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The sedimentary, metamorphic, and igneous rocks of the

Callahan, California area formed on, or adjacent to, a Lower Paleo-

zoic island arc complex which has since been tectonically disrupted.

Sandstone, shale, lithic wacke, chert, banded quartzite, siliceous

mudstone, conglomerate, and limestone of the eastern Klamath belt

were deposited from the Middle Ordovician through the Early Devonian

on top of the peridotite of the Early? Ordovician Trinity ophiolitic

complex. Shallow water deposition began in the Middle Ordovician

with the Facey Rock Limestone. Sandstone, siltstone, and shale of

the Moffett Creek Formation probably formed as turbidity flows

adjacent to the arc and were later disrupted, possibly at shallow

depths in a subduction zone. Other units in the Callahan area (Calla-

han Chert, Gazelle Formation, quartzite of Squaw Gulch, siliceous

mudstone of Thompson Gulch) may have formed in basins on the



Moffett Creek Formation.

The Moffett Creek Formation was derived from a primarily

plutonic-metamorphic terrane, possibly a deeply eroded arc complex,

while the overlying Gazelle Formation was derived from a primarily

calc-alkaline volcanic source.

Amphibolite and impure marbles of the Grouse Ridge Formation,

which have an Early or Middle Devonian age of metamorphism, are

present in the Callahan area. Jurassic-Cretaceous diorite and quartz

diorite batholiths intrude the Paleozoic rocks to the west and south.

The structure of the area is dominated by faults including a

major steeply dipping north-south, fault separating the eastern

Klamath belt from the central metamorphic belt, the Mallethead

thrust fault separating upper plate phyllite and metasandstone from

underlying sedimentary rocks, and a fault between at least some of

the sedimentary rocks and the underlying peridotite. Facey Rock

represents an isolated klippe of what once was apparently a much

more extensive thrust sheet.

Eighty species and forms of lower Paleozoic mollusks are

described including 71 gastropods, 2 pelecypods, 2 rostroconchs,

and 5 polyplacophorans. Six new genera and 7 species of gastropods

are described: Biformispira isaacsoni, Boucotspira fimbriata,

Ellisella greggi, Linsleyella ohnsoni, Paraliospira gradata and

P. planata, and Siskiyouspira vostokovaena. In addition 13 new



species are described: Maclurites klamathensis, Helicotoma griffini,

H. olsoni, Mourlonia? perryi, Trochonemella mikulici, Holopea

elizabethi, H. brucei, H. glindmeyeri, Gyronema liljevalli,

Murchisonia (Murchisonia) callahanensis, and Coelocaulus rodneyi.

Most of the specimens are silicified and are from limestone

clasts in conglomerates and range in age from Middle Ordovician to

Early Devonian with most specimens being Ordovician. Additional

attention was given to the operculate gastropod Maclurites , a genus

found in carbonate rocks worldwide. Four types of shell and 3 types

of opercula were recovered in one bed indicating that the genus may

be too broadly defined.

Three molluscan communities are defined: Lophospira com-

munity, Murchisonia community, and Maclurites community. The

communities apparently existed in shallow subtidal environments,

each being slightly deeper than the preceding.

This is the first extensive study to be made of the lower

Paleozoic Gastropoda of western North America.
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STRATIGRAPHY, STRUCTURE, AND EARLY PALEOZOIC
GASTROPODA OF THE CALLAHAN AREA, KLAMATH

MOUNTAINS, CALIFORNIA

PART I: GEOLOGY OF THE CALLAHAN AREA

INTRODUCTION

Location and Accessibility

Callahan is located in the eastern Klamath Mountains of northern

California in the southeaster/a quarter of Etna quadrangle. The map

area extends north of Callahan on both sides of Scott Valley, and to

the northeast on both sides of Noyes Valley, and comprises parts of:

Township 40 North, Range 8 West; Township 40 North, Range 9 West;

Township 41 North, Range 8 West; Township 41 North, Range 9 West;

and Township 41 North, Range 7 West Mt. Diablo meridian. Por-

tions of the area are part of the Klamath National Forest, and the

remainder is controlled by the Bureau of Land Management, private

lumber companies including International Paper, and local ranchers.

The area is readily accessible by paved state roads, all-weather

Forest Service roads, and logging roads.

Purpose and Methods of Investigation

The purpose of this study is to determine stratigraphic rela-

tionships, structure, and age of the rocks and their relation to the
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regional geology. Since much of the area was previously mapped by

W. D. Romey (1962), this study has concentrated on portions of the

previously mapped area in detail, and thoroughly searching for fossils

which might indicate the age of the units.

Field work began in the summer of 1971, and was continued

through the summers of 1972, 1973, and 1974. Field mapping was

done on U.S. Geological topographic maps (1955) enlarged to 1:15625

by the Forest Service.

Samples from all limestone outcrops in the area were collected.

Material with silicified macrofossils was etched in hydrochloric acid

and examined. Brachiopods were identified by Dr. A. J. Boucot.

Additional material was sent to Dr. Carl Rexroad and Dr. Stig

BergstrOm to be etched and examined for Silurian and Ordovician

conodonts, respectively. Thin sections of the various rock units were

examined.

Topography, Climate, and Vegetation

The lowest elevation in the area is 2820 feet (835 m) in the Scott

Valley, and the highest elevation is 5512 feet (1670 m) on the ridge

north of Callahan for maximum topographic relief of 2692 feet (815 m).

The average annual temperature is 50° F (10° C), and the aver-

age annual precipitation is 22 inches (56 cm) in the form of rain and

snow, mostly during the winter months (Mack, 1955, p. 9-12).
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Southern slopes of hills are usually sparsely covered by grass,

manzanita, and sage brush, while the northern slopes are thinly

wooded with fir and pine, and local manzanita.

Exposures

Exposures are generally good, being best on ridge tops and

southern slopes. Detailed mapping on northern slopes is more diffi-

cult due to the poorer exposures, particularly in areas of thick under-

brush. Limestone and chert are the most resistant rocks, and stand

out in relief. Landslide deposits obscure relationships locally.

Pr evious Work

The rocks of the Callahan area were first mapped by Wells,

Walker, and Merriam (1959) as part of the Duzel and Gazelle Forma-

tions. Romey (1962) mapped much of Etna Quadrangle and his work

is the basis of part of the geology on the California State Geologic

Map, Weed Sheet (Strand, 1963). Romey (1962) considered the sedi-

mentary rocks to be part of the Ordovician Duzel Formation except

for the mudstones of the Gazelle Formation. Romey's study yielded

no diagnostic fossils. R. W. Porter (1973) mapped the Facey Rock

area which forms the northern limit of this study. The area to the

northeast has been mapped by P. E. Hotz (1974), and the area to the

east by Nan Lindsley .-Griffin and A. W. Potter.
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ECONOMIC GEOLOGY

Gold, the most significant economic mineral in the Callahan

area, has been mined since the middle of the nineteenth century. The

Dewey and Cummings (Mc Keen) mines of the Callahan area reported

outputs of $900, OCO and $500, 000 in gold respectively (Hotz, 1971,

p. 54). Alluvial gravels along most of the major creeks have been

dredged, and one of the gold dredges which operated until 1949 re-

mains in the Scott Valley about five miles north of Callahan. Except

for small-scale placer operations there are presently no economic

minerals being mined in the area.

The area is characterized by copper mineralization in several

places, in the form of sulfides including pyrite and pyrrhotite, with

lesser amounts of chalcopyrite and galena (Hotz, 1971, p. 54).

While no economic deposits of chromite are present in the map

area, the mineral is associated with the ultramafic rocks of the

eastern Klamath Mountains. Mining of chromite occurred only during

the First and Second World Wars, with production of most deposits

limited to a few tens of tons of ore or less. Published reports of

chromite in the Gazelle-Callahan area include Diller (1921), Dow and

Thayer (1946), and Wells and Cater (1950).

Much of the limestone in the area is of relatively high purity (10

percent insoluble residue or less) but the outcrops are generally

small, or in the case of the larger outcrops, usually located on tops
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of ridges. Small amounts of limestone were quarried for agricultural

lime in Limekiln Gulch, north of Callahan. Heyl and Walker (1949)

reported on the limestone resources of the Gazelle area, to the east.
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STRATIGRAPHY

Regional Stratigraphy

The area mapped in this study includes a variety of lithologies

including banded quartzite, siltstone, muds tone, bedded chert, lime-

stone, conglomerate, graywacke, metasandstone, phyllite, ultramafic

rocks characteristic of the eastern Klamath belt (including the Duzel

and Gazelle Formations of Wells, Walker, and Merriam, 1959)

amphibolite and garnetiferous marbles belonging to the Grouse Ridge

Formation of the central metamorphic belt, and Mesozoic quartz

diorite batholithic rocks. The lower Paleozoic sedimentary rocks of

the eastern Klamath belt are underlain by the Trinity ultramafic

complex which is 455-480 m. y. (Hopson and Mattinson, 1973).

The rocks of the eastern Klamath belt are separated from the

central metamorphic belt to the west by a thin band of ultramafic

rocks. Tertiary and younger volcanic rocks overlie the eastern

Klamath belt lithologies to the east (Fig. 1).

The sedimentary and metamorphic rocks between Callahan and

Yreka are probably underlain by ultramafic rocks of the Trinity

ophiolitic complex. La Fehr (1966) reported a large positive gravity

anomaly exists from Yreka for about 80 km south. He interpreted

this anomaly as being due to a large, deformed ultramafic intrusion

with a maximum possible depth of 4 km which is serpentinized at very
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Figure 1. Index map showing study area, subprovinces of Klamath
Mountains, and adjoining provinces (from Irwin, 1966).



shallow depth.

Local Stratigraphy
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The sedimentary rocks in the map area consist of units which

are listed in Table 1. The rocks have been assigned by Romey to the

Duzel Formation (in Davis and others, 1965, p. 948-949) but do not

belong to this formation as it was originally defined by Wells and

others (1959).

Facey Rock Limestone

Distribution and Type Locality

The Facey Rock Limestone is present in secs. 28, 29, 32, and

33, T41N, R.8W, and in sec. 4, T4ON, R8W, forming massive out-

crops on the east side of Scott Valley. Romey (in Davis and others,

1962, p. 949) proposed the name Facey Rock Limestone for cliff-

forming limestones north of Limekiln, Messner, and Facey Gulches.

In this study, the limestone conglomerate in the SW 1/4 sec. 4 at

Limekiln Gulch mapped by Romey as Facey Rock Limestone is inter-

preted to be part of the Silurian graywacke of Long Gulch unit rather

than Facey Rock Limestone. Porter (1973, p. 18-51) did a detailed

study of Facey Rock, and divided the Facey Rock Limestone into two

members--the Platy Limestone Member, and the Massive Limestone

Member. These two members are present south of the area mapped
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Table 1. Rock units of the Callahan, California area.

Stratified rocks

Cenozoic?

Silurian-
Devonian

Silurian

Silurian or
older

Ordovician

Ordovician?

Igneous rocks

Jurassic or
Cretaceous

Ordovician or
younger

Lower Ordovician

Metamorphic rocks

Devonian (age of
metamorphism)

unnamed conglomerate

Gazelle Formation

Callahan Chert

Graywacke of Long Gulch

unnamed siliceous mudstone

Moffett Creek Formation

Banded quartzite of Squaw Gulch

Platey Limestone Member

unnamed conglomerate and mudstone

Massive Limestone-Member

undifferentiated phyllite and metasandstones

unnamed breccia

Facey Rock Limestone

Russian Peak Batholith Craggy Peak Batholith

Wildcat Creek Diorite

peridotite of the Trinity ophiolitic assemblage

Grouse Ridge Formation

unnamed dioritic
intrusive rocks
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by Porter, but in a reversed sequence relative to Facey Rock, and

with a conglomeratic unit separating them. Porter (1973, p. 19)

designates the type locality of the Platy Limestone Member as

the most southerly exposure of this unit on the west side of

Facey Rock, located in the SW 1/4, NW 1/4 NE 1/4 sec. 29. " The

type locality of the Massive Limestone Member is, "... the exposure

on the highest part of Facey Rock located in the NW 1/4 SE 1/4 NW 1/4

sec. 21" (Porter, 1973, p. 27).

Litho logy

The Platy Member of the Facey Rock Limestone is light gray to

yellowish gray on weathered surfaces, medium to dark blue-gray on

fresh surfaces, medium-bedded to laminated, and commonly argil-

laceous or silty. Portions of the unit weathers into plates which are

themselves composed of very fine laminae of limestone and silt or

clay. This particular lithology is well exposed in the SE 1/4 sec. 32

north of Messner Gulch. Other lithologies included in this member are

medium bedded (10-25 cm) limestone without laminae, minor yellow

and pinkish silty limestone, oolitic limestone, and intraformational

conglomerates. The Platy Limestone Member at the lower end of

Limekiln Gulch is commonly thin to medium bedded and highly con-

torted.

The laminated limestone of the Platy Member consists mostly of
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Figure 2. Rhombs of dolomite in a laminated zone of the massive
limestone of Facey Rock. (x10) Plane light, calcite
has been stained red. (NW 1/4 sec. 21, Facey Rock).
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micrite with some laminations containing grains of sparite probably

of biologic origin. Other laminations contain clay, minor hematite,

or silt-size grains of chert. There is no evidence of bioturbation.

In thin section the oolitic limestone shows signs of replacement by

rhombs of dolomite.

The Platy Member of the Facey Rock Limestone is underlain

by an unnamed conglomeratic unit containing minor bedded chert. The

unit is less resistant to weathering than the two limestone units which

bound it to the east and west, so that outcrops are generally poor.

The unit consists of clasts of black siliceous mudstone and siltstone

averaging about 10 to 20 cm in maximum dimension in a matrix of

black mudstone and siltstone. Minor black and brown laminated

bedded chert was observed just below the contact with the Platy

Limestone Member at one location.

The lowermost unit in the Facey Rock Limestone sequence is

the Massive Limestone Member. The limestone is medium gray to

bluish gray on weathered surface and usually slightly darker on a

fresh surface. Bedding was not observed in this unit. Silicified

oolites are present in this member, but very little clay, silt or sand.

The most characteristic features of the member are the large (20 to

30 cm) chert nodules weathering out of the limestone. The nodules

are brown to black in color and occasionally show crude alignment.

Between Limekiln Gulch and Messner Gulch two smaller outcrops of
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nearly completely silicified limestone are present. On a fresh sur-

face, the rock is white or very light brown and resembles a coarse

quartzite. This replacement phenomenon is present at several places

at Facey Rock (Porter, 1973, p. 33) and has been observed by this

writer in Horseshoe Gulch to the north where fossil corals are present

in the chert.

Age and Structural R.elationships

The main outcrop of Facey Rock Limestone between Facey

Gulch and Messner Gulch strikes into the ridge where it is truncated

by the Callahan Chert. The contact between the two units is a normal

fault as evidenced by the brecciated zone and highly contorted lime-

stone. The lower contact of the Facey Rock Limestone with the

Moffett Creek Formation is covered but the age relationships

(Ordovician over Silurian) of the two units indicate a thrust fault.

At Limekiln Gulch, the Platy Limestone Member is interpreted to

have been thrust over the calcareous siltstone also, as indicated by

the highly contorted bedding throughout the limestone. The masses

of silicified limestone (Massive Member ?) appear to be caught up

along faults.

Conodont samples taken from the Facey R.ock Limestone in this

study area did not yield any diagnostic forms. Since the lithologies

are identical to those of the Facey Rock Limestone at Facey Rock
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about 1 km to the north, they may be assumed to be of the same age.

Based on conodonts Porter (1973, p. 24, 48) concluded that the Platy

Member is Late Ordovician in age, and that the Massive Member is

early Middle Ordovician in age. Subsequent examination of the cono-

donts by Stig BergstrOm of Ohio State University confirmed the dates.

Bergstrom (1973, written commun. ) identified the following conodonts

from the Platy Member: Panderodus aff. unicostatus (Br. and Mehl),

and Phragmodus ? sp. which he considered to be of probable Late

Ordovician age. BergstrOm assigned an Early or early Middle

Ordovician (Whiterockian) age to the Massive Member on the basis

of the following conodonts: Periodon aff. aculeatus Hadding, Proto-

panderodus sp. , Drepanoistodus sp. , Pygodus?? sp. (hadrlingodi-

form? element), and Paroistodus sp.

Thickness

The structural complexities within the locally deformed lime-

stone unit prevent an accurate estimate of thickness. From cross-

section an estimate of 600 ft. (180 m) may be made for the Massive

Member, 120 ft. (35 m) for the intermediate conglomeratic unit, and

800 ft. (240 m) for the Platy Member of the Facey Rock Limestone.

Environmental Interpretation

The older limestone, the Massive Member, probably represents
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a warm, shallow water, moderate to high energy environment as

suggested by the presence of oolites. The lack of terrigenous sedi-

ments in the limestone indicate that there was no immediate land

source in the area. One possible explanation for the lack of macro-

fossils would be if the area represented an intertidal environment,

which would have a low faunal diversity to begin with, and offer small

chance of preservation for hard parts. It is also possible that the unit

is a deep water deposit consisting of reworked oolites.

If the break between the Massive Member and the conglomeratic

unit is a sedimentary contact and not a fault, it represents a drastic

change in environment, or a period of nondeposition and erosion

followed by a period of deeper water deposition of clastic material

and chert.

The Platy Limestone Member is interpreted to be a deep water

(about 200 m) limestone. The abundance of micrite and clay in the

limestone indicate a low energy environment, and the absence of

fossils and bioturbation of the laminated sediment indicate an un-

favorable environment of some sort such as a deep marine environ-

ment. Porter (1973, p. 21) found bedded, radiolarian cherts at

several places within the Platy Member also suggesting deep water

deposition.

The bodies of silicified limestone are probably due to replace-

ment by low temperature solutions. The lack of mineralization (other
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than silica) and the location of the replaced limestones along fault

zones, support this theory.

Banded Quartzite of Squaw Gulch

Distribution and Type Locality

The banded quartzite of Squaw Gulch consists of two sub-units:

a finely laminated lower part and a bedded or massive upper part.

Both units are present on the west side of Scott Valley trending north-

south between Callahan and Etna. Characteristic outcrops of this unit

are found along Squaw Gulch, secs. 2 and 3, T4ON, R9W. Both sub-

units were first mapped by Romey (1962) as one unit.

Lithology

The banded quartzite is represented by abundant float on slopes

and ridges, but rarely forms good resistant outcrops.

Small scale folding is present in the lower, laminated portion

of the unit (Figure 3). The folds range from 1 to 15 cm, and from

gentle bending of the beds to tight, isoclinal folds. Layers with folds

may be separated by intervals of undisturbed bedding. The lower p'art

of the banded quartzite consists of blue-gray to yellowish white lamina-

tions alternating with orange-brown laminations, all 0. 2 to 1. 0 mm

thick. The rust colored laminae are slightly less resistant to weather-

ing than the gray ones. In thin section, the banded quartzite consists
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Figure 3. Slump folding within the laminated lower portion
of the banded quartzite of Squaw Gulch (sec. 2,
T4ON, R.9W). Scale is graduated in mm.
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of alternating laminae of microcrystalline quartz and colorless

pyroxene, probably diopside, and quartz and colorless amphibole,

possibly tremolite. Angular to sub-rounded quartz grains (0. 1 to

0. 2 mm) with corroded edges are present in both types of laminae in

minor amounts.

The upper part of the banded quartzite is thicker bedded (1 to 5

cm, or in places, massive) with beds of the same color as the lower

part of the unit. Some portions of the massive part of the unit have

a mottled appearance. The bedded part of the unit consists of micro-

crystalline quartz, corroded quartz grains (up to 40 or 50 percent),

epidote, chlorite, and colorless pyroxene.

Thickness

The lower laminated part of the banded quartzite has a minimum

structural thickness of approximately 150 m, and the upper bedded

part of the unit has a minimum structural thickness of approximately

120 m.

Age and Structural Relationships

The banded quartzite is in fault contact with the ultramafic

rocks to the west as evidenced by the discordant nature of the contact

with the beds of the banded quartzite, shearing, faulting, and mineral-

ization along the western contact. The nature of the upper contact of
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the banded quartzite is less clear. The bedding within the quartzite

and the calcareous siltstone are similar in orientation and there is no

evidence of shearing or mineralization suggesting that the contact

might be conformable. The minerals in the banded quartzite suggest

that it has been subjected to a relatively high degree of metamorphism,

and the calcareous siltstone of the Moffett Creek Formation has not

(some secondary biotite is present in the matrix near the Russian

Peak Batholith), indicating that either the contact is disconformable

(Moffett Creek Formation deposited on a metamorphic unit), or that

the banded quartzite was contact metamorphosed by the Russian Peak

Batholith first, and then faulted against the Moffett Creek Formation.

In the case of the former, the banded quartzite would be Silurian or

older, and in the case of the latter, Mesozoic or older.

The folding in the banded quartzite shows no boudinage and is

interpreted to be primary in nature. The bedding was apparently not

affected greatly by thermal metamorphism. The original sediment

would have beenceposited rather slowly and cyclicly on an unstable

slope and was subject to frequent slumping. The fine laminations

indicate a lack of bioturbation. The rock was probably interlaminated

chert and calcareous layers with an increasing amount of detrital silt-

sized quartz upward in the unit. The calcareous beds were meta-

morphosed to form diopside and tremolite, and the chert to micro-

crystalline quartz. The absence of feldspar is significant indicating
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that the unit was not a tuffaceous deposit.

Moffett Creek Formation

Distribution and Type Locality

The Moffett Creek Formation (Hotz, in press) crops out on

both sides of the Scott River north of Callahan, and on the west side

of Noyes Valley. The unit has been mapped by Hotz (1974) continuing

as far north as Yreka. Zdanowicz (1971, p. 48), Porter (1973, p. 11),

Romey (1962, p. 19), and Potter (1977) have described rocks belonging

to the Moffett Creek Formation. Good outcrops of the Moffett Creek

Formation occur in the Callahan area in the SW 1/2 sec. 24, T4ON,

R8W.

Litho logy

The Moffett Creek Formation contains a variety of lithologies

including sandstone, calcareous siltstone, mudstone, shale, and rare

bedded chert. The siltstone is usually a moderate orange brown (10

YR 6/4) on weathered surfaces and light gray (N7) on fresh surfaces.

