 40. figs. 16-19.
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APPENDIX 4. ECHINODERM (or) unfavorable lithofacies. Two distinct echinoderm
BIOSTRATIGRAPHY assemblages were found in different lithologies of the

Fillmore, implying that substrate was an important factor in

the diversification of echinoderms during the Ordovician
BY JAMES SPRINKLE " AND THOMAS E. GUENSBURG? radiation (Sprinkle and Guensburg, 1991; Guensburg and
Sprinkle, 1992a, 1992b). Seventy-eight specimens of
crinoids make that group dominant in the Fillmore echino-
derm fauna (Guensburg and Sprinkle, 1990, 1992a). The
crinoids are found almost exclusively on hardgrounds

In this section, we plot stratigraphic ranges of echino-
. " ; developed on sponge-algal mounds, flat-pebble conglomer-
derms from the Lower and Middle Ordovician Fillmore For- ; . .
ates, and grainstones, along with less common edrioaster-

mation, Wah Wah Limestone, Kanosh Shale, and Lehman. o . o i
L oids and eocrinoids. This association was noted previously
Formation in the Ibex area of western Utah (pl. 1, cBxart . .
. . ) by Dattilo (1988). In contrast, other common echinoderm
Relatively few echinoderms previously have been reported or

described from these units. (See Lane, 1970; Paul, 197 roups, .SUCh. as. m'tfat.e stylophorans an.d rho'mblferans, are
bund primarily in micrites, shales, and limy siltstones that

Kelly and Ausich, 1978, 1979; Hintze, 1979; Guensburg an briginated as soft substrates.

Sprinkle, 1990, 1992a; Blake and Guensburg, 1993.) We fth hinod ; he Fil )
have also included comments on the stratigraphy and physi- Most of the echinoderms from the Fillmore Formation

cal correlations of Lower Ordovician stratigraphic sections inan,d Wah Wah Limestone are undescribed and are currently
western Utah based on findings made during our recent fieIBelng studied. At least 25 genera are present (pl. 1), along

work (James Sprinkle and T.E. Guensburg, unpub datéNith several other distinctive but still unidentified plates,
1989-91) ' stems, attachment holdfasts, and arm fragments. Another

medium-sized echinoderm fauna containing at least 10 gen-
era has been collected from the Middle Ordovician Kanosh
IBEX AREA, WESTERN UTAH Shale (see Wilson and others, 1992, table 2), and two addi-
tional echinoderms have been found in the overlying Leh-
Our field work in western Utah during the summers ofman Formation and are currently being described in
1989-1991 concentrated on the Fillmore Formation and théeparate papers (Blake and Guensburg, 1993; Guensburg
base of the overlying Wah Wah Limestone. A total of 140and Sprinkle, 1994).
partial or complete echinoderms were collected from these  While attempting to correlate different parts of the
units at 25 localities, nearly half of which were along orFillmore section during our recent field work, we discov-
near measured sections described by Hintze (1973). Othered a long-standing problem in one of the correlations
echinoderm localities where tied to nearby measured sewriginally made by Braithwaite (1969, 1976) and adopted
tions and Hintze’s composite section by using distinctiveby Church (1974, 1991) and Dattilo (1988). Braithwaite
mound or reef horizons, measurements from key features i(1976, p. 57-58) had several inconsistencies in the usage of
his informal members (1973, p. 10-11), and by direct trac#fossil localities” (his fig. 3) and “collection sites” (his pl.
ing of beds along strike. 20) vs. “collection localities” and in the location of the base
The Fillmore Formation is a thick shallow-water unit of graptolite Zones 2 and 3 (his fig. 10) vs. measurements
containing a wide variety of lithologies (Hintze, 1973; Dat- above the base of the Fillmore for collection localities 4
tilo, 1988, 1993), including flat-pebble conglomerates, limyand 11. More importantly, Braithwaite’s correlations from
siltstones, mega-ripplemarked grainstones, sponge-algahe U.S. Highway 6-50 first roadcut at Skull Rock Pass
mounds, and interbedded micrites or shales. Although echicollection locality 4) west to the Pyramid and Amphithe-
noderm debris is common, especially in coarser lithofaciesiter Sections (collection localities 9 and 10) are too low by
throughout the formation, complete echinoderm specimenabout 42 m (138 ft) according to our measurements. We
are rare, widely scattered, and sometimes difficult to col-suggest that Church’s (1974, 1991) mound horizon at the
lect. We collected complete echinoderms at specific horiPyramid Section is about 240 m (787 ft) above the base of
zons throughout the Fillmore (pl. 1, ch@)t Gaps between the Fillmore Formation near the top of the slope-forming
productive horizons are characterized by poor exposure anshaly siltstone member in the lower part of trilobite Zone
G-2 (see Hintze, 1973). This change has also affected the
1 ) ) o ) stratigraphic occurrence oPogonipocrinus which was
Department of Geological Sciences, University of Texas, Austin, TX . . .
78712. found on the mound horizon at this locality (Kelly and
2Physical Science Division, Rock Valley College, Rockford, IL Ausich, 1978). The age of this crinoid therefore becomes
61114. Early Arenig rather than Tremadoc by British usage.

INTRODUCTION
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TAXONOMIC NOTES ON ECHINODERMATA Hoplocrinussp. A of Lane, 1970, p. 12, pl. 1, figs. 2, 3.
Hybocrinussp. of Billings, 1857. See Brower and Veinus,
Archaetaxocrinus landiewis, 1981, p. 236-237, pl. 1, fig. 1974, p. 30-37.
9 (=Cupulocrinussp. A Lane, 1970). Hybocrinussp. A of Lane, 1970, p. 9-12, pl. 1, fig. 8, text-
Atopocrinus priscusane, 1970, p. 15, pl. 1, figs. 4-6, text- fig. 2E. Plotted as “large conical disparid” on plate
fig. 2F-J. 1, chartC, herein.
Ibexocrinus leptorLane, 1970, p. 12-14, pl. 1, fig. 1, text-

Blastoidocrinu® sp. A of Billings, 1859. See Sprinkle,

19733, p. 144-155; Wilson and others, 1992, p. 26’Mandalacystis n. sp. See Lewis and others, 1987, p.

. tab_le 2. - _ 1233-1235, figs. 1-7; Wilson and others, 1992, p.
Blastoidocrinu® sp. B of Billings, 1859. See Sprinkle, 26. table 2.

1973a, p. 144-155; Wilson and others, 1992, p. 26

fig. 2B-C.

'Pogonipocrinus antiquugKelly and Ausich, 1978), p.

table 2. 916-919, figs. 1A-D. Kelly and Ausich, 1979, p.
Bockian. sp. Hecker, 1938. See Bockelie, 1981, p. 127-138, 1433,

figs. 2-9. Protopalaeastestarfish. See Wilson and others, 1992, p. 26,
Cheirocystella antiqu®aul, 1972, p. 33-37, pl. 1, figs. 1-4, table 2; Blake and Guensburg, 1993, p. 112, fig.

text-figs. 7-9. 1.6.
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An Ibexian (Lower Ordovician) Reference Section
In the Southern Egan Range, Nevada,
for a Conodont-Based Chronostratigraphy

By Walter C. Sweétand Celeste M. Tolbett

ABSTRACT ern Egan Range, in sections 25 and 36, T. 8 N., R. 62 E.,
and section 30, T. 8 N., R. 63 E., northwestern Lincoln
A long section of Pogonip Group strata, just south ofcounty, Nevada (Shingle Pass, Nevada, 7.5-minute quad-
Shingle Pass in the southern Egan Range, Nevada, is est&80dle).
lished as the reference section for the lbexian Series (Lower In the Shingle Pass section, the Pogonip Group is
Ordovician) in a graphically assembled, conodont-basedirectly and conformably underlain by the stratotype of the
chronostratigraphy for the North American Ordovician. Thewhipple Cave Formation (Kellogg, 1963), a sequence of
2,924 feet (892 meters) of dominantly carbonate strata in thidick-bedded, stromatolitic, lime grainstones and wacke-
section, between the base of the House Limestone and a lewtbnes primarily of Late Cambrian age, but including nearly
64 feet (19.5 meters) above the base of the Kanosh Shalg m of Early Ordovician strata at the top. The distribution of
were sampled in 1985 at approximately 7-meter intervalsconodonts in the upper part of the Whipple Cave and lower-
and conodont elements representing 121 species of 59 gemost part of the Pogonip in Sawmill Canyon, in the central
era have been collected from acid-insoluble residues of theggyjan Range, about 25 mi north of Shingle Pass, is reliably
samples. All samples were productive of conodonts, whicljocumented in a recent report (Taylor and others, 1989), and
have a color-alteration index (CAl) between 3.5 and 4. Thehjs has made duplication of that work in this study unneces-
distribution of conodont species is used graphically to demsary. Also, the Pogonip Group in the Shingle Pass section
onstrate correlation between the Shingle Pass section, segas not sampled above a level in the lower part of the

tions in the Ibex district of western Utah, and a section of thkanosh Formation because that part of the Pogonip is diffi-
El Paso Group in the southern Franklin Mountains, Texas. cylt of access and Whiterockian in age.

In this report we summarize the lithic stratigraphy of
the Shingle Pass section, document the distribution of con-
INTRODUCTION odonts in it, and demonstrate its utility as an Ibexian refer-
ence section by plotting on biaxial graphs the ranges of
A long, continuous surface section through theconodonts common to the Shingle Pass section and impor-
Pogonip Group in the southern Egan Range, Lincolrtant sections in the Ibex district of western Millard County,
County, Nevada, is established here as the reference sagtah, and in the southern Franklin Mountains of Texas. A
tion for the Ibexian (Lower Ordovician) segment of adetailed description of that part of the Shingle Pass section
graphically compiled, conodont-based chronostratigraphistudied in detail is provided in Appendix 1. Appendix 2 lists
framework for the Ordovician of North America. This sec-ranges of 210 conodont species in the Shingle Pass section
tion (fig. 1) is situated about 3.5 mi (5.6 km) east ofand in the other Ibexian sections we compare with it. Appen-
Nevada Highway 318 and about 1 mi (1.6 km) south of thelix 3 gives the composite standard-equivalent ranges of
unpaved, unnumbered road that extends through Shingthose species, and Appendix 4 includes notes on taxonomy
Pass and connects Highway 318 with U.S. Highway 93of the conodont species represented.
some 20 mi (32 km) to the east. The section, herein identi-
fied as the Shingle Pass section, is exposed in, and on the
flanks of, a broad northwest-projecting salient of the south- ACKNOWLEDGMENTS

Department of Geological Sciences, The Ohio State University, Joseph R'_ Wllson_' then Of_Oh_'o WeS|eyfan Unlv_ersr[_y
Columbus, OH 43210. (Delaware, Ohio), assisted the junior author in the field in
25243 Connemara Court, S.E., Grand Rapids, Ml 49546, August 1985, when the Shingle Pass section was measured
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Figure 1. Index map showing location of the three subsections (85WA, 85WB, 85WB) that compose the
Shingle Pass section of this report.

and sampled. Y.B. Kim processed many of our carbonatdbexian is not a one-for-one substitute for the Canadian, but
samplesin acid and helped concentrate the acid-insoluble res- more precisely defined chronostratigraphic unit, with a
idues. John E. Repetski, of the U.S. Geological Surveywell-known succession of fossils and a designated and
Reston, Virginia, discussed identification of many conodontwell-described type section in the Ibex district of Millard
species and allowed extended access to his bulk collectionSounty, western Utah.

from the El Paso Group, Texas. Professor Raymond L. | the type area of the Ibexian Series, Hintze (in Ross
Ethington, University of Missouri-Columbia, made conodont 5,4 others, 1982) placed the base of the Ibexian in the upper-
collections from the Ibex district, Utah, available for study most beds of the Notch Peak Formation, at the base of the
and kindly discussed many of the problems associated witlmissisquoiatrilobite Zone, which, following then-current
the identification of species represented in them. The help anfljorth American practice, also marked the base of the Ordov-
assistance of all these persons are gratefully acknowledgegsian System. The top of the Ibexian is the base of the over-
The illustrations were enhanced by the graphic skills of Carolying Whiterockian Series, which Hintze (in Ross and others,
Quesenberry, USGS. 1982) and Ethington and Clark (1982) both placed at the
base of the Kanosh Shale in the Ibexian type area. Ross (in
Ross and others, 1982) and others, however, have argued that

STRATIGRAPHY the Whiterockian base be sited in the Ibex district at the level
in the Wah Wah Limestone (Hintze, 1988) at whinttham-
THE IBEXIAN SERIES bonites subalat&irich and Cooper first occurs, for that bra-

chiopod is regarded as the lowest representative of Cooper’s
The Ibexian Series was proposed (Ross and otherg1956) Orthidiella Zone, the basal biozone of the typical

1982) as a substitute for Canadian Series, the lowest majof/hiterockian Series. In the type area of the Ibexian, this
division of the North American Ordovician, because the level is also very close to the base of Ethington and Clark’s
Canadian was deemed to have been poorly defined Origi(1982)Tripodus laevizonodont Zone, and the same relation
nally and inconsistently used subsequently. However, ad'0lds in the type section of the Whiterockian Series (Ross
Hintze’s (in Ross and others, 1982) description of the type@nd Ethington, 1991, 1992).
section indicates, the Ibexian includes much less of the Data on the distribution of trilobites and conodonts in
North American Lower Ordovician than do most usages ofthe upper part of the Whipple Cave Formation and lower-
Canadian, which embrace substantial parts of units nowmost part of the House Limestone in a section in Sawmill
included in the younger Whiterockian Series. In brief, the Canyon, some 25 mi (40 km) northwest of Shingle Pass
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(Taylor and others, 1989) suggest that the base of the IbexiaDambrian carbonate rocks immediately below the Pogonip
there is about 70 m below the base of the House Limeston&roup, and with a stratotype just below the House Limestone
and this is almost certainly the situation in the Shingle Pasi the Shingle Pass section. Kellogg's lithic subdivisions are
section. Because of the currency and evident thoroughness tife ones recognized in this report, which focuses primarily
the sequence established in Sawmill Canyon, we have naein the distribution of conodonts and not on lithostratigraphic
attempted to duplicate that part of the succession in the Shimletails. However, in order to locate our bulk samples in
gle Pass section, although it may someday be desirable to dppropriate lithostratigraphic context, we include a detailed
so. Hence the base of the Ibexian cannot at present be locatéitribution of the Shingle Pass section in Appendix 1.
precisely in the Shingle Pass section. We note that although It should be noted that Hintze (1952, p. 60-76) mea-
Hintze (in Ross and others, 1982) drew the base of the typsured, described, and reported on the identity of trilobites
Ibexian at the base of ti\dissisquoiatrilobite Zone, he did and other megafossils in some 21 samples collected at
so obviously to make the Ibexian base coincident with thayvidely spaced stratigraphic intervals from the Whipple Cave
base of the Ordovician System. No formal international def+ormation and Pogonip Group in the Shingle Pass (his Sun-
inition of the Ordovician base has yet been recommended atyside) section. Also, in a recent guidebook contribution,
approved, however, although it seems likely from reports oDroser and Sheehan (p. 83-85 in Cooper, ed., 1995) included
recent deliberations that in making such a recommendationdditional information about Ibexian strata at Shingle Pass,
the distribution of conodonts, not trilobites or other fossils,but focused primarily on the Shingle Limestone and its
will be the guiding criterion. sponge mounds.

In the Shingle Pass section, the conodont spdgies In his report, Hintze (1952) was able to recognize in
podus laevisappears abruptly and in abundance in thethe Shingle Pass section the equivalents of all the Pogonip
upper third of the Shingle Limestone, 134 m below the basg¢ormations he defined in the Ibex district of western Utah.
of the Kanosh Shale. We use this level to mark the base ¢fowever, we suspect that, in doing so, he may have relied
the Whiterockian Series, and thus the top of the Ibexiansomewhat more on the distribution of trilobites and other
We note also that Kellogg (1963) report®dthambonites  guide fossils than on details of the lithic succession. Droser
subalataUlrich and Cooper from near the top of the Shin-and Sheehan, and the junior author of this report, on the
gle Limestone at a locality 0.4 mi (0.6 km) northeast of theother hand, paid principal attention to the succession of
main ridge, Shingle Pass. rock types in the Shingle Pass section. Hence, unit thick-

Thus, in the Shingle Pass section, the lbexian Serieaesses given in these previous reports differ considerably
includes the House Limestone, the Parker Spring Formatiorfrom one another, and that makes it difficult to integrate
the lower two-thirds of the Shingle Limestone, and probably,into a single scheme all the information they contain. Here,
depending on the level at which the Ordovician base is ultiwe comment only that, compared with the typical Ibexian,
mately sited, the uppermost 70 m or so of the subjacenthe Shingle Pass section appears to be complete and not
Whipple Cave Formation. interrupted by the erosional gap at the level of the Juab For-

mation shown by Droser and Sheehan. The Juab Formation

was recognized at Shingle Pass by Hintze (1952), and our
LITHOSTRATIGRAPHY collections from the upper part of the Shingle Limestone

include conodonts typical of that unit. Further, no disconti-

For more than 40 years, Great Basin stratigraphers havauity is indicated graphically in the upper part of the
included Ordovician rocks below the widespread EurekeShingle Limestone, as we recognize it in this report.
Quartzite in the Pogonip Group, which was revised, subdi-
vided into formations, and stabilized in content by Hintze

(1951). In the Ibex district of western Utah, Hintze divided CONODONT BIOSTRATIGRAPHY
the Pogonip, in ascending order, into House Limestone, Fill-
more Limestone, Wah Wah Limestone, Juab Limestone, In August 1985, the junior author (Wilson, 1988) mea-

Kanosh Shale, and Lehman Formation; and in 1952, he resured and described the Shingle Pass section, between the
ognized the same succession in the Shingle Pass section lmdse of the House Limestone and a point 19.5 m above the
eastern Nevada (his Sunnyside section). Later, however, inase of the Kanosh Shale, which was recognized in the field
the southern Egan Range, Kellogg (1963) divided Pogonigs the level at which receptaculitids appear in fine-grained,
strata between the House Limestone and Kanosh Shale inttominantly calcareous beds. As the section was measured,
just two lithic units, a lower, poorly exposed, slope-forming bulk limestone samples were also collected at 20-ft (6.1-m)
succession of thin-bedded carbonates and shales, the Parketervals. These samples, 119 in number, were returned to
Spring Formation; and an upper, cliff-forming unit of more our laboratory in Columbus, Ohio, where they were crushed,
thickly bedded carbonates, the Shingle Limestone. In hiand 1 kg of each was processed in a 10 percent solution of
1963 report, Kellogg also defined and described the Whipplacetic acid. Every one of the samples yielded well-preserved
Cave Formation, a thick succession of mostly Upperconodont elements, and itis on these specimens that we base
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the following discussion of conodont biostratigraphy. Bulk strata exposed along Scenic Drive, in El Paso, Texas. Con-
collections are kept in the micropaleontological collectionsodonts from the Scenic Drive section were described and
of the Department of Geological Sciences, The Ohio Statéllustrated by Repetski (1982), who provided scaled data in
University, where they are identified by the prefixes 85WA, his report on the ranges of all the species represented.
85WB, and 85WC.

Ibexian rocks in the type area of western Utah are
divided into a succession of 11 conodont-defined biozones, CORRELATION WITH
which are named and characterized in a report by Ross and |BEX]AN SECTIONS ELSEWHERE
others (1993; this volume, chapter A). Although equivalents
of at least nine of these zones are recognizable in the Shingle
Pass section, we have not used them as the principal tool iBas
correlating the two successions. Instead, we have followed

correlation strategy that was devised by Shaw (1964) an ections that is the basis for a conodont-based Ordovician

Which is demonstrated in a variety of different situations by chronostratigraphy (Sweet, 1984: 1995a, 1995b). Thus it is
contributors to a recent volume (Mann and Lane, 1995) OI'}mportant first to show how rocks in the Shingle Pass section

graphic correlation. correlate with those in sections in the Ibex area of western

Use of the graphic procedure in assembling a networkpmillard County, Utah, that make up the composite Ibexian
of closely correlated sections requires data on the measuregratotype (Ross and others, 1993).

distributions of fossils in all the sections that are potential

contributors to the network. One long section in which fossil

ranges(are V\)/ell cgnt(;odlled isI selectedstdard referznceh CORRELATION WITH THE
section(SRS), and additional sections are compared with it

by plotting the first and last occurrences of common species COMPOSITE-STRATOTYPE SECTION
as points in a biaxial graph. On such a graph, the equation of IN THE IBEXIAN TYPE AREA
aline of correlation(LOC) fit to the array of points on or )
closely adjacent to the interface between first- and last- ~ D@ta on the measured ranges of conodonts in the Ibex
occurrence sectors of the graph helps determine the mo&€2 areé from three sources, Ethington and Clark (1982),
reasonable relationship between the SRS and another dafghington and others (1987), and Hintze and others (1988).
set being considered, and provides the means of translating/€ take information from these three sources at face value,
ranges in the second section into terms of the SRS. Follow!ith modification only of the names used for several faxa.
ing comparison of the second section with the SR®na Ethington and Clark (1982) based their monographic
posite standardCS) is created by selecting from the two Study of conodonts from the Ibex area on nearly 27,000 dis-
range-data sets the lowest and highest ranges for each sp&ete elements recovered from acid residues of 758 carbon-
cies. The resultant data set, or CS, which is composed of thate samples collected at 4- to 24-ft intervals from sections at
best information from the two initial data sets, is then used ad 1 localities in western Millard County, Utah. Sections sam-
the basis for comparing a third section and creating a new cgled by Ethington and Clark include Hintze’s (1951, 1973)
after that graphic episode. Customarily all the sections conA, B, C, E, H, M, ST, J, K, and CP Sections, which were
sidered in the initial round of graphic correlation are recorre-assembled, following information in Hintze's reports, to
lated with CS’s composed of the best data from all the otheform a continuous sequence from just below the base of the

sections of the network for as many rounds as it takes télouse Limestone to the top of the Crystal Peak Dolomite.
reach a stable CS. Ethington and Clark evidently used this assembly as the

basis for the composite range chart included as figure 3 in
Weir 1982 report, and Sweet (1995b) used it with minor
odification in a preliminary graphic correlation of Ibex
ea and Shingle Pass sections. In this report, however, we

Our objective in this report is to establish the Shingle
s section as the reference section for the Ibexian Series in
graphically assembled framework of carefully sampled

In this report we are concerned primarily with demon-
strating the relationship between the Shingle Pass sectio
and sections in the type area of the Ibexian Series. HoweveF',ﬂl

because the Shingle Pass and Ibexian type sections al I hat i d hich i
closely spaced geographically and developed in simila oflow @ somewnal more Conservaive procedure, which 1s
explained in the following paragraphs.

litho- and biofacies, we consider it desirable to compare the
results of the graphic assembly of those sections with one i
a more distant location that !S known to be _Of genera”_y COM- 37he variation in measurement units in this report is attributable to the
parable age but developed in somewhat different facies. Fojise by various workers in the area of feet or of meters and the present au-
such a comparison, we selected the section of El Paso Groupors’ concern for precise reporting of previous studies. One foot=0.3048 m.
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Figure 2. Correlation of Ibex-area sections STP, LD5, A, E, B, C, M, H, ST, J, KA, KB, and CP with Shingle Pass (SP) and Scenic
Drive (El Paso) sections. Vertical scale is in composite standard csiity €ach equivalent to 1 m in the SP section. Thicknesses of lithic
and biostratigraphic units are those determined by graphic correlation with SP, which is SRS for this compilation. Nuomtactsaare
SP-equivalent levels (for example, the Fillmore Formation base in Ibex-area sections B, C, and M &sati33tie CS, or projects to a

level 331 m above the base of SP). In effecting correlations between Ibex-area sections M and H, Hintze (1973) used rharkdabeds
beled MB1, MB2, and MBA4.
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Figure 3. Graphic correlation of the lower 170 m of Ibex-area composite section B-KA with a composite standard (CS) composed of max-
imized range data from Ibex-area sections STP, LD5, A, and E; the Scenic Drive section in El Paso, Texas; and the StéugilenPass
which is the standard reference section (SRS). Dots are range bases; crosses are range tops. Numbers by dots antbdtessesodfant

species listed in Appendixes 2 and 3 and identify only those points composing the array to which the line of correlatives(h&xe)fit.

In figure 2, we follow Hintze (1951, 1973) in linking his B-KA and a CS composed of range data from Ibex-area sec-
B, C, M, H, ST, J, and KA Sections into a single sequencetions STP, LD5, A, and E, the Shingle Pass section, and the
948 m thick, which ranges upward to the top of the KanoshScenic Drive section in El Paso, Texas. Although the arrays
Shale from a point 105 m below the top of the House Lime-of points plotted in these two graphs exhibit modest disper-
stone. Ranges of conodonts in this segment of the Ibex consion, a majority of the first occurrences plot above and to the
posite section, which we designate B-KA, have beenleft of a line with the equation SP=(B-KA)+226, and most
assembled from Ethington and Clark (1982) and Ethingtoniast occurrences plot below and to the right of that line. The
and others (1987) and are given in Appendix 2, in which wearray to which we have fit the line in figures 3 and 4 is com-
also include ranges of the same conodont species in the Shifosed of the 31 points that plot on or very close to the inter-
gle Pass section and in a section along Scenic Drive in thgsce between first-occurrence and last-occurrence sectors of
southern Franklin Mountains, in El Paso, Texas. the graph. The array is clearly rectilinear, which suggests

In figures 3 and 4 we plot the first and last occurrencesthat composite section B-KA very closely approximates a
of conodont species common to Ibex-area composite sectioringle, unbroken sequence. This may also be taken as
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Figure 4. Graphic correlation of the upper 593 m of Ibex-area composite section B-KA with a composite standard (CS) composed of max-
imized range data from the Scenic Drive section, El Paso, Texas, and the Shingle Pass section, which is SRS. Dots &% maogsekas

are range tops. Numbers by dots and crosses refer to the conodont species listed in Appendixes 2 and 3 and identifyciniy doose

posing the array to which the line of correlation (LOC) has been fit.

support for our decision to treat seven of the Ibex-area seconclude that these surprisingly high “tops” merely record
tions as a single succession for the purpose of establishingpper range limits in section B-KA that are higher than in
correlation with Ibexian rocks elsewhere. any other section we have thus far considered. They might,
In the graph of figure 3, it should be noted that crosse®f course, be the results of reworking; but we discount this
marking the upper range limits of four conodont species plopossibility because other ranges, established from the same
above and well to the left of the LOC, in a sector of the graplsamples, appear to be congruent with a LOC based on many
otherwise dominated by first occurrences (dots). At first weother range limits established and closely controlled in either
interpreted the anomalous position of these upper range linthe Shingle Pass or Scenic Drive sections.
its as indicative of a discontinuity in the section, at about the Initially, we included Hintze’s A Section, the stratotype
level of the House Limestone/Fillmore Limestone contact.of the House Limestone, in the assembly just described, by
However, neither we nor Ethington and others (1987) havessuming that rock accumulated at an essentially uniform
been able to detect any physical evidence in the field of suctate throughout the Ibex area and that the top of section A
a discontinuity. Consequently, it seems reasonable tequated with the base of section C, which Hintze (1973)
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Figure 5. Graphic correlation of Ibex-area section A with a composite standard composed of maximized range data from the Shingle Pass
and Scenic Drive sections and Ibex-area sections STP, LD5, E, and lower B-KA. Dots are range bases; crosses are ranigersopg. Num
dots and crosses refer to conodont species identified in Appendixes 2 and 3.

determined to be coeval with the top of the House Limestone  Figure 5, a graph that relates Ibex-area section A to a
in section B. However, inclusion in the Ibex-area compositecomposite standard that includes information from all the

of conodont range data from section A introduced a puzzlings€ctions mentioned in a preceding paragraph, suggests that

amount of dispersion into the lower part of the graphic array!n€ rate of rock accumulation may have been somewhat
reater in the vicinity of section A than to the south in sec-

and this suggested that section A should be correlated inde* n B-KA. Thus, in figure 2 we show the position of
pendently with a composite section that included informa'Hintze’s A Secti(;n as indicated graphically in figure 5.
tion from the Shingle Pass section, an Ibex-area assemblyjyte that the top of the House Limestone in Ibex-area sec-
composed of data from sections B, C, M, H, ST, J, and KAjjon A is at a level some 18 m lower in the framework that
and a section of El Paso Group strata along Scenic Drive, igontrols the CS than the top of the House Limestone in
El Paso, Texas (Repetski, 1982). Ibex-area sections B, C, and M.
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Figure 6. Graphic correlation of Ibex-area section E with a composite standard composed of maximized range data from the Shingle Pass
and Scenic Drive sections, and from Ibex-area sections STP, LD5, A, and lower B-KA. Dots are range bases; crosses aréambetsp
by dots and crosses refer to conodont species identified in Appendixes 2 and 3.

Hintze's (1951) E Section, in the Wilden Hills, is also sections mentioned in preceding paragraphs, and an El Paso
isolated from the body of composite section B-KA, and weGroup section in the southern Franklin Mountains, Texas.
show its relationship to the graphically compiled compositeThe positions of these sections indicated by graphic correla-
standard in figure 6. Note that the rate of rock accumulatiortion are shown in figure 2.
in the vicinity of Ibex-area section E was also apparently In figure 2 the lbex-area sections just discussed are
somewhat greater than elsewhere in the Ibex area, or in ttissembled in a chart, the vertical scale of which is that of the
Shingle Pass section, which is the standard reference secti®@hingle Pass—Sawmill Canyon succession, which is the SRS
for the composite standard. In figure 2 we show section E ifior the CS with which we have compared Ibex-area sections
the position indicated graphically in figure 6. graphically. Sections in this assembly include the stratotype

In their study of the Notch Peak Formation, Hintze andof the Ibexian Series base (39.1 m above the base of the Lava
others (1988) reported the distribution of conodonts in secbam Member in Ibex-area section LD5), as well as the basal
tions at three localities in the Ibex area. Range data for two dftratotypes of all Ibexian stages and conodont biozones. The
these, the Steamboat Pass and Lava Dam 5 sections, are suop of the Ibexian Series, defined as the base of the
marized in Appendix 2 and are used graphically in figures Ahiterockian Stage, is not included objectively in the sec-
and 8 to illustrate the relations of these two sections to éions assembled in figure 2. It is drawn in that figure at the
composite section that includes information from thelevel of first occurrence of the conoddFripodus laevisn
Shingle Pass and Sawmill Canyon sections, the Ibex-arethe Shingle Pass-based CS.
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Figure 7. Graphic correlation of the Ibex-area Steamboat Pass (STP) section with a composite standard composed of maximized rang
data from Ibex-area sections LD5, A, and E, and from the Shingle Pass and Scenic Drive sections. Dots are range bases;arrgeses
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Figure 8. Graphic correlation of the Ibex-area Lava Dam 5 section with a composite standard composed of maximized range data from the
Shingle Pass and Scenic Drive sections and from Ibex-area sections STP, A, E, and lower B-KA. Dots are range basesyrangeses are
tops. Numbers by dots and crosses refer to conodont species listed in Appendixes 2 and 3.
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T I CORRELATION WITH THE
+er EL PASO GROUP, TEXAS
200 — +126 —
"+ 4106 Collections from Pogonip Group strata in the Shingle

Pass and Ibex-area sections contain representatives of at least
two-thirds of the conodont species described by Repetski
(1982) from the El Paso Group exposed along Scenic Drive,
493 in the southern Franklin Mountains, in El Paso, Texas.

1544 Ranges of those species are included in Appendix 2 of this
report and are used graphically in figure 10 to effect a corre-
lation between the El Paso Group and a CS that includes
information from the Shingle Pass and Ibex-area sections
described in preceding sections of this report.

In the graph of figure 10, a line of correlation (LOC) is

CS = 1.15KCP + 995 fit to the rectilinear array of 27 points that defines the inter-
+00 face between the first-occurrence and last-occurrence sectors
of the graph. With only two exceptions, these points are the
range limits of well-known, widely distributed species about
whose physical attributes there is little question. Thus, we
regard the correlation indicated in figure 10 to be the one best
supported by the evidence presently available.

In figure 10, last occurrences of only three species and
first occurrences of only five plot at significant distances
away from the LOC. For the most part, these points represent
\ csu the first or last occurrences of species that are either rare or

950 1000 1050 1100 absent in one or another of the sections contributing to the
COMPOSITE STANDARD . L .
composite standard, or they are the range limits of species
about which there is still a considerable taxonomic question.
Figure 9. Graphic correlation of Ibex-area sections K and CP Sjope of the LOC indicates that El Paso Group strata accu-
with a composite standard composed of maximized range datgnulated at a slower rate than did those in the Ibex or Shingle
from the Shingle Pass section and the uppermost part of Ibex-are@ass areas, and sedimentologic data (Hayes and Cone, 1975)
section B-KA. Dots are range bases; crosses are range tops. Nuuggest deposition was probably in much shallower water.
bers by dots and crosses refer to conodont species listed Mhus faunal differences in the Early Ordovician likely were
Appendixes 2 and 3. appreciable between the two regions compared in this report,
and reliable correlations between them will have to depend
on the distribution of the more or less cosmopolitan species
we have utilized in figure 10.

100 —

IBEX—K + CP SECTION

154

Ethington and Clark’s (1982) monograph on Ibex-area SUMMARY

conodonts also includes information on the nature and  Graphic analysis demonstrates that the Shingle Pass sec-
ranges of some 45 conodont species in Whiterockian stratéon (augmented by information from a well-controlled sec-
in Hintze’s (1973) sections J, K, and CP. Although our studtion in Sawmill Canyon), in the southern Egan Range,
ies have focused primarily on biostratigraphic characterizaNevada, provides an excellent template for assembly of infor-
tion and correlation of Ibexian strata, we include a graph (figmation from sections in the Ibex area of western Millard

9) that shows the relations between rocks in Ibex-area se&ounty, Utah, and along Scenic Drive in El Paso, Texas. That

tions K and CP and those in the upper 150 m or so of ththe Shingle Pass succession can be used as a template for

: i . s elating post-Ibexian rocks in the Ibex area to older strata also
Shingle Pass-based CS. This graph is included largely to pr((Satppears possible, thereby enabling establishment of a well-

vide a p|ostrat|graph|c_cap for the '_bex'a“ Senes_and tocontrolled local composite standard that extends from a level
enable its subsequent incorporation into a composite staRe| helow the base of the Ordovician System to a point well
dard that will include the entire Ordovician System (Sweet,gpove the base of the Whiterockian Series. Such a local com-
1995a, 1995b). In figure 2, Hintze's Ibex-area sections Kposite standard will be of great utility in building the pan-
(our KB) and CP are shown in relation to other Ibex-area sec®rdovician CS outlined recently by Sweet (1995a, 1995b).

tions.
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Figure 10. Graphic correlation of the Scenic Drive section, in El Paso, Texas, with a composite standard composed of maximized range
data from the Shingle Pass and Ibex-area sections. Dots are range bases; crosses are range tops. Numbers by dotsfanth casses re
odont species listed in Appendixes 2 and 3, but only points in the array to which the LOC is fit are identified by number.
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Thickness Cumulative

(feet) thickness
(feet)
Section measured perpendicular to strike, in stratigraphically continuousshing|e Limestone—Continued

traverses at thrv_ee different sites on northwest-trending ridgeimmediatelysc_)uth of Shin- Li t dium- thin- t dium-bedded:
gle Pass road, in the southern Egan Range, Nevada. Subsections are designated 85WA, Imestone, me |um‘gray, . In- 10 me _IurT_1 edaed;
85WB, and 85WC, but sample designations are given in terms of footage above base of contorted b‘?dsj bioclastic layers; trilobites,
subsection 85WA, which is also the local base of the House Limestone. Sample SPONGES, CrNOIAS. ....c.oviiviiiisiitsiieii i 9 2370
85WB-751, for example, is from a limestone bed 751 feet above the base of the House Limestone, light- to medium-gray, thin- to
Limestone, in subsection 85WB. medium-bedded; contorted beds; bioclastic

layers, trilobites; silicified burrows (85WC-2360;

SUBSECTION 85WC 85WC-2333; 85WC-2316; 85WC-2298) .........ccvvenee. 76 2361
Section of upper part of Shingle Limestone and lowermost Kanosh L'??:ta?;r’ k:re1 zg'll;m?rigkt;géasyS‘ﬁ?é?;g&'%:ﬁg\?vid
Shale in NESEc sec. 36, T. 8 N., R. 62 E. (Shingle Pass, Nevada 7.5- (85?NC-2278)....g.j ........... e 20 2285
minute quadrangle). Limestone, medium-gray; weathers pale yellowish
Thickness Cumulative orange; thickly laminated to very thin bedded;
(feet) thickness mottled; bioclastic layers; trilobites; silicified
(feet) burrows (85WC-2260)........c.cccevvimeeieriiiiieicies e 11 2265
Kanosh Shale (lower 64 ft measured; overlying part Limestone, medium-gray, very thin bedded to
covered). t_hln-bedded; irregular beddmg plar_les;
. . . . light-brownish-gray clasts; bioclastic layers;

Limestone, mgdlum-dark-gray, me.dlum-bedded, trilobites; silicified burrows (85WC-2238) ................ 20 2254
receptaculitids, cephalopods; thin covered Limestone, brownish-gray to medium-gray, thin- to
intervals (85WC-2924; 85WC-2893) ........ccccevvveenenenne 39 2924 medium-bedded; irregular bedding planes; mottled;

Limestone, medium-dark-gray, medium-bedded; tabular to spherical clasts; very fossiliferous:
receptaculitids; few burrows; thin covered gastropods, cephalopods, trilobites, brachiopods,
intervals (85WC-2873) .......ccoereriieieeeeeiniieeieienee s 25 2885 . abundant SPONges; 5||_|C|f|ed burroyvs (85WC-2220)..19 2234

Limestone, light- to medium-gray, thin- to
Shingle Limestone (1,539 ft; 26 percent covered). medium-bedded; mottled; thin bioclastic layers

Limestone, medium-dark-gray; weathers yellowish (BEWEC-2198) ... 17 2215
orange; medium bedded, poorly developed beds; Covered............ s B, e 25 2198
brachiopods, trilobites; thin covered intervals Limestone, medium-gray; vyeathers palle orangg,

(85WC-2848; 85WC-2820).. 2860 very thln_beddgd to medium bedded; mottled;
’ sparry; bioclastic layers; gastropods, cephalopods,

COVETEA ...ttt 2805 trilobites (BEBWC-2173).........oovveeeeeeeereeeeeeese s 1 2173

Limestone, medium-dark-gray; weathers yellowish COVEIEA et eeeee e e et e ete e e eeeeee e e e eneeeeee s 145 2172
orange; very thin bedded to thin bedded; mottled; Limestone, olive-black to medium-dark-gray,
few clasts (85WC-2801)..........ccoeveeeeereeeeeeeeeeeeeenenans 2 2801 medium-bedded to thick-bedded (85WC-2020)......... 10 2027

COVEIEA ..o oo 124 2799  Limestone, medium-gray, medium-bedded; sparry;

Limestone, medium-gray; weathers grayish orange _bloclastlc layers; abundant sponges; thin covered

) . INEEIVAIS ..o e 17 2017
and pale yellowish orange; very thin bedded to Limestone, light- to medium-light-gray; weathers
thin bedded; mottled; sponges, silicified burrows; moderate red: medium bedded: intraclast and
thin covered intervals (85WC-2674; 85WC-2653; bioclastic layers (85WC-2000)...........cc.ccceververirereennans 1 2000
B5WEC-2638) ...eoueieevieniieee st 42 2675 COVEIEA ..ttt et 6 1999

Limestone, medium-gray; weathers yellowish Limestone, medium-dark-gray and grayish-orange,

orange; very thin bedded to thin bedded; mottled: thin-bedded;dtrilobiéesl,( cephalogods, canoids .............. 1 1993
: Limestone, medium-dark-gray and grayish-orange,

?gg\;lvgész,egz%?t;%%cés_,zgrozt;h|opods, cephalopods 34 2633 thin- to medium-bedded; mottled; gastropods,

. P DY e e e brachiopods, silicified burrows............ccccceeiveeeriiieeenne. 5 1992

Limestone, medium-gray to medium-dark-gray, COVEIEU oo 4 1987
thin-bedded; mottled; brachiopods, gastropods ......... 12 2599 Limestone, medium-light- to medium-gray,

Limestone, medium-gray to medium-dark-gray, thin-bedded; intraclasts...........c.coceve i 1 1983
thin-bedded; few fossils (85WC-2569;
85WC-2542; 85WC-2520) ......coevivieieieerrereienererenens 82 2587 SUBSECTION 85WB

Limestone, medium-gray to medium-dark-gray, Section of Parker Spring Formation and lower part of Shingle
thin-bedded; gastropods, cephalopods, brachio- Limestone in SWNWc sec. 30, T. 8 N., R. 63 E. (Shingle Pass, Nevada,
pods, crinoids, trilobites, sponges; burrows 7.5-minute quadrangle). Although offset below 85WC, section is
(85WC-2500; 85WC-2480).......cocvveereerereeereenierenens 35 2505 continuous with 85WC.

Limestone, medium-gray to medium-dark-gray, Thickness Cumulative
very thin bedded to medium-bedded; fossiliferous (feet) thickness
(BEWEC-2460) .....cceecueiviieieiieiienie et 30 2470 ) ) (feet)

Limestone, medium-gray to medium-dark-gray; Shingle Limestone
weathers grayish orange; very thin bedded to C.overed ..... SRR e e 2 1982
thin bedded (85WC-2440; 85WC-2420 with leestpne, |nterbedded_ medlum-llght-grgy and ‘
first occurrence ofripodus laevik...........ccccveveeneene. 30 2440 medium-gray to mgdlum-dark-gray, thinly I_amlnateq

. . . to medium-bedded; intraclast and bioclastic layers;

Limestone, medium-dark-gray, very thin bedded to chert lenses; very fossiliferous: gastropods,
medium-bedded; bioclastic layers (85WC-2404) ...... 28 2410 brachiopods, cephalopods, crinoids, trilobites;

Limestone, medium-gray, weakly developed beds; thin covered intervals (85WB-1980; 85WB-1957;
massive appearance; fossiliferous (85WC-2380)....... 12 2382 BWB-1940) ..o 42 1980
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Thickness C
(feet)

Shingle Limestone—Continued
Covered
Limestone, medium-light-gray; weathers very light

to light brownish gray; thin to medium bedded;

rounded clasts, weathers light brown to moderate

red; tabular clasts oriented parallel to bedding; very

fossiliferous, gastropods, crinoids, trilobites; thin

covered intervals (85WB-1912; 85WB-1896;

85WB-1874; 85WB-1860)
Covered
Limestone, medium-light-gray; weathers moderate

red; thickly laminated to medium bedded; tabular

clasts; bioclastic layers; silicified burrows;

stromatolites? (85WB-1840).........cccerreervveriueiniieiiens 23
Limestone, medium-light-gray; weathers moderate

red; very thin bedded to medium bedded; few

chert and bioclastic layers; cephalopods, gastropods,

silicified burrows (85WB-1820; 85WB-1800;

85WB-1780)
Limestone, medium-light-gray, medium-bedded;

burrowed (85WB-1760)........ccceeivreiiieieririreeniieessineannns 6
Limestone, medium-light-gray; weathers grayish

orange to moderate red; medium bedded;

burrowed, some silicified burrows...........c.c.cccceeeevverinne 2
Limestone, medium-light-gray, medium-bedded;
some intraclasts; burrowed ............ccccccveveveiiieeen e, 3

Limestone, medium-light-gray; weathers grayish

orange to moderate red; medium bedded;

heavily burrowed; some silicified burrows................. 10
Limestone, medium-gray, thickly laminated to

medium-bedded, burrowed; gastropods

(85WB-1740; 85WB-1721) ....ccvveieeeiiinieeeiesie e 25
Limestone, medium-gray; weathers grayish orange

to moderate red; thickly laminated to medium

bedded; chert layers; gastropods, brachiopods;

silicified burrows (85WB-1700; 85WB-1680;

BEWB-1661).....ceeeeieiie ettt e e 68
Limestone, medium-dark-gray, thickly laminated to

medium-bedded; chert layers; silicified burrows

(BEWB-1640) ...ttt e 26
Limestone, medium-gray; weathers moderate red

and grayish yellow; very thin bedded to medium

bedded; wavy bedding planes; silicified burrows

(85WB-1621; 85WB-1602) .......ccovveevriiieeeieiie e 36
Limestone, medium-gray, thin- to medium-bedded;

chert layers; silicified burrows (85WB-1580;

85WB-1559; 85WB-1540)
Limestone, medium-dark-gray; weathers yellowish

gray to dark brown; thickly laminated; brachio-

pods, gastropods; burrowed (85B-1521) ...........ccccu... 18
Limestone, medium-dark-gray; weathers yellowish

gray to dark brown; thickly laminated to medium

bedded; gastropods (85WB-1503)........cccccecvvveeiiurranns 34
Limestone, medium-gray, medium-bedded, burrowed.....1
Limestone, medium-dark-gray; weathers yellowish

gray to dark brown; thickly laminated; burrowed

(BEWB-1483) ...ttt sttt s 9
Limestone, medium-dark-gray, very thin bedded;

bioturbated; gastropods, brachiopods; base of

NIgh Cliff..oeie e 3
COVEIEA ...ttt ettt e 2
Limestone, medium-gray, thin- to thick-bedded;

[1T0) 11 =To R 2

umulative

thickness

(feet)

1912
1860

1858

1835

1761

1755

1753

1750

1740

1715

1647

1621

1585

1537

1519
1485

1484
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Thickness Cumulative
(feet) thickness
(feet)

Shingle Limestone—Continued

Limestone, medium-gray, thinly laminated; base
of low cliff (85WB-1467 at base).........cc.cceveeenvenncenns 1
[©70)77=T (=T PP
Limestone, medium-gray, thin-bedded; mottled;
bioclastic (85WB-1432 at base).......c.ccccvceevverieenieennn. 1
[©70)V7=T (<o PSP
Limestone, medium-gray, thin- to thick-bedded,;
mottled (85WB-1402; 85WB-1385).......cccccvevvvvneenne
Limestone, medium-gray; weathers grayish orange;
thinly to thickly laminated; laminations destroyed
by burrows in places; silicified laminae and
burrows (85WB-1361)
Limestone, medium-gray; weathers grayish orange
gray; thin to thick bedded; mottled; few intraclasts;
localized chert layers; brachiopods; burrowed
(BBWB-1343)......ccoeeeeeeeeeeeeeeeee e
Limestone, medium-gray, thinly laminated to
thick-bedded; chert; weathers orangish brown;
burrows; gastropods; stromatolites; laminae
continuous through stromatolites and chert................. 9

Parker Spring Formation (851 ft; 81 percent covered).

Limestone, medium-gray, thin- to medium-bedded;
mottled; bioturbated; burrowed (85WB-1320)

Limestone, medium-gray, very thin bedded to
thin-bedded; intraclast layers with tabular clasts
parallel to bedding..........cccovviiienic i 2

Covered. Probably shale; forms slope ...........ccccoevvvnene 10

Limestone, medium-gray, medium-bedded; intraclast
layers with bioclastic matrix (85WB-1306) ................ 3

Covered. Probably shale; forms slope ..........ccccoeevinene 20

Limestone, medium- to dark-gray, thickly laminated...... 1

Covered. Probably shale; forms slope .........c.cccoovvvvvenee. 5

Limestone, medium-gray, medium-bedded; intraclast
layers with clasts parallel to bedding, bioclastic

matrix (85WB-1277 at base) .......cccccevvvvevveineiiiceeens 2
Covered. Probably shale; forms slope ...........ccccoevvinene 12
Limestone, medium-gray, thickly laminated;

crossbeds; intraclast layers with rounded clasts.......... 2
Covered. Probably shale; forms slope .........c.cccovvivvenee. 8
Limestone, medium-gray, very thin bedded to

thin-bedded; intraclast layers ..........ccccccceeiviiicciiiniienen. 1
Covered. Probably shale; forms slope .........c.ccccovvvvvennee. 1
Limestone, medium-gray, very thin bedded to

thin-bedded; intraclast layers; minor bioclastic

material (85WB-1253) .......cccvviiiiiiiienieceiee e 1
Covered. Probably shale; forms slope .........c.cccovvivvennee. 4

Limestone, medium-gray to dark-gray, thickly
laminated to medium-bedded; intraclast layers;
bioturbated.........coviie i 2

Covered. Probably shale; forms slope ...........cccooevvvinene 29
Limestone, medium-gray, medium-bedded; intra-
clast layers with clasts in random orientation
(BEWB-1217) ..o 2
Covered. Probably shale; forms slope .........c.ccccoovivvennee. 8

Limestone and chert interlayered; limestone
medium-gray, thickly laminated to very thin
bedded; bioturbated; few intraclasts ............c.ccccceeeee 2
Covered. Probably shale; forms slope .........c.cccoovivenene 3

1468
1467

1433
1432

1402

1367

1352

1330

1321

1320
1318

1308
1305
1285
1284

1279

1277

1265
1263

1255
1254

1253
1252

1248
1246

1217
1215

1207
1205
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Thickness Cumulative

(feet) thickness
(feet)
Parker Springs Formation—Continued

Limestone, medium-gray, thin- to medium-bedded;

intraclast layers with rounded and tabular clasts

in random orientation, bioclastic matrix;

minor chert (85WB-1200 at base)..........cccccoeeeinvenncnns 2 1202
Covered. Probably shale; forms slope..........cccocoevivene 24 1200
Limestone, medium-gray, thin- to medium-bedded;

intraclast layers with tabular clasts oriented

subparallel to bedding (85WB-1175).... w2 1176
Covered. Probably shale; forms slope..........cccccevivinne 48 1174
Limestone, medium-light-gray to medium-gray,

medium-bedded; intraclast layers with clasts

subparallel to bedding (85WB-1126)............cccceeevennne. 1 1126
Covered. Probably shale; forms slope..........cccocevivine 21 1125
Limestone, medium-light-gray to medium-gray,

thin- to medium-bedded; intraclast layers with

tabular and rounded clasts oriented subparallel

with bedding in bioclastic matrix; pelecypods

(85WB-1103) ..cvovoeve et 2 1104
Covered. Probably shale; forms slope..........cccccevivennne 53 1102
Limestone, medium-gray, medium-bedded; intraclast

layers with randomly oriented tabular and

rounded ClIastS .........couviiiieriiiiiee e 1 1049
Covered. Probably shale; forms slope..........ccccoovvinnennee. 3 1048
Limestone, medium-gray, medium-bedded; intraclast

layers with randomly oriented tabular and rounded

clasts; thin covered intervals ...........ccocoeeeeeeviiiieieeeene. 2 1045
Limestone, medium-gray, medium-bedded; intraclast

layers with randomly oriented tabular and

rounded clasts; pelecypods (85WB-1042 at base)....... 1 1043
Covered. Probably shale; forms slope..........ccccoovvinnenne. 2 1042
Limestone, medium-gray, medium-bedded; intraclast

layers with randomly oriented tabular and rounded

CIASES. .ottt 1 1040
Covered. Probably shale; forms slope...........cccceviiinnne 16 1039
Limestone, medium-gray, medium-bedded; intraclast

layers with tabular and rounded clasts (85WB-1022

At DASE) .. 1 1023
Covered. Probably shale; forms slope..........ccccoevvininennee. 9 1022
Limestone, medium-gray to medium-dark-gray,

medium-bedded; intraclast layers with bioclastic

matrix; gastropods (85WB-1012 at base) .................... 1 1013
Covered. Probably shale; forms slope..........ccccceviiinnne 20 1012
Limestone, medium-gray, thin-bedded, intraclast layers

(85WB-991 at base).........cccccceeeueenne. 992
Covered. Probably shale; forms slope 991
Limestone, medium-gray, medium-bedded; intraclast

layers with clasts parallel to bedding (85WB-968

AL DASE) e s 1 969
Covered. Probably shale; forms slope..........ccccceevenueenne 13 968
Limestone, medium-gray to medium-dark-gray,

medium-bedded; intraclast layers with clasts

parallel to bedding ........cooovviiiiii e 1 955
Covered. Probably shale; forms slope..........ccccceeiivennnnes 3 954
Limestone, medium-gray to medium-dark-gray,

medium-bedded ..o 951
Covered. Probably shale; forms slope 950
Limestone, medium-gray to medium-dark-gray,

medium-bedded; intraclast layers with bioclastic

matrix; cephalopods, pelecypods (85WB-941)............ 3 941
Covered. Probably shale; forms slope..........ccccceeiiieennnes 6 938
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Thickness Cumulative

(feet) thickness
(feet)
Parker Springs Formation—Continued
Limestone, medium to medium-dark-gray, thin- to

medium-bedded; intraclast layers with bioclastic

matrix and clasts parallel to bedding .........c.ccccoevevvene 1 932
Covered. Probably shale; forms slope.........c..cccocvnieenne. 9 931
Limestone, medium-gray to dark-olive-gray, thin- to

medium-bedded; intraclast layers with tabular clasts

parallel to bedding; bioclastic layers (85WB-921)...... 2 922
Covered. Probably shale; forms slope.........ccccocvviiens 14 920
Limestone, medium-light-gray to medium-gray,

thin- to medium-bedded; intraclast layers with

tabular clasts subparallel to bedding; minor

bioclastic material (85WB-906) ..........cccceceerverniiiniennns 5 906
Covered. Probably shale; forms slope..........ccccocvviinns 32 901
Limestone, medium-light-gray to medium-gray,

medium-bedded; intraclast layers (85WB-868)........... 2 869
Covered. Probably shale; forms slope..........ccccocvviiens 30 867
Limestone, medium-gray, medium-bedded; bioclastic;

tHIODITES ..cvvee e 1 837
Limestone, medium-gray, very thin bedded to

thin-bedded; some bioclastic layers (85WB-836)........ 3 836
Limestone, medium-light-gray to medium-gray,

thin- to medium-bedded; intraclast layers with

tabular clasts oriented primarily parallel to bedding ...3 833
Covered. Probably shale; forms slope..........ccccccvviiens 19 830
Limestone, medium-light-gray to medium-gray,

thin- to medium-bedded; intraclast layers with

rounded and a few tabular clasts ...........cccccceeriicniienne 1 811
Limestone, medium-light-gray to medium-gray,

thin- to medium-bedded; intraclast layers with

tabular clasts oriented subparallel to bedding.............. 1 810
Covered. Probably mostly shale; forms slope; single

thin limestone bed exposed 19 ft above base

(BE5WB-799) ...ttt ettt ettt e st 29 809
Limestone, medium-light-gray to medium-gray,

thin-bedded; sparry in places; intraclast layers

with clasts parallel to bedding; bioclastic layers,

PEIECYPOUS. ...ttt 780
Covered. Probably shale; forms slope 779
Limestone, medium-light-gray to medium-gray,

thin- to medium-bedded; intraclast layers with

tabular clasts parallel to bedding; bioclastic

layers with pelecypods, gastropods, cephalopods

(BEWB-751) ..cuviiiiie ettt et 10 760
Covered. Probably shale; forms slope.........c..cccoouvnnennn 9 750
Limestone, medium-gray, thin- to medium-bedded,;

intraclast layers with tabular clasts; bioclastic

layers (85WB-739 at base).......cccccvevveeciieiieiiieieee 2 741
Covered. Probably mostly shale; forms slope .............. 11 739
Limestone, gray, medium-bedded; intraclast layers ........ 1 728
Covered. Probably shale; forms slope .........ccccooeveeiieeenn. 6 727
Limestone, gray, medium-bedded; intraclast layers ........ 1 721
Covered. Probably shale; forms slope.........c.cccceeiieeenne. 8 720
Limestone, medium-light-gray, thin-bedded; intraclast

layers; minor bioclastic layers; limestone beds

draped over chert cores (85WB-712).......cccccevrvrernnnn. 2 712
Limestone, medium-light-gray to medium-gray,

thickly laminated to thin-bedded; intraclast layers

with sparry matrix; discontinuous chert layers

(B5WB-683 at base).........ccuererrerriiiienieie e 27 710
Covered. Probably shale; forms slope.........ccccccevvvieennee 39 683
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Thickness Cumulative

(feet)

Parker Springs Formation—Continued

Limestone, medium-light-gray to medium-gray,

thickly laminated to thin-bedded; intraclast

layers with bioclastic and sparry matrix and

clasts subparallel to bedding; minor chert

nodules and stringers (85WB-640) .........cccccoovervennen. 5
Covered. Probably shale; forms slope..........ccccccoviinenee 8
Limestone, medium-light-gray to medium-gray,

very thin bedded; sparry; intraclast layers

(B5WB-630) ....oveeeerrrereeeeerre s
Covered. Probably shale; forms slope
Limestone, medium-light-gray; intraclast layers

with clasts parallel to bedding and surrounded

by sparry calcite (85WB-573 at base)
Covered. Probably shale; forms slope 8
Limestone, medium-light-gray, medium-bedded;

sparry; intraclast [ayers ........ccccovcveiiriereeiieee e 1
Covered. Probably shale; forms slope........c.ccccccevevnnnns 26
Limestone, medium-gray, medium-bedded; inter-

bedded intraclast and bioclastic layers

(B5WB-538) ...ttt sttt 1
Covered. Probably shale; forms slope .........ccccccevevnnnnn 10
Limestone, medium-light-gray to medium-gray;

laminated; interbedded intraclast and bioclastic

layers; trilobites (85WB-518)........cccceviviiieeeeieriiinnns 10
Limestone, medium-gray, thinly laminated to

medium-bedded; sparry; intraclast layers; chert

Stringers and layers........ooovcuiviieveiecie e 11

Covered. Probably shale; forms slope ........ccccccvveveinne 4

Limestone, medium-gray, thick-bedded; intraclast
layers up to 8 in. thick with clasts subparallel to
bedding and chert coating some clasts; chert
nodules and stringers; thin bioclastic layers

(BEWB-501) ...ovivirierriieiee et e 3
Limestone, medium-gray, thin-bedded; intraclast

JAYEIS e 10
Shale, light-brownish-gray, thinly laminated.................... 1

Limestone, medium-light-gray to medium-gray;
laminated; intraclast layers with randomly
oriented clasts; few thin covered intervals.................... 6
Limestone, light-gray to light-brownish-gray; intraclast
layers with clasts subparallel to bedding in bioclastic
aNd SPAITY MALHX ......veeririeiieees e 2
Limestone, light-gray to light-brownish-gray, very thin
bedded to medium-bedded; bedding uniform, with
sparry matrix; chert nodules and stringers
(BEWB-480) ....coevviveirieiieir e eeenn et e 10

SUBSECTION 85WA

Section of House Limestone in center of sec. 25, T. 8 N., R. 62 E.