The coarser portions of the unit contain angular grains 0. 5 to 2. 0 mm

in diameter including quartz (20 percent), plagioclase (20 percent),

siliceous mudstone and impure chert lithics (25 to 35 percent) and

minor hematite, clay, muscovite, and calcite. Float of the coarser
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sandstone is commonly found along the ridge in sec. 13, T41N, R8W,

east of Noyes Valley, and occasionally found throughout the rest of

the unit.

Calcareous siltstone composes most of the Moffett Creek Forma-

tion. The siltstone contains poorly to moderately sorted angular to

rounded grains of quartz (15 to 40 percent), chert (2 to 30 percent),

twinned plagioclase (2 to 25 percent), and minor amounts of sericite,

calcite, chlorite, and epidote as alteration products. Muscovite (up

to 3 percent) and rhombs of siderite? (up to 8 percent) are present in

some samples. Many of the quartz grains have dust and fluid inclu-

sions. Generally, the siltstone has enough calcite in the matrix and

veins so that it will effervesce when dilute hydrochloric acid is applied.

In the western side of Scott Valley randomly oriented interstitial bio-

tite grains, presumably due to thermal metamorphsim, are present in

the siltstone.

Black bedded radiolarian chert with a total thickness of less than

one foot (0. 3 m) was observed in roadcuts in sec. 33, T41N, R8W,

sec. 17, T4ON, R8W, and NW 1/4 sec. 24, T4ON, R9W.

The sandstone beds commonly grade into siltstone beds, and the

siltstone beds are occasionally found to grade into shale or mudstone

beds. The shales are commonly not calcareous, and show a faint

micaceous sheen along planes of parting. No fossils were found in

the shale. The Moffett Creek Formation does not crop out well, and
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Figure 4. Thin section (plane light) of a sandstone bed within the
Moffett Creek Formation containing both rounded grains
of quartz (white) and angular grains of chert and mudstone
(gray and black). (x8). Limekiln Gulch, sec. 7, T4ON,
R8W.
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at the few localities where it does, individual beds cannot be traced

for more than a few tens of meters. A few good outcrops occur in

a gulley on the west side of Noyes Valley, sec. 27, T41N, R8W.

These outcrops contain graded bedding, cross-bedding, and some

slump featur es. In areas where the exposures allow the bedding to

be observed, the orientation of the bedding will vary within small

areas.

Age and Structural Relationships

The Moffett Creek Formation overlies the banded quartzite of

Squaw Gulch to the west of Scott Valley, and is overlain on both sides

of Scott Valley by the siliceous mudstone of Thompson Gulch. No

shearing or other signs of faulting were observed between the banded

quartzite of Squaw Gulch and the Moffett Creek Formation, but there

is a definite change in metamorphic grade.

The Moffett Creek Formation appears to be in sedimentary

contact with the overlying siliceous mudstone. The siliceous mud-

stone exhibits many of the same sedimentary features including bottom

markings as the Moffett Creek Formation. The Moffett Creek Forma-

tion yielded conodonts from a limestone leis at locality RH (Appendix)

which were identified by Rexroad (1971, written commun. ) as being

Silurian in age. The overlying Callahan Chert has been dated as

Late Silurian, so that the Moffett Creek Formation must be no younger
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than Silurian, although parts could be older.

In Noyes Valley the Moffett Creek Formation is in contact

with the Gazelle Formation. On the west side of the valley, the con-

tact is well exposed in a gulley in NE 1/4 sec. 27 T41N, R8W where it

appears to be a fault or sheared sedimentary contact. Above the con-

tact 130 feet (40 m) of sheared calcareous siltstone is exposed. Clasts

of calcareous siltstone and black siliceous mudstone are present

within the sheared matrix. Below this is 3 feet (1 m) of silty, thin-

bedded limestone which does not show evidence of shearing. The

limestone does not appear to be continuous and is probably a clast.

Underlying the limestone is 60 feet (18 m) more of the sheared calcar-

eous siltstone, with the shearing oriented from 70° to vertical. A

yellow-brown sheared pebble conglomerate (about 60 feet or 21 m

thick) forms the boundary between the Moffett Creek Formation and

the Gazelle Formation mudstone. The conglomerate contains matrix-

supported, rounded clasts of black siliceous mudstone, tan mudstone

and siltstone, and occasional black shale interbeds. This conglomer-

ate is underlain by typical Gazelle Formation mudstone and siltstone.

On the east side of Noyes Valley the Moffett Creek Formation-

Gazelle Formation contact is also exposed, in sec. 13 and the NE 1/4

of sec. 14. The contact is characterized by black chert which is

resistant to weathering, and local small occurrences of limestone.

The chert is present along most of the contact and is particularly thick
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(up to 30 feet, 9 m) in the center of sec. 13. One locality, 4R2,

yielded a rich fauna of silicified brachiopods (Appendix I) of Late

Silurian age. The concentration of chert and limestone along the

apparently unsheared contact indicates that the contact is an uncon-

formity.

Thickness

A meaningful estimate of the thickness of the Moffett Creek For-

mation cannot be given due to the structural complexities within

the unit. From cross section it is possible to estimate the probable

minimum thickness as about 1000 feet (300 m).

Environmental Interpretation

The sedimentary features found in the Moffett Creek Formation

such as graded bedding, slump structures, cross-bedding, and sole

marks suggest that the unit was deposited by turbidity currents.

Potter and others (1977) consider the unit to be a broken formation,

but the contacts with other units are quite sharp for a tectonically

disturbed unit. Porter (1973) provides an excellent description of the

evidence for a multiple source for the clastic components in the

Moffett Creek Formation including the variety of inclusions in the

quartz grains, the wide range in degree of rounding and sphericity

of grains and the presence of composite (metamorphic) quartz. The
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occurrence of rare bedded chert indicates periods of quiescence

between turbidity currents.

The Moffett Creek Formation could be the equivalent of'the

pervasively sheared accretionary complex on lower trench slopes as

described by Moore and Karig (1976). The complex is composed of

accreted trench material which would explain the relatively uniform

composition of the Moffett Creek Formation.

Siliceous Mudstone of Thompson Gulch

Distribution and Type Locality

The siliceous mudstone unit crops out to the west and south of

Callahan as well as along the ridge to the north. Excellent exposures

of the unit are found in the road cuts immediately north of Callahan

on the west side of the Scott Valley.

The siliceous mudstone of Thompson Gulch was first mapped by

Romey (1962) as the "transitional siliceous mudstone of the Duzel

Formation" and later (Romey in Davis and others, 1965) the unit was

indicated as a gradational contact between the calcareous siltstone

and the Callahan Chert. In this study, the siliceous mudstone of

Thompson Gulch is designated as the resistant rocks forming the lower

part of the ridges on both sides of the Scott River north of Callahan in

sec. 17, T4ON, R8W. The unit is not gradational with the Callahan

Chert.
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Lithology

The siliceous mudstone of Thompson Gulch consists of massive,

black resistant mudstone with minor beds of black, well cemented

sandstone and granule conglomerate. Bedding is rarely observed

except where the sandstone or conglomerate beds are present. In

thin section the mudstone is very fine grained with some silt-size

grains of quartz, chert, and volcanic lithics. Small needle-like

grains and irregular cross-sections of calcite of probable biologic

origin are also present. The black color of the rock is due to included

organic material which effervesces moderately when hydrogen perox-

ide is applied to the powdered rock.

The coarse sandstone beds of the siliceous mudstone of

Thompson Gulch consists of angular grains (0. 2 to 1. 5 mm) of twinned

(partially altered) plagioclase (22 percent); chlorite (alteration of

mafic minerals), 22 percent; mudstone lithics (with uncommon radi-

olaria), 12 percent; volcanic lithics (10 percent) of chlorite and fine

hematite. The unit lacks the detrital quartz of the Moffett Creek

Formation.

In the SW 1/4 sec. 8, T4ON, R8W, the siliceous mudstone

differs in that bedding is apparent, and some limestone clasts are

found. The southernmost part of this .exposure contains evidence of

low-grade thermal metamorphism as evidenced by minor recrystal-

lization on the limestone clasts, probably due to proximity to intrusive
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rocks of the Craggy Peak batholith.

Age and Structural Relationships

The lower contact of the siliceous mudstone of Thompson Gulch

appears to be in sedimentary contact with the Moffett Creek Forma-

tion, and it is overlain unconformably by the graywacke of Long

Gulch. On the ridge north of Callahan the siliceous mudstone is in

fault contact with the Callahan Chert, the Moffett Creek Formation,

and a fault slice of the banded quartzite of Squaw Gulch. In sec. 10,

T4ON, R9W, the mudstone is overlain by a small patch of Cenozoic (?)

conglomerate.

One limestone clast from the siliceous mudstone contained

abundant branching corals and Eospirifer? sp. (Boucot, 1974, pers.

commun. ). Since the overlying Callahan Chert is Silurian also, the

siliceous mudstone must be Silurian in age.

Environmental Interpretation

The siliceous mudstone of Thompson Gulch is similar to the

Moffett Creek Formation in texture and in the presence of abundant

shearing in some outcrops, but it differs in containing about ten

percent volcanic lithics instead of quartz, indicating that the siliceous

mudstone unit is made up of less mature sediments or was nearer to

the source area. The unit was probably formed by turbidity flows of
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locally derived volcanic, chert, mudstone lithics, and minor biogenic

calcite. The lack of carbonate content comparable to the Moffett

Creek Formation suggests that the unit was derived from sediments

formed in a deeper environment than the Moffett Creek Formation.

The presence of radiolaria also supports a deep water origin.

The siliceous mudstones limited areal extent, and its apparent

lesser degree of tectonic deformation suggest that the unit might

correspond to a lower trench slope basin such as has been suggested

by Moore and Karig (1976, Fig. 5).

Graywacke of Long Gulch

Distribution and Type Locality

The graywacke of Long Gulch is one of the thinnest stratigraphic

units in the area. It crops out southwest of Callahan in sec. 20, north

of Callahan in secs. 4, 8, 9, and 16 (all in T4ON, R8W) and on the

west side of Noyes Valley in sec. 3 T4ON, R8W and sec. 33 T41N,

R8W. The complete unit is best exposed south of Callahan in the

NW 1/4 sec. 20, T4ON, R8W.

Litho logy

The graywacke of Long Gulch is variable in lithology, but is

most commonly a lithic wacke. It ranges in grain size from silt to

coarse sand with uncommon pebble conglomerate and in color from
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Figure 5. Thin section of graywacke of Long Gulch in normal
light. Angular clasts of quartz, chert, and plagioclase
(light grains), and mudstone and siltstone lithics (dark
grains) in a chloritic matrix. 6X. (SW 1 /4 sec. 9,
T4ON, R8W. )
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olive green to gray-green. In outcrop, the unit is massive and sedi-

mentary structures were not observed. The graywacke consists of

poorly sorted, angular to subangular grains of quartz (18 to 35 per-

cent, but occasionally as low as 1 percent), twinned plagioclase (23 to

40 percent, but occasionally as low as 1 percent), chert (none to 55

percent), sandstone, mudstone and volcanic lithics (6 to 18 percent),

calcite (none to 8 percent), polycrystalline quartz (none to 6 percent),

minor hematite, pyrite, epidote in a matrix (22 to 26 percent) of

mudstone or chlorite. The sample with 55 percent chert lithic frag-

ments also contained radiolaria in the matrix. The upper-most part

of the graywacke of Long Gulch contains lenses of limestone con-

glomerate. Outcrops of limestone conglomerate occur south of

Callahan in sec. 20, T4ON, R8W, on both sides of Long Gulch in

sec. 9, T4ON, R8W, and in Limekiln Gulch in sec. 4, T4ON, R8W,

with the latter being the largest outcrop.

The limestone conglomerate at Limekiln Gulch contains a variety

of limestone types, mudstone, and minor volcanic rocks in a matrix

of black mudstone. The conglomerate either rests conconformably on,

or contains within, large blocks of massive cherty limestone similar

to the Massive Limestone Member of the Facey Rock limestone. The

massive limestone blocks (up to 10 m in maximum dimension) are

found throughout the outcrop and may be the remains of a dissected

karst surface on which the conglomerate was deposited. The
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conglomerate commonly is found as fracture or karst fillings several

meters wide and up to 5 meters deep. The limestone clasts include

massive gray limestone, silty tan limestone, black laminated lime-

stone, and light tan dolomitic limestone. Many of the limestone clasts

contain evidence of shearing and healed fractures. One of the most

striking clasts in the conglomerate is an apparent basalt pillow or

bomb about one meter in diameter. The basalt clast is slightly

elongate, and consists of vesicular basalt with a fine-grained exfoli-

ating rim. Smaller clasts of basalt (1 to 10 cm) are found in the

conglomerate, but compose only about one percent of the conglomer-

ate.

Age and Structural Relationships

The graywacke of Long Gulch underlies the Callahan Chert of

Late Silurian age and overlies the siliceous mudstone of Silurian age.

No fossils were recovered from any of the limestone lenses. The

graywacke is considered to be of Silurian age.

The contact of the graywacke of Long Gulch and the siliceous

mudstone has not been observed. No mineralization or sheared

material was observed in the vicinity of the contact, and the gray-

wacke of Long Gulch always overlies the siliceous mudstone unit.

Because of the abrupt change in lithology the contact is tentatively

considered to be an unconformity. The upper contact of the graywacke
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with the Callahan Chert is also very abrupt, and it is exposed in sec.

20 T4ON, R8 W. The contact is devoid of any evidence of shearing and

is interpreted to be an unconformity. Lenses of limestone conglomer-

ate were found only along the upper contact.

Thickness

The graywacke of Limekiln Gulch is 300 ft. (90 m) thick as

determined from cross sections. The limestone conglomerate is

normally only a few meters thick, but is about 15 meters thick on

the east side of Long Gulch and at Limekiln Gulch.

Environmental Interpretation

With the exception of a few rounded quartz grains, the gray-

wacke of Long Gulch is texturally very immature, and was probably

derived from local sources. Some of the samples contain large

amounts of chert and mudstone and have radiolaria in the matrix

suggesting a deep water origin, similar to the breccia parts of the

Callahan Chert. The local lenses of limestone at the top of the unit

indicate that a limestone source or sources (the limestone is variable

in lithology) became available at the end of, or after, deposition of

the graywacke. Thus the sources of the graywacke probably included

volcanic rocks, chert, mudstone, limestone, metamorphic rocks

(polycrystalline quartz), and some reworked sediments (well rounded
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quartz).

Three possible explanations for the origin of the limestone

conglomerate at Limekiln Gulch can be made. The unit may be a

fault breccia, a karst filling, or a breccia associated with volcanism.

The conglomerate lies along the trend of a major fault, and the shear-

ing within the unit suggests that the unit might be a fault breccia. The

heterogeneous nature of the clasts, and the lack of shearing in many

of the larger limestone clasts argue against this interpretation.

The irregular distribution and infilling appearance of the con-

glomerate on massive limestone is suggestive of a karst surface and

filling. The rounded and heterogeneous clasts indicate that a high

energy environment was eroding a relatively complex source area such

as the headland of a beach. Several large blocks of massive cherty

limestone appear to be completely surrounded by the conglomerate

indicating that the limestone itself was still being eroded. The vol-

canic rocks would have been derived from the same source area.

The single observed basalt pillow or bomb included in the con-

glomerate may indicate an association with explosive volcanism or

proximity to an advancing flow. If a lava flow were advancing on a

submarine slope it might cause a slide of limestone, volcanic debris,

and individual pillows from the edge of the lava flow. Under this

conception the massive cherty limestone would be large blocks which

were dislodged and tumbled down the slope.
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Callahan Chert

Distribution and Type Locality

The Callahan Chert forms the top of the north-trending ridge

between Scott Valley and Noyes Valley and is also found on Hill 4325

southwest of the town of Callahan. Romey (1962) proposed the name

Callahan Chert as a member of the Duzel Formation, but did not desig-

nate a type section or area. For this study a composite type section

is designated. The lower part of the type Callahan Chert is well

exposed on hill 4325, sec. 20, T4ON, R8W, and the type upper part

is well exposed in secs. 9, 10, 15 and 16, T4ON, R8W.

Lithology

The Callahan Chert consists of massive and bedded chert, chert

breccia, chert sandstone, siliceous mudstone, and graywacke. The

color of the chert is variable and may be red-brown, white, yellow,

or black. The bedded chert may be laminated or contain beds up to

5 cm thick. The chert which appears massive is often found to contain

faint bedding. Interbeds of black siliceous mudstone are common.

Bedding commonly exhibits penecontemporaneous faults (with displace-

ments ranging from a few millimeters to several centimeters) and

folds. Chert rip-up structures are also present within the bedded

chert sequences.
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The chert breccia contains a high percentage of chert clasts

with minor mudstone in a matrix of chert and mudstone. The clasts

vary in size from about 5 cm in some coarse samples to a few milli-

meters in others. The breccia is interbedded with the bedded chert;

this relationship is well exposed in sec. 20, T4ON, R8W, where a unit

of red mudstone is also interbedded. The red mudstone was observed

only at this one locality where it is massive, bedded or fissile. Sev-

eral hours were spent searching for fossils in the shale but none were

found. Radiolaria were not observed in the red mudstone.

In thin section the bedded chert of the Callahan Chert ranges

from relatively pure chert to impure chert containing clay and hema-

tite. Radiolaria, while not abundant, are commonly observed. In one

sample, radiolaria were observed in the chert matrix of a breccia.

The sedimentary breccias are moderately well sorted, the clasts are

angular and consist of 75 to 85 percent chert, 10 to 15 percent mud-

stone lithics, and 5 to 10 percent chert or siliceous mudstone matrix,

and minor hematite. The chert sandstone in the formation contains

chert grains (40 percent), mudstone lithics (15 to 20 percent), silice-

ous mudstone matrix (20 to 40 percent), and minor quartz. Graded

beds within the sandstone contain angular to subangular grains 0. 1 to

1 mm in maximum dimension.

The Callahan Chert member appears to become less pure

further up section. The lower part of the Member contains bedded
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chert and relatively pure chert breccias as observed in sec. 20,

T4ON, R8W. The upper part of the unit as exposed in NW 1/4 sec.

16 and the SW 1/4 of sec. 10, T4ON, R8W contains less bedded chert,

impure chert breccias and sandstone, graywackes, and siliceous mud-

stone. Bedded chert, while not common, is found throughout the

sequence.

Rare lenses of limestone and limestone conglomerate are

found in the upper part of the Callahan Chert. One lens in the

northwest corner of sec. 15, T4ON, R8W (fossil locality 2R8) yielded

Late Silurian age fossils (Appendix I).

Age and Structural Relationships

The Callahan Chert unconformably overlies the graywacke of

Long Gulch and is overlain by an unnamed conglomerate on top of hill

5512 (sec. 10, T40, R8W) which is of Cenozoic or older age. No other

units were observed to overlie the Callahan Chert. Since the underly-

ing Moffett Creek Formation is Silurian and the upper part of the

Callahan Chert contains Late Silurian fossils the Callahan Chert is

assigned a Silurian age although the uppermost part might go into

the Lower Devonian. The Callahan Chert is considered by Potter

(1975, pers. commun. ) to be equivalent to chert and chert sandstone

of the lower part of the Gazelle Formation in the Gazelle area, which

has been assigned a Late Llandovery to Sieger or Ems age by Potter.
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Thicknes s

The thickness of the Callahan Chert is estimated to be approxi-

mately 2500 feet (800 m) from composite sections and cross sections.

This figure may have an error factor of ±1000 feet (300 m) depending

on the structural complexities within the unit.

Environmental Interpretation and Origin of the Callahan Chert

The Callahan Chert is interpreted to be a deep water deposit

formed on an unstable slope in an area receiving little or no land-

derived sediments. The deep (200 meters or more) water origin is

based primarily on the presence of radiolaria and the absence of

carbonate sedimentation. The distribution of limestones throughout

the lower Paleozoic in the eastern Klamath Mountains is fairly uni-

form suggesting that all shallow-water units should have some car-

bonate content. The presence of fold and slump structures and inter-

bedded sedimentary breccias indicate that the chert was deposited on

a slope, or some unstable area.

Several theories have been put forward to explain the origin of

bedded cherts ranging from a purely organic origin to purely inorgan-

ic, and a combination of the two. Churkin (1974, p. 341) noted that in

modern marginal basins,

Ash forms more than 25 percent of sections drilled nearest
to active volcanic centers. The volcanic ash is mostly
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shards of unstable glass that, with increasing age, alter
and enrich surrounding sediments with silica to produce
chert.

Since the Callahan Chert was likely deposited adjacent to a volcanic

arc (as indicated by Ordovician and Devonian volcanic rocks, and

Silurian volcanic wackes) an inorganic source is likely; however, the

meager but widespread remains of radiolaria in the chert indicate

that it is at least partly of organic origin. Ketner (1969, p. B24)

estimates that, "Radiolaria rarely constitute more than 20 percent

of chert, and the average is closer to 5 percent." in Ordovician

eugeosynclinal cherts from Nevada and Idaho.

Ernst and Calvert (1969), in a study of the Miocene Monterey

Formation of California, concluded that, "The alteration of biogen-

ically precipitated silica to bedded chert is a process that effectively

obliterates traces of the original siliceous material. " In their experi-

ments they found that the opaline tests of diatoms "aged" in a process

similar to devitrification to form porcelanite (fine-grained cristobalite)

which was in turn transformed (over 180 m. y. at 20° C) into chert.

They found that this process could be speeded up by increasing the

temperature (4 to 5 m. y. at 50° C) or introducing alkaline solutions.

Ketner (1969, p. B33) presented a hypothesis for the formation

of chert by both organic and inorganic precipitation, and he concluded

that introduction of volcanic ash was not necessary in view of the

enormous volume of dissolved silica that is carried by streams into
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the sea (4. 3 x 108 metric tons per year at present).

The large volume of dissolved silica entering the sea com-
pels constant precipitation of silica. This can be accom-
plished by organic precipitation of opal and by inorganic
precipitation of quartz... Opaline tests are constructed by
radiolaria from silica supplied by streams to surface wa-
ters. As the radiolaria die, their tests tend to redissolve
and... the silica content of bottom waters is built up by
this process to the saturation point with respect to quartz
(10 ppm or less). Quartz then begins to precipitate... The
essential basis of this process is wide divergence between
the solubilities of opal and quartz (Krauskopf, 1956, 1959)
which permits simultaneous solution of opal and precipita-
tion of quartz" (Ketner, 1969, p. B33).

This last hypothesis of Ketner (1969) is the most acceptable

for the origin of the Callahan Chert for several reasons. While vol-

canic activity may have been occurring during the time of the deposi-

tion of the chert, the chert is not actually inter layered with any vol-

canic rocks or volcanically derived clastic rocks. The thickness of

the Callahan Chert (about 250C ft. ; 800 m) indicates that the deposi-

tion of chert took place continually over a considerable span of time,

and the remains of radiolaria indicate that the rock was at least

partly organic in origin. If the chert was produced exclusively by

volcanic activity, the chert beds would probably be of a more periodic

nature and include more clastic interbeds.
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Gazelle Formation

Distribution and Type Locality

The Gazelle Formation bounds the eastern edge of the map area,

trending north-south on the east side of Noyes Valley with a few out-

crops on the west side of the valley. The Gazelle Formation was

established by Wells, Walker, and Merriam (1959) for,

a sequence of clastic rocks with included limestone reefs
that crop out in the valley of the East Fork of Scott River,
across Gazelle Mountain, and throughout the northern part
of the valley of Willow Creek, an area of about 60 square
miles.

The columnar section given by Wells, Walker, and Merriam (1959)

was a composite of the rocks exposed along the Callahan-Gazelle

Road from the summit east, Willow Creek to Mallethead Rock, Lime

Gulch to Bonnet Rock, and Meadow Valley to R.obbers Rock. Not all

of the lithologies described by Wells, Walker, and Merriam (1959)

are found in the study area.

Litho logy

The Gazelle Formation contains a variety of lithologies, and

three types were recognized in the map area. The rocks which are

inferred to be the basal part of the Gazelle is a black chert conglom-

erate. The conglomerate consists of angular clasts with maximum

dimensions up to 10 feet (3 m). This lithology crops out poorly and is
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best exposed on the west side of the ridge in sec. 13, T41N, R.8W.

Also found with the chert are uncommon blocks of limestone, two of

which yielded Late Silurian dates (locality 4R2, Appendix 1). The

conglomerate is overlain by black, fine-grained mudstone and lami-

nated siltstone-mudstone. These lithologies are too fine-grained to

show much in thin section. The mudstone is black on fresh surface

and weathers to a light gray in many cases. The siltstone is com-

posed of fine opaque clay, and silt-size grains of quartz, twinned

plagioclase, chert lithics, and hematite. Resistant tuffaceous beds

averaging about 40 feet (12 m) thick form resistant beds which are

prominent throughout the unit. Sandstone beds are also associated

with the tuffaceous beds. The tuffaceous beds contain sub-angular to

sub-rounded grains (0. 2 to 1. 0 mm) in a fine-grained quartz -feldspar-

chlorite matrix. The grains consist of about 45 percent twinned

plagioclase, 20 percent quartz, and minor volcanic lithics, opaques,

and chlorite. The matrix composes about 30 percent of the rock, so

that it could be termed a feldspathic wacke or a tuffaceous sandstone.

The grain margins of the feldspar and quartz are corroded, but the

degree of rounding of some of the grains suggests some transport

prior to deposition.

The sandstone associated with the tuffaceous beds is moderately

well sorted and ranges in grain size from 0. 2 to 1. 0 mm. The rock

contains about 40 percent chert lithics (some chert grains contain
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Table 2. Average Chemical Analyses of Sandstones from the Gazelle Formation (from Condie
and Snansieng, 1971).

Gazelle graywackes
High-
silica

High-
alkali

Intermediate -
alkali

Low -

alkali

SiO
2

TiO
2

A1202
Fe2O3*
CaO
Na2O
K2O

80. 3
0. 46
9. 7
4. 17
2. 20
1. 16
1. 27

57. 7

0. 82
13. 7

8. 32
3. 05
2. 79
1. 65

52. 8
1. 14

15. 1

10. 30
4.81
4. 13
0.92

64.4
0.62

13. 1

10. 68
1.56
2.36
0. 34

Mn 512 1156 1017 1519

Ni 46 70 25 35

Rb 48 50 17 7

Sr 88 139 398 73

Zr 64 94 105 44

Ba 526 807 768 42

Cs 3. 1 2. 9 O. 83 1.4
Hf 1. 8 2. 2 4. 9 3.4
Co 16 31 31 28

La 11 16 17 4. 6

Ce 23 31 33 14

Sm 2. 5 3. 6 4. 1 2. 2

Eu 0. 65 0. 51 1.2 0. 62

Tb 0.41 0. 58 0.21 0.81
Yb 1. 8 2.0 1.9 1.9
6REE 39 54 57 24

No. of
samples 3 3 4 2

K/ Rb 233 232 447 122

Rb/ Sr 0. 53 0, 42 0.43 0. 32

Ca/Sr 178 157 864 152

Ba/ Sr 6. 0 5. 8 1.9 0.58
Zr/Hf 36 43 21 13

K
2 0/Na 20 1. 1 0. 59 0. 22 0. 14
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radiolaria as well as abundant inclusions of carbonate rhombs,

hematite, and uncommon halite), 25 percent mudstone-siltstone

lithic fragments, 10 percent quartz, and minor twinned plagioclase,

limonite, and volcanic lithics. Some of the quartz grains show a much

higher degree of rounding than others. A dark brown clay and chlorite

matrix composed 25 percent of the rocks. The large percentage of

chert and mudstone-siltstone lithic fragments qualify this rock as a

lithic wacke.

All of the lithologies in the Gazelle Formation in the map area

(with the exception of the limestone conglomerates) are notably lacking

in carbonate content.

Age and Structural Relationship

The Gazelle Formation is interpreted to at least in part uncon-

formably overlie the Moffett Creek Formation. This overturned con-

tact is exposed in sec. 13, T41N, R8W on the east side of Noyes

Valley. The lack of any evidence of shearing, particularly in the

limestone clasts suggests that the contact is not a fault. On the west

side of Noyes Valley in a gulley in the NE 1/4 sec. 27, T41N, R8W,

the same overtuned contact is exposed but is more sheared. A

more complete description of this contact is found in the Moffett

Creek Formation section of this study. The upper contact of the

Gazelle Formation is not exposed in the area. The sheared fault
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contact of the Gazelle Formation with the ultramafic rocks is exposed

in the road cut at the summit of Schoolhouse Hill.

The Gazelle Formation does not appear to be as structurally

complex as the other units in the area, and the resistant tuffaceous

beds may commonly be traced for up to a mile, something not pos-

sible in the other units. This variation in the degree of structural

complexity suggests that there was a period of deformation between

the time that the calcareous siltstone unit and the Gazelle Formation

were deposited.

Since the base of the Gazelle Formation contains Late Silurian

age clasts, the formation can be no older than Late Silurian. Wells,

Walker, and Merriam (1959, p. 648) identified Late Silurian age

fossils from four localities in the Gazelle Formation. Savage (in

Boucot and others, 1974, p. 694-695) reported conodonts indicating

a "late Siegen or early Ems age" for the lower part of the Gazelle and

Ems or Middle Devonian for the upper part. On the basis of the fossil

evidence, the Gazelle Formation can be assigned a Late Silurian to

Early (or possibly Middle) Devonian age.

Thicknes s

Approximately 600 ft. (200 m) of Gazelle Formation is exposed

in the map area, as estimated from cross .section.
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Environmental Interpretation

The lack of carbonate material in the Gazelle Formation indicates

that the unit was deposited in a deep water environment. Limestone

units of the same age as the Gazelle Formation are present in the

Callahan-Gazelle area demonstrating that the climate at that time was

amenable to carbonate deposition at shallow depths. The bottom of the

formation, the chert conglomerate, is probably a lag deposit from the

period of erosion following the deposition of the Moffett Creek Forma-

tion. The other lithologies indicate deposition in quiet water environ-

ments by their fine grain size and very fine laminations. The lack of

bioturbation is indicative of an environment unfavorable to burrowing

animals, probably deep water. The source areas for the rocks were

chert, mudstone, and calc-alkaline volcanic rock (or some other

source containing a good deal of plagioclase). Part of the quartz may

have been weathered from igneous rocks, but many of the quartz

grains are well rounded, and may represent reworked sedimentary

rocks or sediments which have been transported a good distance.

The rhombic inclusions of carbonate in the chert grains are consid-

ered to be of secondary origin.

A generalized environment of deposition would be a deep (greater

than 200 m) basin marginal to a topographically higher area consisting

of uplifted chert, mudstone, and volcanic rocks. Volcanic rocks of
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Early Devonian age are present at the Gregg Ranch 10 miles (3 km)

northeast of Callahan (Boucot and others, 1974, p. 695).

The Gazelle Formation would correspond to a lower trench

slope basin-filling unit deposited on an accretionary complex (Moffett

Creek Formation) as described by Moore and Karig (1976). This

theory would also explain the lesser degree of structural complexity

in the Gazelle Formation compared to the Moffett Creek Formation.

Condie and Snansieng (1971) reported on the geochemistry of

the Gazelle Formation. While none of the samples taken by Condie

and Snansieng are from the present study area, the rocks of the

Gazelle Formation near Callahan are very similar to the rocks of the

Gazelle Formation near Gazelle. Condie and Snansieng (1971, p. 744-

745) divided the Gazelle graywackes into four types, the compositions

of which are listed in Table 2. The concluded that,

... the mineralogical and chemical composition of the
Gazelle Formation indicate a dominant contemporary calc-
alkaline (predominantly andesite) volcanic source mixed
with varying amounts of plutonic-metamorphic and sedimen-
tary components.

These conclusions are more or less in agreement with this study,

except for a lack of metamorphic components (other than rounded

quartz grains) in the rocks of the Callahan area.

Unnamed Conglomerate

A small patch of conglomerate containing limestone and chert
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overlies the Callahan Chert on hill 5512, sec. 10, T4ON, R.8W. The

upper part of the conglomerate contains chert clasts (1 to 5 cm in

maximum dimension), and the lower part contains limestone and

calcareous siltstone (Moffett Creek Formation?) clasts (1 to 25 cm

in maximum dimension). The unit is well cemented, nearly hori-

zontally bedded or parallel with the present slope, and does not con-

tain any evidence of faulting or tectonic disruption suggesting that it

is much younger (Cenozoic or possibly Cretaceous) than the underly-

ing units. None of the limestone clasts yielded any fossils. The

conglomerate probably represents an erosional remnant of a clastic

unit derived locally (within a few kilometers) after the last period

of tectonic activity in the area.

Cenozoic Cemented Breccia

Small patches of angular breccias cemented by calcium car-

bonate are present at Limekiln Gulch, and have been described at

Facey Rock by Porter (1973) and at Duzel Rock by Nachman (1977).

The breccia at Limekiln Gulch is composed of limestone and mudstone

and appears to be cemented talus material. Samples were collected

for extraction of palynomorphs, but no results have yet been forth-

coming.
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Cenozoic Colluvium, Landslide Deposits, and Alluvium

Thick deposits of colluvium, much of which is grown over with

vegetation, obscure the lower slopes of the ridges. The thickest

colluvium is composed of Callahan Chert, and probably formed as

talus slopes during drier or colder weather when the slopes of the

ridges were barren of vegetation.

Landslide blocks are indicated by enclosed depressions behind

the slumped masses. The topography is preserved on the landslides,

but none of the trees growing on them indicate any movement, sug-

gesting that the slides are Quaternary. A debris flow on the west

side of Noyes Valley is very apparent in air photos, and is probably

also Quaternary.

Alluvium formed by glacial outwash is present in sec. 23 along

Wildcat Creek, and at the southeast corner of the map area where

Mill Creek converges with the East Fork of the Scott River. To the

south on the Trinity River and at Cement Bluffs, thick units of

cemented glacial outwash indicate at least two periods of glaciation

for the area.

Ultramafic Rocks

Distribution

Ultramafic rocks are abundant in the Klamath Mountains and
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the Trinity Ultramafic sheet which separates the central metamorphic

belt from the eastern Klamath belt. The ultramafic rocks have been

studied by Diller (1921), Dow and Thayer (1946), Wells and Cater

(1950), Irwin and Lipman (1962), Lipman (1963), Davis and others

(1965), Irwin (1966), who considered the rocks to be part of a Meso-

zoic intrusion. More recently, Hopson and Mattinson (1973) and

Lindsley-Griffin (1973) have interpreted the Trinity Ultramafic sheet

to be an ophiolitic assemblage of Ordovician age.

Rocks of the Trinity ultramafic sheet bound the present map

area on the southeast and southwest corners, and are present on the

west side of the Scott River. Small bodies (5 to 10 m) of ultramafic

rocks are occasionally observed along the Mallethead Thrust below

the metasedimentary rocks.

Litho logy

The ultramafic rocks in the Callahan area consist of serpentiq-

ized peridotite ranging in color from green to black on fresh surfaces.

Weathered surfaces are red-brown. Areas underlain by ultramafics

generally are more resistant to erosion and are ridge formers;

however, there are exceptions such as the southern end of the Scott

River Valley which appears to be underlain, at least in part, by ser-

pentinized peridotites. Ultramafic rocks crop out strongly, and

commonly have sparse soil and vegetation cover.
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In thin section the ultramafic rocks consist of serpentine,

chrysotile needles, fractured clinopyroxene, and euhedral magnetite.

No relict olivine grains were observed.

In general, the ultramafic rocks west of the outcrops of the

Moffett Creek Formation (on the west side of Scott Valley) appear to

be less serpentinized than those to the east which are commonly

sheared and exhibit abundant slickensided surfaces. This contrast

in composition of the ultramafic rocks suggests that two ultramafic

bodies may be faulted against each other. No attempt was made to

separate these two possibly different lithologies on the map since it

was beyond the scope of this study.

In the SE 1/4 sec. 33, T4ON, R9W a small outcrop of partially

recrystallized gabbro pegmatite was observed. The pegmatite is

similar to that exposed near Kangaroo Lake (NE 1/4 sec. 14, T4ON,

R7W).

Structural Relationships

The best exposures of the contacts of the ultramafic rocks with

sedimentary rocks occur in road cuts on the west side of Scott Valley,

north of Callahan. The Moffett Creek Formation and the ultramafics

are separated by a thrust fault along the west side of the Scott River.

The thrust is exposed at two places along the road, and consists of

a shear zone containing several lithologies. North of Sugar Creek in
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sec. 1 T4ON, R9W, phyllite is exposed in the road cut in the shear

zone. In a road cut to the north in sec. 23 T41N, R9W, the shear

zone contains chert and intrusives. The chert is light blue-gray,

usually very sheared, with occasional bedding evident parallel to

the fault plane. The chert appears similar to the rocks in the NE 1/4

sec. 4, T41N, R9W, just south of Etna. Sheared and unsheared dikes

of dark gray hornblende porphyry are also present in the shear zone.

Thicknes s

The thickness of the ultramafic unit is quite variable throughout

the area. It is at least several thousand feet in the southwest corner

of the map area where the unit extends beyond the limits of the study.

Interpretation and Age

The ultramafic rocks are part of the Trinity ultramafic sheet

which is considered to be an ophiolitic sequence and is overlain by a

gabbroic complex (gabbro pegmatites, layered gabbros, and minor

diorite), and a mafic volcanic complex. Lindsley-Griffin (1973)

assigns a pre-Late Ordovician date for the ophiolite on the basis of

overlying fossiliferous sedimentary rocks (Rohr, 1972), and Hopson

and Mattinson (1972) assign a 455-480 m. y. date to the ophiolite on

the basis of zircon concordia intercept ages on gabbro and diorite.
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Russian Peak and Craggy Peak Batholiths

Distribution and Type Locality

The Russian Peak and Craggy Peak Batholiths form the western

and part of the southern limits of the map area. The batholiths were

named by Romey (1962) and were described by him in Davis and others,

1965. The intrusives were also noted in Hotz's (1971) study of the

plutonic rocks of the Klamath Mountains.

Lithology

The batholiths are either composite or zoned (Davis and others,

1965, p. 962) and only diorite is present in the map area. The diorite

is usually found to be light gray in outcrop and deeply weathered.

Modal analysis by Hotz (1971, p. B7) shows the outer part of the

batholith to be composed of 60. 9 percent plagioclase, 39 percent

mafic minerals, and characterizing accessories of pyroxene and

hornblende. Davis and others (1965, p. 9631 considered that the

dominant mechanism in the emplacement of the plutons was forceful

shouldering aside of the country rock. This idea is supported by the

sharp contacts of the margin in the map area. One particularly good

exposure is in a road cut on Sugar Creek, sec. 15, T4ON, R9W.
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Age

Radiometric dates (potassium-argon of biotite) indicate that the

Russian Peak Batholith is 137-140 m. y. (Davis and others, 1965, 963),

and that the Craggy Peak Batholith is 133 m. y. (Hotz, 1971, p. B15).

Diorite of Uncertain Age

Distribution and Type Locality

Several small (0. 25 to 0. 75 mi. ; 0. 5 to 1.0 km in maximum

outcrop dimension) diorite bodies are present in the map area. The

largest bodies are in Wildcat Creek area west of Callahan, but smaller

ones are present along Miners Creek, sec. 34, T41N, R9W, and a

small fault slice of diorite is in sec. 27, T41N, R8W on the west side

of Noyes Valley.

Litho logy

The majority of the rocks are diorites, but minor quartz diorite

is present. The diorite is commonly sheared and the mafics are

altered to chlorite, and the plagioclase to sericite.

Diorite forms resistant outcrops along Wildcat Creek and the

slopes contain abundant float. On weathered surface the Wildcat

Creek rocks are brown, and fresh surfaces are gray. The Wildcat

Creek diorite is finer grained than the other intrusions in the area
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with average grain size of about 1 mm in maximum dimension, and it

consists of andesine (71 percent); augite (19 percent); biotite, com-

monly with magnetite centers (8 percent); and accessory magnetite,

rutile and sphene. The diorite is sheared along contacts with other

units.

Age and Structural Relations

In most areas the diorite appears to be in fault contact with all

other units. In the NW 1/4 sec. 23 on Wildcat Creek, the banded

quartzite of Squaw Gulch shows signs of contact metamorphism near

the contact with the diorite. Thus, the diorite in the Wildcat Creek

areas is younger than the banded quartzite of Squaw Gulch. The unit

might be an earlier phase of the Russian Peak Batholith which was

later faulted apart during emplacement of the main body of the intru-

sion. The small grain size suggests the latter.

The small fault slice of diorite in sec. 27, Noyes Valley, may

be part of the ophiolitic complex. Similar bodies of diorite of possible

ophiolitic origin are found in Horshoe Gulch to the north and between

Skookum and Sissel Gulches (Hotz, 1974). If the diorite is part of the

ophiolite then it would be 455 to 480 m. y.

The Wildcat Creek and Miners Creek diorites might also be

Middle Devonian (380 m. y. ) intrusive rocks of the "Klamath Orogeny"

(Boucot and others, 1974).
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Impure Marbles of the Grouse Ridge Formation

Distribution and Type Locality

A band of garnetiferous marble and minor amphibolite about

3 miles (5 km) long extends from Smith Hill to Wildcat Creek near

the western edge of the map area. This unit was mapped by Romey

(1962; in Davis and others, 1965) as part of the Grouse Ridge Forma-

tion. The Grouse R.idge Formation was established by Davis and

Lipman (1962) for rocks on the west side of Grouse Ridge in the upper

Coffee Creek area, Davis and Lipman (1962, p. 1551) considered it

likely that associated metasedimentary rocks in the Callahan-Fort

Jones area belong to the Grouse Ridge Formation.

The amphibolite unit and the impure marble unit are both part

of the upper two thirds of the Grouse Ridge Formation as described

from the type locality. In the Callahan area, the two lithologies may

be readily distinguished and are mapped separately.

Litho logy

The characteristic lithology of the unit is a white or light gray,

coarse crystalline marble with aligned reddish-brown silicate miner-

als (grossularite garnet?). In many places euhedral garnets (0. 2 to

3.0 mm) or aggregates of garnets have weathered out of the calcium

carbonate. Less commonly found within the unit is amphibolite
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consisting of hornblende with some minor clinopyroxene, twinned

plagioclase, epidote, biotite, and magnetite altering to hematite.

Thickness

The impure marble unit of the Grouse Ridge Formation has a

maximum structural thickness of approximately 3000 ft (900 m) but

is less than 50 feet (15 m) thick in exposures in the southern part of

sec. 3, T4ON, R9W.

Interpretation

The impure marble and included amphibolite probably represent

metamorphosed limestones and interlayered clastic sedimentary rocks

of pre-Middle Devonian age. If the unit is the southern equivalent of

Hotz's (1974) amphibolite, the metamorphism took place during the

Middle Devonian (375-390 m. y. ). Davis and Lipman (1962, p. 1551)

concluded that the Grouse Ridge Formation was subject to regional

metamorphism of the almandine-amphibolite facies. In the map area

much of the coarse garnetiferous marble appears in hand specimen

to be similar to contact metamorphic rocks. The unit, however, is

never in contact with the Russian Peak batholith, and at its thickest

part (90C m structural thickness) it shows no gradation from one side

to the other. This contrasts sharply with the marble exposed in

NW 1/4 22, T4ON, R.8W which the metamorphic grade drops sharply
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in less than a quarter of a mile (0. 5 km).

Amphibolite of the Grouse Ridge Formation

Distribution and Type Locality

Amphibolite is found in a narrow belt trending north-south to

the west of Scott Valley. The unit was mapped as Grouse Ridge

Formation by Romey (in Davis and others, 1965), and may be the

southern extension of Hotz's (1974) Devonian age amphibolite. The

amphibolite is always found next to the margin of the Russian Peak

Batholith in this area. The characteristic lithology is found in road

cuts on Smith Hill, sec. 3, T4ON, R9W.

Litho logy

The amphibolite is fine to medium grained, slightly foliated,

and consists mainly of green hornblende and twinned plagioclase

feldspar. The samples which were thin sectioned are away from the

intrusive contact with the batholith, and the plagioclase was almost

entirely altered to sericite and epidote.

Age and Structural Relationship

The Russian Peak Batholith quartz diorite is in intrusive con-

tact with the amphibolite to the west. This contact is well exposed

on Sugar Creek, sec. 15, T4ON, R9W. The eastern contacts are
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with ultramafics and the garnetiferous marble unit. The amphibolite

is in fault contact with the ultramafic unit as indicated by cross-cutting

relationships on the map. The garnetiferous marble unit may either

be in fault contact or a different lithology of the same metamorphic

unit, as they were mapped by Romey (in Davis and others, 1965).