(Shingle Pass, Nevada 7.5-minute quadrangle).

thickness

644
639

631
630

574

565
564

538
537

527

517

506

502

499

489

488

482

480

Thickness Cumulative

(feet)

House Limestone (470 ft; completely exposed).
Limestone, gray, thin- to medium-bedded; forms
ledge; chert Stringers..........cocvverie i 6
Limestone, gray, thin- to medium-bedded; bioclastic
layers up to 5 in. thick; intraclast layers with
bioclastic matrix (85WA-455) .......c.cccoivviiiiiiiiiiinens 10
Limestone, gray, red-stained; intraclast layers with
rotated clasts in bioclastic matrix (85WA-435).......... 20

thickness

470

464

454

Thickness Cumulative
(feet) thickness
(feet)

House Limestone—Continued

Limestone, gray, red-stained; thin- to
medium-bedded; a few intraclast layers inter-

bedded with bioclastic layers; minor contortion ....... 10
Limestone, light-gray to brownish-gray, thin- to
medium-bedded; sparry matrix; bioclastic layers........ 4

Limestone, medium-gray to medium-dark-gray,

very thin bedded to medium-bedded; intraclastic

and bioclastic layers; gastropods abundant

(B5WA-420; 85WA-401) ...ccueeriireeiieeessieeeeseeieeaeeennn 20
Limestone, medium-gray; few intraclast layers;

bioclastic layers;?worm trails (85WA-379;

BE5WA-363) ......eeoeeoeees e 40
Limestone, light-gray to medium-light-gray, very

thin bedded to medium-bedded; sparry; some

DIOCIASHIC 1aYErS ......vvieiciiece e 4
Limestone, gray; sparry; fractured and brecciated;

some intraclast layers with rounded clasts;

gastropods (85WA-342; 85WA-320) ......cccevenvreennee. 42
Limestone, medium-gray, very thin bedded to

medium-bedded; sparry calcite filling joints and

fractures; gastropods (85WA-300)........ccccveeeerrvreennnee 19
Limestone, light-gray to medium-light-gray, thinly
laminated to medium-bedded; bioclastic layers ........ 15

Limestone, medium-gray, thickly laminated to
medium-bedded; sparry; intraclasts in some
layers; some bioclastic layers; less chert than
below (85WA-280; 85WA-263; 85WA-240) ............. 52
Limestone, medium-gray, thin- to medium-bedded;
sparry; chert in discrete units; brecciated;
DUITOWE ... e 8
Limestone, gray; thin to medium beds with randomly
oriented intraclasts; chert content approximately
60 percent; forms ridge; brecciated, includes rotated
limestone blocks; some chert nodules and ribbony
chert layers; chert decreases rapidly away from
ridge crest (85WA-220; 85WA-200)........c..cceevveeeenenn. 37
Limestone, gray; possibly crossbedded; tabular
intraclasts in some layers parallel to bedding;

chert content 50 percent (85WA-180) .......cccceeevvvrenns 10
Limestone and chert, as below, with ribbony chert
layers and some intraclasts ........ccccoccveeecveveiinieiinnene 13

Limestone, gray; bedding variable, bedding planes
wavy; sparry; chert more than 50 percent but
localized, in layers; brecciated intervals of chert
and limestone (85WA-159) .........cccceevueeviiieeeinireenenes 20
Limestone, light-gray; tabular and rounded interclasts;
some bedding planes wavy; 25 percent chert; chert

localized and in layers; some layers brecciated ........ 18
Limestone, light-gray, thickly laminated to very thin

bedded; 10 percent chert (85WA-120)........ccccvveveeennnes 4
Limestone, light-gray, thickly laminated to

thin-bedded; sparry calcite filling joints..........c........... 8

Limestone, light-gray, thickly laminated to very thin
bedded; chert layers and nodules; numerous
bioclastic layers; burrowed ...........cccocvieiiniiiiiinienennne 10

Limestone, light-gray; wavy bedding; chert stringers
and nodules; less chert than in units below
(BEWA-99) ...ttt 18

Limestone, light-gray; finely laminated; bioclastic
layer 8 in. thick; laminae discontinuous, contorted
(BEWA-82) ..ottt 2

434

424

420

400

360

356

314

295

280

228

220

183

173

160

140

122

118

110

100

82
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Thickness Cumulative
(feet) thickness

(feet)

House Limestone—Continued
Limestone, light-gray; thinly laminated; wavy
bedding planes; less chert than below,
bioclastic layers more numerous; brachiopods,
crinoid stem fragments (85WA-60) .........ccccerveeecnnene 24
Limestone, light-gray; thinly laminated; chert beds

UP 10 40N, thiCK ..ocvveeiiie e 16
Limestone, light-gray; beds thinly laminated,;

bedding planes wavy; sparry; chert layers;

rippled (B5WA-40).......cccooiiiieciieie et 2

80

56

40

Thickness Cumulative
(feet) thickness

(feet)
House Limestone—Continued

Limestone, medium-light-gray to medium-gray;
thin- to medium-bedded; some bedding planes
wavy; chert stringers, nodules and beds; bioclastic
beds up to 4 in. thick; poorly preserved
brachiopods, crinoid stem fragments; burrowed
(85WA-23; 85WA-00) .....oooovoreeeeeeeeeeeeeeeeeeeee oo, 38 38

Whipple Cave Formation (not measured).
Contact between Whipple Cave Formation and House Limestone well
exposed. Whipple Cave is dolomite below contact.

APPENDIX 2. RANGES (IN METERS) OF CONODONT SPECIES IN
IBEXIAN SECTIONS AT EIGHT LOCALITIES

Localities identified in column headings are:

SHINGLE: Shingle Pass, Nevada (data new in this report)

STP: Steamboat Pass, Nevada (data from Hintze and others, 1988)

LD5: Lava Dam 5 (data from Hintze and others, 1988)

A: Hintze’s (1951) Ibex-area section A (data from Ethington and Clark, 1982)

E: Hintze's (1951) Ibex-area section E (data from Ethington and Clark, 1982)
B-KA: Composite of Hintze’s (1951, 1973) Ibex-area sections B, C, M, H, ST, J, and K as indicated in figure

2 of this report (data from Ethington and Clark, 1982)

K-CP: Composite of Hintze’s (1973) Ibex-area K and CP Sections as indicated in figure 2 of this report (data

from Ethington and Clark, 1982)

“Ref” refers to places in which the reader may find descriptions and (or) illustrations of the named conodont species.
E&C82 = Ethington and Clark, 1982

Rep 82 = Repetski, 1982

App4 = Appendix 4, this report
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# Species Ref SHINGLE STP LD5 A E B-KA K-CP ElPaso
[m] [m] [m] [m] [m] [m] [m] [m]

1 | Acanthodus lineatus E&C82 202-364 27-176 | 70-133 9-109 0-79
2 | A. uncinatus E&C82 270-288 94 ?95-109 24
3 | Acodus? aff A. emanuelensis | E&C82 455-923 244-696
4 |aff. A. gladiatus E&C82 270-353 114-163
5 |["A." oneotensis E&C82 215-336 91-173 ] 52-114 7-105 0-55
6 [A.sp.1 E&C82 142-190
7 |?A.sp.2 E&C82 195-204
8 [?A.sp.3 E&C82 248-395
9 |A.sp. 4 E&C82 101-176 | 70-129
10 | "Acontiodus" aff "A" latus E&C82 216-248
11 ["A." sp. E&C82 43-304
12 | Albiconus postcostatus App4 99-122
13 | Aloxoconus? iowensis App4 202-306 40-173 | 45-133] 12-106 6.-24
14 | A.? propinquus App4 215-318 84-170 12-106 6.-37
15 [ A. staufferi App4 485-492
16 | ?A. staufferi App4 67-176 | 52-133 0-86
17 | Bergstroemognathus sp. App4 715-768
18 | Belodella robusta E&C82 195-284
19 | 7aff Belodina sp. E&C82 280
20 | ?Bryantodina sp. E&C82 267-270
21 | Cambrooistodus cambricus App4 69-123 33 0-60
22 | C. minutus App4 71-123 37-83| 14-60
23 [ Chionoconus robustus App4 | 928-1082 690-718
24 | Chirognathus sp. E&C82 270-288
25 | Chosonodina herfurthi E&C82 301-312
26 | C. rigsbyi E&C82 166-213
27 | Clavohamulus bulbousus App4 180-187 90-118
28 | C. densus E&C82 | 275-329 91-104 18-31
29 | C. elongatus E&C82 158-186 88-96 15-23 | 12.0-1
30 | C. hintzei App4 196-198 115-125
31 | C. lemonei Rep82 397 171-305
32 | C. primitus E&C82 23
33| C.n.sp. E&C82 499 279-285
34 | Colaptoconus quadraplicatus App4 336-853 120-653 55-390
35 | Cordylodus angulatus E&C82 220-312 102-173 52 34 0-31
36 | C. caseyi E&C82 208 35-171 13-52 0-91
37 | C. drucei App4 202-245 121-122
38 | C. intermedius E&C82 188-312 112-125| 34-171| 9.0-89 0-97 0-18
39 | C. lindstromi Rep82 | 202-270 12.-18
40 | C. prion E&C82 57-171 17-45 0-32
41 | C. proavus E&C82 87-94 | 61-125 0-57 5.0-9
42 | C. rotundatus Rep82 | 207-312 0-31
43 |C.sp. A E&C82 56-96 3.0-32
44 | Cornuodus longibasis App4 318-648 443-477 92-384
45 | Cristodus loxoides Rep82 | 397-751 214-293
46 | Dapsilodus? nevadensis E&C82 288-292
47 | Diaphorodus deltatus App4 471-665 251-648 189-263
48 | D. delicatus App4 654-873 250-407
49 | D. russoi App4 1059 171-201
50 | Dischidognathus primus E&C82 186-198
51 | ?Drepanodus arcuatus E&C82 | 434-999 212-690 110-409
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52 | D. gracilis E&C82 265-642 122-406
53 | D. cf. D. planus Rep82 | 896-974
54 ["D." simplex E&C82 70-109 12-102
55 [D. sp. 1 E&C82 107-677
56 |D.?sp. 2 E&C82 160-724
57 | Drepanoistodus angulensis E&C82 | 999-1082 2-213
58 | ?D. angulensis E&C82 267-293
59 | D. cf. basiovalis E&C82 | 381-999 107-250
60 | D. aff. forceps E&C82 | 381-1006 238-763 2.-84 98-409
61 | Eoconodontus notchpeakensis | App4 20-202 21-94 | 0-125
62 | Erismodus asymmetricus E&C82 267-293
63 | Erraticodon aff balticus E&C82 154-293
64 | ?Erraticodon sp. E&C82 154-170
65 | Eucharodus parallelus App4 220-984 70-109 12-741 0-390
66 | E, toomeyi App4 485-757 556-650 110-406
67 | Fahraeusodus marathonensis | App4 618-1072 416-758 226-390
68 | Falodus sp. E&C82 151-172
69 | Fryxellodontus inornatus App4 140-158 92-94| 65-92
70 | F. lineatus App4 158-174 65-93
71 | Hirsutodontus hirsutus App4 174-190 89 | 61-125
72 |H. rarus App4 134-184 89 | 63-129
73 | H. simplex App4 190-192 98-112
74 | Histiodella altifrons E&C82 | 1006-1082 12.-59
75 | H. donnae Rep82 | 384-414 267 85-98
76 [H. holodentata E&C82 192-213
77 | H. minutiserrata E&C82 | 1050-1082 36
78 | H. sinuosa E&C82 1072 69-192
79 | lapetognathus preaengensis App4 202-215
80 | Juanognathus hayesi Rep82 397-401
81 | J. jaanussoni E&C82 | 896-1082 653-763 2.-12 401-409
82 |J. variabilis E&C82 | 684-1006 577-718 256-409
83 | Jumudontus gananda E&C82 | 773-1006 527-741 348-406
84 | Loxodus bransoni E&C82 257-323 91-171 | 74-107 9.0-96 0-31
85 | ?aff Loxodus sp. E&C82 186-202
86 | Macerodus dianae E&C82 212-245" 92-134
87 | Microzarkodina flabellum E&C82 | 953-974 724-743
88 | Monocostodus sevierensis App4 188-220 96-125
89 | Multioistodus auritus E&C82 15-150
90 [ ?M. auritus E&C82 195
91 | M. subdentatus E&C82 172-204
92 | M. sp. E&C82 195
93 | Neomultioistodus compresus App4 984-1082 15-150
94 | Oelandodus sp. cf. O. costatus | Rep82 629-745 244-305
95 | Oepikodus communis E&C82 672-959 440-726 256-409
96 | O. sp. cf. O. evae App4 995
97 | aff. O.? minutus E&C82 | 896-1006 665-763 2.-38
98 | Oistodus bransoni E&C82 | 556-782? 419-648
99 | 0. cristatus E&C82 84-129
100["0." hunickeni E&C82 650-724
101]"0." inaequalis E&C82 253-684
102] aff. "O." inaequalis E&C82 206-565 98-401
103/ 0. cf. O. lanceolatus Rep82 360-409
104 0.? lecheguillensis Rep82 116-134
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105] "0." mehli Rep82 202-306 0-43
106| O. multicorrugatus App4 853-1082 622-733 0-189 372-401]
107]"0." triangularis E&C82 202-329 66-176 | 35-133 0-105

108] 0. sp. 1 E&C82 650-757

109]"0." sp. 2 E&C82 523-550

110]"0." sp. 3 E&C82 577

111]"0." sp. 4 E&C82 38-127

112|"0." sp. 5 E&C82 3.-32

113]"0." sp. 6 E&C82 151-174 89

114| Oneotodus costatus App4 492-715 288-648 177-406
115] O. simplex App4 336-466 235-247 0-98
116] Paltodus sp. cf. P. deltifer App4 318-353

117| P. sp. cf. P. subaequalis App4 397-533

118] aff. P. jemtlandicus E&C82 151-244

119]| "P." spurius E&C82 238-257 101-139] 70-114 9.-56 6.-12
120] Panderodus spp. E&C82 281-293

121|?P. sp. E&C82 195

122| Paracordylodus gracilis Rep82 | 381-672 98-134
123]| Parapanderodus asymmetricus| A pp4 | 739-1082 608-763 348-401
124| P. emarginatus App4 618-1082 398-650 220-406
125] P. paracornuformis App4 653-768 20

126] P. striatus App4 353-1082 166-763 9-198 73-409
127| Paraprioniodus costatus E&C82 63-119

128| Paraserratognathus abruptus App4 526-768 182-323
129| Paroistodus numarcuatus? App4 323-406

130| P. originalis? App4 | 896-1044

131| P. parallelus E&C82 485-974 267-650 92-409
132| Phakelodus tenuis App4 66 65

133]| ?Phragmodus flexuosus E&C82 267-293

134] ?Plectodina sp. E&C82 267

135/ Polonodus corbatoi App4 612-618

136/ Prioniodus sp. App4 648-660

137| Proconodontus muelleri App4 0-125 2.0-83| 0-60

138| P. serratus App4 37-123 17-23

139] Prooneotodus gallatini App4 20-215 31-87| 0-118

140| P. rotundatus App4 15-196 32-63| 0-125

141 Prosagittodontus eureka App4 20 0-60

142] Protopanderodus aff arcuatus | E&C82 565-584

143| P. elongatus E&C82 794-891 596-653

144 P. elongatus of Repetski 82 Rep82 | 381-434 85-110
145] P. gradatus E&C82 | 739-1082 521-758 2-195 360-409
146|P.? leei Rep82 | 336-444 153-241 73-134
147 P. leonardii E&C82 | 660-1059 521-763 4.-52 244-406
148| P.? n.spp.1+2 of Repetski 82 Rep82 | 397-556 98-183
149] Protoprioniodus aranda E&C82 896-999 658-758 397-409
150] P. nyinti App4 | 896-1006

151] P. papiliosus E&C82 677

152| P. simplicissimus? App4 502-853

153| P.? n. sp. App4 984

154 | Pteracontiodus cryptodens E&C82 | 965-1044 0-144

155] P. gracilis E&C82 170-192

156 ?Reutterodus andinus E&C82 | 773-923 532-718 360-409
157| R.? borealis Rep82 | 648-660 431-471 263-372
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158]| Rossodus manitouensis App4 227-336 84-183 | 70-133 3-109 0-31
159] ?R. manitouensis App4 104-176 | 60-74 9.-91
160]|R.? n. sp. App4 245-251
161] Scalpellodus striatus E&C82 230-646
162] aff "Scandodus" flexuosus E&C82 111-632 0-189
163] S. sinuosus E&C82 4-219
164|"S."sp. 1 E&C82 448-648
165|"S." sp. 3 E&C82 229-648
166|"s." sp. 4 E&C82 28-52
167]"S." sp. 5 E&C82 91-181 | 60-123 25-91
168]"S." sp. 6 E&C82 87-176 17-193
169] "Scolopodus" acontiodiformis | Rep82 | 245-251 55-406
170]"S." bolites Rep82 406-419 92-104
171]S. cornutiformis E&C82 107-110 214-336
172]"S." filosus E&C82 329-853 119-606 73-409
173 S. floweri Rep82 | 434-477 233-244 31-134
174]S. multicostatus E&C82 | 593-618 373-487
175]"S." peselephantis E&C82 431-648
176] aff S. rex E&C82 | 318-654 131-427 55-275
177]?"S." sexplicatus E&C82 101-176 | 74-114 35-87 18-31
178] S. sp. aff. S. striatus E&C82 547-600
179]"S." sulcatus E&C82 220-556 84-170 86-92 210-324 12.-79
180] "S." triangularis App4 | 336-1082
181 ?S. sp. E&C82 547-649
182] Scolopodiform A of E&C82 E&C82 177-236
183] Scolopodiform B of E&C82 E&C82 794-891 443-601
184 Scolopodiform C of E&C82 E&C82 | 697-928 204-547
185] Scolopodiform D of E&C82 E&C82 275-653
186 Scolopodiform E of E&C82 E&C82 268-637
187| Scolopodiform F of E&C82 E&C82 161-754
188| Semiacontiodus lavadamensis | App4 188 112-121
189] S. nogamii App4 180-202 90-125
190] Stolodus stola E&C82 635-653
191] Teridontus nakamurai App4 0-318 92-94 | 63-125 7-176 3-139 0-102
192] Toxotodus amphigyus App4 2715
193| T. carlae App4 220-409
194/ "Trichonodella" ? sp. Mound App4 301
195| Tripodus laevis E&C82 [ 928-1082 717-760
196| Tropodus comptus App4 485-891 265-690 189-397
197| Ulrichodina abnormalis E&C82 263-623 232-409
198] U. cristata E&C82 768 321-638
199] U. deflexa E&C82 247-288 146-207
200 U.? simplex E&C82 373-638
201 ?U. wisconsinensis E&C82 | 485-709 265-471 153-305
202] 2u. sp. E&C82 222
203 Utahconus tenuis App4 116-125
204| U. utahensis App4 188-238 96-125
205] Variabiloconus bassleri App4 208-364 87-176 | 45-133 0-109 0-79
206 ?Walliserodus ethingtoni E&C82 548-800 298-620
207|N. genus 1 E&C82 118-190
208[N. genus 2 E&C82 443-605
209(N. genus 4 E&C82 160
210| N. genus 5 E&C82 2292
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APPENDIX 3. COMPOSITE STANDARD-EQUIVALENT RANGES OF
CONODONT SPECIES LISTED IN APPENDIX 2

Sections identified in Appendix 2. The column headed CS lists composite-standard ranges as determined in this report.

# Species SHINGLE STP. LD5S A E B-KA K-CP ElPaso CS

[csu] [csu] [csu] [csu] [csul [csu] [csu] [csu] [csu]
1 | Acanthodus lineatus 202-364 209-314 260-318 235-33b 240-370 202-370
2 | A. uncinatus 270-288 282 321-335 279 270-335
3 | Acodus? aff A. emanuelensis 455-923 470-92 455-922
4 |aff A. gladiatus 270-353 270-305 270-353
5 |"A." oneotensis 215-336 254-312 244-301 233-33 240-33 215-336
6 IA.sp. 1 368-416 368-416
7 _1?2A.sp. 2 421-430 421-430
8 1?2A.sp.3 474-621 474-621
9 IA. sp.4 261-314 260-315 260-315
10 | "Acontiodus" aff. A. latus 442-474 442-474
11 |"A. " sp. 1044-1345 1044-1345
12 | Albiconus postcostatus 167-193 167-193
13 | Aloxoconus? iowensis 202-306 218-31 237-314 238-332 250-219 202-332
14 |A.? propinquus 215-318 249-309 238-332 250-301 215-332
15 | A. staufferi 485-492 485-492
16 | ?A. staufferi 237-314 244-318 226-312 226-318
17 |Bergstroemognathus sp. 715-768 715-768
18 |Belodella robusta 1219-1322 1219-1322
19 | 7aff Belodina sp. 1317 1317
20 1?Bryantodina sp. 1302-1306 1302-1306
21 | cambrooistodus cambricus 69-123 66 55-123 55-123
22 1C. minutus 71-123 71-123 71-123 71-123
23 | Chionoconus robustus 928-1082 916-944 916-1082
24 | Chirognathus sp. 1306-1326 1306-1326
25 | Chosonodina herfurthi 301-312 301-312
26 | C. rigbyi 1186-1240 1186-1240
27 I Clavohamulus bulbousus 180-187 157-188 157-188
28 | C. densus 275-329 317-330 270-291 270-330
29 | C.elongatus 158-186 154-163 201-20 207-20: 154-208
30 | C. hintzei 196-198 185-196 185-198
31 IcC. lemonei 397 520-740 397-740
32 | C. primitus 207 207
33 IC.n. sp. 499 505-511 499-511
34 | Colaptoconus guadraplicatus 336-853 346-879 330-880) 330-880
35 _| Cordylodus angulatus 220-312 262-312 244 260 240-291 220-312
36 _|C. caseyi 208 215-309 208-244 226-31Y% 208-317
37 | C. drucei 202-245 192-193 192-245
38 | C. intermedius 188-312 170-196 214-309 204-278 226-343 240-210 170-323
39 | C. lindstromi 202-270 260-270 202-270
40 | C. prion 230-309 212-237 226-258) 212-309
41 |C. proavus 127-135 118-196 190-23 201-204 118-230
42 | C. rotundatus 207-312 240-291 207-312
43 1C.sp. A 230-258 229-258 229-258
44 | Cornuodus longibasis 318-648 669-703 391-870 318-870
45 | Cristodus loxoides 397-751 591-721 397-751
46 | Dapsilodus? nevadensis 1326-1331 1326-1331
47 | Diaphorodus deltatus 471-665 477-874 550-671 471-874
48 | D. delicatus 654-873 650-907 650-907
49 |D. russoi 1059 520-568 520-1059
50 I Dischidognathus primus 1209-1223 1209-1223
51 |?Drepanodus arcuatus 434-999 438-916 420-911 420-999
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52 | D. gracilis 491-868 440-906 440-906
53 |D.planus 896-974 896-974
54 |"D." simplex 230-267 238-328 238-328
55 1D.sp. 1 333-903 333-903
56 ID.?2sp.2 386-950 386-950
57 | Drepanoistodus angulensis 999-1082 997-124 997-1240
58 |2D. angulensis 1275-1332 1275-1332
59 ID. cf. basiovalis 381-999 333-476 334-999
60 | D. aff. forceps 381-1006 464-989 997-1092 401-9111 381-1092
61 | Eoconodontus notchpeakensis 20-202 53-1 55-1P6 20-202
62 | Erismodus asymmetricus 1275-1332 1275-1332
63 | Erraticodon aff balticus 1172-1332 1172-1332
64 | ?Erraticodon sp. 1172-1191 1172-1191
65 | Eucharodus parallelus 220-984 239-267 238-9b7 240-880 220-984
66 | E. toomeyi 485-757 782-876 420-904 420-906
67 | Fahraeusodus marathonensis 618-1074 642-984 611-880 611-1072
68 | Falodus sp. 1169-1193 1169-1193
69 | Fryxellodontus inornatus 140-158 133-134 128-159 128-159
70 |F. lineatus 158-174 128-160 128-174
71 I Hirsutodontus hirsutus 174-190 130 124-196 124-196
72 |H. rarus 134-184 130 126-196 126-196
73 1 H. simplex 190-192 166-184 166-192
74 | Histiodella altifrons 1006-1082 1009-1063 1006-1082
75 1H. donnae 384-414 493 379-401 379-493
76 | H. holodentata 1216-1240 1216-1240
77 1 H. minutiserrata 1050-1082 1036 1036-1082
78 |H. sinuosa 1072 1074-1216 1072-1216
79 |lapetognathus preaengensis 202-215 202-215
80 | Juanognathus hayesi 891-898 891-896
81 1J. jaanussoni 896-1082 879-98 997-1009 898-911 879-1082
82 1J. variabilis 684-1006 803-9441 660-911 660-1006
83 | Jumudontus gananda 773-1006 753-967 811-9D6 753-1006
84 1Loxodus bransoni 257-323 254-309 264-294 235-3p2 240-2P1 235-323
85 1 ?aff Loxodus sp. 1209-1227 1209-1227
86 | Macerodus dianae 438-471" 391-460 391-471
87 | Microzarkodina flabellum 953-974 950-964 950-974
88 | Monocostodus sevierensis 188-220 163-196 163-220
89 | Multioistodus auritus 1012-1168 1012-1168
90 I ?M. auritus 1219 1209
91 M. subdentatus 1193-1230 1193-1230
92 M. sp. 1219 1209
93 | Neomultioistodus compressus 984-1082 1012-1168 984-1168
94 | oelandodus sp. cf. O. costatus 629-745 640-740 629-745
95 | Oepikodus communis 672-959 666-95P 660-911 660-959
96 10. sp. cf. O. evae 995 995
97 laff. 0.2 minutus 896-1006 891-984 997-1039 891-1039
98 | Qistodus bransoni 556-7822 645-871 556-874
99 1 0. cristatus 1092-1143 1092-1143
100/ "0." hunickeni 876-950 876-950
1011"0." inaegualis 479-910 479-910
102 aff. "0." inaequalis 432-791 401-898 401-898
1031 0. cf. O. lanceolatus 830-911 830-911
10410.? lecheguillensis 430-460 430-460




78

EARLY PALEOZOIC BIOCHRONOLOGY OF THE GREAT BASIN

1051"0." mehli 202-306 240-311 | 202-311
106 | O. multicorrugatus 853-1082 848-95 995-1212 850—8§8 848-1212
107 1"0." triangularis 202-329 237-314 228-318 226-331 202-331
10810.sp.1 876-983 876-983
109]"0." sp. 2 749-776 749-776
110]"0." sp. 3 803 804
1111"0."sp. 4 1039-1141 1039-1141
1121"0." sp. 5 229-258 229-258
1131"0." sp. 6 296-312 278 278-312
114 | Oneotodus costatus 492-715 514-814 530-906 492-906
1151 0. simplex 336-466 461-473 240-401 240-473
116 | Paltodus sp. cf. P. deltifer 318-353 318-353
1171P. sp. cf. P. subaequalis 397-533 397-533
118 | aff. P. jemtlandicus 378-470 378-470
119|"P." spurius 238-257 261-284 260-301 235-242 250-260 235-301
120 | Panderodus spp. 1318-1332 1318-1332
12117P. sp. 1219 1219

122 | Paracordylodus gracilis 381-672 401-460 381-672
123 | Parapanderodus asymmetricus 739-1082 834-989 811-898 739-1083
124 | P. emarginatus 618-1082 624-87b 601-906 601-1082
125 | P. paracornuformis 879-994 1018 879-1018
126 | P. striatus 353-1082 392-984 1005-1224 360-911 353-1223
127 | Paraprioniodus costatus 1067-1132 1067-1132
128 | Paraserratognathus abruptus 526-768 538-770 526-770
129 | Paroistodus numarcuatus? 323-406 323-406
1301 P. originalis? 896-1044 896-1044
131|P. parallelus 485-974 493-87d 391-91 391-974
132 | Phakelodus tenuis 66 102 66-102

133 | 2Phragmodus flexuosus 1302-1332 1302-1332
134 | ?Plectodina sp. 1302 1302

135 | Polonodus corbatoi 612-618 612-618
136 | Prioniodus sp. 648-660 648-660
137 | Proconodontus muelleri 0-125 31-123 55-12 0-125

1381 P. serratus 37-123 74-81 37-123

139 | Prooneotodus gallatini 20-215 64-1271 55-188 20-215
140 P. rotundatus 15-196 65-100 55-194 15-196
141 | Prosagittodontus eureka 20 55-123 20-123
142 | Protopanderodus aff. arcuatus 791-810 792-810
1431 P. elongatus 794-891 822-87 794-891
1441 P. elongatus of Repetski 82 381-434 379-420 379-434
145 | P. gradatus 739-1082 747-984 997-1219 830-911 739-1219
146 1P.2 leei 336-444 379-467 360-46d 336-467
147 P. leonardii 660-1059 747-989 1000-1055 640-906 640-1059
148 | P.? n.spp.1+2 of Repetski 82 397-556 401-540 397-556
149 | Protoprioniodus aranda 896-999 884-984 891-911 884-999
1501 P. nyinti 896-1006 896-1006
151 | P. papiliosus 903 903

1521 P. simplicissimus? 502-853 502-853
153|P.2 n. sp. 984 984

154 | Pteracontiodus cryptodens 965-1044 995-116 965-1161
1551 P. gracilis 1191-1216 1181-1216
156 | ?Reutterodus andinus 773-923 758-944 830-911 758-944
1571 R.? borealis 648-660 657-6914 671-85 648-850
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158 | Rossodus manitouensis 227-336 249-319 260-318 229-B35 240-P91 227-33
159 | ?R. manitouensis 263-314 251-264 235-317 235-317
1601R.?2 n.sp. 245-251 245-251
161 | Scalpellodus striatus 456-872 456-872
162 | aff "Scandodus" flexuosus 337-858 240-550 240-858
1631 S. sinuosus 1000-1247 1000-1247
1641"s." sp. 1 674-874 674-874
1651"s." sp. 3 455-874 455-874
1661"S." sp.4 1027-1055 1027-1055
1671"s." sp.5 254-317 251-309 251-317| 251-317
1681"S." sp. 6 251-314 243-419 243-419
169 | "Scolopodus" acontiodiformis 245-251 330-906 245-906
1701"S." bolites 406-419 391-411 391-419
1711S. cornutiformis 333-336 591-791 333-791
1721"S." filosus 329-853 345-832 360-911 329-911
1731S. floweri 434-477 459-470 291-460 291-477
1741S. multicostatus 593-618 599-71 593-713
1751"S." peselephantis 657-874 657-874
176 aff S. rex 318-654 357-653 330-691 318-691
17712"S." sexplicatus 261-314 264-301 261-3113 270-291 261-314
1781S. sp. aff. S. striatus 773-826 773-826
1791"S." sulcatus 220-556 249-304 275-281 436-5%4 260-310 220-554
1801"S." triangularis 336-1082 336-1082
1811 7?S. sp. 773-875 773-875
182 | Scolopodiform A of E&C82 403-462 403-472
183 | Scolopodiform B of E&C82 794-891 669-821% 669-827
184 | Scolopodiform C of E&C82 697-928 430-77 430-928
185 | Scolopodiform D of E&C82 501-879 501-879
186 | Scolopodiform E of E&C82 494-863 494-863
187 | Scolopodiform F of E&C82 387-980 387-980
188 | Semiacontiodus lavadamensis 188 182-1d2 182-192
1891 S. nogamii 180-202 157-196 157-202
190 Stolodus stola 861-879 861-879
191 | Teridontus nakamurai 0-318 133-139 126-196 195-314 197-318 2264328 0-328
192 | Toxotodus amphigyus 2941 2941
1931 T. carlae 601-911 601-911
194 | “Trichonodella" ? sp. Mound 301 301

195 | Tripodus laevis 928-1082 943-984 928-1082
196 | Tropodus comptus 485-891 491-916 550-89lL 485-916
197 | Ulrichodina abnormalis 489-849 620-911 489-911
198 | U. cristata 768 547-864 547-864
199 | U. deflexa 473-514 479-579 473-579
200 | u.2 simplex 599-864 599-864
201 [ ?2U. wisconsinensis 485-709 491-69F 491-74b 485-740
202 ?U. sp. 448 448

203 | Utahconus tenuis 186-196 186-196
204 1 U. utahensis 188-238 163-196 163-238
205 | Variabiloconus bassleri 208-364 251-314 237-31B 226-335 240-370 208-370
206 | ?Walliserodus ethingtoni 548-800 524-84b 524-846
2071N. genus 1 344-416 344-416
208 | N. genus 2 669-831 669-831
2091N. genus 4 1179 1179
210IN. genus 5 21331 21331
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APPENDIX 4. TAXONOMIC NOTES Cambrooistodus cambricudliller, 1969), p. 431, pl. 66,

figs. 8—12 (a®istodus cambricysMiller, 1980, p.
A majority of the conodonts considered in this report 9-11, text-figure 3A, 4E; pl. 1, figure 9.

are identified and named according to the schemes describ&hmbrooistodus minutu®/iller, 1969), p. 433, pl. 66, figs.

in monographs by Ethington and Clark (1982) and Repetski 1-4 (aOistodus minutys Miller, 1980, p. 11, text-

(1982), which include illustrations of typical forms. In _ figure 4F; pl. 1, figure 8. _

Appendix 2, the notations “E&C82” and “Rep82,” which Chionoconus robu;tL(§erpagI|, 1974), p. 85, pl. 18, figs. 3,

follow the names in the column headed “Species”, indicate 4; pl. 28, figs. 12, 13 (asStandodus robustus.

that the species are described and illustrated in either Ething- (E;?%%ggd%%dugggﬁsltggz’ p- 94, pl. 10, figs. 25-27

ton and Clark (1982) or Repetski (1982). Names in Appenc|ayohamulus bulbousyiller, 1969), p. 435, pl. 64, figs.
dix 2 followed by the notation “App4” are those of conodont 1-5 (asOneotodus bulbousys
species that either were not described and illustrated in EttGlavohamulus hintzeéWiller, 1969, p. 422—423, pl. 64, figs.
ington and Clark or Repetski, or were included under differ- 19-24. _
ent names in one or both of those reports. References feolaptoconus quadraplicatugBranson and Mehl, 1933).
illustrations and descriptions of those forms follow in this Coniform elements typical of this widely distribut-
a . ed Lower Ordovician species were originally
ppendix.
We do not consider taxonomic questions in detail, pro- referred to Scolopodus later to Glyptoconus
o X ' Kennedy, 1980, and most recentlyQolaptoconus
pose many revisions, or make any major changes. On the Kennedy, 1994, a new name f@lyptoconus
contrary, we have been concerned primarily that the names Kennedy, 1980, non Moellendorff, 1894,
we use refer to the same entities subsumed under those Kennedy's (1980) concept of the species is fol-
names in reports on the stratigraphic sections with which we lowed here. Typical representatives are illustrated
compare the Shingle Pass section.

by Kennedy (1980, pl. 1, figs. 39-45).
Acanthodus lineatugFurnish, 1938). Typical forms are il- Cordylodus Every sample, from the base to 122 m above the
lustrated by Ethington and Clark (1982, pl. 1, fig. 7)

base of the House Limestone, contains dolabrate
and Repetski (1982, pl. 1, figs. 1, 3).

ramiform elements that represent specieSafly-
) ; . lodus We have assigned these elements to seven
Acanthodus unC|natu§urn|§h, 1938. See Et_hmgton and species, at least three of which appear first in the
Clark (1982, pl. 1, fig. 8) and Repetski (1982, pl. 1, upper Whipple Cave Formation (Millein Taylor
fig. 4). and others, 1989). Although the stratigraphic distri-
Albiconus postcostatudiller, 1980, p. 8, figure 2. bution of Cordylodusis considered critical to defi-
Aloxoconu8iowensigFurnish, 1938) andloxoconu® pro- nition of the base of the Ordovician System and
pinquus(Furnish, 1938). Albid coniform represen- Ibexian Series, species-level taxonomy is in a state
tatives of these common Lower Ordovician species of flux (for example, Nicoll, 1990, 1991, 1992a).
were originally referred té\contiodus,a practice Species are identified here in terms of the concepts
that has been followed by most subsequent authors. discussed by Miller (1980), Ethington and Clark
Smith (1991) basedhloxoconuson Acontiodus (1982), and Repetski (1982), whose reports include

; ; PR ; i d illustrations of typical specimens.
staufferi Furnish (1938), whose distinctive coni- synonymies an >
form elements are hyaline, not albid, but also in_Cordylodus druceMiller, 1980, p. 16, 17, text-figure 4K,

. . ; . M; pl. 1, figs. 172, 20, 21, 25.
cludedAcontiodus iowendturnish andcontiodus . L .. -
propinquusFurnish, both with elements that are sol- Cornuodus longibasieLindstrom, 1955), p. 564, pl. 3, fig.

31. Ethington and Clark, 1982, p. 100, pl. 11, figs.
idly albid above the base. Numerous specimens > P £ d

from the House Limestone in the Shingle Pass sec-
tion are clearly conspecific with Furnish’s species.

23, 25, 29 (as Bcolopodus aff. “S.” filosus).
Repetski, 1982, p. 40, pl. 17, figs. 11, 12Rasto-
panderodus longibasis

Although it is unlikely that either species is refer- Diaphorodus Kennedy (1980) establish@iaphorodusfor

able toAcontiodusPander, 1856, we question refer-
ence toAloxoconusecause it has been customary
to assign considerable taxonomic weight to the
presence or absence of white matter in conodont el-
ements and it has not been possible to verify Smith’s
(1991, p. 19) assertion thAt? iowensisevolved
into A. staufferj and that this development in-
volved, among other things, a loss of white matter.

Bergstroemognathusp. Single specimens in two samples

from the mid-portion of the Shingle Limestone are
components of the apparatus of an indeterminate
species oBergstroemognathysvhich was estab-
lished by Serpagli (1974, p. 39-40) Brextensus
(Graves and Ellison, 1941).

multielement species previously referredhmdus
Pander, 1856, a genus whose place in a modern tax-
onomy for conodonts may always be obscure.
Sweet (1988) concluded thataphorodusandTri-
podusBradshaw, 1969 (as reconstructed by Ething-
ton and Clark, 1982) “*** are based on different,
but probably congeneric species***” and thus re-
gardedDiaphorodusas a junior synonym dfripo-

dus This is not the place to explore that conclusion,
or for further revision of the generic concepts in-
volved; hence the only change we advocate is refer-
ence toDiaphorodusof the species described by
Ethington and Clark (1982) and Repetski (1982) as
Acodus deltatusind A. delicatus and the species
described by Serpagli (1974) A russoi
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a few elements, the most distinctive a geniculate co-

Diaphorodus delicatu@Branson and Mehl, 1933). In Shingle Fahraeusodus marathonengBradshaw, 1969). Ethington
Pass collections this species is represented by only

and Clark, 1982, p. 55-56, pl. 5, figs. 14, 19, 20, 23,
24, 27 (as Microzarkodind marathonensis

niform element that probably occupied the M posi- Fryxellodontus inornatusiller, 1969, p. 426, pl. 65, figs.

tion in the apparatus and has a very short posterior

1-10, 12, 16, 23-25.

extension of the base. Kennedy (1980) assembled ., ojiadontus lineatusMiller, 1969, p. 429, pl. 65, figs.

form species originally described by Branson and
Mehl (1933) and provided an extensive synonymy,
but his illustrations of type material and associated
forms from the Jefferson City Formation of Missou-

17-22, 26-29.

GlyptoconusKennedy, 1980. Se€olaptoconuskennedy,

1994.

ri leave much to be desired. Better illustrations are Hirsutodontus hirsutusiller, 1969, p. 431, pl. 64, figs. 25,

provided by McTavish (1973, pl. 1, figs. 1-9,
12-14), who was the first to reconstrictdelicatus
but referred it toAcodus deltatus deltatuisind-
strom. Repetski (1982) recognizBd delicatus(as
Acodus delicatydn his collections from the El Paso

26, 29-31.

Hirsutodontus rarudMiller, 1969, p. 431, pl. 64, figs. 36—42.
Hirsutodontus simpleXDruce and Jones, 1971). Miller,

1969, pl. 64, figs. 27, 28, 32-35 (d#sutodontus
hirsutus.

Group of Texas, where the species has essentially,yetognathus preaengengianding, in Fortey and others,

the same range as in the Shingle Pass section. lbex

district ranges suggest that Ethington and Clark
(1982) may have included representativels.afel-
icatusin the upper part of the range of a species for
which they used the nameodus deltatusThe Ibex
district specimens illustrated, however, are refer-
able toD. deltatus notD. delicatus

Diaphorodus deltatugLindstrom, 1955). A recurrent group

of elements similar or identical to those assembled
by Ethington and Clark (1982, p. 18-19, text-fig.
4; pl. 1, figs. 1-6) inAcodus deltatusindstrom,
1955, characterizes Shingle Pass collections from
138 m above the base of the Parker Spring Forma-
tion to 72 m above the base of the Shingle Lime-
stone. Above the latter level, elements of
Diaphorodus are less abundant and for a few
meters appear to represent b@thdelicatusand

D. deltatus in which the base of the geniculate co-
niform M element extends somewhat farther pos-

1982, p. 124, 126, figs. 6B, C, 8B, C, H.

Jumudontus ganand@ooper, 1981, pl. 31, figure 13. Eth-

ington and Clark, 1982, pl. 2, figs. 9, 10. Nicoll,
1992h, figs. 7, 8. This species is represented by its
distinctive Pa elements in just 10 Shingle Pass sam-
ples, and in a majority of these by just one or two
specimens. Nicoll (1992b) has reconstructed the
complete septimembrate apparatuslomudontus
gananda but only a few of the ramiform types he
included are represented in our samples from Shin-
gle Pass. Although all of the ramiform elements we
refer toJ. ganandaare similar to those Nicoll in-
cludes in the species’ apparatus, there are also dif-
ferences that are difficult to evaluate. The latter
may indicate considerable variability in various el-
ements of the apparatus, or they may indicate that
the Shingle Pass specimens represent an unde-
scribed species or subspecies.

teriorly than is apparently the case with Monocostodus sevierens{Miller, 1969), p. 418, pl. 63,

comparable structures in the apparatuPofieli-
catus In collections from an interval in the Parker
Spring Formation 31 m to 112 m above its base
are single specimens that clearly represent a spe
cies ofDiaphoroduswith elements closely related
morphologically to those db. deltatusbut proba-

bly not conspecific. This may be the same species
that is represented in the Ibex area of Utah, in the
lower part of the Fillmore Formation below the
one that yields clear representative®ofleltatus

Diaphorodus russo{Serpagli, 1974), p. 35-37, text-figure

5; pl. 8, figs. 1-5; pl. 20, figs. 7, 8 (Axodufrus-
soi). Repetski, 1982, p. 13, pl. 3, figs. 1-5 (as
Acodu® russo).

Eoconodontus notchpeaken§idiller, 1969), p. 438, pl. 66,

figs. 13-29 (asProconodontus notchpeakensis
Miller, 1980, p. 22, text-figs. 3D, E; pl. 1, figs.

figs. 25-31; pl. 64, figs. 49-54 (#godus sevier-
ensi9. Miller, 1980, p. 26-27, text-figure 4U; pl.
2, figs. 8,9.

Neomultioistodus compressiitarris and Harris, 1965, p.

43-44, pl. 1, figs. 7a—c. Ethington and Clark, 1982,
p. 58-59, pl. 6, figs. 8-11, 16 (ddultioistodus
compressus

Oepikodussp. cf.O. evagLindstrom, 1955). Elements typ-

ical of the apparatus @. evaeare assembled by
Lindstrom and illustrated in Ziegler, ed., 1977, p.
253-2550epikodusPlate 1, figs. 6—11. Specimens
from Shingle Pass samples are closely comparable,
but process sides of P elements lack the ledges char-
acteristic of typical representatives of the species.
The significance of this feature is uncertain, hence
our identification is tentative.

10-12. Oistodus multicorrugatudarris, 1962. Ethington and Clark,

Eucharodus parallelugBranson and Mehl, 1933), p. 59, pl.

4a, figure 17. Ethington and Clark, 1982, p. 38, 39,
pl. 3, figure 8 (as Drepanodus parallelus.
Kennedy, 1980, p. 58-60, pl. 1, figs. 35-38.

Eucharodus toomeyEthington and Clark, 1964). Ethington

and Clark, 1982, p. 39-40, pl. 3, figure 11 (as
“Drepanodu’ toomey).

1982, p. 68-70, text-figure 17; pl. 7, figs. 9, 10,
12-14. Single specimens reported by Ethington and
Clark (1982) from samples 250 and 340 ft above the
base of Ibex-area section H, but the first full appa-
ratus is in a sample 330 ft above the base of Ibex-
area section ST, and we take this as the level of first
appearance of the species in the Ibex area.
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Oneotodus costatusthington and Brand, 1981, p. 242-245,

figs. 2B,D,G,H; 2A, D—MO. costatuhad evident-

ly not been determined to be distinct fr@n sim-
plexwhen Ethington and Clark prepared their report
on lbex-area conodonts. Hence, we initially as-
sumed that the specimens they logged in their tables
as aff.Oneotodus simplewere like the one they il-
lustrated, which is from a sample 260 ft above the
base of Hintze’s Square Top section and would now
be referred t@neotodus costatusn their discus-
sion of the Acodus deltatus/Oneotodus costatus
Zone, however, Ross and others (1993) noted that
O. costatusappears first 600 ft (183 m) above the
base of the Fillmore Formation, whereas Ethington
and Clark (1982) identified as “affd. simpleX
specimens from as low as 425 ft (130 m) and 559 ft
(or 170 m) above the base of the Fillmore in
Hintze's C and M Sections. We have not seen these
specimens, but we suspect that they should now be
referred toOneotodus simplexor to an unnamed
species intermediate betweé&n simplexand O.
costatusIn the faunal lists of Appendixes 2 and 3,
we log these specimens@ssimplexJi and Barnes
(1994) establishe®. costatusas type species of a
new genusstultodontuswhich also includes spe-
cies with apparatuses composed of elements like
those we refer tBaraserratognathus abruptus

Oneotodus simplegurnish, 1938). Ethington and Brand,

1981, p. 239-242, text-figure 1A, C, E, F, I; text-
figure 2B, C.

Paltodussp. cf.P. deltifer(Lindstrom, 1955). A few Shingle

Pass specimens are similar morphologically to the
types of multielemer®. deltifer They may repre-
sentP. deltiferor an unnamed, closely related spe-
cies. TypicaP. deltiferis diagnosed and illustrated
by Lindstrém in Ziegler, ed., 1977, p. 421-423,
PaltodusPlate 1, figs. 1-4.

Paltodussp. cf.P. subaequali$ander, 1856. Specimens in

three Shingle Pass samples resemble the elements
of multielement. subaequaliss reconstructed by
Lindstrom in Ziegler, ed., 1977, p. 427-4P&|to-

the types o5colopodus abruptug&lements typical

of Scolopoduspecies are hyaline, however, where-
as those oParaserratognathusave albid cusps.
Thus we have transferred Repetskssolopodus
abruptusto Paraserratognathuin the faunal lists

of Appendixes 2 and 3. Nomenclature of this taxon
was further complicated, however, by Smith (1991)
and Ji and Barnes (1994). Smith eredféandelia

for species with elements closely related or identi-
cal morphologically to those &colopodus abrup-
tusand regarde®araserratognathuas a probable
junior subjective synonym obneotodus He did

not mentionS. abruptuswhich may be the senior
synonym of Wandelia guyi the type species of
Wandelia Ji and Barnes establish&lultodontus

for Oneotodus costatusthington and Brand, 1981
and noted thacolopodus abrupturay be a senior
synonym of their speci&s. pygmaeusThey do not
mention Paraserratognathusin connection with
their discussion obtultodontusln collections from

the Shingle Pass section, we have only a few spec-
imens referable tdParaserratognathus abruptus
which makes its debut 55 m above the base of the
deltatus /costatugone and ranges upward to a lev-
el a few meters above the base ofahdinusZone.
Specimens in the upper two-thirds of thetatus/
costatus Zone intergrade morphologically with
those ofOneotodus costatusvhich is thus a credi-
ble ancestor and should perhaps be included in the
same genus. Should that revision ultimately be
made, we suggest that the appropriate genus is
ParaserratognathusiotWandeliaor Stultodontus.

Paroistodus numarcuaty&indstrom, 1955)? Nine samples

from the lower part of the Parker Spring Formation
contain a few elements that may repregenhu-
marcuatusbut cannot be referred to that species
with certainty. Elements dP. numarcuatushave
most recently been described and illustrated by
Stouge and Bagnoli (1988, p. 127-128, pl. 8, figs.
8-11), who included a synonymy.

dusPlate 1, figs. 7-9, but cannot be assigned to thaP’aroistodus originaligSergeeva, 1963)? Nine samples from

species with certainty. The elements may represent
an undescribed, unnamed species.

Parapanderodus emarginat(®arnes and Tuke, 1970). Eth-

ington and Clark, 1982, p. 99, 100, pl. 11, figs.
15,16 (as Scolopodusemarginatul

Parapanderodus paracornuformigEthington and Clark

1982), p. 102, figure 25, pl. 22, figure 21 &l-
opodugparacornuformis.

Parapanderodusstriatus (Graves and Ellison, 1941). Eth-

ington and Clark, 1982, p. 100, 101, pl. 11, figs. 27,
28 (as ‘Scolopodusgracilis).

Paraserratognathus abruptugRepetski, 1982). Repetski

(1982 p. 45-46, pl. 21, figs. 1, 3) provided good
views of the type specimen of this distinctive spe-
cies, which he referred ®colopodusOne year lat-
er, An (1983) establishedaraserratognathusor

late Ibexian and early Whiterockian strata in the up-
per Shingle Limestone have yielded elements that
may represent this species but cannot be assigned to
it with confidence. TypicaP. originalis was de-
scribed and illustrated by Lofgren (1978, p. 69-71,
pl. 1, figs. 22-25; text-fig. 28), who demonstrated
in a later report (L6fgren, 1995) that an early popu-
lation of P. originalis was probably ancestral to
species like Cordylodu$ horridus Barnes and
Poplawski, 1973, which has been reported by Har-
ris and others (1979) from the Whiterockian Ante-
lope Valley Limestone at two localities in the
Toquima Range of central Nevada.

Phakelodus tenuigMdller, 1959), p. 457-458, pl. 13, figs.

11, 13, 14, 20c (a®neotodus tenujs

the specie®. obesusrang, which was diagnosed Polonodus corbato(Serpagli, 1974), p. a47-48, pl. 10,

for the first time in the same report and is based on
elements that are closely similar morphologically to

figs. la—6¢; pl. 22, figs. 1-5 (d&3yxellodontu®
corbato).
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Prioniodus sp. Three samples from the lower part of the
Shingle Limestone contain very small, inconspicu-
ously denticulated elements that compare favorably
in many (but not all) respects with the ones from
beds 9 and 11 of the Cow Head Group in New-
foundland identified aPrioniodus elegan®ander
by Stouge and Bagnoli (1988). Specific assignment
of these specimens will require further study.

ancestor. However, the specimens in question are
younger than the earliefiahraeusodusso they
may indicate iterative development of species of
that genus fronProtoprioniodus Further study is
obviously needed.

Rossodus manitouensi®epetski and Ethington, 1983, p.

289-301, figs. 1-4. Ethington and Clark, 1982, p.
118, pl. 13, figs. 21, 23, 25-27 (as New genus 3).

Proconodontus muelleiiller, 1969, p. 437, pl. 66, figs. ?Rossodus manitouen&epetski and Ethington, 1983. Eth-

30-40.
Proconodontus serratuBliller, 1969, p. 438, pl. 66, figs.

ington and Clark, 1982, p. 119, pl. 3, figure 26 (as
?New genus 3).

41-44, “Scolopodus triangularis Ethington and Clark, 1964, p.

Prooneotodus gallatin{Muller, 1959), p. 457, pl. 13, figs.
5-10, 18. Miiller and Hinz, 1991, p. 37, pl. 24, figs.
1-28.

Prooneotodus rotundaty®ruce and Jones, 1971), p. 62, 63,
text-figure 22c, d; pl. 9, figs. 10a—13b.

Prosagittodontus eurek@Muller, 1959), p. 461, pl. 14, fig-
ure 6 (asSagittodontus eurekaMiller, 1969, pl.
65, figs. 32, 33 (aSagittodontus eureka

ProtopanderoduslongatusSerpagli, 1974. The few Shingle
Pass specimens referred to this species are closely
similar to typical forms illustrated and described by
Serpagli (1974, pl. 16, figs. 8a—11c; pl. 25, figs.

699, pl. 115, figs. 2—-4, 8, 9. Ethington and Clark,
1982, included this species in the apparatus on
which they based their concept obcolopodu’s
gracilis. We regard. gracilisas a junior synonym

of Drepanodus striatus§raves and Ellison, 1941,
and have elsewhere included itRarapanderodus
Although “S.” triangularis has essentially the same
range asP. striatusin the Shingle Pass section,
some elements are albid and thus rather different
than the typically hyaline components of fhestri-
atusapparatus. For this reason, we report the range
of this species separate from thaPofstriatus

13-16; pl. 30, figure 4; text-fig. 16) and to the sin- gemjacontiodus lavadamengigiller, 1969), p. 420, pl. 64,

gle specimen illustrated by Ethington and Clark
(1982, pl. 9, figure 15).

figs. 55-61 (asicontiodus lavadamens3isMiller,
1980, p. 33, pl. 2, figure 4.

Protopanderodus elongatuSerpagli, 1974 of Repetski, Semiacontiodus noganiller, 1969), p. 421, pl. 63, figs.

1982. El Paso specimens includedPinelongatus
by Repetski (1982, pl. 16, figs. 4,5, 7,9, 11, 12) ex-
hibit a similar range of morphologic variation, but
differ from the types in being hyaline, rather than
albid. Morphologically identical specimens from
Shingle Pass samples group with “scandodonti-
form” elements to form a distinctive multielement
assembly, which probably represents a species fo

11-20, 41-50 (asAcontiodus (Semiacontiodys
nogami). Miller, 1980, p. 32, figure 4V, W; pl. 2,
figs. 10-12.

Teridontus nakamurgiNogami, 1967). Miller, 1969, p. 435,

pl. 63, figs. 1-10 (a®neotodus nakamurgiMill-
er, 1980, p. 34, figure 40, pl. 2, figs. 15,16.

r'I'oxotodus amphigymith, 1991, p. 64-65, figure 37a—d.

which there are currently no appropriate generic or Toxotodus carlagRepetski, 1982), p. 49-50, pl. 23, figs. 1,

specific names. This species has a range in the
Shingle Pass section comparable to that in
Repetski's (1982) El Paso section.

Protopanderodus gradatuserpagli, 1974, pl. 15, figs.
5a-8b; pl. 26, figs. 11-15; pl. 30, figs. 1a,b; text-fig.
17.

Protopanderodus leonardiSerpagli, 1974, pl. 16, figs.
la—4c; pl. 27, figs. 12-16; text-fig. 18.

Protoprioniodus nyintiCooper, 1981, p. 176, 178, pl. 29,
figs. 1-8, 11, 12.

2 (as Scolopodus carlge Smith, 1991, p. 65,
figure 37e, f.

“Trichonodelld? sp. Mound, 1968, p. 420-421, pl. 6, figure

73. Ethington and Clark, 1971, pl. 1, figure 9 (as
Clavohamulu8 sp.). The albid elements of this tax-
on are rare, but widespread geographically. They
are certainly not referable Toichonodella a junior
synonym of Plectoding and probably not to
Clavohamuluswhose elements show some similar-
ity but are hyaline.

Protoprioniodus simplicissimusicTavish, 1973, p. 48—49, Tropodus comptu@ranson and Mehl, 1933). Ethington and

pl. 2, figs. 6, 8, 9.

Protoprioniodu® n. sp. One denticulate element from the
Shingle Limestone occurs with others that clearly
represent a species Bfotoprioniodus Character-
istically, however, elements dProtoprioniodus

Clark, 1982, p. 114-116, text-fig. 34; pl. 13, figs. 6,
7, 11-13 (asWalliserodus comptis Kennedy,
1980, p. 65-66, pl. 2, figs. 20-27.