If this is the southern equivalent of Hotz's (1974) amphibolite it is

at least Devonian in age (Devonian date representing the age of

metamorphism).

Thickness

The amphibolite varies greatly in structural thickness. At

Smith Hill it is at least 150L ft (450 m) thick, but at Tiger Fork of

Sugar Creek, it is no more than 50 feet (15 m thick).

Undifferentiated Rocks of Duzel Phvllite and
Sissile Gulch Gravwacke

Distribution

Phyllite, metasandstone, phyllitic quartzite, and minor recrys-

tallized limestone are present in the eastern part of the map area on

both sides of Noyes Valley. These rocks were combined with the

Moffett Creek Formation by Romey (in Davis and others, 1965) as

part of the "Ordovician Duzel wacke. " To the north in Horsehoe

Gulch, Zdanowicz (1971) included the metasedimentary rocks with
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the Stuart Fork Formation. Porter (1973, p. 54) described the unit

as quartzites of the Stuart Fork(?) Formation at Facey Rock.

Litho logy

The predominant metasedimentary rock in the study area is

phyllite. The phyllite is tan to gray-green and rarely red-brown on

weathered surfaces and greenish-gray on fresh surfaces. The sur-

face of the foliations exhibit a silky sheen and is commonly cut by

small quartz veins. The metasandstone (semichist of Romey, 1962)

is quite similar on weathered surface to the calcareous siltstone of

the Moffett Creek Formation. Individual mica grains are visible

under a hand lens which is not true of the siltstone of the Moffett

Creek Formation which has a micaceous sheen. A fresh surface of

metasandstone is distinguished from the Moffett Creek Formation

by the presence of red mottling parallel to foliation. The soil in

areas of metasedimentary rock outcrops contains a good deal of white

vein quartz which has weathered free from the rock. Many of the

grains are stretched, a phenomenon not seen in the Moffett Creek

Formation.

The metasandstone lithology consists of angular, moderately

well sorted grains (0. 1-0. 8 mm) of twinned plagioclase (42 percent),

quartz (14 percent), mudstone-siltstone lithic fragments (4 percent),

hematite (2 percent), volcanic lithic fragments (2 percent), chert
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(5 percent), and minor chlorite, epidote, hematite, muscovite in a

matrix (26 percent) of chlorite and epidote. The lithology qualifies as

a meta-feldspathic wacke.

A minor lithology found in SE 1/4 sec. 10, T4ON, R8W is a

laminated, light gray, quartzitic sandstone, which fractures along

the lamination. The laminations are concentrations of clay and in

thinsection have a stylolitic appearance. The sandstone is moderately

well sorted and contains grains (0. 1 to 0. 5 mm) of 20 percent quartz

(grains have corroded edges, undulatory extinction, and aligned inclu-

sions), 18 percent twinned plagioclase, 9 percent biotite, 5 percent

muscovite, 6 percent clay in a matrix (42 percent) of microcrystal-

line quartz and plagioclase.

Age and Structural Relationships

The lower contact of the metasedimentary rocks is a thrust fault

(part of the Mallethead Thrust of Churkin and Langenheim, 1960), and

is particularly well exposed on the west side of Noyes Valley in

NW 1/4 sec. 27, and on the east side of the valley in sec. 12, T41N,

R8W. The trace of the fault can easily be observed in many places

because of sheared limestone which is caught along the fault plane and

is more resistant than the surrounding rocks. In the NW 1/4 sec. 27

sheared limestone is found along the fault as well as minor amounts

of serpentinite (blocks up to 15 ft; 4. 5 m in maximum dimension).
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The trace of the Mallethead Thrust in sec. 12 is straight with a few

cross-faults with offsets of less than 20 ft (6 m). A large block of

ultramafic rock is found along the road where the fault crosses the

top of the ridge in sec. 12. The fault zone contains sheared meta-

sedimentary rocks, recrystallized limestone, and a very sheared fine -

grained, green lithology (volcanic or dike rock?), as well as occa-

sional blocks of quartzite.

To the north in Noyes Valley the metasedimentary rocks are

separated from the Gazelle Formation by a normal fault. The western

contact of the metasedimentary rocks is high angle reverse fault

against the Moffett Creek Formation.

No fossils have been recovered from the metasedimentary

rocks, and nothing in the map area suggests a probable age. Potter

(1975, oral commun. ) has found metamorphic clasts in a conglomerate

in Horseshoe Gulch whose stratigraphic relationships suggest that the

metasedimentary rocks may be of Ordovician age. Phyllite occurs

in a conglomerate-breccia in sec. 21, T4ON, R.7W near Grouse

Creek. The conglomerate is associated with Lower Devonian

(Gedinnian) fossils and indicates that a metamorphic source was

available for erosion by Early Devonian time (Olson, 1977).

Thicknes s

The unnamed metasedimentary rock unit is structurally
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complex, and a meaningful estimate of its thickness cannot be made.

The unit has a minimum structural thickness in the map area of 800

feet (240 m).

Environmental Interpretation

The unnamed metasedimentary rock unit was metamorphosed

from wackes, shales, and siliceous sedimentary rocks similar to those

found in the map area. Much of the phyllite unit could be a meta-

morphic equivalent of the Moffett Creek Formation (although no such

relationship is implied). The original sedimentary rocks were prob-

ably derived from a local igneous rocks source as suggested by the

high percentage of plagioclase and quartz. The rocks are noticeably

lacking in chert lithics which usually compose an essential part of

other wackes and sandstones in the area. The quartzitic metasedi-

mentary rocks may be recrystallized impure chert lithologies. The

presence of secondary biotite, muscovite, and chlorite indicate that

the rocks have undergone greenschist facies metamorphism.

On the Merit of Retaining the Formation
Names Duzel and Gazelle

As was previously discussed, Wells, Walker, and Merriam

(1959) placed all the rocks in the Callahan-Gazelle area in the Duzel

and Gazelle Formations. They placed the "pale gray-green phyllitic
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graywackes" in the Duzel Formation and the "sequence of clastic

rocks with included limestone reefs" in the Gazelle Formation (1959,

p. 645-646). On their map (1959, pl. 1), Wells, Walker and Merriam

include within the Duzel Formation various rock types quite different

from the phyllite. In the Callahan area, the area mapped as Duzel

contains the Moffett Creek Formation, siliceous mudstone of Thompson

Gulch, and Callahan Chert. To the north, Hotz (1974) has separated

five units from the area mapped as Duzel by Wells, Walker, and

Merriam including feldspathic graywacke, calcareous phyllite,

quartzite, chert-quartzite-limestone sequence, and calcareous silt-

stone.

The area mapped as Gazelle Formation by Wells, Walker, and

Merriam (1959, pl. 1) contains essentially the rock types described

by them: black mudstones, graywackes and some limestones.

Churkin and Langenheim (1960) restrict the Gazelle Formation to

the unmetamorphosed sedimentary rocks below the Mallethead Thrust,

and the Duzel Formation to the metamorphic rocks above the thrust.

Zdanowicz (1971) proposed dropping the name Duzel, and making

the phyllites in the Horseshoe Gulch area part of the Stuart Fork For-

mation. This proposal has not met with acceptance, possibly because

certain lithologies of the Stuart Fork Formation such as metabasalts

and blueschist have not been found in the Horseshoe Gulch area.

The most obvious way of separating the major rock types in the
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Callahan-Gazelle area is to use the same method as Churkin and

Langenheim (1960), the Mallethead Thrust. Most of the rocks under-

lying the Mallethead Thrust are part of the Gazelle Formation as

defined by both Wells, Walker, and Merriam, as well as Churkin

and Langenheim (1960). Units in the Callahan area including the

Moffett Creek Formation, siliceous mudstone, graywacke of Long

Gulch, and Callahan Chert should be removed from the Duzel Forma-

tion as they were originally mapped by Wells, Walker, and Merriam

(1959) and Romey (in Davis and others, 1965). The Callahan Chert

should probably be considered as part of the Gazelle Formation.

The Duzel Formation has been badly confused, and probably

should be restricted to the "pale green phyllitic graywackes" for

which the formation was originally named (Hotz, in press).

The limestones at Facey Rock and Duzel Rock were included in

the Duzel Formation by Wells, Walker, and Merriam (1959). Detailed

mapping of Facey Rock (Porter, 1973) and the limestone bodies im-

mediately to the south of Facey Rock of this study, and at Duzel Rock

by Nachman (1977) suggest that they may be part of the same thrust

plate (although no dates have yet been obtained on the Duzel Rock

limestone). Since the limestones show little or no signs of meta-

morphism, but are thrust over the Moffett Creek Formation they may

require a formational name of their own.
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STRUCTURAL GEOLOGY

Introduction

The structure of the Callahan area is quite complex, predomi-

nantly due to faulting and a lesser amount of folding. The area con-

tains rocks of two of the four belts of the Klamath Mountains (central

metamorphic, and eastern Klamath belts) which are apparently sepa-

rated by a major north-south trending, eastward dipping fault. Ser-

pentinite is nearly always found along this fault zone separating the

metamorphic rocks from the sedimentary and low-grade metamorphic

rocks to the east.

Faults of lesser magnitude are present in the area, but also

follow a general north-south trend. Evidence of at least two events

of thrust faulting were observed.

A faulted synclinal structure (also with a north-south axis)

includes most of the sedimentary rock types in the area.

Faults

Thrust Faults

At least two major, separate thrust faults are present in the

Callahan area. The Facey Rock limestone of Middle and Late

Ordovician age has been thrust over the Silurian (and older ?) Moffett

Creek Formation in the northern part of the area. Similarities in
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lithology suggest that Duzel Rock, about 16 km to the north may also

be a klippe of the same thrust sheet. From what little remains of the

Facey Rock thrust sheet, its internal structure must have been rela-

tively complex. In the approximately 1. 5 km from one side of Facey

Gulch to the other the limestone sequence (which is at least 300 m

thick) is overturned.

The second thrust fault, whose upper plate is preserved over a

greater area, is the Mallethead Thrust of Churkin and Langenheim

(1960). Churkin and Langenheim (1960, p. 270) named the Mallethead

Thrust for a fault near Gazelle which separates phyllite and semichist

from the underlying sedimentary rocks of the Gazelle Formation. The

edge of this fault is mapped as a continuous feature on the California

geologic map (Strand, 1963) extending westward to Noyes Valley.

Romey (in Davis and others, 1965) mapped the Mallethead Thrust in

Noyes Valley between the Gazelle Formation and the Moffett Creek

Formation. In this study the contact between those two units is inter-

preted as an unconformity, and the Mallethead Thrust is placed be-

tween the metasedimentary rocks and the Moffett Creek Formation.

The upper plate of the Mallethead Thrust extends as a band (0. 2 to

1. 0 miles: 0.3 to 1. 7 km wide) along the west side of Noyes Valley,

where the west side of the thrust is truncated by a normal fault. The

fault contact is well exposed in several places in the upper part of

Noyes Valley, where sheared limestone, ultramafic rocks and green
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volcanic rocks are commonly found along the contact.

The complex areal distribution of ultramafic rocks suggests

that the sedimentary rocks may, in part, be thrust over the ultra-

mafic rocks in places such as north of Sugar Creek where the banded

quartzite of Squaw Gulch and Moffett Creek Formation are surrounded

on three sides by serpentinite. This contact appears to be a thrust

fault with a dip of about 30° where it is exposed in a roadcut in sec.

23, T41N, R9W.

Normal Faults and High-Angle Reverse Faults

Several fault slices of Moffett Creek Formation, siliceous mud-

stone, Callahan Chert, and contact metamorphic rocks are separated

by high-angle reverse faults immediately east of Callahan. These

faults are interpreted to be the result of compression during the force-

ful emplacement (Davis and others, 1965, p. 693) of the Craggy Peak

Batholith.

Most of the major normal faults in the map area follow the

dominant north-south structural trend. These normal faults truncate

the edges of both the Mallethead Thrust and the Facey Rock thrust

plates. The north-south normal faults are commonly offset by smaller

east-west trending normal faults. Many of the norrxial faults also

have smaller amounts of lateral movement. Three normal faults

with east-west traces and larger than normal displacements cross the
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ridge between Facey Rock and Callahan. These three faults also cut

the thrust plates.

The largest and most significant fault separates the rocks of the

central metamorphic belt from the rocks of the eastern Klamath belt.

This fault apparently splays into several smaller faults in the south-

west part of the map area producing fault slices of diorite, marble,

and zones of sheared mixed lithologies. Many mines and prospects

are located along the fault, particularly along the edge of the marble

unit. Recent assay work in the Callahan-Etna area indicated that most

of the concentrations of economic minerals are along this fault zone

(M. B. McCollum, 1974, pers. commun. ).

Folds

Most of the sedimentary rocks in the map area are part of a

large north-south trending syncline, the axis of which plunges slightly

southward from Facey Rock to Callahan. The syncline is an asym-

metrical, angular syncline (concertina fold of Hills, 1963, p. 238)

with a fault, or faults, at the apex. The syncline is disrupted by

many faults of varying magnitude. The nose of the fold is well ex-

posed in sec. 20, T4ON, R8W where the beds are nearly vertical on

both sides of the axis. The axis of the fold at this locality is a fault

represented by a breccia zone at the top of hill 4325. Graded bedding

in the chert conglomerate to the west and a diapiric structure in
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bedded chert to the east demonstrate that neither of the limbs of the

fold is overturned.

In many of the units such as the Moffett Creek Formation it is

difficult to distinguish tectonic folding within the unit from folding and

slumping which took place at the time of, or shortly after, deposition.

The Callahan Chert contains a good deal of small scale (1 cm to 2 m)

folding and faulting, but most of this is interpreted as the chert having

been deposited on unstable slopes.

The stratigraphic sequence in the northeastern part of the area

(Moffett Creek over Gazelle) indicates an overturned sequence.

Potter (pers. commun. , 1976) noted that the Gazelle Formation is

in normal orientation at Gazelle Mountain about 2 km to the east, so

that the deformation might have been caused by the Mallethead Thrust.
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GEOLOGIC HISTORY

Previous Work

Various authors have attempted syntheses of the geologic history

of the Klamath Mountains. In the last few years, additional informa-

tion based on fossils and detailed geologic mapping have shown that

the history of the area is much more complex than most had thought.

Hamilton (1969) hypothesized that,

In the Klamath Mountains and northern Sierra Nevada, for
example, Ordovician and Silurian ocean floor materials,
overlain by or juxtaposed against an Upper Silurian to
Permian island arc, were swept in first to the continent,
along with a large fragment of oceanic crust and mantle and
another fragment of an old orogenic belt. This debris was
followed by Permian and Triassic ocean floor deposits.

This mechanism of accretion of successively younger rock to the

margin of California explains the pattern of the major belts of the

Klamath Mountains. Potter (1975, pers. commun. ) has found that

geochemical analysis of the Ordovician and Devonian volcanic rocks

indicates that they are not of oceanic origin, but originated in an

island arc. The weakness in Hamilton's hypothesis seems to be that

with all the supposed subduction of oceanic material, none of the rocks

can be shown to be of oceanic origin. Also, the presence of pre-Early

Silurian metamorphic terrane is not explained by this hypothesis, un-

less these metamorphic rocks were formed at a spreading center.

Middle Ordovician conodonts from the Eastern Klamaths are of north
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Condie and Snansieng (1971) reported on the geochemistry and

petrology of the Duzel and Gazelle Formations and concluded that,

The clastic sediments of the Duzel appear to have been
derived primarily from plutonic-metamorphic terranes and
to have been deposited on a broad, semi-stable shelf or slope.
Gazelle clastic sediments reflect eastward-lying contempo-
rary calc-alkaline volcanic sources mixed in varying amounts
with plutonic-metamorphic and sedimentary sources.

As indicated on Condie and Snansieng's Fig. 1, their samples from

the "Duzel Formation" come from a large area, and when compared

to more recent geologic maps (Hotz, 1974; Rohr, this report) it is

evident that the samples are from several rock units of different ages

including the Callahan Chert (Silurian), Moffett Creek Formation

(Silurian), Duzel Phyllite (pre-Cretaceous), and quartzite of Antelope

Mountain (pre-Cretaceous). It should be noted that the Callahan Chert

and the Moffett Creek Formation are most likely age equivalents of

the Gazelle Formation rather than the Duzel Phyllite. It would no

doubt be very informative to reexamine the geochemical data of

Condie and Snansieng if it were separated into the respective rock

units; however, it is not possible to do this from the information in

the 1971 paper.

Churkin (1974) and Churkin and McKee (1974) interpreted the

early history of the Cordilleran geosyncline as a product of conti-

nental fragmentation and the growth of volcanic arc-marginal
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basin systems. Churkin concluded that Ordovician and younger

volcanic arc rocks developed directly on top of unmetamorphosed

oceanic crust (Trinity ultramafic sheet) and that the eastern Klamath

arc was separated from the North American continent by a marginal

ocean basin. The Antler Orogeny occurred in Late Devonian and

Mississippian times when the marginal ocean basin closed and the

frontal volcanic arcs collided with the continent. Churkin's geologic

history of the eastern Klamaths does not take the pre-Early Silurian

metamorphic terranes into account, and recent work by Potter (1975,

pers. commun. ) on the geochemistry of the lower Paleozoic volcanic

rocks indicates that they are not of oceanic origin.

Jones, Irwin, and Ovenshine (1972) postulate that the Klamath

Mountains and southeast Alaska were once a continuous terrane which

was dismembered during the late Paleozoic or early Mesozoic by

right-lateral transcurrent faulting. Boucot (in Moen, 1971) also

inferred right-lateral faulting to explain Silurian lithofacies offsets

and displacements, and pointed out that the Klamath Silurian and the

southeast Alaska Silurian are separated by 8000 km and that we have

no idea of the original relative positions. Churkin (1974) considered

that the difference in the basement between the Klamath Mountains

(Trinity ultramafic sheet) and southeast Alaska (metavolcanic and

metasedimentary rocks) opposed the idea that the two areas were

once together.
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The plate model proposed by Kennedy (1975) to explain the for-

mation of ophiolite assemblages in Newfoundland adjacent to meta-

morphic complexes does not work in this case. In Newfoundland the

metamorphic complex predates the Ordovician ophiolite, but in the

Klamaths the metamorphic event is younger (Middle Devonian) than

the ophiolite (Middle Ordovician).

According to Burchfiel and Davis (1975), following Late Pre-

cambrian rifting of a proto-North American continent, the Klamath-

Sierran island arc formed during the Middle Ordovician. Subsequent

closings of the marginal basins and collision of the island arc with

the North American continent caused the Antler (Late Devonian-Early

Mississippian) orogeny and the Sonoma (Permo-Triassic) orogeny.

Following the accretion of the Klamath-Sierran arc during the Sonoma

orogeny, an Andean-type magmatic arc developed along the western

edge of North America.

Burchfiel and Davis do not explain the presence of pre-Early

Silurian metamorphic rocks in the Klamath Mountains, nor do they

have a totally acceptable explanation for the 380-399 m. y. metamorph-

ism in the Klamath central metamorphic belt. They consider the

metamorphism of the Salmon-Abrams-Grouse Ridge units to be part

of the Antler orogeny, which would give the Antler orogeny a time

span of about 50 m. y. for which evidence is lacking in the western

U. S.



76

The model of development of sedimentary basins on the lower

trench slope by Moore and Karig (1976) can be used to explain many

of the sedimentary units in the area. According to Moore and Karig

(1976, p. 693),

In arc systems where an oceanic plate with a thick cover
of sediments is subducted, the sediments are scraped
off and accreted to the base of the inner trench slope. The
accreted sediments form ridges behind which younger
sediments are often ponded in basins. The width of these
basins progressively increases from 2 to 3 km at the base
of the lower slope to 10 km near the trench slope break.

Applying this model to the eastern Klamath Mountains, the Moffett

Creek Formation (and possibly the Duzel Phyllite) is the accretionary

complex, and the banded quartzite of Squaw Gulch, the siliceous mud-

stone of Thompson Gulch, the graywacke of Long Gulch, the Callahan

Chert, and the Gazelle Formation formed in basins on the Moffett

Creek Formation. If the units formed in basins on the lower trench

slope, this would explain the narrow but elongate outcrop pattern of

many of the units, the lack of deformation in the Gazelle Formation

compared to the Moffett Creek Formation, the greater areal extent

of the Moffett Creek Formation if it is the accretionary complex.

Another recent synthesis of the evolution of the Cordilleras

continental margin in terms of plate tectonics is by Dickinson (1977),

and is similar to Burchfiel and Davis (1975). Dickinson (1977) con-

sidered that the Roberts Mountain and Golconda allochthons are the

prime evidence of the Antler and Sonoma Orogenies, and that the
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375 m. y. dates of metamorphism of the central metamorphic belt

record subduction beneath an island arc. This period of regional

metamorphism (and orogeny?) should probably not be so quickly dis-

counted. If the 380-399 m. y. metamorphism (Potter and others,

1977) was associated with the Antler Orogeny then the orogeny would

span about 50 m. y. , and is not of "short duration" (Dickinson, 1977).

Present Work

Combining the present work and previously published work in-

cluding Potter, Hotz, and Rohr (1977) on the Klamath Mountains a

geologic history of the area can be synthesized.

The earliest event in the history of the Cordilleran mountain

system is said to be rifting of a proto-North American continent in

one or two episode: (Dickinson, 1977) during the late Precambrian.

Depending on the age of the various undated, but possibly pre-

Ordovician units in the eastern Klamath Mountains, some might date

back to the time of rifting or shortly thereafter (such as the quartzite

of Antelope Mountain to the north at Yreka).

The oldest dated rocks in the Klamath Mountains are gabbros

and quartz diorites (455-480 m. y. , Mattinson and Hopson, 1973) of

the Trinity ultramafic complex, suggesting that they are the basement

of the area. Peridotites in the area are undated but are assumed to

be the same age. The intrusive rocks are closely followed in time by
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fossiliferous rocks of Late Early? and Early Middle Ordovician age.

The fossiliferous Ordovician rocks include the Facey Rock Limestone

(Porter, 1973), interbedded gastropod-bearing limestone and muds tone

(Berry and others, 1973), and red limestone clasts in a conglomerate

from Lovers Leap, all indicating relatively shallow water deposition.