Utahconus tenuidMiller, 1980, p. 36, text-fig. 4T; pl. 2,

figs. 5-7.

species are adenticulate and that makes assignmendtahconus utahensigMiller, 1969), p. 436, pl. 63, figs.

of these forms uncertain. They may indicate transi-
tion to Fahraeusoduswhich is similar morpholog-
ically and of whichProtoprioniodusis a likely

21-24, 33-40; pl. 64, figs. 46-48 (Aaltodus uta-
hensi3. Miller, 1980, p. 35, text-figs. 3B, F, G; pl.
2, figs. 1, 2.
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Variabiloconusbassleri(Furnish, 1938) p. 33l, pl. 42, fig-

ure 1. Ethington and Clark,1982, p. 74, pl. 8, figs.
11, 12 (as Paltodus bassler). Druce and Jones
(1971) regardedPaltodus basslerandP. variabi-

lis of Furnish (1938) as componentsSifolopodus
bassleri Sweet and Bergstrom (1972) added Fur-
nish’s Acodus oneotensiand Oistodu® triangu-
laris to this multielement assembly, for which no
generic name was then available. Subsequently,
Ethington and Clark (1982) noted that Furnish had
not documented the full range of morphologic
variation within each of his form species and con-
cluded that neitheA. oneotensisor O.? triangu-
laris were components of the assembly. Their
conclusion was followed by Repetski (1982).
Landing and others (1986), however, regarded not
only A. oneotensisand P. bassleri(including P.
variabilis), but alsoScolopodussulcatusFurnish,
1938, and several other named form species as ap-
paratus components of a species they naveat
abiloconus bassler{Furnish). In the Shingle Pass

section,A. oneotensisS. sulcatusandP. bassleri
(including P. variabilis) all appear first within a
few meters of one another in the House Forma-
tion. However, the three species have different up-
per range limits and, as noted by Ethington and
Clark (1982), typicalA. oneotensids part of a
symmetry-transition series that suggests it repre-
sents a species different from the others grouped
by Landing and others M. bassleri Smith (1991)
tentatively accepted the reconstruction of Landing
and others but noted that his Greenland collections
were too small to serve as an adequate test of that
reconstruction. Because much obviously remains
to be learned about the architecture and distribu-
tion of this species, we refer Shingle Pass speci-
mens conservatively tov. bassleri “Acodu$
oneotensisand Scolopodus sulcatusOistodus?
triangularis of Furnish (1938), regarded as part of
this apparatus by Sweet and Bergstrém (1972) and
several subsequent authors, is quite rare in our
Shingle Pass collections and is logged separately.
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Upper Ordovician—Silurian Macrofossil Biostratigraphy
of the Eastern Great Basin, Utah and Nevada

By Peter M. SheehdmandMark T. Harrig

ABSTRACT Sequence stratigraphic study of Silurian rocks on the
carbonate platform has revealed strong correlation of

In the eastern Great Basin during the Late OrdovicianycdUences W.'th. macrofaunal biostratigraphy. Ordovician
. biostratigraphic intervals are not adequately documented to
a carbonate platform developed on the broad shelf region . . . ;
) ) : . ¥ ~determine whether sequence boundaries match biostrati-

and received marine deposits. Along its western margin la . '

. raphic boundaries.

a westward-facing carbonate ramp. Near the end of th
Ordovician, the carbonate platform was exposed in a
regression, and the ramp shallowed to within wave base. In INTRODUCTION

Early Silurian, transgression reflooded the shelf. In late
Early Silurian, the continental margin stepped backward — The biostratigraphic distribution of Late Ordovician
toward the craton, and the gently inclined carbonate rampng Silurian fossils in the eastern Great Basin has been stud-
changed to an abrupt carbonate slope, with an accompanyéy since Hayden (1872) first reported tabulate corals in
ing shift in depositional style. Massive, fine-grained car-northern Utah. An extensive literature on macrofossils has
bonates typify the upper slope deposits; turbidites an@een developed, but this literature is in such a diverse variety
slumps (uncommon on the carbonate ramp) appear on thg publications that it is difficult to access. This investigation
lower slope along with debris flows, gravity flows, andis a synthesis of the current understanding of the biostrati-
other features consistent with an active slope. graphic distribution of macrofossils in Utah and Nevada.
The macrofossil biostratigraphy of the Upper Ordovi- The most abundant and well-studied macrofossils are
cian and Silurian deposits of the Great Basin has been studifchiopods, corals, and trilobites, but knowledge of these
for more than 100 years, and a synthesis of the macrofos&roups is incomplete. On both the carbonate platform and
forms and their stratigraphic distribution is appropriate to thiarbonate slope, the biostratigraphic distribution of Silurian
volume. The most abundant and well-studied macrofossil8rachiopods is well established; Upper Ordovician brachio-
are brachiopods, corals, and trilobites, but the level of knowlP0ds, however, are virtually unstudied. Upper Ordovician
edge of these groups varies widely. On both the carbonaf@rals have been studied on the carbonate platform but not on
platform and carbonate slope, the biostratigraphic distriputh€ carbonate ramp. The biostratigraphy of Silurian corals is
tion of Silurian brachiopods (a group of low diversity) is well Well documented for the Middle and Upper Silurian but not
established; that of Upper Ordovician brachiopods, howevef,or the lower part of th.e S|I'ur|an. Upper Ordovician trilobites
is not, though they are abundant, well preserved, and diverda@ve been studied primarily on the carbonate ramp.
Upper Ordovician corals on the carbonate platform have been  Graptolite and conodont biostratigraphy is not treated

placed into two faunizones and are more clearly understodd this report, but macrofossil distributions are consistent

than those on the carbonate ramp. The biostratigraphy of Sw:\r/]e gbr sgaoc\t/? d;;dstfj%ri];c?ci):ttr?tiaofgrizg;?r:jh)glo(;;aggtiit:;s

urian corals is well documented for the Middle and Upper Sil- .
urian but not for the lower part of the Silurian. UIC)loerCon.odonts have been studied from both platform and slope
Ordovician trilobites are rare on the carbonate platform pugnvironments.

common in carbonate ramp deposits; they have been studied Uptrt)er Orﬁowcgm and ?nur!anl str?tlg'radph%/ and I|thofa- d
primarily on the carbonate ramp. cles patterns have been extensively studied. Summaries an

an introduction to the literature are available for the Ordovi-
cian in Ross (1977) and Sheehan (1989) and for the Silurian

1 Department of Geology, Milwaukee Public Museum, 800 WestWeIIsin Poole and others (1977), Johnson and Murphy (1984),

St., Milwaukee, WI 53233. Sheehan (1989), and Sheehan and Boucot (1991). The pri-
2Department of Geosciences, University of Wisconsin-Milwaukee,mary stratigraphic units are shown in figure 1. Localities
Milwaukee, WI 53201. referred to in the text are shown in figure 2.
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THE LATE ORDOVICIAN GLACIATION interval of time considered in this report. During the early
AND MASS EXTINCTION Paleozoic, the edge of the shelf retreated toward the craton in
a series of back steps along probable growth faults. During
The most notable biostratigraphic change during thisthe Late Ordovician and Silurian, a broad carbonate platform

time interval is a clearly defined mass extinction that affecteddeveloped on the shelf (fig. 1). In the late Middle Ordovician,
the record of all fossil groups at the end of the Ordovician.fégression was accompanied by widespread deposition of
The mass extinction was caused by glaciation centered ifuartz sand (Eureka and Swan Peak quartzites). In the Late
Africa, which produced glacio-eustatic excursions in seaCrdovician (probably during the latest Edenian, Leatham,
level and climatic change (Sheehan, 1973, 1975, 19881985)’ a transgression initiated marine deposition across a

Brenchley, 1989). Glaciation probably lasted less than a mil_grto%dl&:larbo%ate pl?tform n 'eaittehrn Neg/adat an:j t¥vestern
lion years, but the duration is still poorly constrained. an. Along the western margin of the carbonate platiorm, a

Numerous small eustatic sea-level changes probably acco vestward-facing carbonate ramp led to deep water west of

. L . he continental margin, which was located in what is now
panied an overall decline in sea level. Post-glacial sea-leve

. . . . ” Ccentral Nevada (Carpenter and others, 1986). Carbonate
rise was rapid. (See discussion and additional references N 1o facies become proaressivelv finer arained down the
Brenchley, 1989.) This worldwide extinction event deci- P prog y g

mated virtually all groups of organisms. (See Sheehan, 1973::@;2.5itli?igﬁiglzdvc\;?wsthi{?glrﬁb.and few gravity-emplaced
1988; Berry and Boucot, .197_3; Brenchley, 1989.) . ] Near the end of the Ordovician, a glacio-eustatic regres-
As a result of the extinction event, the endemic epicon-gjon of 70 m or more drained epicontinental seas around the
tinental-sea brachiopod fauna of North America was elimi-world (Sheehan, 1973, 1988; Berry and Boucot, 1973;
nated (Sheehan and Coorough, 1990). GraptoliteBrenchley, 1989). In the Great Basin the shallow carbonate
(Skevington, 1978; Berry, 1979) and conodont (Barnes anglatform was exposed (Sheehan and Boucot, 1991). Along
others, 1979; Sweet and Bergstrom, 1984; Barnes and Berghe platform margin, proximal ramp facies shallowed to
strom, 1988) faunas were devastated. within wave base. Distal ramp environments must have
Two effects of the extinction are important for bio- remained below wave base, but direct sedimentologic evi-
stratigraphy. First, because of the extinction, earliest Sil-dence for this is lacking. The ramp profile was reestablished
urian faunas are of low diversity, and refined correlation inwhen the Early Silurian transgression reflooded the shelf.
the Early Silurian is difficult compared to the Late Ordovi- During the latter part of the Early Silurian, the margin
cian. Early Silurian conodont zones, for example, are longstepped backward toward the craton once more, and the
ranging and have low diversity. Second, Late Ordoviciangently inclined carbonate ramp was converted to an abrupt
faunas were endemic, and correlation between North Amercarbonate platform margin (Johnson and Potter, 1975; Hurst
ica and other tectonic plates is difficult. This pattern is the@nd Sheehan, 1985; Hurst and others, 1985; Sheehan, 1986,

basis of the need to establish a separate sequence of stage89)- The change from a gently inclined carbonate ramp to
and series for the Late Ordovician in North America. The @ Stéep carbonate slope was accompanied by a shift in depo-
Cincinnatian Series and the Edenian, Maysvillian, andsmonal style. During the carbonate ramp phase, gradational

Richmondian stages are used only in areas containin%ades changes reflect gradual change from shallow shelf to
endemic North American faunas istal ramp settings. Turbidites and slumps were uncommon

Th tincti t selectively eliminated endemi on the carbonate ramp. The depositional pattern on the steep
€ extinction event selectively: eliminated endemic slope was clearly different: Upper slope deposits are massive,

taxa (Sheehan and (_Zoorough, 1990_)' As a result thg S'_Iu”aﬁne-grained carbonates. Lower slope deposits are marked by
fauna was cosmopolitan, and long-distance correlation is relea ponate turbidites, slumps, and debris flows. Stratigraphic
atively easy. The Llandoverian and Wenlockian series andigctions on the carbonate slope reveal intermittent sedimen-
their subdivisions can be recognized worldwide (Berry andation, consistent with an active slope, characterized by sed-
Boucot, 1970). Because of the distinct dichotomy of faunas,-memary bypassing, erosion, slumping, and gravity flows.
most biostratigraphers have focused on either the Ordovician ~ The abrupt platform margin prograded slowly westward
or the Silurian-Devonian interval. throughout the Silurian and into the Early Devonian until the
passive continental margin changed to a compressive margin
during the Antler orogeny.
DEPOSITIONAL FRAMEWORK Two distinct basins developed on the platform margin
(fig. 2), separated by the east-west-trending Tooele arch
Following late Precambrian rifting (Stewart, 1976, (Sheehan and Boucot, 1991). Hintze (1982) named them
1980; Bond and others, 1985), a passive continental margithe Ibex and the North Utah basins. Open-marine sedimen-
was established in western North America. Thermal subsidtation in the North Utah basin continued through the Lland-
ence of thinned and stretched continental basement to theverian, but in the early Wenlockian the basin shallowed to
east of the rift produced a broad shelf region between theear sea level. During the remainder of the Silurian, non-
margin and a hingeline in central Utah (Bond and others,deposition or restricted marine deposition dominated in the
1985). The passive margin evolved normally through theNorth Utah basin.
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Figure 1. Correlation chart for the principal Upper Ordovician, Llandoverian, and Wenlockian formations and mem-

bers from the carbonate shelf, carbonate ramp, and carbonate slope in the eastern Great Basin. Faunal assemblages and

stages are discussed in the text. Stratigraphic sequences from Harris and Sheehan (1992, 1996).

In the Ibex basin open-marine deposition continued
well into the Wenlockian, after which nondeposition or

restricted-marine deposition dominated throughout the Sil-
urian. Along the carbonate platform margin to the west andor for extensive and constructive reviews of the manuscript.
on the southern part of the platform in southern Nevada an@ihe work was supported by U.S. National Science Founda-
adjacent California, shallow, open-marine deposition contintion grants to Peter Sheehan (EAR-9317719) and Mark
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1. Paris Peak 34. Arrow Canyon Range
UTAH: CALIFORNIA:
2. Tony Grove Lake, Bear River Range 35. Funeral Mountains
3. Portage Canyon, West Hills 36. Panamint Range
UPPER ORDOVICIAN UPPER ORDOVICIAN CORALS

BIOSTRATIGRAPHY
CARBONATE PLATFORM CORALS

THE CARBONATE PLATFORM Budge (1972, 1977) described Upper Ordovician and
o _ ) Lower Silurian corals from many localities on the carbonate
Upper Ordovician platform dolomites are assigned to pjatform. He recognized two faunizones based on corals from
the Fish Haven Dolomite in northern Utah and to the Elythe Ely Springs and Fish Haven Dolomites. (Figure 3 outlines
Springs Dolomite in central and western Utah and easterfyqovician faunal intervals for macrofossils of this area.)
Nevada (Budge and Sheehan, 1980a). A wide variety of Budge (1972) recognized aStreptelasma haysii
facies occurs, ranging from restricted-marine laminites (tidalg5nizone (now th&rewingkiahaysii Faunizone based on
flats) to open-marine sediments deposited within and belo"\feassignment of the species by Elias, 1981) at the base of the
storm wave base. Ely Springs Dolomite. This faunizone is present in the Ibex
Subtidal dolomites and dolomitic limestones with and Barn Hills Members of the Ely Springs Dolomite. Corals
storm beds mark the upper ramp west of the platform. Inrestricted to the faunizone inclutlebocoralliumgoniophyl-
more distal ramp settings progressively more argillaceoudoides which is the same drewingkiahaysiiaccording to
limestones predominate, and deposition was below stornElias (1981, p. 17), an@rewingkiarobustavar. amplum
wave base. which may include a species Beiracorallium (see Elias,



MACROFOSSIL BIOSTRATIGRAPHY OF THE EASTERN GREAT BASIN 93
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Figure 3. Ordovician faunal intervals. ThRighornia andGrewingkia haysifaunizones are from

Budge (1972). The Arctic colonial coral fauna was described by Pandolfi (1985). Richmondian trilo-
bites have been described by Ross and others (1979). During the latest Ordovician the carbonate plat-
form was exposed by a glacio-eustatic regression.

1981, p. 22). Corals found in the faunizone but which extendember had nine species, only one of which was not found
into the overlying faunizone includravistinasp.,Manipora in the underlying members.
sp.,Palaeophyllunsp.,Calapoeciasp.,CatenipOFaSIO-, and The fauna found by Pandolfi (1985) in the Lost Canyon
Paleofavositesp. and Floride Members is so similar that the members cannot
Above (what is now) th&rewingkiahaysiiFaunizone,  be distinguished on the basis of faunal content. The fauna is
Budge (1972) recognized a much more widespBigor-  part of the “Arctic Ordovician” fauna, which ranges from the
nia Faunizone, which he subdivided into three zones. Thesgpper Middle Ordovician through the Late Ordovician.
three zones are not considered further here, because thgigsociated dasycladacean algae described by Johnson and
recognition is dependent on the unpublished systematisheehan (1985) akermiporellasp.,Rhabdoporellasp., and

descriptions in Budge (1972). Cyclocrinitesspp.

The Bighornia Faunizone contains the rugose corals Most of the colonial corals in these two members are
Bighornia n. spp, Bighornia solearis Bodophyllumn.sp.,  consistent with the Maysvillian-Richmondian age of the
Cyathophylloides.sp.,Deiracorallium n.sp.,Favistinasp., Ely Springs Formation that is indicated by other fossil
Grewingkia sp., Lobocorallium sp., Streptelasmaspp.,  groups discussed in this report. One exceptiorBiflirg-
Astrocerium sp., Tryplasma n.sp., Palaeophyllum sp.,  saria parvituba which is a species previously known only
Palaeophyllum cateniforn®e and the tabulateAgetolites from Canada in the Middle Ordovician Bad Cache Rapids
spp., aff. Aulocystissp., Calapoeciasp., Cateniporasp., Formation on the Melville Peninsula and the Blackriverian

Paleofavositesp.,Favositessp.,Maniporasp., andoerste-  age Lourdes Formation in western Newfoundland. The spe-
phyllumsp. The gener@ryplasma PalaeophyllumCyatho-  cies is considerably younger in the Great Basin than in
phylloides Favosites PaleofavositesandCateniporarange  Canada (Pandolfi, 1985).

upward into Silurian strata. Duncan (1956) illustrated corals from several localities
The most extensive published study of Upper Ordovi-on the platform. Many of the illustrations and much of the
cian colonial corals is by Pandolfi (1985), who described 2aliscussion are based on material for which no locality data
species of colonial corals from the Ely Springs Dolomite inare available. Illustrated species incligtenipora gracilis
the northern Egan Range and the Silver Island Mountainfrom the Bluebell Dolomite in the Tintic District, Utah, and
(table 1). Greatest diversity was found in the open marin€’alaeophyllumsp., from an unrecorded area in Utah. She
Lost Canyon Member, which contained 18 species. Thealso recorded but did not illustraletradium tubiferfrom
Ibex Member contained only two species, both of whichthe Tintic District, Utah. W.A. Oliver in Kleinhampl and
were also found in the overlying members. The FlorideZiony (1985) reportedPalaeophyllumsp. andNyctopore&
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Table 1. Colonial corals from the Ely Springs Dolomite described by
Pandolfi (1985).

[x, occurrence; blank, not found]

Coral Ibex Lost Canyon Floride

taxa Member Member  Member
Calapoecia anticostiensis X X X
Calapoeciasp. cf.C. coxi X X
Paleofavosites poulseni X X
Paleofavosites mccullochae X X
Paleofavosites okulitchi X X

Paleofavositesp. cf.

P. transiens X
Paleofavositesp. cf.

P. capax X X
?Billingsaria parvituba X X
Nyctoporasp. X X

Agetolites budgei
Saffordophyllum crenulatum
Catenipora workmanae
Catenipora sheehani
Cateniporasp. cf.C. foerstei
Tollina sp. X

X X X X X

Palaeophyllum humei X
Palaeophyllum gracile X
Palaeophyllumsp. cf.

P. raduguini X
Cyathophylloidesp. A X
Cyathophylloidesp. B X

sp. from the Floride Member of the Ely Springs Dolomite C.W. Merriam in Evans (1980) identifigdatenipora

in the Pancake Range. Langenheim and others (19623p.,Palaeofavositesp.,Palaeophyllumsp. cf.P. thomj and

reported an 8- to 9-ft-thick Favistella biostrome about Streptelasmasp. associated with eight species of brachio-

two-thirds of the way through the Ely Springs Dolomite in Pods (listed in “Carbonate Ramp Brachiopods”) from the

the Arrow Canyon Range. Hanson_Creek Formation in the Tusc_arora Mountains. J.M.
Berdan in Radtke (1985) report€ateniporasp.,Favosites
sp.,Palaeophyllunsp., and_obocorallium trilobatumfrom

a nearby locality in the Hanson Creek Formation.
CARBONATE RAMP CORALS

A Richmondian assemblage of corals was reported UPPER ORDOVICIAN BRACHIOPODS
from the upper carbonate ramp in the Mountain Boy Range
in the Hanson Creek Formation by Ross and others (1979;  Upper Ordovician brachiopods are abundant, well pre-
see corresponding discussion of brachiopods). Includedierved_, and diverse in the Ely Spring_s Dolomite, Fish Haven
wereBighorniasp.,Lobocorallium trilobatum majo(which ~ Dolomite, and Hanson Creek Formation; however, they have
Elias (1981) assigned ®rewingkia hays)i, Cateniporasp., ~ received little _study. Brgchlopods have been reported in
Paleofavositesp., Saffordophyllunsp., andNictopora? sp. numerous studies of regional geology, and a sample of such
Duncan (1956) illustrate€Cyathophylioidessp. from an mention is provided here, to indicate the diversity of brachi-
Lo . opods in the area. However, because the brachiopods have not
unnamed location in the Hanson Creek Formation. . . . . .
been systematically studied, biostratigraphic assemblages
cannot be identified. The brachiopods are part of the highly
Measurements in feet are those of previous workers and are used hedemic Upper Ordovician North American Brachiopod
to maintain the precision of their studies; 1 ft=0.305 m. Province (Sheehan and Coorough, 1990; this report, fig. 3).



MACROFOSSIL BIOSTRATIGRAPHY OF THE EASTERN GREAT BASIN 95

Table 2. Brachiopods reported by Sheehan (1969) from the Ely Springs Dolo-
mite in Nevada and Utah.

[Localities: 1, Pequop Range; 2, Cherry Creek Range; 3, Southern Egan Range; 4, Northern Silver Is-
land Range; 5, Pancake Range; 6, Spotted Range; 7, Ranger Mountain. Queried where uncertain; X,
occurrence; blank, not found]

Lower part of Floride Member
Ely Springs Dolomite
Localities 1 2 3 4 5 6 7

Hesperorthissp. X ?
Glyptorthissp. X X X
PlaesiomygqPlaesiomy¥sp. X X
Platystrophiasp. X

Paucicrure? sp. X

Diceromyoniatersa X

Thaerodontasp. X X X
Lepidocyclussp. X X X X X
Rhynchotremap. ?

Zygospirasp. ? X
Austinellasp.

Diceromyoniasp. X
Spinorthissp.

Strepti® sp.

Leptaenasp. X
Hypsiptychasp.

< X X X

x
x

CARBONATE PLATFORM BRACHIOPODS Chamberlain and Langenheim (1971) foutgbsipty-
cha anticostiensi andDiceromyonia ignotain the upper

The only systematic study of Upper Ordovician brachi- Ely Springs Dolomite in the Arrow Canyon Range. They
opods in Nevada and Utah is by Howe and Reso (1967), whwere associated with rugose and tabulate corals.

described a collection from near the top of the Floride On Ranger Mountain Byers and others (1961) recorded
Member of the Ely Springs Dolomite at Fossil Mountain andaystinella sp., Holtedahlina sp., Thaerodontasp., Sower-

in the Pahranagat Range, south-central Nevada. The braCl'ljye”a’_) Sp_’LeptaenaSp.,Zygospira) sp., and:avositeSSp_
opods includéiceromyonia ignotaHypsiptychasp. cf.H.  from between 105 and 185 ft above the base of the Ely
anticostiensis and Hiscobeccus capaxAssociated corals  gprings Dolomite, an®inorthis sp. from 150 ft below the
includeBighornia sp. andCateniporasp. cf.C. gracilis A top of the formation.

Richmondian age is indicated. Reso (1963) repored North of the Tooele arch in the northwest Silver Island

cobeccus cap&x andZygospir® sp. from the lower Ely h . haeff d And
Springs Dolomite in the Pahranagat Range. Sheehan (19652)ange, Utah, R.H. Waite (in Schaeffer and Anderson, 1960,

recorded brachiopods from the Floride Member and fronP- 92) identifiedHiscobeccus cap@x Platystrophia sp.,
lower Ely Springs Dolomite at several sections on the carf€bertell& sp., andHesperorthi€ sp. in beds now assigned
bonate platform (table 2). to the Ibex Member of the Ely Springs Dolomite. (See Car-

genter, and others, 1986.) In the same publication Waite

. P recordedPlaesiomysp., Austinellasp., andRhynchotrema
Ibex basin. Staatz and Osterwald (1959) rep 2y92 sp. from strata now assigned to the Lost Canyon Member of

sp., Hesperorthissp., andFardenia sp. from the Thomas the EIV Sprinas Dolomite
Range, Utah, in strata now considered lower Ely Springs y =pring '
Dolomite. Morris and Lovering (1961) reportegbidocyclus In northern Utah Williams (1948) reportedtrophom-
perlamellosusndStrophomenap. from a similar positionin ~ enasp. cf.S. planumbonandDinorthis sp. associated with
the lower Ely Springs Dolomite in the East Tintic Mountains, the coralsHalysitessp., Calapoeciasp. cf.C. canadensis
Utah. Kellogg (1963) reportadesperorthissp.,Paucicrura  Favisting? sp. (identified a€olumnariasp. cf.C. alveolata
sp. cf.P. meekiandPaucicrurasp. cf.P. multisectdthe latter ~ but see Flower, 1961, p. 76-79), ebinleptelasmap. from
two species are assignedQ@mnielld) from the Ely Springs the Fish Haven Dolomite. Richardson (1913) repoHed
Dolomite in the southern Egan Range, Nevada. cobeccus capafrom the same unit.

There are several other reports of brachiopods from th
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CARBONATE RAMP BRACHIOPODS sp., Oxopleci@ sp.,Leptaenasp., Zygospir& sp., and an
indeterminate brachiopod (illustrated on pl. 9, fig. 26). Seven

Ross and others (1979) reported a diverse assemblagspecies of ostracodes were reported, and four species of tri-
of brachiopods, trilobites, bryozoans, corals, and conodont$obites are listed herein.
from the upper part of the carbonate ramp in eastern expo- Evans (1980) reporteGlyptorthis sp., Lepidocyclu®
sures of the Hanson Creek Formation at Wood Cone Peakp., Leptellina sp., Paucicrura sp.,Plaesiomy® sp.,Rhyn-
and the Mountain Boy Range. Only the trilobites and con-chotremasp., Thaerodontasp., andZygospirasp. cf. Z.
odonts were illustrated. The fossils are from nodular lime-recurvirostrus in association with four species of corals
stone, wackestone, and dolomitic limestone in the middle of(listed previously in “Carbonate Ramp Corals”) from 105 m
the formation. The two areas contain distinct assemblageshelow the top of the Hanson Creek Formation in the Lynn
The Mountain Boy Range assemblage has more diverse coindow in the Tuscarora Mountains, northern Nevada.
als, bryozoans, and brachiopods than the Wood Cone Peakssociated conodonts are of late Middle or Late Ordovician
collections, which have a more diverse trilobite assemblageage. Evans (1980) noted thiagptellina was probably no

and lack corals. younger than Trentonian age, but the genus is now known to
Brachiopods from the Mountain Boy locality dPtae- occur in Ashgillian age rocks in Ireland, People’s Republic

siomys(Dinorthis) occidentalis Hesperorthissp., Glyptor- of China, and Kazakhstan. A small collection from near the

this sp., Lepidocyclus gigas cf. Anoptambonitessp., top of the formation include@€haulistomell® sp. and an

Rafinesquinasp.,Oepiking sp., and’haerodontasp. Asso-  unidentified trilobite.

ciated bryozoans ardstreptodictyasp., Diplotrypa sp., Kerr (1962) reported a diverse fauna from the Hanson

Goniotrypasp., Homotrypasp., andTrematoporasp. Six Creek Formation in the Independence Mountditiscobec-
coral species and three species of trilobites were also assoatus capaxis associated with three species of trilobites,
ated. (See “Carbonate Ramp Corals” and “Carbonate Ramg@treptelasmap., Echinosphaeritesp., echinoderm colum-
Trilobites.”) An indeterminate rhynchonellidhaerodonta  nals,Michelinoceras beltran®, andClimacograptusp. The
sp., Thaerodontaor Sowerbyellasp., Glyptorthis sp., Hes- fossils are from thin-bedded calcisiltites and thin-bedded
perorthissp., andPlaesiomygDinorthis) occidentaliswere calcisiltites interbedded with shaly layers. Geographically,
found higher in the section with no other associated fauna. the area is well beyond the platform margin (see Sheehan,
Brachiopods from eight closely spaced collections near1989). The trilobite-dominated fauna, geographic position,
Wood Cone Peak includdaesiomygDinorthis) occidenta-  and lithofacies are indicative of deposition below normal
lis, Lepidocyclus gigasThaerodontasp., andThaerodonta  storm wave base, well down on the carbonate ramp.
or Sowerbyellasp., which were also found in the Mountain
Boy Range. In additiorl,epidocyclussp.,Skenidioidesp.,
Strophomenap., andiceromyoniasp. A, and a single bry- CARBONATE RAMP TRILOBITES
0zoan,Sceptroporasp., occur near Wood Cone Peak but
were not found in the Mountain Boy Range. No corals and Trilobites are rare in carbonate platform strata, but are
20 species of trilobites were also found (see “Carbonatecommon in the carbonate ramp deposits of the Hanson Creek
Ramp Trilobites”). The macrofossils and diverse collectionsFormation, especially in distal settings (fig. 3). Many trilo-
of conodonts from these localities indicate a Richmondianbites have been reported in regional geologic investigations,
age (Ross and others, 1979). and only a few of these are mentioned here. The best known
Although collections from Wood Cone Peak and the assemblage of trilobites was illustrated by Ross and others
Mountain Boy Range are from the Hanson Creek Formation(1979) from the middle of the Hanson Creek Formation in
and only 15 km apart, the Mountain Boy collections are fromthe Mountain Boy Range and from near Wood Cone Peak,
farther east (much farther updip) on the ramp. The nature oNevada. The Mountain Boy Range collection contains 20
the fauna indicates that the Wood Cone Peak assemblage wapecies dominated by brachiopods, and includes three spe-
positioned lower on the ramp because of the much greateties of trilobites Anataphrussp., a calymenid, an@alyp-
diversity of trilobites and the absence of corals and neattaulax sp. In deeper ramp setting from nearby Wood Cone

absence of bryozoans. Among the brachiop@isnidi- Peak, these three species also occur and are associated with
oides present only at Wood Cone Peak, is commonly foundisotelus sp., a proetid,Stygin& sp., Otarion sp., Cryp-
in relatively deep water settings. tolithoidessp.,Ceraurinus icarusthree species @eraurus

The upper Llandoverian—Early Wenlockian Diana an acanthoparyphinidSphaerocorphesp., Encrinurus sp.,
Limestone in Ikes Canyon in the Toquima Range containsCybeloidessp., a lichid, possibly{Hemiagressp., and an
Upper Ordovician, brachiopod-bearing carbonate clasts thavdontopleurid, possiblZeratocephalasp.
could be as young as Richmondian. The clasts of older rock  The increasing abundance of trilobites down the ramp
were emplaced during the downdropping of the margin in thecan also be documented in a transect in north-central
late Llandoverian (Leatham, 1988). Brachiopods reported byNevada. At Lone Mountain, on the upper part of the ramp,
Ross (1970) include (combining two collectioRgucicrura where the Hanson Creek Formation grades into the Ely
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Springs Dolomite, trilobites are relatively uncommon. To theSlightly downdip, carbonate ramp sedimentation shallowed
west, in the type section at Roberts Creek Mountain, trilofrom below to within normal storm wave base, for example at
bites are much more common; and farther west, in the ShdRoberts Creek Mountain and Antelope Peak, Nevada (Car-
shone Range, Gilluly and Gates (1965, p. 17) described thgenter and others, 1986) and Copenhagen Canyon (Berry,
Hanson Creek Formation as, “***abundantly fossiliferous, 1986). Distal ramp environments shallowed, but not suffi-
with many trilobites and some gastropod fragments.” ciently to bring the deep-ramp within storm wave base.