Limestone at Lovers Leap, Maclurites-bearing Limestone at Gregg

Ranch, limestone at Horseshoe Gulch, and possibly Duzel Rock

overlie volcanic rocks; most of the younger rocks in the area do not

overlie volcanics. The Ordovician rocks may have formed on the

ophiolite as oceanic islands, on the ophiolite after it was emplaced,

or on an island arc which developed on top of the ophiolite.

The time span between the absolute ages of the Trinity ultra-

mafic complex and relative ages of the fossiliferous sedimentary rocks

suggest a number of problems. First, if the Trinity ultramafic com-

plex represents oceanic crust as suggested by Lindsley-Griffin (1973)

and Mattinson and Hopson (1973) the sedimentary rocks would have to

have been deposited relatively soon after the formation of the oceanic

crust at a spreading center. The 455-480 m. y. absolute age corres-

ponds with Arenig-Llanvirn (van Eysinger, 1975; Boucot, 1975) which

is also the age of the oldest fossils (part of the Facey Rock limestone

may be Arenig, and the others mentioned above are Llanvirn). The

Llanvirn sedimentary rocks could have been 1) deposited at the spread-

ing center, 2) formed on mid-oceanic islands, 3) formed after the
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oceanic crust was obducted if the distance from the spreading center

was short and/or the rate of spreading was rapid. Other possibilities

are that the sedimentary rocks were not formed on the ultramafic

complex, but were faulted in at a later time or that the correlation

of absolute and relative time scales is not precise for the Lower and

Middle Ordovician. A last possibility that takes into account the geo-

chemical data of Potter and others (1975) is that the Trinity ultra-

mafic complex, or at least the gabbros, diorites, and volcanic rocks

are part of an island arc system on which the sedimentary rocks

formed.

Another potential problem that has been overlooked by most

people writing of the geologic history of the Klamath Mountains is

the presence of lower Paleozoic metamorphic rocks. Phyllite clasts

in a conglomerate in Horseshoe Gulch indicate that a metamorphic

terrane was being eroded by the Early Silurian (Rohr and Potter,

1973) and a conglomerate near Grouse Creek, China Mountain Quad-

rangle indicates that phyllite was being eroded from a very near

source during the Lower Devonian (Rohr, unpublished data; Olson,

1977). This information, combined with the large amount of undated

phyllite in the area, now suggests that the metamorphic rocks of the

"upper plate" or Duzel phyllite may represent an Ordovician or older

age of metamorphism. This would in turn indicate a metamorphic

event (orogeny?) possibly associated with the obduction of oceanic
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crust or collision of an arc with the continental margin or a remnant

arc. The resolution of this problem will depend, first on the dating

of the phyllites present in the eastern Klamath Mountains. Other

undated units such as the quartzite of Antelope Mountain (Hotz, 1974;

Klanderman, 1977) may also be of Ordovician or older age, indicating

that the early Paleozoic geologic history of the eastern Klamath

Mountains is much more complex than has been previously thought.

The sedimentary rocks of the Callahan area (with the exception

of the upper Gazelle Formation and the graywacke of Long Gulch) do

not include volcanic rocks or clasts indicating that they did not form

directly next to a magmatic arc. The Moffett Creek Formation pos-

sibly represents an accretionary wedge formed from turbidites at the

trench slope and was derived predominantly from plutonic and meta-

morphic sources. These sources may have been on the craton to the

east if the marginal basin was narrow, a rifted block of continental

crust, or from plutonic and metamorphic rock exposed in the roots

of a deeply eroded arc. The presence of large clasts (0. 5 to 1. 0 m

in maximum dimension) of dioritic and low-grade metamorphic rocks

in conglomerates favor the latter explanation. The abundant quartz

in the sedimentary rocks could have been derived from gabbroic and

dioritic ophiolite rocks (Churkin, 1977, pers. comm. ).

The other sedimentary rocks in the Callahan area are not as

tectonically disrupted as the Moffett Creek Formation suggesting that
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the other units (Gazelle Formation, Callahan Chert, banded quartzite

of Squaw Gulch, and siliceous mudstone of Thompson Gulch) may have

formed in ponded basins in the Moffett Creek Formation on the trench

slope as envisioned by Moore and Karig (1976). Alternatively, the

units may have formed on top of the Moffett Creek Formation in tec-

tonically active basins to the east of the arc.

The Gazelle Formation formed from a predominantly calc-

alkaline volcanic source (Condie and Snansieng, 1971) indicating

renewed volcanic arc activity in the area during the Late Silurian

and Lower Devonian. Metamorphism also occurred in the Early and

Middle Devonian (380-399 m. y. ) possibly due to partial closing of the

arc, arc collision, or increased subduction (Dickinson, 1977). The

rocks of the central metamorphic belt (Abrams, Salmon, and Grouse

Ridge Formations) are evidence of the "Klamath Orogeny" of Boucot

and others (1974) which also included basic and acidic volcanism

(Copley Greenstone and Balaklala Rhyolite). The volcanic units are

separated from the overlying Middle Devonian Kennett Limestone by

an unconformity. The Late Devonian-Early Mississippian Antler

Orogeny is possibly represented by an unconformity between the

Kennett and Bragdon Formations; however, evidence of metamorphism

or plutonism is absent in the Klamath Mountains during this interval.

The marginal basin is inferred to have again opened allowing

the deposition of the Bragdon and Baird Formations (pyroclastic
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rocks, mudstones, chert, sandstones) during the Carboniferous and

the McCloud Limestone in the Lower Permian. The marginal basin

apparently closed completely in Permo-Triassic time and was accret-

ed to the North American plate (Burchfiel and Davis, 1975, p. 373).

Blueschist metamorphism in the Triassic Stuart Fork Formation

(Hotz, 1977, p. 27) may be associated with this event. Vulcanism

and deposition of volcanoclastic sediments (Bully Hill Rho lite, Pit

Formation, Modin Formation) continued as part of a continental

margin magmatic arc until the Middle and Late Jurassic Nevadan

Orogeny. The Nevadan Orogeny is evidenced in the Eastern Klamath

Mountains by extensive plutonism including the Russian Peak and

Craggy Peak batholiths.
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PART II: PALEONTOLOGY

INTRODUCTION

Purpose

The purpose of this paleontologic study is to provide taxonomic,

paleoecologic, and paleobiogeographic information on a large and

relatively diverse collection of lower Paleozoic mollusks from the

Lovers Leap area. Gastropods make up the majority of the taxa,

but a few pelecypods, polyplacophorans, and rostroconchs are also

described. No publications since Walcott (1884) have dealt with more

than a few genera of lower Paleozoic gastropods from western North

America, so that it is hoped that this study will be a significant con-

tribution to that area of paleontology.

The gastropods in this study range from Middle Ordovician to

Early Devonian in age. Most of the fossils described here were re-

covered from limestone clasts in conglomerates. Rarely the gastro-

pods are found in association with brachiopods or conodonts. Many

of the inferred ages of the gastropods were obtained from diagnostic

fossils found in other clasts from the conglomerates.

Stratigraphy of the Localities

The largest number of specimens were obtained from the

limestone clasts of the roundstone polymictic conglomerate of the
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Kangaroo Creek Formation (Rohr, in press) (secs. 29, 30, 31, and

32, T41N, R8W). This unit crops out in six places in the SE 1/4 NE

1/4 sec. 31, four places in the NE 1/4 NW 1/4 sec. 32, SE 1/4 SW1/4

sec. 29, NW 1/4 SW 1/4 NW 1/4 sec. 29, and SW 1/4 NE 1/4 sec.

29 T41N, R8W, and in NE 1/4 sec. 20 and NW 1/4 sec. 21 to the

northeast of Lovers Leap at the Gregg Ranch. The conglomerate

overlies the massive pelletal limestone of the Kangaroo Creek Forma-

tion and, in places, the Lovers Leap volcanic rocks.

The polymictic conglomerate of the Kangaroo Creek Formation

consists predominantly of gray limestone with lesser amounts of

volcanic rocks, red limestone and chert. The red limestone clasts

are characteristic of the unit and are not found in any other conglom-

erate in the general area. The red limestone clasts have yielded

Middle Ordovician conodonts including Pygodus sp. , Panderodus sp. ,

Belodina sp. , Prioniodus sp. , Polyplacognathus ? sp. , Periodon sp. ,

"Acodus" sp. (Bergstrom, 1974, written comm. ). BergstrOm (1974,

written comm. ) also stated that the fauna is "...probably Llandeilian.

The fauna has obvious North American affinities; for instance, the

find of Pygodus is only the second in western North America."

Two hundred of the gray limestone clasts have yielded mollusks,

diagnostic Ordovician brachiopods (Diambonia, Christiania, Glypterina

and Anoptambonites) occur in 29 clasts, Ordovician or Silurian brachi-

opods in 86 clasts, and diagnostic Silurian fossils (Conchidium) from
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one clast (Rohr and others, 1974; Rohr and others, 1975). The

Ordovician brachiopods are of Old World aspect (Potter and Boucot,

1971).

Method of Study

Nearly all of the mollusks studied are silicified, and most are

from limestone clasts in conglomerates. Since fossils are so scarce

in the Lovers Leap-Gregg Ranch area, all limestone that appeared

to be fossiliferous was sampled. The limestone was etched in hydro-

chloric acid and the fossils (if any) were picked from the residues.

Fossils from individual limestone clasts were catalogued and boxed

separately. The fossils were hardened in alvar, and those chosen

for photography were darkened with India ink and then coated with

ammonium chloride to enhance contrast. Photographs were taken

with a Pentax 35 mm camera with a 100 mm f:22 copying lens mounted

on a bellows and/or extension tubes.

Depth assignments for the environments of mollusks are given

in terms of Benthic Assemblages (B. A. ) of Boucot (1975). Since most

of the mollusks are from limestone clasts it is difficult to use sedi-

mentologic data to determine paleobathymetry. Most of the depths

cited for the mollusks were derived by comparing the genera present

to established depth schemes such as Boucot (1975).



86

Previous Work

Paleontologists have been studying the sparse but varied fauna

of the eastern Klamath Mountains since 1886 when J. S. Diller first

described the fossiliferous limestones at Gazelle. C. W. Merriam

(1961, 1972, and in Wells, Walker, and Merriam, 1959) was respon-

sible for much of the work in the Gazelle-Callahan area during the

1950's on brachiopods and corals. Churkin, working in the Gazelle

area, reported on Silurian tribolites (1961), and the first occurrence

of graptolites in the Klamath Mountains (1965). Johnson and Konishi

(1959) studied Silurian calcareous algae from Horseshoe Gulch, in

northeast Etna quadrangle. Recent unpublished theses which include

paleontologic data on the Callahan area include Zdanowicz (1971), Rohr

(1972), Porter (1973), Olson (in prep. ), and Potter (in prep. ). Boucot

(1971) has studied Silurian brachiopods of the area, and Boucot and

others (1973a, 1973b) have reported on the brachiopods, conodonts,

graptolites, tribolites, corals, and ostracodes of the Middle Ordo-

vician through Middle Devonian rocks of the Klamaths. Berry and

others (1973) claim the western-most Early Middle Ordovician

graptolite fauna recovered in the United States from Horseshoe Gulch.

Other studies of Ordovician through Devonian fossils include Potter

and Boucot (1971), Rohr and others (1974, 1975) and Boucot and

others (1974).
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The number of major works on lower Paleozoic gastropods is

somewhat limited, and most of these were written in the nineteenth or

early twentieth century. The gastropod section of The Geology of

Minnesota by Ulrich and Scofield (1897) is probably the largest North

American compilation of Ordovician gastropods. Other shorter, but

significant publications include, Salter (1859) and Billings (1865) on

Paleozoic Canadian fossils, Foerste (19241 on the Upper Ordovician

faunas of Ontario and Quebec, Troedson (1928) on the Middle and

Upper Ordovician faunas of Greenland, Wilson (1931, 1938, 1951) on

Canadian gastropods.

Most of the more recent work on lower Paleozoic gastropods

has been done by Knight and Yochelson including the Treatise volume

on gastropods.

Horny, the leading European lower Paleozoic gastropod author-

ity, has summarized the state of European bellerophontid (and essen-

tially all gastropod) literature (1963, p. 58):

As far as the research of the bellerophontids in
Europe is concerned, it is published mainly in the follow-
ing monographs: G. Lindstroem 1881, J. Perner 1903,
F.R. C. Reed 1920-1921, E. Koken 1925 (edited by J.
Perner). The best monograph is that of G. Lindstroem;
his descriptions are objective and exact, as well as the
drawings by the famous painter and great lover of nature,
G. Liljevall. Very good also is the monograph of F. R. C.
Reed, but his drawings are seemingly slightly idealized,
and among his species there are probably many syno-
nyms. The monograph of J. Perner 1903, unfortunately,
does not give us an objective picture of the Bohemian
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bellerophontids at all. The descriptions are unequal, not
objective and in many cases not critical enough as far as
the mode of preservation and postmortal deformations are
concerned. The textfigures are strongly idealized and some-
times fictitious. The figures given on the plates are much
better; nevertheless, they do not show enough details.
Finally, the work of E. Koken, edited by J. Perner 1925,
is imperfect in almost all aspects, and it is nearly impos-
sible with which to compare the types.

Koken's 1897 paper, "Die Gastropoden des Baltischen Unter-
silurs"

... contains short descriptions. It is not accompanied by
plates and only a few species are illustrated by text figures;
this is a preliminary paper in every sense of the word
(Yochelson, 1963, p. 139).

Yochelson (1963, p. 139) further discusses the inadequacies of Koken's

publications:

Criticism can be leveled at Koken's work on several
grounds. He seemingly had little concern for the strati-
graphic distribution of the gastropods as he described or
redescribed more than thirty-five Ordovician species from
Pleistocene drift in Germany, only three or four of which
were also reported from outcrops. He was a "splitter" as
between the Ordovician fauna of Norway and Sweden, he
recognized only four species in common; most of these
species are from the Upper Ordovician. The most serious
problem, however, admittedly judging only from the
Norwegian material, was Koken's description of some
species based on inadequate material. Further, illustra-
tions of many species are so generalized and the descrip-
tions are so short that it is doubtful whether some species
can be recognized outside of the type lot. One need only
compare Koken's monograph with the Silurian gastropod
study by LindstrOm (1884) to become aware of the less pro-
found nature of Koken's paper.
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Ecology

As with most other aspects of Paleozoic gastropods, little has

been written about their ecology. A short section in the Treatise on

Invertebrate Paleontology outlines the habits and food of modern

gastropods. Cox (Treatise, 1960, p. 186) notes,

Most marine forms are benthonic, but some are pelagic,
and many benthonic species have pelagic larvae. The
benthonic forms live on most types of sea bottom, some
creeping on solid rock, others sheltering beneath stones,
and others burrowing into the sediment. Some species
live near or even above the high-water mark, and some
may occur at very great depths, but the great majority
live in comparatively shallow water.

Clarke (1962) concluded that, "... the first members of the

present abyssal mollusk fauna to invade the deep sea probably did so

in the relatively recent geologic past. "

Boucot (1975, p. 238) discussed lower Paleozoic gastropod

diversity and abundances:

Lower Paleozoic gastropods occur in relatively high
abundance in Benthic Assemblage 1. High abundances are
also met with in the upper parts of Benthic Assemblage 2 and
in the brackish environment. Seaward of these Benthic As-
semblage positions it is most unusual, in the pre-Middle
Devonian to find high concentrations of gastropods relative
to other taxa. In the Benthic Assemblage 3-5 span it is
very uncommon to find more than 1% of gastropod speci-
mens in the total count of benthic shells. This abundance
relation changes radically during the Upper Devonian,
until by Carboniferous time gastropods are widely dis-
tributed in moderate to even high abundance locally in well
offshore positions. The mechanism responsible for this
radical change in offshore gastropod abundance is not
understood at present.
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Boucot (1975, p. 239) also notes exceptions to the abundant shallow

water occurrences are oriostomatids and euomphalopterids which

are moderately abundant in B. A. 3-5 level bottom communities, and

platyceratid gastropods which attain a moderate abundance in Benthic

Assemblage 3-5 where they maintain a coprophagous relationship

with crinoids. The habits of platyceratid gastropods are probably

better known than any other Paleozoic gastropod group due to publica-

tions such as Bowsher (1955).

The vast majority of the Klamath gastropods belong to the order

Archaeogastropoda of which all living species are herbivores (R. D.

Turner, 1973, written comm. ). It seems reasonable to assume that

this group was also herbivorous (with a few coprophagous members)

in the Paleozoic. This assumption is supported by the fact that the

gastropods are usually very abundant and show low diversity in the

beds from which they are recovered, something which one would not

expect if they were carnivores. Cylindrical borings similar, but not

identical, to those made by modern gastropods have been observed in

lower Paleozoic fossils (Rohr, 1976); however, there is no evidence

to suggest that they are actually due to gastropods. "Modern-type

borings seem to originate among the Naticacea in medieval Cretaceous

times" (N. F. Sohl, 1974, written comm. ).

Horny (1962, p. 67) and Peel (1974, p. 246) suggest that the

large, expanded apertures of bellerophontid gastropods are an
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adaptation to life on a soft substratum, although Horny notes that this

feature is also observed in specimens from sandy facies. Horny

(1962, p. 67) also observed that,

The shells of Grandostoma grande are often found over-
grown with roots of the small crinoids. Large, flat shells
of these gastropods made it possible for the crinoids to
exist even in the facies of very soft clayey bottom.

Horny's bellerophontid paper (1962) is one of the few publica-

tions that goes into any detail of gastropod ecology. He stated (p. 66-

67) that:

In the Lower Devonian can be studied very well the
facies dependence of many species. There existed synchro-
nous facies of the typical bioherm limestones -- Upper
Koneprusy Limestone together with the muddy nodular Dvorce-
Prokop Limestone, which represents a sediment of deeper
sea (of about 150-200 m). In the facies of the bioherm lime-
stone there occur Boiotremus fortis (Frech), Bellerophon
(B. ) bohemicus Perner, and Kodymites whidbornei ( Perner).
These species are absent in the facies of the Dvorce-Prokop
Limestone. There predominates, on the contrary, a gastropod
fauna characterized by small-sized specimens: Tropidodiscus
(Tr opidodiscus ), Sinuitina, Paleuphemites , Kodymites,
Bellerophon (Bellerophon). These small gastropods occur
together with other fauna which is also characterized by small
size: palaeozygop leur ids , crinoids, br achiopods, hyolithids,
tribobites etc.

As far as feeding of the bellerophontids is concerned it
is possible to suggest that some of them were probably phyto-
phagous. They prefered, in general, light biotopes which
correspond to the littoral or sublittoral zone. Some species,
occuring in dark limestones originated in depth of about 150-
200 m., might have feeded on organic debris, perhaps simi-
larly like the recent representatives of the genus Neopilina
Lemche.
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Yochelson (1975) speculated on the habitat of the Early Ordovi-

cian, operculate gastropod Ceratopea. He thought that Ceratopea

grazed on algal mats at a depth of less than 20 feet (6 m) in marine

environments having a greater salinity than normal. Occasional

influxes of hypersaline water killed the animals, after which the

operculum fell off and the shell floated away. Yochelson suggested

that since Ceratopea is closely related to Maclurites that the latter

might have had a similar habitat.

Peel (1973, p. 129) noted a trend in Silurian gastropods from

the Arisaig Group, Nova Scotia, in which the lophospirid pleuroto-

mariacean fauna occupied the firm, sandy substratum of open marine

areas, and the high-spired loxonematacean and murchisoniacean fauna

lived on softer, muddy open marine areas. In shallowing sequence

holopeiform species are replaced by bellerophontaceans which in turn

are replaced by trilobed bellerophontaceans. The open marine faunas

of Nova Scotia are different from the reef faunas of the same age in

Gotland.

Bretsky (1970, p. 44) observed that in the Ordovician of the

Appalachians pleurotomariaceans are abundant in fine sandstones and

siltstones; the bellerophontid Plectonotus? sp. was abundant in areas

where silt and sand were transitional into cross-bedded sands and

organic muds; and the murchisoniids were confined exclusively to

carbonate muds.
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Stanley (1977), working on the Carters Limestone (Black. River)

of Tennessee, concluded that Subulites lived in a shallow, subtidal

marine environment characterized by a soft mud substrate. In the

Carters Limestone Subulites is the most abundant gastropod in the

winnowed mud facies and archeogastropods (Loxoplocus and Hormo-

toma) are the most abundant in the pure mud facies (Stanley, 1977,

p. 164). While Subulites has an advanced shell form and might rea-

sonably be inferred to be a predator, the large numbers of shells in

the Carters Limestone indicated to Stanley (1977, p. 165) that a more

likely interpretation would be a scavenger. The assemblage of gas-

tropods, with the exception of Subulites is very similar to the

Lophospira-Hormotoma assemblages of the Klamath Mountains.
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CONCLUSIONS

Paleoecology

The Ordovician gastropods of the Callahan area can be sub-

divided into two common intergrading, recurring groups or communi-

ties and two less common communities. These communities are

summarized along with other published community syntheses in

Table 4.

Lophospira, Paraliospira, and Murchisonia are the most

abundant gastropods in the Klamath Ordovician and compose two

intergrading communities with Lophospira 0.nd Murchisonia as the

end members and with Paraliospira abundant in both communities.

The Lophospira community is defined as an assemblage of 75

percent or more mollusks in which Lophospira comprises more than

half of the gastropods present. Paraliospira is commonly present in

moderate abundance, as well as the less abundant Liospira, Holopea,

Boucotspira, and Ellisella. Polyplacophorans and pelecypods also

occur in this community suggesting that it ranges from low intertidal

(B. A. Z) through shallow subtidal (B. A. 3). The Lophospira com-

munity occurs in pelletal limestone at Lovers Leap which would be

consistent with this interpretation.

The Murchisonia community is defined as an assemblage of 75

percent or more mollusks in which Murchisonia (including
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M. (Murchisonia) and M. (Hormotoma)) comprises more than half

of the gastropods present. Paraliospira is commonly present as

well as the less abundant Holopea, Cyslonema (locally abundant),

Maclurites, Liospira, Pachystrophia, and Lophospira. The uncom-

mon occurrence of brachiopods Glypterina, Hesperothis, Anoptam-

bonites, and Diambonia suggests that the community occupied the

upper part of B. A. 4 as well as B. A. 3.

Those assemblages which contain elements of both the Lopho-

spira and Murchisonia communities are referred to as a gradational

Lophospira-Murchisonia community (either Lophospira or

Murchisonia dominated).

The Lophospira community appears to be equivalent, in part,

to Bretsky's (1970) Sowerbyella-Onniella which contains brachiopods

and Lophospira, and existed on a sandy or silty bottom. Bretsky

(1970) considered this community to be outer sublittoral while Boucot

(1977, pers. comm. ) considered that the community may include

B. A. 2 because it intergrades with the B. A. 1 Orthorhynchula-

Ambonychia community.

The Murchisonia community appears to be equivalent in part to

Bretsky's (1970) Zygospira-Herbertella community which contains

brachiopods and Murchisonia, and existed on a carbonate mud sub-

strate. Bretsky (1970) considered this community to be inner and

outer sublittoral while Boucot (1977, pers. comm. ) considered that
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it may include B. A. 2 (because it intergrades with the B. A. 1

Orthorhynchula-Ambonychia community) as well as deeper environ-

ment. In Bretsky's (1970) scheme Lophospira belongs to a slightly

deeper community than the murchisonids which is the reverse of

the Klamath gastropods.

Bretsky's (1970) Orthorhynchula-Ambonychia community which

contains the bellerophontid gastropod Plectonotus ? is not present in

the Klamath Ordovician. Plectonotus ? was interpreted by Bretsky

(1970) to have lived in inner subtidal and intertidal environments on

a silty or sandy bottom. Boucot (1975) considered Plectonotus to be

in B. A. 1.

The gradational Lophospira-Murchisonia community may be

approximately equivalent to the Murchisonia-Loxoplocus-Subulites

assemblage of the Carters Limestone (Stanley, 1977) which lived on

a subtidal carbonate mud substrate. The abundant Subulites (50 per-

cent or more) has no equivalent in the Klamath Ordovician.

In the Maclurites community, Maclurites may make up only 25

percent of the shells by count, but the much greater size of the

Maclurites compared to the brachiopods commonly makes the rock

appear to be a Maclurites coquina, In the one outcrop of limestone

in the Klamath Ordovician that contains a Maclurites community,

the brachiopods Skenidioides, Phragmorthis, Orthambonites,

Glyptorthis, Craspedelia, Xenambonites, and Christiania are



Table 3. Ordovician Gastropod Communities from Published Sources and the Klamath Mountains Ordovician.

B.A. 1

B. A . 2

B. A . 3

B.A. 4-5

Orthorhynchula-Ambonychia Comm. (1)
(Plectonotus?), silt, sand

Zygospira-
Herbertella Comm. (1)
(Murchisonia)
carbonate mud

Sowerbyella-
Onniella Comm. (1)
(Lophospira)
sand, silt

Dicaelosia-Skenidioides Comm. ( 2)
( Gyronema) carbonate

Plectonotus Comm. (2)
sand

Subulites -
Loxoplocus-
Murchisonia
assemblage (3)
carbonate mud

Lophospira
Comm. (4)
(Paraliospira)
pelletal
carbonates

Murchisonia-
Comm. (4)
(Paraliospira)
carbonate

Maclurites-
Girvanella
Comm. (5, 6)

Maclurites
Comm. (4)

Sources
1.

2.
3.

4.
5.

6.

Bretsky, 1970
Boucot, 1975
Stanley, 1977
Rohr, this report
Banks and Johnson, 1957
Ross, 1977
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moderately abundant suggesting a depth of deep B. A. 3 to B. A. 4.

Other reported occurrences are much shallower. Banks and Johnson

(1957), Meyer (1975), and Ross (1977) report Maclurites from shallow

subtidal or intertidal environments in epicontinental seas. In the

Klamath Ordovician, single specimens of Maclurites or its operculum

are found in the Lophospira, (both B. A. 2-3), and

Dicaelosia-Skenidioides (B. A. 4-5) associations, which, assuming no

transportation has taken place, indicates that Maclurites could toler-

ate a wide range of depth conditions.

In Horseshoe Gulch, three limestone bodies contain brachiopods

of the Dicaelosia-Skenidioides and Clorinda community indicating a

depth of B. A. 4-5, although Potter (1977) considers the presence of

calcareous algae to indicate a shallower depth within the photic zone.

These deeper communities commonly contain small numbers of

Lophospira and Murchisonia, and up to 25 percent Gyronema aff.

G. historicum.

Ta2soliornyanch

Of the 71 gastropods, 3 pelecypods, 2 rostroconchs, and 5

polyplacophorans described in this report, 6 new genera and 20 new

species of gastropods are established. In addition, four new types of

polyplacophorans are described but not named. All but one of the new

genera are known only from the Klamath Mountains. Paraliospira is
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established for two new species from the Klamath Mountains and two

species formerly assigned to Liospira from the mid-continent of

North America and the Klamath Mountains.

Any discussion of the biogeography of the Klamath Mountain

gastropods is necessarily limited by the relatively poor knowledge of

lower Paleozoic gastropods. Most of the gastropods described in

this report are cosmopolitan, and those few provincial forms may

also be more widespread than thought when more work is done.

Gastropods such as Lophospira, Murchisonia, Liospira, and

Maclurites are very abundant and widespread. Subulites (Cyrtospira),

in contrast, is distributed world-wide but is quite rare. Abundant

bellerophontid gastropods are absent in the Klamath Mountains, but

this may be due to ecologic rather than biogeographic constraints.

The Klamath gastropods and unpublished faunas from Alaska

share certain common genera including Paraliospira and Trocho-

nemella in the Ordovician and Coelocaulus in the Siluro-Devonian.

Euryzone petilitornata is an uncommon species which also occurs

in the Stinchar Limestone of Scotland (Yochelson, unpub. data).
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Table 4. Mollusks of the Lovers Leap and Gregg Ranch areas.

Gastropods
indet. bellerophontacean
Tropidodiscus (Peruniscus) sp.
Temnodiscus euryomphalus (Lindstrom) 1884
Megalomphala? sp.
Megalomphala? contorta (Eichwald) 1860
Maclurites klamathensis n. sp.
M. sp. A.
M. aff. M. crassus Ulrich and Scofield, 1897
M. sp. B.
M. sp. C.
Maclurites operculum type 1
M. operclum type 2
M. operculum type 3
M. operculum type 4
Helicotoma griffini n. sp.
H. olsoni n. sp.
Boucotspira fimbriata n. gen. and sp.
Ophiletina aff. 0. sublaxa Ulrich and Scofield, 1897
1,pospira sp.
Ecculiomphalus sp.
Lesueurilla cf. L. marginalis ( Eichwald), 1860
?Pachystrophia cf. P. devexa (Eichwald), 1859
Straparollus ( Euomphalus) sp.
Biformispira isaacsoni n. gen. and sp.
Ellisella greggi n. sp. and gen.
Linsleyella johnsoni n. gen. and sp.
new genus A.
Liospira helena ( Billings), 1860
Liospira modesta Ulrich and Scofield, 1897
Paraliospira angulata (Ulrich), 1897
Paraliospira mundula (Ulrich), 1897
P. gradata n. gen. and sp.
P. planata n. gen. and sp.
Mourlonia? perryi n. sp.
Eotomaria sp. A
E. sp. B.
Loxoplocus cf. L. (Lophospira) surnnerensis (Safford)
L. LL. ) perangulata (Hall), 1847
L. cf. L. (L. ) medialis Ulrich and Scofield, 1897
L. cf. L. (L. ) procera Ulrich, 1897
L. U.) sp.
Trochonemella? nikulici n. sp.
Siskiyouspira vostokovaena n. gen. and sp.
Euryzone petilitornata Linsley, 1968
Coelozone? aff. C. fascinata Linsley, 1968
n. genus aff. Euomphalopterus
Euomphalopterus? sp.
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Table 4. (Continued)

Trochonema cf. T. (Eunema) salteri Ulrich and Scofield, 1897
Holopea elizabethi n. sp.
H. brucei n. sp.

H. glindrneyeri n. sp.

H. sp.
Raphispira? sp.
Gyronema liljevalli n. sp.
G. aff. G. historicum ( Hudson), 1905
Cyclonema (Cyclonema)sp.
Platycer as iPlatyostoma ) sp.
Murchisonia (Murchisonia sp. A.
M. ) sp. B

M. (II. ) callahanensis n. sp.
M. (M. ) callahanensis var. coeloconoidea n. sp. and var.
M. (Hormotoma) sp. A
M. (Hor motoma ) sp. B
M. (Hormotoma) sp. C
M. sp. A
M. sp. B
Ectomaria prisca (Billings), 1859
Coelocaulus rodneyi n. sp.
Subulites ( Cyrtospira) sp.
S. (Fusispira?) sp.
S. sp.

Pelecypods
Tancrediopsis sp.
Cyrtodonta sp.

Rostroconchs
Bransonia sp. A.
B? sp. B

Polyplacophorans
Cheloides sp.
new genus aff. Calceochiton
polyplacophorai. type A
polyplacophoran type B
polyplacophoran type C
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SYSTEMATIC PALEONTOLOGY

Class GASTROPODA Cuvier, 1797

Subclass PROSOBRANCHIA Milne-Edwards, 1848

Order ARCHEOGASTROPODA Thiele, 1925

Suborder BELLEROPHONTINA Ulrich and Scofield, 1897

Superfamily BELLEROPHONTACEA M'Coy, 1851

The most recent classification of Bellerophontacea, that of

Knight and others (1960), is based on the general shape of the aperture

and the shape of the edge of the outer lip. Horny (1963) pointed out

some of the problems of the current system of classification. He

concluded that (p. 68),

After the investigation made on the Bohemian Lower Paleo-
zoic material one fact appeared, that the development and
shape of the anal emargination might not be so important
systematical feature as it was believed to be. ... I think,
therefore, that the system recently adopted needs, after
adding the new genera, a careful revision which will con-
sider, in addition to the anal emargination, the general
shape of the shell, as well as the inductural deposits.

As concerns the Klamath bellerophontaceans, the current system

of classification is not too practical because few of the gastropods

preserve the aperture.

Indet. bellerophontacean

Plate 2, Fig. 15-17

Description: Small (1. 8 mm in diameter); planispiral; phaneromphalus

gastropods; each whorl about twice as wide as previous whorl; angular
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dorsal keel flanked by angular carinae of about the same shape and

size as keel, one each at edge of whorl; concave surface between keel

and carinae; sides flat and parallel or very slightly concave plunging

sharply at approximately 90° into the umbilicus where it joins the

side of the previous whorl at a right angle; whorl section angular with

three ridges; faint growth lines; aperture unknown; nucleus unknown;

appears not to have a selenizone.

Specimen 1: 1 = 1.8 w = 0. 9 h = 1. 5 (distorted specimen)
2: 2. 1 2.0 1. 5

Discussion: The description is based on two silicified specimens. No

illustrated bellerophontaceans are as angular as these specimens.

They have some of the characteristics of several groups. Tetranota

(subfamily Bucaniinae) has spiral cords and an open umbilicus, but

the Klamath shells do not appear to have a selenizone. Trigyra

(fH.mily Cyrtolitidae) has spiral costae but has disjunct coiling.

Bucanella (subfamily Bucanellinae) is trilobate and has the same

general features as the Klamath shell but is not nearly so angular.

Since the aperture is not preserved, and only two specimens were

recovered, it is not possible to make a certain assignment of this

shell to a family.

Numbered specimens: R31f-Q

Ecology: The specimens are from a limestone clast which also con-

tained cephalopod fragments and an amphineuran plate suggesting a
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shallow water molluscan assemblange.

Occurrence: Roundstone polymict conglomerate, Kangaroo Creek

Formation at the Gregg Ranch, locality R31f. Middle Ordovician to

Upper Silurian.

Family BELLEROPHONTIDAE M' Coy, 1851

Subfamily TROPIDODISCANAE Knight, 1956

Genus TROPIDODISCUS Meek and Worthen, 1866

Subgenus TROPIDODISCUS (PERUNISCUS) Horny, 1962

Tropidodiscus (Peruniscus) sp.

Plate 1, Figure 5, 6

Description: Small (4 mm), widely lenticular, planispiral gastropod;

umbilicus is wide, taking up about one third the height of the shell;

subangular keel; sides of whorl gently convex from keel to circum-

bilical angulation; umbilical wall steep; each whorl overlaps about

half of previous whorl; aperture unknown; outer surface smooth; no

slit or selenizone observed.

Discussion: The subgenus is represented here by one silicified spe-

cimen the aperture of which is not preserved. The keel is not as

acute as most species of Tropidodiscus which may be due to abrasion

of the specimen. No slit or selenizone was observed suggesting that

the specimen might belong to the Middle Ordovician genus Cyrtodiscus

Perner, but as Horny commented (1963, p. 89), Cyrtodiscus is an,

"Imperfectly defined genus based on single species known from two
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specimens only." It seems more likely that the Klamath specimen

belongs to the more commonly encountered Tropidodiscus, and that

the selenizone was not preserved.

Numbered specimen: RS-17

Ecology: The specimen is from a limestone clast which also contained

Murchisonia callahanensis (83), Paraliospira mundula (4), Holopea

sp. (1), Tancrediopsis sp. (2), and Bransonia sp. (1) indicating a

shallow, Murchisonia -dominated molluscan assemblage, probably

about B. A. 3.

Occurrence: Locality RS, roundstone polymictic conglomerate of the

Kangaroo Creek Formation. Probably Middle or Upper Ordovician.

Subfamily TROPIDOSCINAE Knight, 1956

Genus TEMNODISCUS Koken, 1896

The genus Temnodiscus Koken has had a very confusing history.

LindstrOm (1884) established seven species that he considered to

belong to CLrtolites. Ulrich and Scofield (1897) noted that the seven

species of LindstrOm had a selenizone which other species of

Cyrtolites did not have, and they established a new genus, Cyrtolitina

Ulrich and Scofield, which contained five of LindstrOm's seven species

of Cyrtolites including his C. lamellifer which was designated the

genotype. Ulrich and Scofield (1897, p. 847) characterized their new

genus as having a slit band and a deep sinus. Koken (1896), however,

had placed the same five species of Cyrtolites from LindstrOm's 1884
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paper in his genus Temnodiscus. In 1925 Koken included Ulrich and

Scofield's genus Crytolitina (which consisted of the five LindstrOm

species plus C. nitidula (Ulrich)) in Temnodiscus and stated that one

of the characteristics of the genus was that its members did not have

a slit band. LindstrOm (1884), it should be noted, described the spe-

c imens in question as having slit bands. The curious situation existed

at this point, then, of assigning to a genus species which did not have

the diagnostic characteristics of the genus as established by Koken.

Knight and others (1960, p. 179) recognized Temnodiscus Koken as

a valid genus but changed the diagnosis to,

Whorls disjunct; slit moderately deep; varices formed by
rather strong foliaceous periodic expansions of lateral
lips; ornamentation numerous spiral cords.

Summary of species of Temnodiscus Koken 1896

Cyrtolites lamellifer LindstrOnn, 1884 (genotype of Temnodiscus)

C. pharetra LindstrOm 1884 = .Pharetrolites Wenz, 1943

C. arrosus LindstrOm, 1884

C. obliqus LindstrOm, 1884

C. euryomphalus LindstrOm, 1884

Cyrtolitina nitidula (Ulrich) 1897

Temnodiscus accola Koken, 1896

T. pleurogonus Koken, 1925

T. secans Koken 1897

T. elegans Koken, 1925 = Pharetrolites (according to Yochelson, 1963)
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T. tumidus Koken, 1896 = Pharetrolites (according to Yochelson,

1963)

T. nautilinus Koken, 1925 = Tropidodiscus?

T. sphenotus Koken, 1897 = Tropidodiscus?

T. imbricatus Koken, 1925 = T. sphenotus Koken, 1897 (according

to Yochelson, 1973)

T. parvus Koken, 1925

ogygiae Koken, 1925

T. ingricus Koken, 1897 (steinkern)

T. suecicus Koken, 1897 = Tropidodiscus ?

T. viator Koken, 1925 = Tropidodiscus ?

T. minutus Koken, 1925

T. lindstrbmi Koken, 1925 = Tropidodiscus

T. fletcheri Reed, 1920

T. monolifer Reed, 1920

T. murchisoni (D'Orbigny) 1848

T. salopiensis Reed, 1920

T. solitarius Reed 1920

Cyrtolites insculptus Northrop, 1939

Temnodiscus? euryomphalus (Lindstri5m), 1884

Plate 1 fig. 1-2; Plate 2, figs. 4-7.

1884 Cyrtolites euryomphalus Lindstrom. Silurian Gastropoda and

Pteropoda of Gotland, p. 84; pl. 7, fig. 18-21.
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Description: Moderately small; planispir al; widely phaneromphalus

with sharp circumumbilical angulation at about the middle to two-

thirds of the way inward on the whorl; longer than wide; sutures deep;

dorsal crest 0. 5 mm high on last whorl, rectangular in cross-section,

topped by apparent senenizone covered with faint growth lines; whorl

profile slightly convex from crest to circumumbilical angulation, then

plunging steeply into umbilicus; whorls cover only small portion of

previous whorl, but always in contact; width of whorl expands about

twice per volution; slightly prosocline lamellar or rugose ornamenta-

tion; aperture unknown.

length width height (mm)

specimen 1 5. 0 2. 5 4. 7

2 4.7 2.2 3.5

Discussion: The description is based on two silicified specimens

wl ich are slightly distorted and do not preserve the aperture. The

specimens appear very similar to the Wenlock species Temnodiscus

euryomphalus (LindstrOm). The species was originally assigned to

Cyrtolites by LindstrOm (1884), then to Cyrtolitina Ulrich (in Ulrich

and Scofield, 1897), and Temnodiscus Koken.

While the species has been assigned to Temnodiscus, T.

euryomphalus differs from the other members of the genus in having

all its whorls in contact, and a slower rate of expansion. The pres-

ence of a selenizone indicates that the species does not belong to
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Cyrtolites, and is a tropidodiscinid. It is likely that the species

might belong to a new genus, but since the two Klamath specimens

are imperfect (no apertures), and the Gotland material is not avail-

able, no such attempt is made here.

Numbered specimens: RAP-12 (2)

Ecology: The specimens are from a limestone clast which also con-

tained Lesueurilla marginalis (1), and Lophospira perangulata (4)

suggesting a Lophospira-dominated molluscan assemblage (B. A. 3).

Occurrence: Locality RAP-12, roundstone polymict conglomerate,

Lovers Leap area. Temnodiscus euryomphalus was reported by

Lindstriim from the Wen lock of Gotland, but the Klamath occurrence

is more likely to be Middle or Upper Ordovician since it occurs with

Lesueurella which has a known range of Ordovician only, and since

the great majority of dated clasts from the conglomerate are Middle

or Upper Ordovician.

Family BELLEROPHONTIDAE M'Coy, 1851

Subfamily BUCANIINAE Ulrich and Scofield, 1897

Genus MEGALOMPHALA Ulrich and Scofield, 1897

Discussion: Megalomphala is a poorly known genus, and Yochelson

(1976, personal commun. ) has suggested that Megalomphala may

actually represent specimens of Bucania on which the spiral orna-

mentation is not present or not preserved. In this study, Mega-

lomphala is tentatively used, since some of the specimens strongly
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resemble species originally assigned to that genus.

Diagnosis: Aperture little, it at all expanded, lacking spiral orna-

mentation.

Megalomphala? sp.

Plate 1, figs. 11-14.

Description: Small (2. 5 mm in diameter); planispiral; phaneromphal-

ous; moderate rate of expansion; each whorl covering about half of

previous whorl; whorl profile broadly rounded on dorsum, turning

steeply into umbilicus; umbilicus covered, perhaps by inductural

deposits; aperture slight ly flairing; anterior margin of aperture not

preserved, but growth lines suggest broad V-shaped sinus; narrow

selenizone which is nearly flush with dorsal surface; parietal inductura

thin, extending back only short distance; faint prosocline growth lines.

length width height (mm)

2. 5 1. 9* 2. 0 *incomplete

Discussion: The description is based on one silicified specimen.

The shell's characteristics of wide umbilicus and narrowly expanding

aperture suggest that it belongs to Bucania, but the specimen appar-

ently lacks the diagnostic spiral ornamentation of that genus, so that

it would most likely belong to the more poorly known genus, Mega -

lomphala, which resembles Bucania except for the revolving ornamen-

tation. The shell was found in a clast which also contained a similar

bellerophontid which lacks the umbilical filling and growth lines and
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resembles Megalomphala contorta. It seems possible that the two

specimens might be different species of the same genus, although

more material would be needed to make a definite determination.

Numbered specimen: R31f-J

Ecology: The specimen was recovered from a limestone clast which

also contained indet. smooth brachiopods, Megalomphala contorta (1),

Maclurites sp. (5), Ophiletina aff. 0. sublaxa (1), Tropidodiscus ?

sp. (1), Holopea sp. (9), Lophospira perangulata (3), Murchisonia sp.

A. (9), and indet. tubes, indicating a relatively diverse molluscan

assemblage (probably about B. A. 3), possibly slightly deeper than the

normal Klamath molluscan assemblage as indicated by the presence

of brachiopods and Maclurites.

Occurrence: Limestone clast in the roundstone polymictic conglomer-

ate of the Kangaroo Creek Formation, locality R311, Gregg Ranch

area. Middle or Upper Ordovician on the presence of Maclurites.

Megalomphala? contorta (Eichwald) 1860

1860 Bellerophon contortus Eichwald. Lethaea Rossica ou Paleon-

tologie de la Russie DeOrite et Figuree, p. 1072

1897 Megalomphalus contortus Ulrich and Scofield, Geology of

Minnesota, v. 3, pt. 2, p. 850.

1941 Megalomphala contorta Knight, Paleozoic Gastropod Genotypes,

p. 192, pl. 8, fig. la-b.