Ross (1970) listedstroproetussp.,Brongniartellasp., Within-wave-base carbonate grainstones in the Moun-
Whittingtoni& sp., andEncrinuroides sp. from the late tain Boy Range contain Zone 13 age conodonts (Harris and
Llandovery to early Wenlock Diana Limestone below theothers, 1979). This unit caps a glacio-eustatic, shallowing-
Roberts Mountain Formation in Ikes Canyon. Associatedupward sequence that began well below wave base on the
brachiopods were listed previously. carbonate ramp (Sheehan and Boucot, 1991). Undescribed

In the Tuscarora Mountains, Ross, in Evans (1980)macrofossils occur, primarily poorly preserved bivalves and
recordedAnataphrusor Bumastoidesp. associated with the gastropods. This shallow-water grainstone unit is present
brachiopodChaulistomell2 sp. high in the Hanson Creek immediately below the Silurian in many proximal ramp sec-
Formation. Kerr (1962) report&typtolithoidessp.,Isotelus  tions in Nevada.
sp., andCeraurussp. associated with brachiopods and other
fossils in the Hanson Creek Formation in the Independence

Mountains. These areas were well down the carbonate ramp.  SILURIAN BIOSTRATIGRAPHY

The biostratigraphic distribution of macrofossils is well

UPPER ORDOVICIAN TRACE FOSSILS enough known in this region to permit recognition of the

major subdivisions of the Silurian System. Silurian brachio-
Chamberlain (1977, 1979) and Miller (1977) describeded faunas are more thoroughly described than are thqse of
various trace fossils, primarily from the carbonate pIatform.the Late 'OI’dOVICIan'. Coral faur'1as.have been desc”*?ed in the
However, regional distributions of trace fossils are still little Wenlockian, Ludlovian, and Pridolian, but Llandoverian cor-

known. The gallery-forming genusThalassinoides is als are relatively unstudied. Brachiopods permit recognition

encountered in places throughout the carbonate pIatforrﬂf subdivisions of the Llandoverian and Wenlockian series

wherever open-marine conditions prevailed during the Laté" the carbonate platform. ,ShaHO\_’V marine sedimentation
Ordovician and Early Silurian (fig. 3). Howevathalassi- continued throughout the Silurian in southern Nevada and

noidesis most abundant in the Floride Member of the E|yalong the platform margin in central and northern Nevada,

Springs Dolomite and the Bloomington Lakes Member of2nd extensive brachiopod and coral faunas have been
the Fish Haven Dolomite (Sheehan and Schiefelbein 1984F.Iescnbed from these areas. Figure 4 outlines Silurian faunal
Galleries composed of 2- to 3-cm diameter burrows of"t€rvals for brachiopod and coral faunas. _
Thalassinoidesdominate the lithology, forming a burrow- Following the Ordovician extinction, brachiopods
generated fabric that replaces depositional fabrics (Tedesddfca@me cosmopolitan, and the British Silurian series are rec-
and Wanless, 1991Yhalassinoidegalleries are character- ©9nizable over most of the world (Berry and Boucot, 1970).
istic of members at the top of the Ordovician Sequencegirachlopod workers use the traditional lower, middle, and
throughout the carbonate platform and upper ramp. upper subdivisions of the Llandoverian Series, which have
Bioturbation in the Ely Springs Dolomite is much more been designated A, B, and C, respectively. These stage-level

intense than on the carbonate platform from the Cambrian tEUbd'V'S'OnS havefbeengurther séjbd'vc':ded |rl13theht_ype dareas
the Middle Ordovician (Droser and Bottjer, 1989). Droser Y & S€dquence ol num ersy(A By.3 Cp.¢). Brachiopo

and Bottjer found that bioturbation intensity was (:omparableWorkers cannot carry the individual numbered intervals out

to that of post-Ordovician Paleozoic carbonate platformOf _the type regions, but the_y_have estabhshe_d ranges of bra-
environments. chiopods that allow recognition of the following stage-level

intervals of the Llandoverian (Berry and Boucot, 1970): A
4 B1.3 Ci.3 C45 and G-Lower Wenlockian. By definition
of the Ordovician-Silurian boundary,As now placed at the

HIRNANTIAN-LATE ORDOVICIAN top of the Ordovician.
EUSTATIC SEA-LEVEL LOWSTAND Work in the British Isles has resulted in selection of a

sequence of stages based on graptolite zones. The new stages
During the glacial maximum the carbonate platform wasand the original units are Rhuddanian (& Aeronian (B to
exposed during the glacio-eustatic sea-level lowstand. Thmid-C,), and Telychian (mid-& through G). However,
most proximal ramp facies (for example, at Lone Mountain)these intervals are difficult to recognize with brachiopods, so
shallowed to exposure as evidenced by soil formation (Rossn this report the subdivisions outlined in Berry and Boucot
1970; Dunham and Olson, 1980; Carpenter and others, 1986)1970) are used.
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SERIES BRACHIOPODS CORALS
Pridolian E Fauna
D Fauna Zone C
. C Fauna Atrypella
Ludlovian Fauna
Entelophyllum-
Upper B Fauna Howellella
Wenlockian Middle Zone 3
A Fauna

Zone B/ Zone 2

Lower Cg-Lower Wenlockian fauna
Ce
. C,5 Pentameroides interval Zone A/ Zone 1
Telychian

Llandoverian .
Ci3 Pentamerus interval

Aeronian
A-B

Virgiana interval
Rhuddanian

Figure 4. Silurian faunal intervals. The Llandoverian ang-@wer Wenlockian intervals for bra-
chiopods are from Berry and Boucot (1970) and Sheehan (1980b). The lettered brachiopod faunas
A-E are from Johnson and others (1973, 1976). Atngpella fauna is from Johnson and Reso
(1964). Coral Zones 1-3 are tRbabdocyclugzones from Budge (1972), and the other coral zones

are from Merriam (1973b).

THE CARBONATE PLATFORM the Laketown Dolomite (Sheehan and Boucot, 1991). The
Verticilloporadasycladacean algal community was common
Following the Late Ordovician glaciation, a rapid Early in protected, shallow-water settings.
Silurian global sea-level rise flooded the platform. Brachio- A broad range of depositional environments developed
pods in these early to middle Llandoverian deposits have n@uring the G5 interval. Water depths at times exceeded
relationship with the brachiopods of the underlying Ely storm wave base, especially in the center of the Ibex basin.
Springs and Fish Haven Dolomites. The extinction event hadstromatolites and cryptalgal communities were common in
decimated the Late Ordovician North American Provincerestricted areas, particularly along the Tooele arch, in the
brachiopods. The new Silurian faunas originated from openeast-central part of Utah, and near the western carbonate
marine areas and parts of Siberia, Baltica, and Kazakhstaplatform margin. Tha/erticillopora community was present
(Sheehan and Coorough, 1990). but much less common than during the preceding interval.
Early and Middle Llandoverian strata on the carbonateDiverse brachiopods and corals dominated open-marine set-
platform, the Tony Grove Lake Member of the Laketown tings. Distinct brachiopod guilds characterize communities
Dolomite, are dominated by open-marine sediments withfrom different substrates and water-energy conditions.
intervals of shallow, restricted cryptalgal-laminites. These Open-marine sedimentation ended in the North Utah
facies locally continued into the, G interval. The dominant basin early in the gLower Wenlockian. Laketown Dolo-
C,_3facies is the coarsely recrystallized, very light colored, mite sections are capped by exposure surfaces or cryptalgal
massive, poorly bedded, high-energy High Lake Member oflaminites of the Water Canyon Formation in the North Utah



MACROFOSSIL BIOSTRATIGRAPHY OF THE EASTERN GREAT BASIN 99

basin (Williams and Taylor, 1964). The age of the basal part  Farther down the ramp at Pete Hanson Creek on Roberts
of the Card Member of the Water Canyon Formation canno€reek Mountain, for example, the upper Hanson Creek For-
be determined because of a lack of fossils, but it could rang@ation has few storm beds such as those that dominate the
from Wenlockian to Devonian. The overlying Grassy Flatmember on the platform. Macrofossils are very scarce, pos-

Member of the Water Canyon Formation has an Early DevosSibly because the fauna was eliminated by the Late Ordovi-
nian fish fauna cian extinction event (Sheehan and Boucot, 1991).

Ibex basin deposition continued well into thg-Cower
Wenlockian interval. The center of the Ibex basin contains CONVERSION OF THE CARBONATE RAMP
sediments deposited near and below storm wave base (Shee- TO A CARBONATE SLOPE
han and Boucot, 1991). Around the margin of the basin, shal-
lower water sediments were deposited within storm wave  Timing of the late Llandoverian conversion of the gen-
base. A variety of brachiopod-dominated communities arély inclined carbonate ramp to a more steeply inclined car-
commonly restricted to particular depositional environ-Ponaté slope with an abrupt shelf margin (Johnson and

ments. The most abundant and diverse brachiopod and CO’J%gtter, 1975; Hurst and Sheehan, 1985; Hurst and others,

faunas of the Laketown Dolomite flourished during this time 55) IS not well c_onstramed. _Tectonlc doyvndropp!ng,
. . . . ) “which established this new margin, probably is associated
interval in the I_bex basin. Depqsﬂpn of open-marl_ne Sed"with the progressive retreat of the platform margin along the
ments ended in the Ibex basin in the Wenlockian. Thegyer pajeozoic passive margin of Cordilleran North Amer-
restricted marine Sevy Dolomite overlies the Laketown, bufcg (Sheehan and Boucot, 1991).
a lack of fossils makes correlation difficult. The Hanson Creek Formation, underlying the subsid-
Open-marine sedimentation continued throughout theence-event horizon, includes rocks of late Llandoverian age.
Silurian in southern Nevada and along the carbonate platforrhhe base of the overlying Roberts Mountains Formation
margin in central Nevada. The upper Decathon Member oProbably contains a condensed interval. Condensed and even
the Laketown thickens to more than 1,000 ft in southerrMiSSing graptolite zones are reported, and a cherty interval
Nevada (Sheehan and Boucot, 1991). In central Nevada thfhd local phosphatic lenses |ng||cate slow deposmon (Hurst
unit is given the name Lone Mountain Dolomite. Tongues of2Nd Sheehan, 1985). The earliest macrofossils on the slope

dark dolomite in the Lone Mountain Dolomite resemble theare late Llandovery corals. .
. Conodont evidence dates the subsidence event as late
Portage Canyon Formation but are much younger.

Llandoverian. Rocks below are from tBéstomodus ken-
tuckyensisconodont zone, and rocks above belong in the
youngerPterospathodus cellorégonodont zone (Poole and
THE CARBONATE RAMP others, 1977; Murphy and others, 1979). The change
occurred during or prior to tHdonograptus spiralisZone,
Lower Silurian macrofaunas on the carbonate rampbut not earlier than thRastrites maximuSubzone of the
were scarce, and little can be done with them biostratigraphMonograptus turriculatusZzone (Berry, 1986). In arctic
ically. Following conversion of the carbonate ramp to a rela-Canada thélonograptus spiraliZone ranges down to the
tively steep carbonate slope, macrofossils are abundant frof#P 0f theMonograptus turriculatusZone (Lenz, 1988), a

the Wenlockian through the Pridolian, during which time POSition near the £C4 boundary in the United Kingdom.
they are useful for correlation. At Roberts Creek Mountain and adjacent regions, Berry and

. . Murphy (1975) showed that the first occurrenc®lofpira-
The Llandoverian part of the Hanson Creek Formatlonlis is in the basal Roberts Mountains Formation, and it is

is laterally equ_ivalent_ to the Tony Grove Lake Member and isbeneath the first occurrence@yrtograptus lapworthivher-
a ramp deposit that in a few places produces a macrofaungyer the two species occur in the same section. Thus, in the

On the upper carbonate ramp, near the platform marginjostratigraphic scheme adopted for this study, the down-
scarce brachiopods occVirgianasp. has been found by the dropping event could have occurred as early as &L
authors just below the Roberts Mountains Formation in théboundary or as late agC

Toano Range north of Interstate 80.
Above the Ordovician part of the Hanson Creek Forma-
tion near the platform margin in the Mountain Boy Range, THE CARBONATE SLOPE

Virgianasp. occurs in storm-generated coquinas that resem-  The carbonate slope and shelf margin following the
ble the Tony Grove Lake Member of the Laketown Dolo- downdropping event have been extensively studied (Matti
mite. This area was very close to the ramp-platform margimind others, 1975; Matti and McKee, 1977; Nichols and Sil-
because it was not downdropped, and late Llandoverian unitserling, 1977; Hurst and Sheehan, 1985; Hurst and others,
belong to the Lone Mountain Dolomite of the platform mar-1985: Sheehan, 1979, 1986, 1989; Sheehan and Boucot,
gin rather than being slope deposits of the Roberts Moun1991). The Lone Mountain Dolomite was deposited along
tains Formation. the carbonate shelf margin. Most carbonate slope deposits
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are assigned to the Roberts Mountains Formation. The laterd{azakhstan, Siberia, and South China (People’s Republic
facies within the Roberts Mountain Formation are complex.of China). It was distributed in virtually all shallow carbon-
Berry and Boucot (1970) recognized a platy-limestone faciesate platforms of the world.
low on the carbonate slope and a thick-bedded facies closer Virgiana occurs in great abundance in the Tony Grove
to the platform margin. Lake Member of the Laketown Dolomite in more than 50
The platy-limestone facies is thin-bedded, argillaceous,sections from the carbonate platform (Sheehan, 1980a). The
red-tinged to buff dolomitic limestone with alternating light most common species i¥irgiana utahensis although
and dark laminae. Silt layers occur as low-amplitude climb-another species may also be present. Associated brachiopods
ing ripples, irregular laminae, and faded ripples. Depositionare low in diversity and are rare. They incliRlatystrophia
was probably from distal, dilute turbidity currents on the sp., both coarsely and finely ribbed orthids, a dalmanellid,
deep slope. (See summary in Sheehan and Boucot, 1991; aiio rhynchonellidsPlectatrypasp.,Hyattidina? sp., and an
Hurst and Sheehan, 1985.) Macrofossils are rare, possiblgtrypid. Sheehan (1980a) recovered more than 1,500 silici-
because of low oxygen conditions. An abundant graptolitefied specimens d¥irgiana from 33 separate localities. Only
fauna makes accurate correlation possible (Berry and Boutwo collections had as many as four other species of brachi-
cot, 1970; Berry and Murphy, 1975; Berry, 1986). Con- opods associated witkiirgiana utahensisSince 1980 the
odonts have also been extensively studied (Murphy andvirgiana Community has been observed at hundreds of hori-
others, 1979; Klapper and Murphy, 1975). zons, so the relative proportions of species in the community
The thick-bedded facies of Berry and Boucot (1970) isand the environmental distribution of the community are
composed of several distinct subfacies with two distinct ori-Well established.
gins (Hurst and Sheehan, 1985; Sheehan and Boucot, 1991). A second brachiopod-dominated community occurs as
A coarsening-upward, thick-bedded facies (CUF) found atmonospecific coquina beds of an indeterminate rhynchonel-
the top of the formation in eastern sections (Sheehan antid in the Tony Grove Lake Member of the Laketown Dolo-
Boucot, 1991) is composed of sands and conglomerateBlite in the Cherry Creek Range (Sheehan, 1980b). The
associated with the prograding Lone Mountain Dolomite. Presence of only two brachiopod-dominated communities
These beds were gravity emplaced, and some contain @ne of them uncommon) on the carbonate platform during
mixed fauna derived from higher on the slope. the early and middle Llandoverian is remarkable and is part
A second thick-bedded facies, composed of fine-Of @ worldwide pattern. .
grained, laminated carbonates (LTBF) illustrated by Sheehan ~ Sheehan (1975, 1980b, 1992) attributed the broad eco-
(1989) occurs along the eastern margin of the Roberts Moun/@9ic distribution and low diversity of theirgiana Com--
tains Formation (Hurst and Sheehan, 1985; Sheehan arffunity to a recovery of the fauna following the Ordovician
Boucot, 1991). These upper-slope finely laminated or biotur-Xtinction event. The extinction had reduced species diver-
bated argillaceous limestones may have been derived frorfilly» and surviving species became widely distributed eco-
shelf sediments placed in suspension by storms and tidal cufogically in a variety of habitats marked by little
rents and swept over the margin (Hurst and Sheehan, 1985§0MPetition. Subsequently, communities became progres-
Slumps are common in the LTBF (Hurst and Sheehan, 198§|ve_ly more diverse and confined to progressively narrower
Sheehan, 1989). The substrate was soft, and many corals afgvironmental ranges.
brachiopods from this facies have “snow-shoe” adaptations

to prevent their sinking into the mud (Sheehan, 1989).
LOWER UPPER LLANDOVERIAN (C 1.3

CARBONATE PLATFORM BRACHIOPODS
SILURIAN BRACHIOPOD

The pentamerid brachiopodrgiana was replaced at

BIOSTRATIGRAPHY the beginning of the upper Llandoverian Bgntamerussp.
in the Great Basin (Sheehan, 1980a, 1980b). The transition
LOWER AND MIDDLE LLANDOVERIAN was not an evolutionary event, becatsatameruslid not
CARBONATE PLATFORM BRACHIOPODS evolve fromVirgiana. Pentameruss a well-established bio-

stratigraphic marker for the beginning of the upper Lland-

Lower and middle Llandoverian brachiopods (fig. 4) overian (Berry and Boucot, 1970)Pentamerus sp.
lived in ecologically widespread, low-diversity communi- commonly occurs in shell-lag deposits associated with storm
ties. The brachiopods occur in a wide variety of facies, perbeds and locally as densely packed, in-place shell assem-
mitting correlation with other regions of the world. blages. Growth of many specimens is asymmetric because

The brachiopodvirgiana was one of the geographi- adjacent individuals interfered with each other during
cally most widespread genera of brachiopods that evegrowth in the densely packed colonies. Contemporary com-
lived (Boucot, 1975). Sheehan and Coorough (1990)munities include thé&/erticillopora Community, dominated
recorded it in Laurentia, the margins of Laurentia, Baltica, by dasycladacean algae interpreted to have lived in shallow,
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relatively protected environments (Rezak, 1959; SheehargoralAsthenophyllunsp. It is interpreted to be a quiet-water
1980b). Pelmatozoan columnals are also commonly assoaequivalent of thePentameroide€Community. Tabulate and
ated with thePentamerusCommunity, and pelmatozoan solitary rugose corals are present but not common.
communities were common in the High Lake Member. The Cyrtia Community occupies a similar position
Restricted conditions are reflected by the presence of strasyatigraphically above theerticillopora Community in bio-
matolites and cryptalgal laminites, especially as caps to shajyrhated, silty dolomites with occasional storm deposits in
lowing-upward sequences. the Gettel Member in the Barn Hills, Utah. Species include
Pentamerussp. commonly occurs in great abundancefFlabellitesiaflabellites Atrypa(Gotatrypa hedeiamericen-

and in places is associated with specimens of a fine-ribbegis Cyrtia sp., andSpirinella pauciplicata Corals are
orthid, “Brachyprion sp., Microcardinalia sp. A, Atrypa uncommon. A similar g5 age is inferred.
sp., Atrypa (Gotatrypg sp. cf.A. gibbosa and Pentland-- Boucot and Johnson, in Wilden and Kistler (1979,
ella sp. Over most of the North Utah and Ibex basins,; 37 identified an upper Llandoverian horizon (from two
water depths were not deep enough for deeper water conjsc,jities) in the Lone Mountain Dolomite in the Ruby Moun-
munities such as those dominated by stricklandids in othefying that containdolerorthis’ sp.,Dicoelosiasp.,Salopina
regions of the world. sp. aff.S conservatrix Gypidula sp., Leptaenasp., ‘Cho-

netes$ sp., Hebetoechia sp., Ancestrorhynchasp., Atrypa

sp., Howellella (Acanthospirife} sp.,Howellella? sp., and
UPPER LLANDOVERIAN (C ,.5) CARBONATE Spirinella sp. aff.S pauciplicata It is underlain by a collec-

PLATFORM BRACHIOPODS tion of Virgiana? sp. of early to middle Llandoverian age.

The brachiopodPentameroidesp. A of Sheehan (1982)
domi : . ) :
ommated_ thé’e_ntar‘r!erplde@ommumty, which occupied Ce~LOWER WENLOCKIAN CARBONATE
an ecologic setting similar to that of the earRentamerus PLATEORM BRACHIOPODS
Community. Pentameroidesp. A was derived frorRentam-

erus_and many of the associate_d species propably had ances- A brachiopod biostratigraphic interval encompasses the
tors in thePentamerusCommunity. Pentameroidesp. A, a very latest Llandoverian (F and the early Wenlockian

form transitional petween the genera (see Sheehan, 1982)’(’§erry and Boucot, 1970). In the North Utah basin only a few
of late Llandoverian (s) age. meters of section at the top of the Laketown Dolomite belong
The Pentameroide€ommunity is strongly dominated j, thjs interval. In the Tony Grove Lake and Portage Canyon
by Pentameroidesbut associated species are more diversesections, a few meters of strata containSpéainella Com-
and more common than they were in BemtamerusCom-  munity. It occurs in dark dolomite deposited below storm
munity. Associated species incluBabellitesia flabellites wave base (Sheehan, 1980b). Brachiopods include abundant
Dolerorthis? sp.Jsorthissp., fine- and coarse-ribbed orthids, Spirinella pauciplicatag common Ancillotoechia sp., and
Microcardinaliasp., a rhynchonellichtrypa(Gotatrypgd sp.  rareBrachyprion(Eomegastrophipgeniculata Six species
cf. A. gibbosa Meristina? sp.,Pentlandella merriamiand  of RhabdocycluZone 2 corals of Budge (1972; see section,
Cyrtia sp. (Sheehan, 1982). “Silurian Corals”) are associated with these brachiopods.
TheMicrocardinaliaCommunity also occurs in slightly Restricted cryptalgal laminites were deposited along
deeper water platform settings than Beatameru€ommu-  the margin of the Ibex basin. TMerticillopora algal com-
nity, near or slightly below storm wave base in the Portagenunity was also present in more open marine settings (Shee-
Canyon Section, Utah (Sheehan, 1980b, 1982). Tabulate coltan, 1980b).Pentameroidessp. B of Sheehan (1982)
als of Zone 1 of Budge (1972) dominate this assemblagalominates a community from the Gettel Member of the
Associated brachiopods includsorthis sp., coarse- and Laketown on the east side of the southern Egan Range. Asso-
fine-ribbed orthids, Spirinella pauciplicata and rarePen- ciated brachiopods includgrypa(Gotatrypd sp. cf.A. gib-
tameroidessp. A. bosa Flabellitesia flabellites and Cyrtia sp. Associated
Muddy platform facies of the lower Gettel Member fossils include dasycladacean algae, echinoderm columnals
contain two additional communities, which probably had toand calyxes, rare tabulate corals, and stromatoporf@éas.
make do with very soft substrates. In the southern Egat@meroidessp. B has a more derived morphology tirem-
Range thé®entlandellaCommunity occurs stratigraphically tameroides sp. A, and is characteristic of g&early
between the/erticillopora Community and th@entameroi- ~ \Wenlockian species of the genus (Sheehan, 1982).
dessp. B Community (of g-early Wenlockian age). The On the west side of the southern Egan Range, five local-
PentlandellaCommunity is probably of £5 age, but could ities from the Gettel Member of the Laketown Dolomite
be younger. Species includRentlandellamerriami (abun-  (from Unit 4 of Budge and Sheehan, 1980b, which was
dant), and much less commAtrypinaerugata Spirigerina  assigned to the High Lake Member) contBentameroides
sp., a plectambonitid, a fine-ribbed orthid, an atrypid, and thesp. B. Sheehan (1980b) noted that these collections are not
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dominated by Pentameroidesas is common in the MIDDLE WENLOCKIAN AND YOUNGER CAR-
Pentameroide€ommunity and that many associated brachi- BONATE PLATFORM BRACHIOPODS

opods are common in deeper water communities. The Gettel

Member was deposited below normal storm wave base, Several faunas have been described from the middle
strengthening this conclusion. Associated taxa inchidb- Wenlockian and younger platform strata in southern Nevada
ellitesia flabellitesIsorthis sp.,Dicoelosia bilobaEoplect-  and from the Lone Mountain Dolomite along the platform
odontasp., Microcardinalia sp., Atrypina erugata Cyrtia margin in central and northern Nevada. In the Pahranagat

sp., andSpirinella pauciplicata Collections from the upper Range Johnson and Reso (1964) identified probable Wen-
part of the Laketown Dolomite that overlie strata viRem- lockian brachiopods and corals from these dark beds. Similar

faunas in similar strata occur in the Delamar and Pancake
ranges (Budge and Sheehan, 1980b; Sheehan, 1980Db).
o o ~Johnson and Reso (1964) recorded the brachioptgpa

The Spirinella Community is the deepest community gn5 Howellellasp. cf.H. nucula Howellellasp.,Hyatidina
in platform sections in the Jack Valley Member of the hegperalisHercotrema pahranagatensiand indeterminate
Laketown Dolomite in the Ibex basin in the Barn Hills, dalmanellids and rhynchonellids. Waite (1956) also recorded
Confusion Range, and Sheeprock Range, Utah. Speciegowellella smithifrom near this horizon. Associated corals

tameroidessp. B are also probably ofgGearly Wenlockian
age, but could range higher into the Wenlockian.

include Brachyprion (Eomegastrophip geniculata Her- includeHalysitessp.,Favositessp.,Breviphyllun? sp.,Dis-
cotrema pahranagatensidHercotrema perryi an athyri- phyllun? sp.,Clavidictyonsp., and Cladopord sp.
dacid, andSpirinella pauciplicata(Waite, 1956; Sheehan, At the base of the Decathon Member of the Laketown

1982). A diverse, undescribed tabulate and rugose corabolomite in strata originally assigned to the Sevy Dolomite,
fauna is present, including corals assigned to zones 2 and Johnson and Reso (1964) identified a late Wenlockian or
of Budge (1972), discussed in “Silurian Corals.” Rare Ludlovian Atrypella carinatafauna of brachiopods associ-
bivalves, common trochoid and high-spired gastropods, anéited with a single species of high-spired gastropod. Brachio-
a few bryozoans occur. pods includesypidula@biloba, Stegerhynchudincolnensis

The Atrypina Community, from the Jack Valley Mem- Camarotoechi@ reesidej Atrypa Sp., Atrypella cgrl_nata
Atrypella sp., Macropleur& sp., Spirinella pauciplicata

ber of the Laketown Dolomite in the southern Egan Range .

has th test brachi d di . d abund ¢ Howellellasp. cf.H. nuculg Howellella? sp. cfH.? arctica,
as the ‘-?"e‘_"‘ est brachiopo |vers_|ty and abundance o arWyattidina hesperalisandNucleospira hecetensis

community in the Laketown Dolomite. Corals are also very ) ) lonhvll

diverse and include many assigned to Zone 2 of Budge. Rare, _Merriam (1973a) described aintelophylluraHow-

. . . llell ite i
planispiral and trochoid gastropods and bivalves also occur(.a ella assemblage from dark tongues of dolomite in the

Brachiopods, which are evenly distributed, inclédibelli- upper part of the Lone Mountam Dolomite 'r.] the F'Sh Qreek
. ) . ) o . . Range and the Mountain Boy Range that is very similar to
tesia flabelliteslsorthis sp., Dicoelosia biloba Dicoelosia

- that in the Pahranagat Range. Johnson and Oliver (1977)
sp.,Dalejinasp. Eoplectodontap. Leptaenasp. Protocho- o .0/ a4 these fossils and concluded they were of late Wen-

netes elyensi€amerell& sp.,Pentameroidesp. B,Micro- lockian or early Ludlovian age. Brachiopods from the Moun-
cardinalia sp., Stegerhynchus estonicug=Ferganella  tain Boy Range includ€amarotoechiasp., Myattidina sp.,
borealisof Sheehan, 1982)ercotrema perryiPlectatrypa  andSpirinella pauciplicataThe latter species resembles the
sp. cf.P. imbricatg Atrypa (Gotatrypg sp. cf.A. gibbosa  plicate subspecieSpirinella pauciplicata eganensisom
Atrypina erugataCyrtia sp.,Hedein& sp.,Howellella sp., the Jack Valley Member of the Laketown Dolomite in the
and Spirinella pauciplicata eganensi€orals and brachio- Egan Range. Corals are listed in the section, “Silurian Cor-
pods described by Merriam (1973a) from the Mountain Boyals.” A different assemblage is recorded by Merriam (1973a)

Range probably are part of tAérypinaCommunity. from the upper Lone Mountain Dolomite in the Fish Creek
Range. Brachiopods inclu®alopinasp.,Hercotrema pah-
ranagatensis Camarotoechiasp. b and sp. fAtrypa
sp.,Hyattidina sp., a species incorrectly assignedHio-

Boucot and Johnson, in Wilden and Kistler (1979, p.
237) identified a fauna from the Lone Mountain Dolomite in

the Ruby Mountains that includeenidioidesp. Dicoelo- della, andHowellella smithi Three species from the latter

sia sp., Anastrophlasp.,Ant|rhynclhone.II§ Sp.,Leptgena assemblage are present in the probable Wenlockian assem-
sp., Stegerhynchusp. aff.S. estonicusLingulopugnoide® 346 from the Portage Canyon Member in the Pahranagat
sp.,Atrypa sp.,Zygatrypasp. aff.Z. pauperaHedeinasp.,  Range. None of the species from the Mountain Boy Range
and the rugose cordPalaeocyclassp. They assigned a occur in the Pahranagat Range assemblage, but the occur-
Ce—early Wenlockian ageSkenidioides which normally  rence ofSpirinella pauciplicata eganensgiggests correla-
occurs in relatively deep water, is found here in the shallow-tion with the early to middle Wenlockian assemblages in the
water Lone Mountain Dolomite. Jack Valley Member of the Laketown Dolomite.