Description: Moderately small (5 mm) planispiral; widely
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phaneromphalous gastropods with a vertically compressed oval whorl

profile; whorl thickness increases about 3x per volution; small dis-

tinct dorsal carina; sutures moderately deep; whorls slightly overlap;

ornamentation not observed; aperture not known.

length width height (mm)

R1E (1) 4. 5 2.5 4.0

R1E(2) 6 . 5 3. 5 4.5

R1AC 6.5 4.5 3.5

R3lfj 6. 5 4. 5

Discussion: Five silicified specimens were recovered from four

localities. Since the aperture is not preserved identification is

difficult, but the body whorls appear to be identical to Megalomphala

contorta. It is not as compressed as "Microceras" inornatum Hall

1845. The specimens might also be assigned to Bucania if they

originally had spiral ornamentation, or if, as Yochelson (1976, pers.

commun. ) has suggested Megalomphala is not a valid genus and should

be included in Bucania. Since only a small number of imperfect spe-

cimens is available, they are tentatively assigned to Megalomphala.

Numbered specimens: R1E, R1AC, R31f-J, and 21-23.

Ecology: The specimens are from limestone clasts which also con-

tainedindet. orthids, indet. dalmanellids, indet. smooth brachiopods

Ecology: The specimens are from three limestone clasts and one

bedded locality. They occur with a variety of gastropods (Appendix I),
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no one genus of which seems to be dominant. The presence of

brachiopods in two localities and Maclurites in three of the locali-

ties suggests a slightly deeper than normal (B. A. 3-4) molluscan

assemblage.

Occurrence: Localities R1 and R31f, roundstone polymictic con-

glomerate of the Kangaroo Creek Formation. Locality 21-23, bedded

limestone, Gregg Ranch area. The clasts are Middle or Upper

Ordovician on the occurrence of Maclurites and the limestone at

21-23 is Middle Ordovician (Llandeilo) on conodonts.

Suborder MACLURITINA Cox and Knight, 1960

Superfamily MACLURITACEA Fischer, 1885.

Family MACLURITIDAE Fischer, 1885

Genus MACLURITES Lesueur, 1818

Diagnosis: Large, heavy, hyperstrophic shell with a flat base and

a deep apical depression on the upper, convex side; whorls with sub-

angular crest; calcareous operculum either thick horn-shaped or

flattened plate; some species exhibiting a roughened process or

muscle attachment on interior of operculum; ornament growth lines

or revolving cords (Knight and others, 1944; Knight and others, 1960).

Discussion: The gastropod Maclurites , the first new Paleozoic gas-

tropod genus to be described in North America (Lesueur, 1818), has

since been recognized in Ordovician rocks throughout the world. The

genus is commonly used as a guide fossil for the Ordovician because
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of its massive shell, abundance, distinctive morphology, and wide

geographic distribution. It is most abundant in the Middle Ordovician,

but it also occurs in the Upper Ordovician and uppermost Lower

Ordovician.

The genus Maclurites includes Maclurea (an emendation of the

generic name by Emmons in 1842 which was used extensively for

many years) and Maclurina Ulrich and Scofield, 1897. Maclurina

differs from Maclurites in the lack of projections for attachment of

muscles on the inner side of the operculum. Since the operculum is

rarely found in place, this method of determination is somewhat im-

practical, and Maclurina has since been synonyized with Maclurites.

Paramaclurites Vostokova, 1955 is a very similar form, but has been

designated as a separate genus by Vostokova.

In spite of its stratigraphic significance and numerous citations

the genus has not been studied in any great detail. Over 50 species of

Maclurites have been established since 1818, but a large number of

them are probably synonyms. Much of the confusion is due to the

poor preservation of specimens which are rarely silicified, and lack

of agreement on what constitutes diagnostic specific features.

A reliable summary of the geographic distribution of Maclurites

may be compiled from the literature even when the specimens are not

illustrated. Assuming even a mediocre state of preservation, the

genus is difficult to mistake for any other gastropod. Identification
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to the species level is, however, an entirely different matter.

Maclurites is by far the most common operculate gastropod of

the Middle and Late Ordovician. Yochelson (1977) discusses the

operculate gastropods of the Lower Ordovician - Ceratopea, Teiichi-

spira, and the "Billings' operculum. " Ceratopea is a pleuroto-

mariacean, and the other two belong to the same superfamily as

Maclurites (Macluritacea).

Specimens of Maclurites may be as large as 30 cm across the

base; most are commonly 5 to 10 cm. The genus exhibits pseudo-

sinistral (hyperstrophic) coiling in contrast to the majority of other

gastropods. Counterclockwise ornamentation on the aperture indi-

cates that the shell is not truly sinistral. Since the shell is actually

dextral the aperture is to the right when the axis of the shell is

oriented vertically. Thus the flat side of the shell is the base and

the convex side (with the umbilicus or apical depression) is the top;

the shell has a depressed spire. A thick calcareous operculum closes

the aperture and although commonly preserved it is rarely found in

place. The operculum is concave on the inner side P. n d is, in most

species, characterized by a roughened, knob-like process and a

second, smaller muscle scar to which the retractor muscles of the

gastropod were attached. As discussed by Knight (1952, p. 40) the

two muscle scars on the interior of the Maclurites operculum are

characteristic of the paired retractor muscles of several groups
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of primitive gastropods.

The mode of life of Maclurites is slightly better known than that

of other gastropods. Salter (1859, p. 10) concluded that Maclurites,

with its heavy shell was,

probably stationary or nearly so on the bottom, seeing that
its upper or convex side is consistently overgrown with
sponge... while the flat or lower side preserves the sharp
lines of growth, which would have been abraded had the
animal been endowed with much locomotion.

The overgrowths, of course, could be a post mortem feature.

Palliseria, a large late Early Ordovician macluritid closely

related to Maclurites (which includes Mitrospira Kirk, 1929 and

probably Zhuzishanospira Yu, 1961) has a protruding, rounded base

but is here interpreted to have also lived in a near-stationary position

(contrary to the illustrations of Knight (1952, fig. 9). This appar-

ently unstable position was made stable by completely filling the early

whorls with calcite to lower the center of gravity of the shell (see

Kirk, 1929, pl. 3).

Banks and Johnson (1957) reported the association of Maclurites,

Girvanella, and bellerophontid gastropods in the Gordon River Lime-

stone of Tasmania. They observed that Maclurites was in dolomitic

limestone and was in some cases encrusted by stromotoporoids.

These observations and associations indicate a shallow water envi-

ronment within the photic zone. The algal masses (oncolites) indicate

a moderately turbulent to quiet environment. The encrusted shells
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are consistent with a shallow water environment, perhaps at about

B. A. 3.

Yochelson (1976, written commun. ) has noted that the opercula

and shells of Maclurites are, in many cases, not found in the same

beds. Yochelson (1975) speculated that since Maclurites is closely

related to Ceratopea, it might live in a similar habitat. He theorized

that Ceratopea grazed on algal mats at a depth of less than 20 feet

(6 m) in marine environments having a greater than normal salinity.

Occasional influxes of hypersaline water killed the animals, after

which the operculum fell off and the soft parts decayed, and the shell

was partially or completely buoyed up and transported away. Opercula

and shells of Maclurites are found together in the Klamath Mountains

indicating that this theory does not always hold true, although in the

widespread epicontinental platform environment it may be reasonable.

In the Klamath Mountains Maclurites occurs with brachiopods

that suggest B. A. 3 or 4, or slightly deeper than most other Ordovi-

cian gastropods from the area. Calcareous algae have not been

observed with Klamath Mountain Maclurites.

Meyer (1975) studied an assemblage of Maclurites magnus in

the Crown Point Formation (Chazy) of New York and concluded that

(p.

The Maclurites assemblage represents a restricted, near-
shore, benthic community dominated by Maclurites magnus
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and Eoleperditia canadensis. Deposit feeders are lacking
and suspension feeders are few.

Meyer (1975) considered the paleoenvironment to have been shallow

subtidal as indicated by stromotoporoid encrustations which require

continuous marine submergence.

The geographic distribution of the species of Maclurites is

poorly known in part because the species themselves are inadequately

defined. If a method of specific determination were agreed on, it

should be possible to combine many of the approximately 50 species

of Maclurites (perhaps into subgenera) and patterns of provincialism

might appear. In view of the relationship between taxonomy and

biogeography, a short discussion of morphologic features used to

diagnose species is appropriate.

Most specific description of Maclurites stress the relative

height, whorl profile, width of the apical cavity, ornamentation, shape

of the base, rate of expansion of the shell, size of the shell, and na-

ture of the operculum. Some of these features are more significant

than others. Since the opercula are rarely found in place, and many

times not in the same bed, they are of little use in classifying the

shell. An independent classification of opercula alone would be

useful, however.

The size of the shell may be diagnostic in some cases. Since

only certain species seem to attain very large size, but since all
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shells (even the large ones) were presumably small at one time,

"small size" would not be diagnostic.

The surface ornamentation in most species of Maclurites is

limited to growth lines, but a few species like M. logani Salter and

M. bigsbyi Hall have revolving striae which are diagnostic.

The width of the apical cavity ("umbilicus") is often used to

distinguish between species. Wilson (1931, p. 300) noted that, "the

wideness of the umbilicus of M. manitobensis really only appears in

the final whorl. " Thus, if the width of the apical depression is to

be used as a diagnostic character, it should be taken from a number

of specimens of different size to determine how much variation, if

any, is present.

The height of the shell is used as a diagnostic characteristic

in many cases. For example, M. profunda Butts and M. magnus

Lesueur seem to be identical except for the height of the shell. Since

Butts (1926) did not say how many specimens he studied, it is not

possible to tell if the difference in height is variation within a species

or a specific difference. As with the width of the apical cavity, it

is necessary to measure enough specimens to determine what is

var iat ion.

Knight and others (1944, 1960) list a flat base as one of the

diagnostic features of Maclurites. Actually the bottom may vary

from 180° by a few degrees making it slightly convex or concave.
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M. depressa Ulrich and Scofield is distinguished by the concave sur-

face of the bottom of the individual whorls.

The shape of the whorl section is almost always given with

descriptions and may vary from oval to triangular to trapezoidal.

The whorl profile is diagnostic but must usually be employed in con-

junction with other features.

Another useful feature of Maclurites is the rate of expansion of

the whorl. Banks and Johnson (1957, p. 638) noted that many authors

refer to the rate of increase as a specific character, but rarely quote

figures. Terms such as "rapidly enlarging whorls" are used in most

descriptions, but Banks and Johnson (1957) give a detailed description

of increase in terms of successive whorl width ratios. They found

that while some species have about the same rate of increase (M.

magnus, M. florentinensis, M. profunda) others (M. manitobensis

and M. bigsbyi) do differ. Wilson (1931, p. 3Q5) used the difference

in rate of expansion to distinguish among M. borealis, M. aka, and

M. manitobensis .

All the characteristics mentioned above are obvious on well

preserved specimens, but most published descriptions are based on

non-silicified specimens on which the aperture is rarely preserved

and the surface ornamentation is totally or partially lacking. What

characteristics of poorly preserved specimens can be used to attempt

specific determination? When cut in half longitudinally (as many



Figure 7. Distribution of Maclurites in the Middle and Upper Ordovician. Complete citations are
listed in Appendix II.
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specimens are illustrated) it is possible to determine size, whorl

profile, rate of expansion, height, and in some cases, shape of the

base. If these few characteristics were observed, it should be at

least possible to assign specimens to subgeneric groups which might

differentiate biogeographic units.
'7

Figure 7 shows the world-wide distribution of Maclurites as

compiled from the literature. The sources listed in Appendix II are

not intended to be comprehensive for each locality; they are intended

to provide a reasonable documentation for each point on the map. In

some areas such as Nevada and the eastern United States Maclurites

is widespread and only representative occurrences are noted.

The publications consulted for this study reported Maclurites

only from carbonate rocks and most commonly from limestone. None

were reported from shale or sandstone, and areas that have only non-

carbonate, clastic Ordovician rocks (Africa, central Europe, and

most of South America) do not have Maclurites. The genus occurs in

geosynclinal areas (Klamath Mountains of California, central Norway)

as well as platform sequences. Maclurites is found in virtually every

area that has Middle or Upper Ordovician carbonate rock. The ab-

sence of the genus from the main part of the Siberian Platform (be-

tween the Yenissei and Lena Rivers) may be due to lack of study, be-

cause it is found around the margins of this Platform.

From this summary of occurrences, Maclurites appears to be
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a shallow, warm water, cosmopolitan genus present on all the conti-

nents except Africa and Antarctica (which have no Ordovician car-

bonate rocks). Allowing for plate tectonic reconstructions for the

Ordovician, the distribution of the genus is still widespread.

A preliminary compilation from "The Treatise on Invertebrate

Paleontology," Part I (Knight and others, 1960) indicates that most

gastropods that have ranges of no older than Early Ordovician to no

younger than Silurian, are relatively cosmopolitan. With few excep-

tions, all genera occur in at least North America and Europe (usually

the Baltic area). The geographic distribution obtained from "The

Treatise" may be misleading, however. Most of the information on

Ordovician gastropods is from North America and the Baltic area,

with little data for the rest of the world, so that some of the genera

may appear to be less widespread than they actually are. Some

genera may appear to be more cosmopolitan than they actually are,

due to inclusion of species that do not belong to them (Boucot, 1976,

personal commun. ).

Other fossil groups in the Middle and Upper Ordovician show

more provincialism than is apparent from gastropod biogeography.

BergstrOm (1973) was able to distinguish three conodont sub-provinces

in the midcontinental area of North America. Provincialism is also

apparent in Middle and Upper Ordovician trilobites (Whittington,

1973), and in articulate brachiopods (Jaanusson, 1973).
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The Middle and Upper Ordovician distribution of Maclurites

closely parallels the Lower Ordovician Pacific Province graptolite

distribution pattern described by Berry (1977) despite the fact that

the graptolite distribution of the Middle and Upper Ordovician is

essentially cosmopolitan.

Maclurites klamathensis n. sp.

Plate 1, figures 20-25; 30-34

Diagnosis: Rapidly expanding; flat base; wide apical cavity; rounded

triangular cross section; crest of whorl acutely subangular.

Description: Moderately large; hyperstrophic; flat base; convex upper

surface; deep apical cavity about one half the width of shell, apical

cavity walls steep and slightly convex; top of whorl acutely subangular;

outer shell wall slightly convex, but nearly flat in places; juncture

of outer shell wall and base angular (60-70° ); sutures on base ob-

scure; slightly over half of previous whorl exposed in apical cavity;

procyrt growth lines; aperture subrounded triangular; base of aperture

concave inward; variation unknown; nucleus unknown.

length width height (mm)

shell 52 27 31 (specimen is distorted)

Operculum thick, subrounded triangular, about 20 mm per side;

exterior nearly flat, with counterclockwise paucispiral ornamentation,

nucleus in lower-inner corner; interior concave with process in lower-

inner corner; process very slightly coiled clockwise, and expanding at
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top with a roughened upper surface; process 7 mm long, 6 mm high,

and 3 mm wide.

Discussion: This species is represented by one silicified specimen

which is complete except for part of the outer whorl being missing for

about one half a volution. The specimen has been distorted to a

noticeable degree. The operculum which is inferred to belong to this

specimen was not found in place, but was recovered from the same

bed of limestone. The operculum fits the aperture to a reasonable

degree considering the distortion of the shell itself. Other opercula

found from the same locality are either fragmentary, or do not have

the rounded triangular shape of this operculum. The ornamentation

on the exterior of the operculum has a counterclockwise curvature

indicating that the species is a hyperstrophic dextral shell, but not

sinistral as it might appear with its flat base and apical depres-

s ion

Comparisons: The following species of Maclurites differ from M.

klamathensis as noted.

Maclurites magnus Lesueur, 1818. aperture pentagonal

M. logani Salter, 1852. small apical cavity

M. atlanticus Billings, 1859 = M. magnus (Twenhoffel, 1938)

M. bigsbyi Hall, 1861. pentagonal whorl section

M. articus Haughton, 1860. concave base

M. acuminatus Billings, 1865. small apical cavity
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M. crenulatus Billings, 1865. edge of apical cavity has a crenulated

edge

M. emmonsi Billings, 1865. rounded edge

M. oceanus Billings, 1865, rounded edge

M. speciosus Billings, 1865. aperture "obscurely rectangular"

M. cuneata Whitfield, 1878. small apical cavity

M. subrotunda Whitfield, 1878. more rounded

M. annulatus Walcott, 1884. annulations on exterior

M. subannulatus Walcott, 1884. annulations on exterior

M. manitobensis Whiteaves, 1890. revolving ornamentation

M. depressus Ulrich and Scofield, 1897. bottoms of whorls are con-

cave

M. nitidus Ulrich and Scofield, 1897. rounded upper whorl surface,

narrow apical cavity

M. crassus Ulrich and Scofield, 1897. more rounded whorls

M. knoxvillensis Ulrich and Scofield, 1897 = M. magnus (Knight,

1941, p. 185)

M. acutus Parks, 1915. crest of whorls more rounded

M. neridoides Eichwald, flatter

M. sedgwicki Longstaff, 1924. pentagonal whorl section

M. avellanedae Kayser, 1925. rounded basal edge

M. sarmienti Kayser, 1925. appears to be Lesueurilla

M? stelzneri Kayser, 1925. disjunct whorls
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M. niuhsintaiense Kobayashi, 1930. subpentagonal whorls

M. koti Kobayashi, 1930. poor illustration

M. tofangoense Kobayashi, 1930. appears to be same as

M. niuhs ins taiens e

M. profunda Butts, 1926. pentagonal whorl section, different

operculum

M. borealis Wilson, 1938. revolving lines

M. ungava Wilson, 1938. rounded convex-based whorls.

M. triangularis Teichert, 1937. base of whorls is convex

M. altus Wilson, 1931. narrow apical cavity

M. romainensis Twenhoffel, 1938, steinkern

M. florentinensis Banks and Johnson, 1958. trapezoidal whorl

section

M. sinkiangensis Yu, 1961. convex base

M. orientalis Yu, 1961. rounded margin

M. zhuozishanensis Yu, 1961. subrounded cross section.

M. nanus Flower, 1960. rounded basal margin

Ecology: The collection from locality 21-23 is unusual in that it con-

tains a relatively diverse brachiopod fauna as well as Maclurites,

pelecypods, polyplacophorans, and other gastropods. The unworn

condition of Maclurites klamathensis, the occurrence of Maclurites

opercula and shells together, articulated brachiopods and pelecypods,

indicate that these forms lived together and have not been
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transported or mixed. The brachiopods found at locality 21-23

include Skenidioides sp. , Phragmorthis sp., Orthambonites sp. ,

Glyptorthis sp. , Bimuria sp. , Craspedelia sp Xenambonites sp. ,

Christiania sp. , and Eridorthis sp. which would indicate a depth of

B. A. 3-4 (Boucot, 1975, pers. commun. ). This depth would be

greater than shallow subtidal depths in which Maclurites magnus

was presumably deposited in the Crown Point Formation (Meyer,

1975).

Several different forms of Maclurites and their opercula are

present at locality 21-23 suggesting that the various "species" had

at least slightly different habits in order to coexist, or that the genus

Maclurites as it now is defined includes diverse forms and should be

further subdivided.

Other mollusks found at locality 21-23 include Megalomphala

contorta, Ophiletina aff. 0. sublaxa, Ecculiomphalous sp. , Raphis-

toma sp. , Tancrediopsis sp. , and Cheloides sp.

Numbered specimens: 21-23H, operculum 21-23D

Occurrence: Massive limestone, locality 21-23, Gregg Ranch area.

Middle Ordovician (Llandeilo) on conodonts.

Maclurites sp. A

Plate 2, figures 22-24.

Description: Relatively large (57 mm across the widest part of the

base): hyperstrophic; base flat, basal sutures linear, some faint
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growth lines present on base and inner part of later whorls; apical

cavity deep and moderately wide; about two-thirds of each previous

whorl visible; tops of whorls angular; walls of apical cavity slightly

convex and nearly vertical, outer shell wall slightly convex, but

becoming concave immediately before meeting the base at an acute

angle (about 30° on the outer edge); base of aperture thin, apparently

concave backwards; upper portions of aperture unknown; nucleus

unknown (represented by a small circular hole, about 1 mm in diame-

ter). Operculum unknown.

Discussion: The species is represented by a single incomplete silici-

fied specimen with the lower portion of the apical cavity and the basal

edge preserved; The species is distinguished from other Maclurites

by its acute basal edge; M. speciosa Billings has an angular emargi-

nation, but the angle is greater (60-70° ).

Ecology: The limestone clast which contained Maclurites sp. A also

contained Paraliospira mundula, Hormotoma sp. , and Gyronema sp.

indicating a molluscan assemblage about B. A. 3.

Numbered specimen: R31f-A

Occurrence: Limestone clast in the roundstone polymictic con-

glomerate, Kangaroo Creek Formation, locality R31f, Gregg Ranch.

Middle or Upper Ordovician.
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Maclurites aff. M. crassus Ulrich and Scofield 1897

Plate 2 figures 25-27

Moderate size (43 mm across base): hyperstrophic; flat base with

individual whorls on base convex; about two-thirds of each previous

whorl exposed in apical cavity; crests of whorls subangular in early

whorls, subrounded in later whorls. Apical cavity wall steep and

slightly convex; outer whorl face uniformly convex; basal edge of

shell rounded. Sutures on base are deeply incised for Maclurites.

Width of basal whorls triples with each volution, height of whorl

doubles with each volution. Surface smooth with the exception of

growth lines in apical cavity. Nucleus unknown, represented by a

hole about 0.5 mm in diameter. Aperture partly preserved; basal

edge of aperture flat, straight, the inner edge of the base of the

aperture meets the previous whorls at about 20° (which might be a

feature of tectonic distortion). Small U-shaped sinus at the outer

basal edge of the aperture probably due to shell breakage. Aperture

is oval in shape, and twice as high as wide (reflecting some degree

of distortion). Operculum possibly thin, oval variety (Plate 1, fig.

26-28), but none observed in place.

Discussion: One partially complete silicified specimen was recon-

structed from fragments. Part of the aperture and a portion of the

outer whorl is missing. The shell has been distorted obliquely to a

noticeable degree. This specimen most closely resembles M. crassus
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Ulrich and Scofield, and M. ungava Wilson. M. crassus has a

rounded obtuse peripheral angle, rounded whorls, and a wide apical

depression similar to the specimen of this report. Wilson (1938, p.