MACROFOSSIL BIOSTRATIGRAPHY OF THE EASTERN GREAT BASIN

CARBONATE SLOPE BRACHIOPODS

103

B Fauna overlies the A Fauna and is of latest Wen-
lockian age based on the brachiopods and associated grapt-

Brachiopod biostratigraphy of the Roberts Mountains olites of Pristograptus dubius frequerand Pristograptus

Formation has been intensely studied. Brachiopod biostratigudensiszones (Berry and Murphy, 1975).

Five species

raphy can be integrated with graptolite (Berry and Murphy,associated with A Fauna are listed previously. Only two
1975), conodont (Klapper and Murphy, 1975), and ostracod@pecies, Schuchertella sp. and Nucleospirasp., extend
(McClellan, 1973; Stone and Berdan, 1984) biostratigraphy,pward into the C Fauna. Species restricted to B Fauna are

in well-studied sections on Roberts Creek Mountain.

Ptychopleurella miculaSalopinasp. cf. S. conservatrix

Five brachiopod faunas ranging in age from middle Anastrophiasp.,Leptaenasp.,Placotriplesiasp.,Leangella
Wenlockian through Pridolian have been described bysp_’ Ancillotoechia sp., Plagirhyncha sp., Rhynchotreta

Johnson and others (1973, 1976). The faunas, designated

EMneata Spinatrypasp., Cryptatrypa triangularis Atryp-

the letters A to E, are listed in the next section. Many of thg,5 erugata Lissatrypa sp., Protozeugasp., Homeospira
faunas are composed of collections made from several differévax andSpirinellasp. B.

ent facies; thus they are biostratigraphic units, not communi-

The B Fauna occurs in a narrow stratigraphic interval of

ties. Many of the shelly horizons in the Roberts Mountamsthe Roberts Mountains Formation and is characterized by the

Formation are from gravity-emplaced sediments, and so th

collections may contain individuals that lived in different

environments. In addition to the five lettered faunas, severa

other collections are discussed.

WENLOCKIAN BRACHIOPODS FROM
ROBERTS CREEK MOUNTAIN REGION

&mall size of the species and lack of pentamerids. It is very
(flistinct from both older and younger faunas.

LUDLOVIAN BRACHIOPODS FROM

ROBERTS CREEK MOUNTAIN REGION

The C Fauna of Johnson and others (1976) comes from
lower but not lowest and middle Ludlovian strata. Associated

The A Fauna of Johnson and others (1976) comes frorgraptolites include the upper part of thelonograptus colo-
the lower few hundred feet (approximately 100 m) of the,sand theSaetograptus chimaeones of Berry and Mur-

Roberts Mountains Formation and is composed of specielghy (1975). Brachiopods were not found in the lower and
from several communities. The brachiopods are of middle tQiqdie part of theC. colonusZone in the Roberts Creek
late Wenlockian age, which is consistent with associateqountain area.

graptolites of th€yrtograptus rigidushroughMonograptus

C Fauna is characterized by large species, especially

testuszones (Berry and Murphy, 1975). One assemblage 0EJentamerids, and high diversity. It shares 2 species with the

very small, thin-shelled brachiopods includi@bonetoidea
sp. cf.C. andersoniDicoelosia parvifronsandEpitomyonia
clausulg was recognized as a community representing th
outermost shelly-fauna community developed adjacent t
platy limestones containing only pelagic fossils.

Species restricted to the A Fauna Skenidioidesp.,

Ptychopleurellasp., Dolerorthis sp., Salopin& sp.,Isorthis
sp.,Isorthis microscaphaResserella canalis celtic®ale-
jina? sp. Dicoelosia parvifronsEpitomyonia clausulagCon-
chidium brevimura Conchidium sp., Vosmiverstum
wenlockum Cymbidium sp., ‘Cymbidiumi sp. (smooth),
Spondylostrophia sp.,Kirkidium? sp.,Pentameroide? sp.,
Brooksin& sp.,Morinorhynchussp., Eoplectodontasp. cf.
E. transversalisChonetoideasp. cf.C. andersoniSteger-
hynchus estonicyus'Ancillotoechid sp. cf. “A.” minerva
Rhynchotretap., Atrypasp.,Atrypasp. A,Reticulatrypasp.
A, Spirigerinasp.,Plectatrypasp. cf.P. rugosaGracianella
praecristg Gracianellasp.,Eospirifersp.,Janiussp.,Cyrtia
sp.,Plicocyrtia sp.,Howellellasp., andSpirinellasp.

e
(0]

underlying B Fauna, and 31 species are confined to it. Eight
species are shared with D Fauna, and five other species prob-
ably occur in both faunas. Species restricted to C Fauna
includeDolerorthis birchensis trisectdolerorthissp.,Isor-
this sp., Dalejina sp., Dicoelosiasp., Conchidium synclas-
tica, Conchidium sp., Lamelliconchidium micropleura
Cymbidium sp., ‘Cymbidiuni lissa Vadimia nevadensis
Severella spiriferoides<irkidium vogulicum Brooksinasp.
cf. B. alaskensidPentameriferasp.,Gypidulasp. c,Morino-
rhynchussp., ‘Schuchertella sp., Chonetoidea andersani
Reticulatrypa savagebpirigerina marginalis“Spirigerind
sp., Gracianella crista Protathyris sp., Nucleospira sp.,
Hedein& sp.,Cyrtia sp., Howellella? sp.,Spirinella spp.,
Delthyris? sp., and&oplicoplasia tumeoventer

The following species and subspecies occur in both the
C and D FaunasPtychopleurella cymbellaDolerorthis
birchensis birchensjsSeverella mundaAntirhynchonella
minuta Atrypella spp.,Dubaria sp.,Gracianella lissumbra

At most five species extend upward into the B Faunalissumbra Chnaurocoelia transversaSpecies found in C

The A Fauna shargSypidulasp. andNucleospirasp. with
the B FaunaAtrypellasp. is found in the A Fauna and has

fauna but only questionably identified in D Fauna/eaig-
mastrophia coopemndCryptatrypasp. Species found in D

guestionably been identified in B Fauna. Two species fronffauna which are questionably identified in C Fauna are

the B FaunaKozlowskiellina deltidialisand Meristina sp.,
have questionably been found in the A Fauna.

Salopina deltaStegerhynchissp. cf.S. lincolnensisGra-
cianella lissumbra costatfandGracianella plicumbra
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Johnson and others (1976) recognized three communi-  Finally, three collections from the uppermost 10 m of
ties in the D Fauna. However, because many gravitythe Silurian part of the Roberts Mountains Formation contain
emplaced deposits are present in the Roberts Mountains Foafauna that is transitional to the Devonian falDiaoelosia
mation, it will be necessary to reevaluate the facies in whichitida, Salopina submurifer and Ptychopleurellasp. F,
each community was found. which are common in overlying Devonian collections, make

D Fauna comes from middle Ludlovian strata of the their first appearance in this fauna. Species with strong Sil-
Polygnathoides siluricugonodont zone. D Fauna is less urian affinity includeAtrypella sp., Gracianella sp. cf.G.
diverse than C Fauna and has smaller pentamerid speciestyptumbra Gracianellasp. cf.G. lissumbraReticulatrypa
Species that also occur in the C Fauna are listed previouslyieutra, Tenellodermis matrixand Dubaria megaeroides
The 17 species restricted to D FaunaSkenidioides oper-  Other species ar@yersell& sp. Salopinasp.,Gypidulasp.,
0sg Isorthis microscaphaDicoelosia diversifrons Con- Plectodont® sp.Atrypa“reticularis,” Reticulatrypasp. aff.
chidium microlocularis Cymbidium imitor Spondylopyxis  R. granulifera Meristina? sp., andHowellellasp.
ignotus Pentameriferasp. cf.P. oblongiformis Carygyps
plicata, Gypidulasp. cf.G. orbitatus Leptaenasp.,Morino-
rhynchus subcarinatyéreostrophia raraAesopomurn sp., SILURIAN BRACHIOPODS FROM
Reticulatrypa variabilis Meristina sp., Hedeina ananias OTHER REGIONS ON THE SLOPE
andDelthyris fulgens

Few brachiopods have been found in upper Ludlovian Outside the Roberts Creek Mountain region, Silurian
strata, but one collection from the upper (but not uppermostprachiopod faunas on the carbonate slope are less well
LudlovianPedavis latialateconodont zone was described by known. Virtually all upper slope sections (“Thick-Bedded

Johnson and others (1976). This collection contaaisror- Facies” of Berry and Boucot, 1970) have abundant brachio-
this? sp., Skenidioidessp., Isorthis sp., Dicoelosia sp., pods at some horizons. Sheehan (1976) described an early
Kirkidium sp., Anastrophiasp., Gypidula sp.,Morinorhyn- Wenlockian brachiopod fauna collected from bioturbated,

chu® sp.,Sphaerirhynchi@ sp.,Spirigerina sp., Reticula-  fine-grained upper slope carbonates of the Thick-Bedded
trypa sp. cf. R. savagei Atrypella sp., Cryptatrypa  Facies of the Roberts Mountains Formation in the Silver
triangularis, Gracianella plicumbra Coelospira planoros-  [sland Mountains, Utah. This assemblage was in a position

tra, Nucleospirasp.,Meristina? sp., andelthyrissp. cf.D. high on the carbonate slope, close to the platform margin
elevata Johnson and others (1976) also describedchid- (Sheehan, 1986). The prograding shelf margin facies (Lone
ium ultimaandKirkidium? sp. cfK.?hospedrom Ludlovian ~ Mountain Dolomite) is found about 35 m above these collec-
collections from Roberts Creek Mountain. tions. Sheehan (1976) assigned the collection tBibeelo-

sia-SkenidioidesCommunity, which is commonly found in
fine-grained sediments near or below storm wave base in
PRIDOLIAN BRACHIOPODS FROM “Benthic Assemblages 4 or 5” of Boucot (1975). Brachio-
ROBERTS CREEK MOUNTAIN REGION pods recovered ar&kenidioidessp. cf. S. pyramidalis
Resserella brownsportensitsorthis (Tyersella? amplifi-
A single distinctive collection from near the base of cata Isorthis (Arcualla) sp., Dicoelosia johnsoniSalopina
the Pridolian was recorded by Johnson and others (1973pboucoti Mesouniasp., Eoplectodonta budgeleptagonia
Only three species occur in the overlying E Fauna. Speciesp., ‘Leptostrophid sp., Conchidiumsp., Cymbidiun? sp.,
include ‘Dolerorthis’ sp., Ptychopleurellasp.,Anastrophia  Stegerhynchus estonigudercotrema berryi Reticulatrypa
sp., Gypidulasp., Mesopholidostrophia sp.,Reticulatrypa  sp., Atrypina disparilis Atrypina erugata Plectatrypasp.,
neutrg Atrypellasp.,Gracianella cryptumbraNucleospira  andJaniussp. Rugose corals are common in these beds; tab-
sp.,Meristina? sp.,Howellellasp.,Delthyris sp., andAlas- ulate corals are also locally common. Small gastropods and a
kospire? sp. few bryozoans also occur. A late Wenlockian or possibly ear-
E Fauna of Johnson and others (1973) is of Pridolianliest Ludlovian age was assigned, based on the brachiopods.
age and is from collections immediately below an occur-More recent work (Boucot and others, 1988) suggests that
rence ofMonograptus angustiderand theDzarkodina rem-  Janius does not occur above the lower Wenlockian. This
schenidensis eosteinhornensmonodont zone. Species assemblage and also the B Fauna are characterized by the

include ‘Dolerorthis’ sp., Salopinasp., Gypidulasp.,Lep- presence of few pentamerid brachiopods. Of these species
taenasp., Morinorhynchus punctorostraAesopomur sp., only Atrypina erugatarom the B Fauna of Johnson and oth-
Mesodouvillina (Protocymostrophip costatuloides Lan- ers (1976) andRkhynchotrema estonicdsom the A Fauna
ceomyoniasp. cf.L. confinis Eoglossinotoechiasp. Retic- have been recorded from collections in the Roberts Creek

ulatrypa? sp., Atrypella? sp., Gracianella reflexa Mountain. No conodonts or graptolites have been recorded
Gracianellasp. cf.G. cryptumbraProtathyrissp.,Delthyris in this section. The recovery of a distinct fauna in the Silver
sp., Tenellodermis matrixand Cyrtina sp. which may be Island Range is an indication that many assemblages remain
present because of contamination during preparation. to be found in the Roberts Mountains Formation.
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In the Roberts Mountains Formation in the Hot Creek
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SUMMARY OF SILURIAN

Range, Boucot in Kleinhampl and Ziony (1985) identified BRACHIOPOD BIOSTRATIGRAPHY

the following brachiopoddDolerorthis sp.,Dicoelosiasp.,
Isorthissp.,Conchidiun? sp.,.Cymbidiumsp.,Gypidulasp.,
Coolinia? sp. Plectodontasp.,Atrypa“reticularis,” Spirige-
rina sp.,Lissatrypasp.,Nucleospir® sp., andpirinellasp.

The biostratigraphy and facies distribution of carbonate
platform brachiopods (fig. 4) have been well documented in
many sections. Understanding facies distributions of brachi-

aff. S. pauciplicata The fauna is Ludlovian because of the opods is essential if new faunas are to be correlated. Lland-

presence o€ymbidium

A diverse collection of brachiopods has been describe
by Boucot and others (1988) from unit h3 of the Hidden Val-
ley Dolomite in southeastern California north of the Death

overian brachiopod diversity is higher on the platform than

gn the carbonate rampo@versely, cdyonate platform bra-

chiopod diversity was much lower than on the carbonate
slope during the Middle and Late Silurian. The carbonate
slope environment apparently had more favorable habitats

Valley—Furnace Creek fault in the Funeral Mountains. The,, brachiopods than the carbonate ramp.

relationship between the Hidden Valley and Laketown dolo-
mites is poorly understood. Descriptions of the Hidden Val-

The faunas from the Roberts Creek Mountain section
provide the best biostratigraphic control for ranges of Wen-

ley Dolomite by McAllister (1974) are consistent with the |gckian, Ludlovian, and Pridolian brachiopods in the Great
interpretation that this part of the Hidden Valley Dolomite is Basin. They occur in sections in which superpositional rela-
a carbonate slope deposit. Suggestions by Boucot and otheaignships have been established and the conodont and grap-
(1988) that the collection might include shallow-water spe-tolite zonations have been carefully documented.

cies brought into a deeper water setting are consistent with

Thirty-eight new species were described by Johnson

this suggestion. The brachiopod fauna has similarities wittand others (1973, 1976) from the Roberts Creek Mountain
both slope and carbonate platform faunas in central Nevadarea. Most of these species have not been reported elsewhere

and northwestern Utah.

Thirty-two species of brachiopods are present in th
Hidden Valley locality, which is about 60 m above Coral
Zone B locality described by Merriam (1973b; see section

“Silurian Corals”). Species atdesperorthis kessebkenid-
ioidessp. cf.S. operosgResserella canalis eregtRicoelo-
sia sp. cf.Dicoelosia alticavataEoplectodonta california
“Eoplectodonta sp., Aegiria sp., Leptaena sp. cf. L.
depressaCoolinia sulcataVosmiverstum wenlockymhip-
idium (Pararhipidium) filicostatum Kirkidium (Pinguaellg
mcallisteri Apopentamerus sp., Gypidula sp. cf. G?
biloba, Stegerhynchus estoniguRhynchotretasp. aff. R.
americana Hercotrema berryi Hercotrema perryi Zyga-
trypa stenoparvaSpirigerina sp., Reticulatrypa ryanensijs
Eospinatrypa saganatrypa (Gotatrypg altera, Dubaria?
sp.,Lissatrypasp.,Meristasp.,Nucleospirasp.,Janius occi-
dentalis Cyrtia sp., andSpirinella sp. cf.S. pauciplicata.

e

in the Great Basin. A great potential clearly exists for devel-
oping a refined brachiopod biostratigraphy of the slope
deposits of the Roberts Mountains Formation. As faunas
from other parts of central Nevada are described, the new
species will be reencountered. In addition, the facies distri-
bution of slope brachiopod communities needs to be deter-
mined. Very distinctive facies are known to occur along the
profile of the carbonate slope, but little information is yet
available about the faunas present in many of the facies.
Most of the Roberts Mountains Formation brachiopods
that have been described were collected in the late 1960’s
and early 1970’s before modern concepts of carbonate facies
had been developed. Particularly for slope settings, much of
our understanding of depositional facies has been developed
since the faunas were collected. Future progress will require
the integration of the biostratigraphic and systematic studies
with a facies evaluation of faunas. Fortunately, the locations
of most collections in the Roberts Creek Mountain region are
very accurately known and a return to these sites will be pos-

Some of the species have been found elsewhere in both slo
and platform regions of Nevada and Ut8kenidioides ope-
rosa occurs in the D Fauna andsmiverstum wenlockum
andStegerhynchus estonicascur in the A Fauna at Roberts
Creek Mountain.Hercotrema berryiand Stegerhynchus
estonicusoccur in the Roberts Mountains Formation in the
Silver Island Rangesypidula? bilobaoccurs in the base of

Ible. Of particular significance is the potential for tying bra-
chiopod faunas to stratigraphic sequences extending across
the platform and slope settings.

SILURIAN CORALS

the Decathon Member in the Pahranagat Ra8tggerhyn-
chus estonicydHercotrema perryjandSpirinella paucipli-

Corals of the lower and middle Llandoverian Tony
Grove Lake Member of the Laketown Dolomite are essen-

cata occur in the Jack Valley Member of the Laketown tially unstudied. Small solitary rugose corals are commonly

Dolomite in eastern Nevada and Utah.

associated with th¥irgiana Community, both in the same
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beds and interbedded with that community. Tabulate coralg&nd Halysitessp.), assigned by Merriam (1973b) to Coral
including halysitid, favositid, and heliolitid colonies are also Zone A have been reassigned a Wenlockian age by Johnson
common in the Tony Grove Lake Member, though they areand Oliver (1977). The Confusion Range collections are
less commonly associated wifirgiana than are the rugose probably from the Jack Valley Member and possibly the
corals. In addition, large colonial rugose corals commonlyGettel Member of the Laketown. All are part of Coral Zone
occur; they are in need of study. Corals from the early part o of Budge (1972).

the late Llandoverian (£, have also received little or no Corals of Zone 2 of Budge (1972) were found widely in
attention: tabulate corals are common and diverse, and rughe Ibex basin in rocks ofs and G-early Wenlockian age

ose corals are locally abundant. (See fig. 4 for coral zones.J" the Jack Valley, Portage Canyon, and Gettel Members of
Merriam (1973a. b) proposed a coral zonation for thethe Laketown (see discussion of brachiopod biostratigraphy
fl ( » b) propos ral z ' and Johnson and Oliver, 1977). The zone was recognized at

Silurian of the Great Basin. The correlation of these zonesOnlyone locality in the North Utah basin, from the Jack Valley

was revised by Johnson and Oliver (1977), and their reViSiorMember at the very top of the Tony Grove Lake section
is accepted here. Merriam’s (1973b) “Coral Zone A” is based Zone 2 of Budge (1972) includes the rugose C(;rals

on collections from the lower Hidden Valley Dolomite in the : )
Panamint Range of southeastern California. Johnson ang\gg:igld:?';gﬁggﬁ;?uprgy!;mgh;%fd’(\)lg;fgaiz'Z?)lai
Rhizophyll rm ST Iasmarad'(’: laAsthenophyllurs .’
Miller (1976) had found conodonts at this level belonging to of Iozrtr?oze;tatuS;F’Rhggmaphyllur‘lh SpaAaffR co?'\u);ul;anpd

the Pterospa_thodus cellorZone. Corals mclude&rachnq— the tabulate coralSystihalysitespp.,Halysitessp.,Romin-
phyllum kayj Dalmanophyllumsp., Palaeocyclus porpita  geria sp. Syringoporasp., Alveolitessp.,Auloporasp., and
mcallisterj “Rhegmaphyllufiisp., andTryplasm& sp. Mer-  gjiglites sp. An associated fauna of abundant brachiopods
riam (1973b) assigned collections from the Confusion Rangeg giscussed in the section, @ ower Wenlockian Carbon-
(probably the Jack Valley Mem_ber of the Laketgwn) to Coral gt platform Brachiopods.” Rigby (1967) described sponge
Zone A,'but Johnson and Oliver (1977) assigned them &pjcyles from this unit.
Wenlockian age. The uppermost Coral Zone 3 of Budge (1972) was
On the carbonate slope in central Nevada, Merriamfound only at the top of the Jack Valley Member in the Con-
(1973b) recorded a latest Llandoverian assemblage from thfusion Range. Zone 3 includes the rugose cokatheno-
base of the Roberts Mountains Formation at lkes Canyon iphyllum sp. (of Norford), Rhabdocyclus n. sp. B,
the Toquima Range. Species Arachnophyllum kayiCya- Asthenophyllunsp. cf.A. orthoseptatumand the tabulate
thophylloides fergusopiand ‘Neophyma crawfordi. Only coralsSyringoporasp.,Cystihalysitesp., andHeliolites sp.
Arachnophyllum kayoccurs in the Hidden Valley Dolomite. Merriam (1973b) characterized his Coral Zone B by a
Budge (1972) recognized three carbonate platformfauna from 325 ftabove the base of the Hidden Valley Dolo-
coral zones in ®habdocyclusaunizone at the top of the m_lte in the Panamlnt_Ra_nge and 110 ft above _the base_of the
Laketown Dolomite. The lower zone, here informally called Hidden Valley Dolomite in the Funeral Mountains. Merriam
“Zone 1, is of Late Llandoverian age, based on associated1973P) assigned Zone B to the lower to middle Wenlockian.
brachiopods. Zone 1 was found only in the North Utah basi ohnson and Oliver (1977) agreed with this assignment, not-

in the Portage Canyon Member of the Laketown Dolomite ining that the horizon in the Funeral Mountains is about 200 ft

. ) . elow beds containingRhipidium sp. cf.R. tenuistriatum
sections at Portage Canyon in the West Hills, Utah, and |Austrated by Amsden and others (1967). Thus, at least the

Paris Peak, in the Bear River Range in Idaho. The ass.ociatelower part of Zone B corresponds to the platform Zones 2
brachiopod$entameroidesp. A andMicrocardinaliasp. B and 3 of Budge (1972)

indicate a G5 late Llandoverian age, approximately equiva- Zone B corals from the Hidden Valley Dolomite include

lent to Coral Zone A of Merriam (1973b) as revised by .
Johnson and Oliver (1977). Zone 1 includes the rugose cora%1e rugose coralRyderophylium ubehebensiBrachye-
| 9 smasp.,Pycnactissp.,Petrozium mcallisteriand the tab-

Rhabdocyclusp. A,Aphyllostylussp. aff.gracilis, Palaeo- ulate coral<Cystihalysitessp. aff.C. magnitubusHeliolites
cyclus sp., Ptychophyllur? sp., Rhizophyllumn.sp., Try- sp., andSyringoporasp.

plasma radicula Rhegmaphyllumsp. “aff. R. conulus An additional assemblage, thentelophylluraHow-
Astenophyllum patulaand the tabulate _corakstroce_rium ellella Assemblage of Merriam’(1973b), occurs between
sp_.,Catenlporasp.,C_:Iadoporas_p.,Coemtessp.,Cysnhal- Coral zones B and C. Merriam originally included the
yS|te_sspp._,Emmon_S|asp.,Fav05|te§sp.,Planalveo||tes§p., assemblage in his Coral Zone D, but Johnson and Oliver
Romingeriasp., Striatoporasp., Syringoporasp.,Alveolites (1977 pointed out the close similarity of the brachiopods

sp..Auloporasp., andHeliolites sp. with those in the Decathon Member of the Laketown Dolo-
Collections from the Ruby Mountains, Nevadral@e- mite in the Pahranagat Range described by Johnson and Reso

ocyclus and Halysiteg, and the Confusion Range, Utah (1964). They suggested a late Wenlockian or early Ludlovian

(Palaeocyclussp. cf. P. porpita Brachyelasmasp., Try- age, which is younger than Coral Fauna B but older than

plasmasp. cf. T. hedstromi Alviolites sp., Heliolites sp., Coral Fauna C.
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The EntelophyllumHowellella Assemblage was found Creek Mountain. Thirty-three species were found at the one
in the upper part of the Lone Mountain Dolomite in the horizon in a carbonate gravity-flow bed. The fauna included
Mountain Boy Range and the Fish Creek Range, Nevada& new genera and 18 new species. The closest similarities
In the Mountain Boy Range, corals includEhamnopora  were with ostracodes from northwestern Canada and Alaska.
sp. and Entelophyllum engelmanniln the Fish Creek McClellan (1973) identified several poorly preserved
Range, corals include small, massive favositids, thin-ostracodes from the Roberts Mountains Formation. He found
walled, ramose favositidsTRamnoporasp.,Entelophyllum 2 Ludlovian species at Ikes Canyon in the Toquima Range, 3
engelmannsubsp. bEntelophyllum eurekaensi8lveolites  Wenlockian species at Wood Cone Peak, and 14 Ludlovian
sp., andTryplasmasp. Associated brachiopods are dis- species at Willow Creek. None of the species recorded by

cussed in the section on brachiopdgstelophyllum engel-  McClellan was found by Stone and Berdan (1984).
manniwas also recognized questionably in association with

brachiopods described by Johnson and Reso (1964) in the
Pahranagat Range.

Coral Zone C of Merriam (1973b) is known only from SILURIAN ALGAE
the Roberts Mountains Formation at Roberts Creek Moun- The Verticillopora Community is present throughout
tain. Johnson and Oliver (1977) showed that conodonts, bra- o . . .
chiopods, and graptolites described in these sections bhe S|Iu_r|§n in the G_reat Basin. Species of the commu_nlty
Klapper and Murphy (1975), Johnson and others (1976), an€re o_ngmally described by Rezak (1959) fro_m Wenlockian
Berry and Murphy (1975) establish a Pridolian age for Coraftrata in the Great Basiverticillopora occurs widely on the
Zone C. Rugose corals includenayphyllum denayensis carbonate platform in the early late Llandoverian (Sheehan,
Tryplasma newfarmeriand Entolophylloides(Prohexago-  1980b).Verticillopora was recorded in Coral Zone B in the
naria) occidentalis Two other speciesTfyplasmasp. and  Hidden Valley Dolomite in the Panamint Range and Funeral
Microplasm& sp.) also occur in this section in beds assignedountains, California, by Merriam (1973b). He noted that
to this zone by Merriam. Silurian specimens have thin shafts compared with those

Merriam (1973b) established Coral Zones D and E.from the Devonian, but he illustrated Lower Devonian spec-
which he believed were Late Silurian in age. Johnson angmens ofverticillopora, which he assigned to the Wenlock-
Oliver conclusively demons_trated_that brachiopods and congp, species of Rezak. Devonian specimengeoficillopora
odonts from the sections in which Zones D and E wWerg,5e peen described and illustrated from the middle part of
described arc_a Early Devonian in gge. . the Devonian Vaughn Gulch Limestone in the Inyo Moun-

Several isolated co_ral coIIec_t|ons from the Great Bas'ntains, California, and the Roberts Mountains Formation in
have been reported in the literature. Buehler (1955)(he Toquima Range and Roberts Creek Mountain by Mer-

described and illustratetialysites magnitubugrom the . .
Laketown Dolomite near Ggld Hill, Utgh, but the position riam and McKee (1976). Until they are more carefully docu-
dasycladacean algae will have limited

within the Laketown is unknown. He noted the occurrence ofn€nted, _
Halysites labyrinthicabut again the position in the Lake- biostratigraphic value.
town is unknown.

In the lower 200 m of the type section of the Roberts

Mountains Formation, Merriam and McKee (1976) found SEQUENCE STRATIGRAPHY AND
Cladoporasp., Heliolites sp., Halysitessp., Orthophyllum BIOSTRATIGRAPHIC BOUNDARIES
sp., and pycnostylid rugosa. These are probably of early to
middle Wenlockian age based on their position in the sec-
tion.

In the June Canyon Sequence in the Toquima Rang
Nevada, D.R. Budge and W.A. Oliver (in McKee, 1976, p.

A sequence stratigraphic study of Silurian rocks on the
carbonate platform (Harris and Sheehan, 1992, 1996) has
Fevealed strong correlation of sequences with macrofaunal

17) identified corals from the basal dolomite unit of the biostratigraphy. F_rom _the ear_ly LIar_1doverian through the
Gatecliff Formation. Included wereCladopor® sp., Ce-€arly Wenlockian, five stratigraphic sequences (S1 to S5
Favositesspp., Halysitesor Cystihalysitessp., ‘Cystiphyl- N fig. 1) have been identified by Harris and Sheehan (1992,
lum?’ sp., and an amplexoid coral. An Early Silurian age was1996). The sequences are stratigraphic packages that shallow

proposed by McKee based on nearby graptolites from aWpward and are capped by very shallow water facies or expo-
overlying chert. sure surfaces. Each of the four Llandoverian through middle

Wenlockian carbonate platform biostratigraphic intervals
based on brachiopods (fig. 1) is bounded above and below by

SILURIAN OSTRACODES regressions that mark sequence boundaries. During the early
and middle Llandoverian (a single biostratigraphic interval),

Only two studies have been made of ostracodes. Stoni@ere are two stratigraphic sequences (S1 and S2). The other

and Berdan (1984) described a single well-preserved colledhree biostratigraphic intervals each correspond to a single
tion of Pridolian age from the Willow Creek area of Robertsstratigraphic sequence.
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The sequence stratigraphy has been carefully docu- CONCLUSIONS
mented in only two sections, but the same intervals and
boundaries have been found in a reconnaissance of several The distribution of macrofossils in the Upper Ordovi-
other sections. Ordovician biostratigraphic intervals are notcijan and Silurian strata of the Great Basin is well docu-
adequately documented to determine whether or noimented for certain intervals, but much work remains to be

sequence boundaries match biostratigraphic boundaries. gone. Brachiopods and corals are the most diverse and best
The correspondence of regressive sequence boundarigsreserved macrofossils.

with biostratigraphic boundaries in the Silurian could have a The diverse and locally abundant Upper Ordovician

number of causes. Because each of the lower five biostratiprachiopods have received very little study. There is consid-
graphic boundaries in the Silurian corresponds with agraple potential for developing a useful biostratigraphic
sequence boundary, a spurious correlation seems unlikelfyamework if systematic studies are undertaken.

and some direct causal connection is likely. A regression Silurian brachiopods on the carbonate platform have
marks each boundary, which raises two obvious possibilities .oaived considerable study. The Llandoverian and early

Thg first is simply a passive effect: sufficie_nt time_ elapsed,yenockian faunas allow recognition of four biostratigraphic
during the regression that when open-marine environmentsiarals. Upper Wenlockian and Ludlovian brachiopods

retuned to the platform in the next st_ratigraphic sequence,_th_ ave also been described. Carbonate slope brachiopods have
faunas had changed through evolution. The second possibi 5een extensively studied in the Roberts Creek Mountain

|ty”|s (tjhat th? regressmn_qauseddthg fallm‘?" change :3f/ physlregion, where five biostratigraphic intervals from Wenlock-
tca y |sr;1pt|”g commun_|t'g|es afn stlmltj)_an?gt_enou%_ _am:na ian to Pridolian have been recognized. However, the pres-
urnover to aflow recognition ot a new biostratigraphiC Inter- o, - many new species in slope settings from other areas

val. T .
i I . of the Great Basin indicates that much descriptive work
The first possibility seems unlikely, because the fau—rernains to be done.

nal change during the intervals of deposition is far less than The potential for Ordovician and Silurian coral bio-
that found across sequence boundaries. Therefore, ) P
ratigraphy on the carbonate platform was well demon-

. . . SCS
disruption of faunas by the regression seems to be the I'kel¥trated in Budge's (1972) dissertation. Unfortunately
because the work has not been published elsewhere, the

cause of the change.
The biostratigraphic boundaries are of two types, Thenames of new taxa are not widely available. Corals from

first type involves nonevolutionary replacement of faunas . ; . .
across the boundary. This occurred at the end of the OrdovﬁlOpe settings have been studied, but, as with the brachio-
ods, many slope faunas need taxonomic work. Corals are

cian and at the transition between the middle and uppeEest known from Late Ordovician, Wenlockian, and Ludlov-
Llandoverian. The Ordovician-Silurian boundary corre- . . ’ S X
ian strata. Llandoverian corals are essentially unstudied.

sponds with a worldwide glacio-eustatic regression and a . L
P 9 9 Late Ordovician trilobites are abundant on the carbon-

global mass extinction. The boundary between the middle

(B) and upper (C) Llandoverian corresponds to a nonevolu&te ramp, but few trilobites are described. Additional stud-

tionary replacement of many brachiopod groups on the plat/€S aré needed.
y rep y pod group P Early Silurian sequence and biostratigraphic bound-

form. For exampleVirgiana was replaced byentamerus ) X
which was derived from a genus not found in the Great Basif/I€S @ppear to correspond. This pattern needs to be care-

(Sheehan, 1980b). The extinction was followed by invasioniUlly documented in carbonate-platform, shelf-margin, and

of brachiopods from other regions. carbonate-slope settings. The combination of sequence
The other biostratigraphic boundaries involve evolu- Stratigraphy and biostratigraphy may become an important

tionary changes that occurred during the regressive intervald00! for correlation.
An example is the evolutionary replacemenPehtamerus
by Pentameroidesit the boundary between gand G 5. REFERENCES CITED
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APPENDIX. SPECIES LISTED IN TEXT

ORDOVICIAN CORALS

Agetolites budgePandolfi, 1985, p. 30-31, pl. 9, fig. 2; pl.
11, fig. 2; pl. 12, fig. 1; pl. 13, figs. 1, 2; pl. 18, fig.
2

?Billingsaria parvituba(Troedsson, 1928). Pandolfi, 1985,
p. 20-21, pl. 4, figs. 1, 2.

Bighornia solearis (Ladd, 1929), p. 397-399, p. 4, figs.
6-12. Elias, 1981, p. 24.

Calapoecia anticostiesiBillings, 1865. Pandolfi, 1985, p.
18-19, pl. 1, figs. 1, 2; pl. 2, fig. 1; pl. 18, fig. 1

Calapoeciasp. cf.C. canadensi®illings, 1865, p. 426, pl.
20, fig. 12. Bassler, 1950, p. 275.

Calapoeciasp. cf.C. coxiBassler, 1950. Pandolfi, 1985, pp.
19-20, pl. 1, fig. 3; pl. 2, fig. 2.

Cateniporasp. cf.C. foersteiNelson, 1963. Pandolfi, 1985,
p. 33-34, pl. 7, fig. 4; pl. 10, fig. 2.

Catenipora gracilisHall, 1852. Duncan, 1956, pl. 27, figs.
1a, 1c.

Catenipora sheehar®andolfi, 1985, p. 34-35, pl. 20, figs.
1,2

Catenipora workmanaElower, 1961. Pandolfi, 1985, p. 32,
pl. 13, fig. 3; pl. 21, figs. 1, 2.

Favisting? sp. (=Favistellasp. cf.F. alveolata(Goldfuss,
1826). Bassler, 1950, p. 271, pl. 16, fig. 3. Flower,
1961, p. 76-79.)

Grewingkiahaysii (Meek, 1865). Elias, 1981, p. 17, pl. 5,
figs. 1-15; pl. 6, figs. 1-12.

Grewingkiarobustavar. amplum(Troedsson), 1928 p. 108,
pl. 26, figs. 1-4.

Lobocorallium goniophylloides(Teichert, 1937). Duncan,
1956, pl. 22, figs. 3a, 3b. Grewingkia haysii
(Meek, 1865). Elias, 1981, p. 17.

Palaeophyllum cateniforn?d-lower, 1961, p.91, pl. 49, figs.
1-6. pl. 5, figs. 1-5.

Palaeophyllum gracilé-lower, 1961. Pandolfi, 1985, p. 37,
pl. 15, fig. 1; pl. 23, figs. 1, 2.
Palaeophyllum humeBinclair, 1961. Pandolfi, 1985, p.
35-36, pl. 14, figs. 1, 2; pl. 24, figs. 1, 2.
Palaeophyllunmsp. cf.P. raduguiniNelson, 1963. Pandolfi,
1985, p. 38, pl. 15, fig. 2; pl. 16, figs. 1, 2.
Palaeophyllunsp. cf.P. thomi(Hall, 1857). Flower, 1961,
p. 91-92, pl. 47, fig. 9; pl. 51, figs. 1-8; pl. 52, figs.
1-7.

Paleofavositessp. cf. P. capax(Billings, 1865). Bolton,
1980, p. 22-25, pl. 2.7, figs. 1, 4-6.

Paleofavosites mcculloch&tower, 1961. Pandolfi, 1985, p.
25-26, pl. 8, fig. 2; pl. 9, figs. 1, 3; pl. 10, fig.1

Paleofavosites okulitchStearn, 1956. Pandolfi, 1985, p.
24-25, pl. 7, fig. 2.

Paleofavosites poulseriieichert, 1937. Pandolfi, 1985, p.
23-24, pl. 5, figs. 1-3; pl. 6, figs. 1, 2; pl. 7 figs. 1,
3,5.

Paleofavositesp. cf.P. transiensStearn, 1956. Pandolfi,
1985, p. 27, pl. 11, fig. 3; pl. 186, fig. 3.

Saffordophyllum crenulatum(Bassler, 1932).
1985, p. 22, pl. 4, fig. 3.

Tetradium tubiferTroedson, 1928, p. 137-138, pl. 46, figs.
3a, 3b; pl. 47, pl. 1a—-1h.

Pandolfi,
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LATE ORDOVICIAN BRACHIOPODS

Diceromyonia ignota(Sardeson, 1897). Howe and Reso,
1967, p. 354-358, pl. 40, figs. 1-16.

Diceromyoniaersa(Sardeson, 1892). Wang, 1949, p. 36, pl.
12B, figs. 1-8; Howe, 1965, pl. 36, figs. 16-25.

Hypsiptychasp. cf.H. anticostiensigBillings, 1865). Howe
and Reso, 1967, p. 358-361, pl. 40, figs. 17-20.

Hiscobeccus capafConrad, 1842). Howe and Reso, 1967,
p. 362, pl. 40, figs. 21-25.

Lepidocyclus gigasVvang, 1949. Macomber, 1970, p. 447,
pl. 80, figs. 1-17.

Lepidocyclus perlamellosygVhitfield, 1877). Wang, 1949,
p. 14, pl. 6A, figs. 1-5.

Onniella sp. cf. 0. meeki(Miller, 1875). Hall, 1962, p.
145-148, pl. 19, figs. 1-24; pl. 20, figs. 1-10.

Onniellasp. cf.O. multisecta(Meek, 1873). Hall, 1962, p.
148-150, pl. 20, figs 11-31.

Plaesiomys (Dinorthis) occidental{®©kulitch, 1943). Ma-
comber, 1970, p. 430-433, pl. 75, figs. 12-15; pl.
76, figs. 1-27.

Strophomenasp. cf. S. planumbongHall, 1847). Wang,
1949, p. 23-24, pl. 6D, figs. 1-7.

Zygospirasp. cf.Z. recurvirostrusHall, 1847. Ross, 1959, p,
457, pl. 54, figs. 3, 7, 12, 18.

LATE ORDOVICIAN CEPHALOPODS

Michelinoceras beltran® (Clarke, 1897). Foerste, 1932, p.
77, pl. 35, fig. 6.

LATE ORDOVICIAN TRILOBITES

Ceraurinus icarugBillings, 1865). Ross, Nolan, and Harris,
1979, fig. 4, s, z.

SILURIAN BRACHIOPODS

Aenigmastrophia coopeBoucot, 1971. Johnson, Boucot,
and Murphy, 1976, p. 56-57, pl. 21, figs. 1-11.

“Ancillotoechid sp. cf. “A” minerva (Barrande, 1847).
Johnson, Boucot, and Murphy, 1976, p. 66-67, pl.
5, figs 14-27.

Antirhynchonella minutaJohnson, Boucot, and Murphy,
1976, p. 53, pl. 41, figs. 1-16; pl. 42, figs. 1, 2.

Areostrophia raraJohnson, Boucot, and Murphy, 1976, p.
61-62, pl. 44, figs. 12-19.

Atrypa (Gotatrypa) alteraBoucot, Johnson, and Zhang,
1988, p. 118-119, pl. 7, figs. 18-30.

Atrypa (Gotatrypg sp. cf.A. gibbosaHall, 1852. Copper,
1982, p. 698700, pl. 3, figs. 1-13Atrypasp. cf.
A. parvaof Sheehan, 1982, p. 37-39, pl. 10, figs.
1-14.

Atrypa (Gotatrypa) heddiStruve, 1966)americensisShee-
han, 1982, p. 3940, pl. 10, figs. 15-23.



MACROFOSSIL BIOSTRATIGRAPHY OF THE EASTERN GREAT BASIN

113

Atrypella carinataJohnson in Johnson and Reso, 1964, p.Dolerorthis birchensis trisectBoucot, Johnson, and Mur-

81, pl. 20, figs. 9, 18-2@rachyprion (Eomegas-
trophia) geniculatgdWaite, 1956). Sheehan, 1982,
p. 16-21, pl. 4, figs. 24, 25; pl. 5, figs. 1-19; pl. 6,
figs. 1-8.

Atrypina disparilis(Hall, 1852). Sheehan, 1976, p. 731, pl.
2, figs. 8-14.

Brooksinasp. cf.B. alaskensiKirk, 1922. Johnson, Boucot,
and Murphy, 1976, p. 51-52, pl. 19, figs. 3—15.

Camarotoechi@reesideiKirk and Amsden, 1952. Johnson
and Reso, p. 80, pl. 19, figs. 13-19.

Carygyps plicataJohnson, Boucot, and Murphy, 1976, p.
54-55, pl. 42, figs. 3—-15; pl. 43, figs. 1-11.

Chnaurocoelia transversdohnson, Boucot, and Murphy,
1976, p. 95-96, pl. 55, figs. 1-19.

Chonetoideap. cf.C. andersondohnson, Boucot, and Mur-
phy, 1976, p. 58-59, pl. 20, figs. 3-25.

Coelospira planorostraJohnson, Boucot, and Murphy,
1976, p. 83, pl. 26, figs. 5-16.

Conchidium brevimurdohnson, Boucot, and Murphy, 1976,
p. 35-36, pl. 2, figs. 21-28; pl. 3, figs. 1-13.

Conchidium microlocularigdohnson, Boucot, and Murphy,

1976, p. 37-38, pl. 35, figs. 1-26; pl. 36, figs. 1-3.

Conchidium synclasticalohnson, Boucot, and Murphy,

1976, p. 36-37, pl. 15, figs. 11-24; pl. 16, figs. 1-7.

Conchidium ultimaJohnson, Boucot, and Murphy, 1976, p.
38-39, pl. 27, figs. 1-20.

Coolinia sulcataBoucot, Johnson, and Zhang, 1988, p.

111-112, pl. 2, figs. 44-45; pl. 3, figs. 1-5.
Cryptatrypa triangularis Johnson, Boucot, and Murphy,

1976, p. 75-76, pl. 25, figs. 22—30; pl. 26, figs. 1-4.

Cymbidium imitorJohnson, Boucot, and Murphy, 1976, p.
42-43, pl. 36, figs. 4-23; pl. 37, figs. 1-11.
“Cymbidiuni lissaJohnson, Boucot, and Murphy, 1976, p.

43, pl. 16, figs. 8-14.

Delthyrissp. cf.D. elevataDalman, 1828. Johnson, Boucot,
and Murphy, 1976, p. 89, pl. 26, figs. 17-24.

Delthyris fulgensJohnson, Boucot, and Murphy, 1976, p.
89-90, pl. 53, figs. 11-16.

Dicoelosiasp. cf.Dicoelosia alticavatgWhittard & Barker,
1950). Boucot, Johnson, and Zhang,
109-110, pl. 1, figs. 25-43.

Dicoelosia biloba(Linnaeus, 1758).
9-10, pl. 3, figs. 18-26; pl. 4, figs. 1-3.

Dicoelosia diversifronsJohnson, Boucot, and Murphy,
1976, p. 27-28, pl. 33, figs. 3—20.

Dicoelosia johnsonSheehan, 1976, p. 720-721, pl. 4, figs.

1-11.
Dicoelosia nitidaJohnson, Boucot and Murphy, 1973, p.
22-24, pl. 16, figs. 16-24; pl. 17, figs. 1-7.
Dicoelosia parvifronslohnson, Boucot, and Murphy, 1976,
p. 27, pl. 1, figs. 15-28.

Dolerorthis birchensis birchensi®oucot, Johnson, and
Murphy, 1976, p. 22-23, pl. 29, figs. 16-18; pl. 30,
figs. 1-31.

Sheehan, 1982, p.

phy, 1976, pl. 31, figs. 1-19.

Dubaria megaeroidedohnson and Boucot, 1970, p. 267, pl.
54, figs. 10-25. Johnson, Boucot and Murphy,
1973, p. 51, pl. 27, figs. 13-15.

Eoplectodonta budg&heehan, 1976, p. 726-727, pl. 4, figs.
12-17.

Eoplectodonta californiaBoucot, Johnson, and Zhang,
1988, p. 110, pl. 3, figs. 6-13.

Eoplectodontasp. cf. E. transversalis(Dalman, 1828).
Johnson, Boucot, and Murphy, 1976, p. 58, pl. 4,
figs. 17-20.

Eoplicoplasia tumeoventerJohnson and Lenz, 1992.
Johnson, Boucot, and Murphy, 1976, p. 94-95, pl.
25, figs. 1-12.

Eospinatrypa saganBoucot, Johnson, and Zhang, 1988, p.
118, pl. 7, figs. 31-47.

Epitomyonia clausuldohnson, Boucot, and Murphy, 1976,
p. 29, pl. 1, figs. 29-36; pl. 2, figs. 1-20.

Flabellitesia flabellitegFoerste, 1889). Sheehan, 1982, p. 3,
pl. 1, figs. 13, 14, 17-20; pl. 2, figs. 1-14. Zhang,
1989, p. 56.

Gracianella cristaJohnson and Boucot, 1967. Johnson,
Boucot, and Murphy, 1976, p. 81, pl. 24, figs.
11-28.

Gracianella cryptumbraJohnson, Boucot and Murphy,
1973, p. 56-57, pl. 3, figs. 1-20.

Gracianella lissumbra costatdohnson, Boucot, and Mur-
phy, 1976, p. 81, pl. 48, figs. 19-25.

Gracianella lissumbra lissumbrdohnson and Boucot, 1967.
Johnson, Boucot, and Murphy, 1976, p. 80, pl. 50,
figs. 1-19.

Gracianella plicumbralohnson and Boucot, 1967. Johnson,
Boucot, and Murphy, 1976, p. 81, pl. 49, figs. 1-24.

Gracianella praecristalohnson, Boucot, and Murphy, 1976,
p. 79-80, pl. 7, figs. 1-15.

Gracianella reflexalohnson, Boucot and Murphy, 1973, p.
54-56, pl. 7, figs. 1-18; pl. 8, figs. 1-10.

Gypidula sp. cf.G. orbitatus(Barrande, 1879). Johnson,
Boucot, and Murphy, 1976, p. 56, pl. 43, figs.
12-18.

1988, p'GypiduIat? biloba Johnson in Johnson and Reso, 1964, p.

79-80, pl. 19, figs. 1-4.

Hedeina ananiaslohnson, Boucot, and Murphy, 1976, p.
86-87, pl. 51, figs. 11-20; pl. 52, figs. 1-14.

Hercotrema berry{Sheehan, 1976), pl. 5, figs. 6-14. Bou-
cot, Johnson, and Zhang, 1988, p. 116, pl. 6, figs.
34-40. Jin, 1989, p. 88.

Hercotrema pahranagatensfgvaite, 1956), pl. 3, figs. 1-5.
Sheehan, 1982, p. 33-34, pl. 8, figs. 11-19. Jin,
1989, p. 88.

Hercotrema perryi(Sheehan, 1982), p. 32-33, pl. 9, figs.
1-15. Boucot, Johnson, and Zhang, 1988, p. 116,
pl. 6, figs. 1-8. Jin, 1989, p. 88.

Hesperorthis kesséoucot, Johnson, and Zhang, 1988, p.
107-108, pl. 1, figs. 1-16.
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Homeospira evagHall, 1863). Johnson, Boucot, and Mur- Plectatrypasp. cf.P. rugosa(Hall, 1852). Johnson, Boucot,

phy, 1976, p. 85, pl. 11, figs. 28-31; pl. 12, figs.
1-7.

Howellellasp. cf.H. nucula(Barrande, 1879). Johnson and
Reso, p. 83, pl. 20, figs. 14-17.

Howellella smithiwaite, 1956, pl. 3, figs. 16—19.

Howellella? sp. cf.H.? arctica (Poulsen, 1943), pl. 6, figs.
9-12. Johnson and Reso, 1964, p. 83.

Hyatidina hesperalis(Waite, 1956), pl. 4, figs. 11-15.

Johnson and Reso, 1964, p. 83, pl. 19, figs. 22, 23Resserella brownsportensidmsden, 1949).

25-28.
Isorthis (Tyersella?)sp. cf.l. (T.) amplificataWalmsley,

1965. Sheehan, 1976, p. 716-718, pl. 3, figs. 9-16.

Isorthis microscaphaohnson, Boucot, and Murphy, 1976,
p. 25-26, pl. 1, figs 13, 14; pl. 32, figs. 13-23; pl.
33, figs. 1, 2.

Janius occidentali8oucot, Johnson, and Zhang, 1988, p.
120-121, pl. 9, figs. 1-22.

Kirkidium (Pinguaella) mcallisteriBoucot, Johnson, and
Zhang, 1988, p. 113-114, pl. 4, figs. 17-32.

Kirkidium vogulicum(Verneuil, 1845), Johnson, Boucot,
and Murphy, 1976, p. 50-51, pl. 18, figs. 2-14; pl.
19, figs. 1, 2.

Kirkidium? sp. cf.K.? hospes(Barrande, 1879). Johnson,
Boucot, and Murphy, 1976, p. 51, pl. 17, figs. 11,
12; pl. 18, fig. 1.

Kozlowskiellina deltidialis(Hedstroem, 1923). Johnson,
Boucot, and Murphy, 1976, p. 90-91, pl. 12, figs.
8-21.

Lamelliconchidium micropleurdohnson, Boucot, and Mur-
phy, 1976, p. 40-41, pl. 13, figs. 23-30; pl. 14, figs.
1-19; pl. 15, figs. 1-10.

Lanceomyonissp. cf.L. confinis(Barrande, 1848).
licek, 1961, p. 116, pl. 13, figs. 4, 5.

Leptaenasp. cf.L. depressdJ. de C. Sowerby 1824). Bou-

Hav-

cot, Johnson, and Zhang, 1988, p. 111, pl. 2, figs.

42, 43.

Mesodouvillina (Protocymostrophia) costatuloidesinson,
Boucot and Murphy, 1973, p. 41, pl. 6, figs. 1-18.

Morinorhynchus punctorostrdohnson, Boucot and Mur-
phy, 1973, p. 36-38, pl. 4, figs. 1-20; pl. 5, figs.
1-17.

Morinorhynchus subcarinatudohnson, Boucot, and Mur-

phy, 1976, p. 60-61, pl. 45, figs. 1-16; pl. 46, figs.

1-8.
Nucleospira hecetensisirk and Amsden, 1952. Johnson
and Reso, 1964, p. 83-84, pl. 19, figs. 24, 29.
Pentameriferasp. cf.P. oblongiformis(Nikiforova, 1937).

Johnson, Boucot, and Murphy, 1976, p. 49-50, pl.

40, figs. 1-17.
Pentlandella merriamBheehan, 1982, p. 35-37, pl. 9, figs.
16-30.Atrypina erugataAmsden, 1968. Johnson,

Boucot, and Murphy, 1976, p. 78-79, pl. 11, 8-20;

Sheehan, 1982, p. 42, pl. 13, figs. 1-13.
Plectatrypasp. cf.P. imbricata(J. de C. Sowerby, 1839).
Sheehan, 1982, p. 41, pl. 10, figs. 26, 27.

and Murphy, 1976, p. 68-69, pl. 6, figs. 20-27.

Protochonetes elyens&heehan, 1982, p. 22-24, pl. 6, figs.

5-9.

Ptychopleurella cymbellalohnson, Boucot, and Murphy,

1976, p. 20-21, pl.31, figs. 20-25; pl. 32, figs.
1-12.

Ptychopleurella miculaJohnson, Boucot, and Murphy,
1976, p. 19-20, pl. 8, figs. 1-24.

Sheehan,
1976, p. 715-716, pl. 3, figs. 1-8.

Resserella canalis celticBassett, 1972. Johnson, Boucot,

and Murphy, 1976, p. 26, pl. 1, figs. 1-12.

Resserella canalis erect®oucot, Johnson, and Zhang,
1988, p. 108-109, pl. 2, figs. 21-41.

Reticulatrypasp. aff.R. granulifera(Barrande). Johnson,
Boucot and Murphy, 1973, p. 49-50, pl. 2, figs.
19-24.

Reticulatrypa neutradohnson, Boucot and Murphy, 1973, p.
49, pl. 2, figs. 1-18.

Reticulatrypa ryanensiBoucot, Johnson, and Zhang, 1988,
p. 117-118, pl. 7, figs. 1-17.

Reticulatrypa savagelohnson, Boucot, and Murphy, 1976,
p. 72-73, pl. 21, figs. 14-25; pl. 22, figs. 1-13.

Reticulatrypa variabilis Johnson, Boucot, and Murphy,
1976, p. 73-74, pl. 47, figs. 13-26.

Rhipidiumsp. cf.R. tenuistriatumLindstrom, 1880). Ams-
den, Boucot, and Johnson, 1967, p. 866, pl. 108,
figs. 1-11.

Rhipidium (Pararhipidium) filicostatunBoucot, Johnson,
and Zhang, 1988, p. 113, pl. 5, figs. 1-19.

Rhynchotretasp. aff.R. americana/Hall, 1879). Boucot,
Johnson, and Zhang, 1988, p. 115-116, pl. 6, figs.
41-49.

Rhynchotreta cuneatéDalman, 1828). Johnson, Boucot,
and Murphy, 1976, p. 65-66, pl. 9, figs. 17-32.

Salopina boucotiSheehan, 1976, p. 721-722, pl. 1, figs.
13-23; pl. 2, figs. 1-6.

Salopinasp. cf.S. conservatriXMcLearn, 1924). Johnson,
Boucot, and Murphy, 1976, p. 30-31, pl. 8, figs.
25-32.

Salopina deltaJohnson, Boucot, and Murphy, 1976, p.
31-32, pl. 34, figs. 1-16.

Salopina submurifedohnson, Boucot and Murphy, 1973, p.
26-28, pl. 11, figs. 15-23; pl. 12, figs. 1-19.

Severella mundaohnson, Boucot, and Murphy, 1976, p.
46-47, pl. 38, figs. 1-30; pl. 39, figs. 1-23.

Severella spiriferoidedohnson, Boucot, and Murphy, 1976,
p. 45-46, pl. 16, figs. 15-28.

Skenidioides operosBoucot, Johnson, and Murphy, 1976,
p. 23-24, pl. 29, figs. 1-15.

Skenidioidessp. cf.S. pyramidaligHall, 1852). Sheehan,
1976, p. 714-715, pl. 1, figs. 1-12.

Spirigerina marginalis(Dalman, 1828). Johnson, Boucot,
and Murphy, 1976, p. 69-70, pl. 22, figs. 14-28; pl.
23, figs. 1, 2.
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Spirinella pauciplicatgWaite, 1956), p. 17, pl. 3, figs. 6-10. Asthenophyllunsp. cf.A. orthoseptatumGrubbs, 1939, p.

Sheehan, 1982, p. 50, pl. 11, figs. 29-31; pl. 12, 546-547, pl. 61, figs. 14-18.

figs. 1-18. Cyathophylloides fergusoMerriam, 1974, p. 33, pl. 5, figs.
Spirinella pauciplicata(Waite, 1956)eganensisSheehan, 9, 10.

1982, p. 50, pl. 12, figs. 15-18. Cystihalysites magnitubu8uehler, 1955), 68, pl. 11, figs.
Spondylopyxis ignotulohnson, Boucot, and Murphy, 1976, 1-3. Merriam, 1974, p. 15.

p. 48, pl. 37, l_‘lgs. 12-24. ) Denayphyllum denayensiderriam, 1974, p. 57, pl. 7, figs.
Stegerhynchus estonicRsibel, 1977. Eerganella borealis 15-18.

of Sheehan, 1982, pl. 8, figs. 1-10. Boucot, :
. Entelophyllum engelmanMerriam, 1973, p. 38-39, pl. 10,
Johnson, and Zhang, 1988, p. 115, pl. 6, figs. 9-33. figs. 5-11; Merriam, 1974, p. 49, pl. 10, figs. 5-13.
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