33) noted that, "M. ungava is similar to M. crassa Ulrich and Scofield

with which it is frequently identified... " M. crassa differs from the

Klamath specimen in that the mouth of M. crassa "expands like a

trumpet" (Ulrich and Scofield, 1897, p. 1040) and the wall of the walls

of the apical cavity are not as steep. Although neither the illustration

of M. crassa nor M. ungava are particularly outstanding, I feel that

M. crassa is closer to the Maclurites of this report.

Ecology: See the ecology discussion for M. klamathensis.

Number ed specimens: 21- 23J

Occurrence: Locality 21-23, massive limestone on top of, and on the

southern side of ridge, midway between the center and eastern edge of

sec. 21, T41N, R9W. Middle Ordovician (Llandeilo) on conodonts.

Maclurites sp. B.

Plate 2, fig. 20, 21

Description: Medium size (39 mm across base), hyperstrophic,

slightly concave, crest of whorls subangular, walls of apical depres-

sion nearly vertical, slightly over half of each previous whorl exposed

in apical cavity. Shape of outer whorl face unknown, height of spe-

cimen unknown, sutures on base linear, sutures in apical cavity

moderately incised. Nucleus unknown. The width of basal whorls
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increases about 2.5 times with each volution. Basal edge poorly

preserved, but apparently subangular, about 80° . Operculum un-

known.

Discussion: This species is represented by one partially complete

silicified specimen. The base, a small part of the basal edge, and

the bottom part of the apical depression are preserved. The specimen

resembles M. profunda Butts; M. bigsbyi Ulrich and Scofield, and

M. magnus Lesueur, all of which have the same increase in the width

of the base of the whorl per volution. All of these three species of

Maclurites have acutely subangular peripheries, deep apical depres-

sions with steep-sided walls, and apical depressions about one third

as wide as the whole shell. Butts (1926, p. 106) specifies that M.

profunda is "thicker" (whorls have greater height) than M. magnus

and Hall (1861, p. 37) states that M. bigsbyi, "differs from the

M. magna of the Chazy limestone in its greater depth. " Since the

Klamath specimen is missing most of the upper part of the shell

this distinction is of little help. M. profunda has growth lines which

are not apparent on the Klamath sample.

The similarity of M. profunda and M. magnus is also reflected

in the opercula. The operculum holotype of M. profunda seems to be

quite close to the hypotype operculum of M. magnus (as illustrated

in Knight, 1941, pl. 64, figs. 6-9). The rate of expansion of the

width of the whorls of the two species is also identical. Since the



1 33

two species also have about the same range (Chazyan) it is possible

that the two species are really subspecies of the same species or

variation within the species.

M. bigsbyi has a slightly depressed base like the Klamath

specimen, and elevated revolving striae on the periphery which are

not seen on the Klamath specimen.

The Maclurites from the Klamath is very similar to three spe-

cies: M. magnus, M. bigsbyi, or M. profunda. Due to the incom-

pleteness of the specimen, it is not possible to make an exact deter-

mination.

Ecology: See ecology discussion for M. klamathensis.

Numbered specimen: 21-23K

Occurrence: Locality 21-23. Massive limestone on top of, and on

the southern side of ridge, midway between the center and eastern

edge of sec. 21, T41N, R7W. Middle Ordovician (Llandeilo) on

conodonts.

Maclurites sp. C

Plate 2 fig. 8 -10

Description: Moderate size (28 mm across base), hyperstrophic,

base concave, basal sutures weakly linear, apical depression about

half as wide as shell, crest of whorls obtusely subangular at about

135° , walls of apical cavity convex, sloping uniformly from nearly

horizontal at crest to nearly vertical at bottom. Sutures in apical
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depression very lightly incised. Whorls embrace slightly over one

half of each previous whorl. Width of whorls at base expands about

four times for each volution, height increases about 2. 5 times per

volution. Outer edge of shell rounded with increasing curvature near

basal edge, basal edge subrounded. No ornamentation present, aper-

ture unknown, operculum unknown.

Discussion: This species is represented by one incomplete silicified

specimen. The aperture and part of the outer whorl is missing. It

is distinguished from other species of Maclurites by its concave

base, its rounded edges, its shallow sloping apical depression and

the closely embracing whorls. Since only one incomplete specimen

was found a new species is not proposed.

Ecology: This specimen is from locality 21-23. See ecology dis-

cussion for M. klamathensis.

Numbered specimen: 21-23C

Occurrence: Locality 21-23, massive limestone on top of, and on

the southern edge of ridge, midway between the center and eastern

edge of sec. 21, T4 1N, R7W. Middle Ordovician (Llandeilo) based

on conodonts.

Maclurites sp.

Plate 1, figs. 7 -10

Description: Small or fragmentary specimens, 2-8 mm across base,

subovate in whorl cross-section, base flat, base of individual whorls
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convex, sutures impressed, edge of base rounded, crest of whorls

rounded. Aperture subovate with maximum dimension slightly

inclined from vertical. Apical cavity moderately wide but not well

preserved except one fragmentary specimen (P1. 1, fig. 10).

Discussion: Eighteen small silicified specimens were recovered from

four localities. The specimens somewhat resemble M. magnus but

probably actually represent several species. They are not assigned

to a species because of their small size and lack of detail. The larger

specimens of Maclurites generally do not preserve the early whorls

which would correspond to these small specimens. One illustrated

specimen (Plate 1, fig. 7-9) might possibly be a juvenile specimen

of M. crass us.

Numbered specimens: RS13, RS20, R1AC, 3-123J, R31fJ, R31fAC.

Ecology: All of the specimens are from limestone clasts. Two of the

clasts contained only Maclurites; others contained Hormotoma,

Lophospira, Cyclonema, Pachystrophia, Megalomphala, and brachio-

pods Glyptorthis, spiriferid, strophomenid, plaesiomyid. Taken

together these shells indicate a depth of about B. A. 3, possibly deep

B. A. 3.

Occurrence: Roundstone polymictic conglomerate of the Kangaroo

Creek Formation localities RS, RI, R31f, and 3-123. Middle or

Upper Ordovician.
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Maclurites Opercula

The opercula of the Klamath Mountain Maclurites can be sepa-

rated into at least four distinct types. The first group is the

Maclurites magnus type which have a flattened, horn-like protru-

sion on the exterior and a single muscle attachment process on the

interior. The second type is relatively thick, but more flattened

with a single muscle attachment process on the interior. The third

type is oval, thin, and has two muscle attachment processes. The

fourth type is flat, subhexagonal, and the type of process (if any) is

unknown. Localities listed in plate legends.

Maclurites operculum type 1.

Plate 1, fig. 29

Only one specimen of this type of operculum was found. It has

the horn-like protrusion on the exterior similar to the operculum of

Maclurites magnus as illustrated in Knight (1941, pl. 64, figs. 8,9),

and it is the most massive of the Klamath opercula. No evidence of

a second muscle attachment process or scar was observed, and none

have been reported on the opercula of Maclurites magnus.

Maclurites operculum type 2

Plate 1, fig. 20-25

This operculum is assumed to belong to M. klamathensis. The

operculum is thick, and subrounded triangular; exterior paucispiral,

counterclockwise ornamentation around a nucleus near the lower,
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interior corner (operculum oriented as if in place) and is thickest in

the area of the nucleus; interior concave with a slightly elongated,

knob-like process on the lower, inner surface; process slightly ex-

panded at top with a rounded, roughened, upper surface.

The type 2 operculum is similar in thickness and paucispiral

ornamentation to M. logani, but M. klamathensis has a rounded tri-

angular shape instead of a hexagonal shape.

Maclurites operculum type 3

Plate 1, figs. 18-19; 26-28.

The type of shell to which the type 3 operculum belongs is un-

certain but it may be Maclurites aff. crassus since that shell has an

aperture of similar shape. The operculum is thin, ovate, slightly

convex outward; process thin, elongate, wider at the top than bottom,

and has a "cockscomb" appearance; upper surface of process rough-

ened; process is slightly concave (in transverse cross-section) toward

the center of the operculum.

A smaller process, presumably also for muscle attachment,

is present on the interior, to the center of the operculum from the

larger process. The smaller muscle attachment has the appearance

of a flattened tube plunging at a shallow angle into the inner surface

of the operculum. Its direction of plunge is about 30° divergent from

the axis of the larger process, but plunging toward it.

Some specimens appear to be folded slightly in cross-section,
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but this may be a deformational feature. The exterior of the opercu-

lum has a subdued concentric pattern with the nucleus in the center

in contrast to other Maclurites opercula which have the nucleus offset

at the edge. The exterior of type 3 opercula have weak ornamentation,

and the direction of the spiral is not discernible. Fragments of small

opercula which were probably no larger than 10 mm in maximum

dimension have a well developed muscle process.

The type 3 operculum is similar to that of Palliseria robusta

Wilson (Yochelson, unpub. information) which also has a relatively

thin, oval operculum. The process of Palliseria is located on the

opposite side, however.

Maclurites operculum type 4

Plate 1, fig. 15-17

The shell to which Maclurites operculum type 4 corresponds is

not known. The operculum is relatively thick, the interior is slightly

concave, and the exterior has counterclockwise, paucispiral orna-

mentation. The muscle attachment process is not preserved (if

indeed one did exist originally), and the subhexagonal shape is more

pronounced than that of the operculum of Maclurites logani.

Other Opercula

Other illustrated Maclurites opercula have been reassigned to

other genera including: Maclurea? odenvillensis (Butts, 1926, pl. 18,
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fig. 6) to Teiichispira (Yochelson and Jones, 1968, p. B5);

"Maclurea opercula" (Billings, 1865, p. 243, figs. 228 and 230)

and operculum of M. peachii (Salter, 1859, p. 378, pl. 13, figs. lb,

4, 5) both to Ceratopea billingsi (Yochelson, 1964).

Yochelson (1966) has illustrated opercula which were thought

to belong to Helicotoma. The opercula were found in the same beds,

but not in place in the shell. Since Helicotoma was the most abundant

shell present, they were assumed to belong to that genus. Teller

(1910) illustrated a Silurian Lophospira with its operculum in place.

The operculum is very similar to the specimens illustrated by

Yochelson (1966) suggesting that the Ordovician opercula might also

belong to Lophospira, a very common shell in the Ordovician of

Kentucky.

The Klamath Mountain collection contains abundant Loxoplocus

(Lophospira) and a few Helicotoma, but no opercula other than

Maclurites were found.

Superfamily EUOMPHALACEA deKoninck

Family HELICOTOMIDAE Wenz, 1938

Genus HELICOTOMA Salter, 1859

Helicotoma griffini n. sp.

Plate 3, figures 1-3, 8-10

Diagnosis: Helicotoma with angular to subangular circumbilical

angulation; upper-outer angulation not as elevated as most Helicotoma;
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variable morphology.

Description: Moderately small (5 to 7 mm in diameter); low-spired;

widely umbilicate; upper sutures sharp and commonly deep; upper

whorl surface planar to slightly concave, sloping upward to upper-

outer angulation; upper-outer angulation subangular and slightly

elevated in some specimens; outer whorl face slopes downward and

outward to midwhorl where it curves inward to the circumbilical

angulation; circumbilical angulation subangular to subrounded, located

slightly to the inside of the base of the whorl, more angular in early

whorls; proscline growth lines preserved on base of whorl; aperture

unknown; operculum unknown; presence of sinus unknown; apical angle

140° to 160° .

Discussion: The description is based on 21 silicified specimens. The

morphological differences would seem at first to suggest several

species, but the collection contains a degree of gradation between

the different forms. One trend is the loss of some of the sharp angu-

lations in later whorls. The specimens have a striking resemblance

to some species of Straparolus (Euomphalus) such as S. (Euomphalus)

similis as illustrated in Knight and others (1944, pl. 188, fig. 10-12),

but since the Klamath specimens are most likely Ordovician and

S. (Euomphalus) is found in rocks no older than Silurian, the genus

is eliminated from consideration. The specimens do not have the

usual elevated keel at the upper-outer angulation of the whorl like
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most Helicotoma, and no growth lines are preserved on the upper

side of the whorls to indicate a sinus.

Comparisons: The following species were not compared for the rea-

sons listed:

Euomphalus uniangulata Hall, 1847. Probably Helicotoma,

but based on a cast.

Helicotoma gorgaiea Billings, 1865. No illustration

H. missouriensis Branson, 1909. Reference not available

H. patula Lamont, 1946. poor illustration and description.

H. prosperpina Billings, 1865. Poor illustration

H. tamurai Kobayashi, 1928. Poor material and illustration

H. tritonia Billings, 1865. no illustration

H. verticalis Ulrich, 1897. Cast

H. whiteavesiana Raymond, L908. poor illustration.

H. yabei Kobayashi, 1928. poor material and illustration

Palaeomphalus laminosus Koken 1897. poor illustration

The following species do not belong to Helicotoma:

Helicotoma larvata Salter, 1859. Higher shell. Assigned by

Bassler (1915, p. 596) to Liospira.

H. vagrans Raymond, 1905. Assigned to Eccyliopterus by

Bassler (1915, p. 598)

The following species belong to Helicotoma but differ from both the

Klamath species as noted:
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Helicotoma planulata Salter, 1859. (genotype) spiral ornamentation

H. spinosa Salter, 1859. granulated or spiny surface

H. eucharis Billings, 1865. higher shell, more rounded

H. tennesseensis Safford, 1969. similar, but with stronger growth

lines (not illustrated or described in the original reference;

later illustrated and described by Ulrich and Scofield, 1897. )

H. declivus Safford, 1869. no sutures discernible in umbilicus (not

illustrated or described in the original reference; later de-

scribed and illustrated by Ulrich and Scofield, 1897. )

H. similis Whitfield, 1890. no circumumbilical angulation

H. umbilicata Ulrich and Scofield, 1897. no circumbilical angulation

H. planulatoides Ulrich, 1897. no circumbilical angulation

H. subquadrata Ulrich, 1897. more angular profile

H. marginata Ulrich, 1897. different profile

H. grandosa Ulrich, 1897. granulated surface

H. brocki Foerste, 1912. spiral ornamentation (possibly a synonym

of H. planulata )

H. amanoi Kobayashi, 1958. higher spired

H. lineola Eichwald, 1856. sides flatter and higher

H. superbum Koken, 1897. sharper crest

H. immigrata Koken, 1925. higher spired

Palaeomphalus gradatus (Koken) 1896. higher spired (assigned to

Helicotoma by Knight and others, 1960. )
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Numbered specimens: PR-3 (18 specimens), R-1-W (1), R-31F-BD

(1), and R-86 (1). Holotype-PR3-A.

Ecology: Three of the localities are limestone clasts, and one is a

massive limestone. Fossils occurring with Helicotoma riffini

include Lophospira, Murchisonia, Hormotoma, Paraliospira,

Cyclonema, and indet. orthid. typical of a B. A. 3 Lophospira-

Murchisonia assemblage. One locality is in a pelletal limestone

which is suggestive of a shallow sub-tidal environment.

Occurrence: PR.-3, R-1-W, R-31F-BD are from the roundstone

polymict conglomerate, Kangaroo Creek Formation in the Lovers

Leap-Gregg Ranch area and are Ordovician or Silurian in age. R86

is from the massive pelletal limestone, Kangaroo Creek Formation

at Lovers Leap and is Middle or Upper Ordovician. Since the re-

ported range of Helicotoma is Lower to Middle Ordovician, the

Klamath specimens are probably Middle Ordovician.

Helicotoma olsoni n. sp.

Plate 3, figures 21-29

Diagnosis: Helicotoma with a mid-whorl angulation which is angular

in early whorls and subangular to non-existent in later whorls;

Upper-outer angulation less pronounced than most Helicotoma;

circumbilical angulation.

Description: Moderately small (5-7 mm in diameter); low-spired

(apical angle 150-160° ); widley umbilicate; upper sutures sharp and
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incised; lower sutures sharp; whorl profile rounded subangular with

angulations at the upper-outer edge, midwhorl, and base of whorl;

top of whorl planar or slightly concave sloping inward; a small, raised

ridge on the outside edge of the suture; upper-outer edge angular to

subangular, slightly raised in some specimens; outer surface of

whorl sloping with slight convexity downward and outward to angula-

tion slightly below midwhorl; mid-whorl angulation sharp on early

whorls and subangular to nonexistent on later whorls; whorl surface

curves inward and downward to circumbilical angulation at about the

middle of the base of the whorl; umbilical walls curve convexly from

angulation into umbilicus; ornamentation, aperture, and presence of

sinus unknown.

Discussion: The description is based on 30 silicified specimens from

one locality. The specimens are very similar to H. grifOni except

for the midwhorl angulation, which is only apparent in the smaller

specimens. The specimens differ from all the species listed on

the following pages in the presence of the mid-whorl angulation.

Numbered specimens: R3-A (30 specimens). Holotype is R3A-2.

Ecology: The specimens are from a limestone clast which also con-

tained Murchisonia callahanensis (19 specimens) and Hormotoma

sp. A. (1) indicating Murchisonia community at a depth of B. A. 3.

Occurrence: Locality R-3, Lovers Leap area. The reported range

of Helicotoma is Lower and Middle Ordovician, and since no Lower
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Ordovician fossils have been recovered from this unit, the limestone

clast is probably Middle Ordovician.

Genus BOUCOTSPIRA n. gen.

Boucotspira fimbriata n. sp.

Plate 3, figures 11-19

Diagnosis: Apical angle 130-145° ; subpentagonal whorl section;

horizontal flange at mid-whorl or slightly below; channeled upper

suture.

Description: Small (5-8 mm in diameter); low-spired; apical angle

130-145° ; widely phaneromphalus; horizontal median flange which

may be nearly as wide as the whorl, but is preserved on the outer

whorl only, and commonly as short, irregular extensions; upper

sutures moderately wide V-shaped channel; umbilical sutures sharp

and moderately deep; whorl profile sub-pentagonal, flattened on top

between suture and angular carina on upper-outer edge; whorl face

flat, extending downward and outward to median flange (flange may

be at middle or slightly below the middle of the whorl); outer whorl

face extends downward and inward below flange to circumbilical

angulation at the base of the whorl; walls of umbilicus moderately

steep; whorls in contact with previous whorls im.m.ediately below

flange; aperture unknown; ornamentation lacking.
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R200AK-1 (holotype)

width

9 mm

height

3. 5 mm (distorted
specimen)

R147 m 6. 0 2. 0

3-143B 5. 5 2. 5

RAP-36 5. 0 2. 5

Discussion: The description is based on 14 silicified specimens from

six localities. The specimens are small and exhibit relatively coarse

silicification so that while the specimens appear to be smooth, fine

ornamentation might not be preserved. Lack of growth lines and

knowledge of the aperture makes assignment to family difficult, but

similarities exist between the specimens and members of Helicoto-

midae as well as Straparollus (Euomphalus). The latter genus is

restricted to Silurian and younger rocks, while the Klamath speci-

mens are known to occur in Ordovician rocks, The Klamath speci-

mens are most similar to the helicotomid genera Helicotoma (Lower

to Middle Ordovician), Ophiletina (Middle Ordovician), and Polhemia

(Lower Ordovician), but do not seem to belong to any of them. They

also resemble Euomphalopterus carinifer Koken 1896, but the latter

is reported only from the Silurian.

Helicotoma has the same general shape as the Klamath speci-

mens, but does not have the angulations on the outer whorl face.

As mentioned before it is not known whether the Klamath specimens

have a sinus generating a selenizone at the upper-outer angulation.
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Polhemia is much more angular than Helicotoma and has a circum-

umbilical angulation and a deep groove at the upper suture like the

Klamath specimens, but does not have the characteristic flange.

Ophiletina has a flange at mid-whorl but is nearly planispiral.

If Boucotspira fimbriata has a notch or short slit generating a

selenizone at the upper-outer angulation, then it should be assigned

as a new genus and species to the Helicotomidae, being closely re-

lated to Polhemia, Helicotoma, and Ophiletina. Boucotspira fimbriata

is here designated as the genotype.

Numbered specimens: R3X, RAP-36, 3-39, 3-107-A, R147m,

R187B. Holotype is R200 -AK.

Ecology: Two localities are in massive pelletal limestone suggestive

of a shallow subtidal environment (B. A. 3) and contained Lophospira,

Paraliospira, cephalopod and pelecypod fragments indicating a

Lophospira (B. A. 3) community. Six other localities are limestone

clasts which contained Murchisonia, Lophospira, Cyclonema,

Holopea, Paraliospira, Gyronema, Trochonema, and Bransonia,

indicating a Lophospira-Murchisonia community (B. A. 3).

Occurrence: Massive pelletal limestone of the Kangaroo Creek For-

mation, (3-39 and 147m), Lovers Leap area, Middle? Ordovician.

Localities RAP, R3, 3-143, 3-107, R187, and R200, roundstone

polymictic conglomerate of the Kangaroo Creek Formation, Middle

Ordovician to Late Silurian.
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Genus OPHILETINA Ulrich and Scofield, 1897

The genus Ophiletina is not common and contains only four

species including the two established by Ulrich and Scofield. The

genus has only been reported from the Middle Ordovician of Minnesota,

Korea, and Sinkiang, China. The species are:

Ophiletina sublaxa Ulrich and Scofield, 1897 (genotype).

0. angularis Ulrich and Scofield, 1897.

0. ? shokiriense Kobayashi, 1930

0. orientalia Yu, 1961

Ophiletina aff. 0. sublaxa Ulrich and Scofield, 1897

Plate 4, figures 1-6

1897 Ophiletina sublaxa Ulrich and Scofield, Geol. Minnesota, v. 3,

pt. 2, p. 1030, pl. 74, figs. 40-42, 47.

1941 0. sublaxa, Knight, Paleozoic Gastropod Genotypes, p. 217-

218, pl. 74, figs. 4a-b.

Description: Small (4 to 10 mm across); openly coiled; hyperstrophic;

whorls show slow rate of increase in size; base of whorls in same

plane, first one or two whorls in contact, others widely separated;

cross section of whorls hexagonal with flat edges at top and bottom.

Angulations of whorl profile developing into small ridges in later

whorls, more strongly at upper-outer and outer edges. Aperture

unknown: orthocline growth lines spaced about 0. 25 mm.

Discussion: Six silicified specimens were recovered from three
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localities, and two of the specimens preserve the earliest whorls.

The specimens are similar to Lytospira but are hexagonal in cross

section. The Klamath specimens appear nearly identical to Ophiletina

sublaxa. Ulrich and Scofield (1897, p. 1030) note that their speci-

mens have growth lines which indicate a slit and selenizone at the

upper-outer edge. The Klamath specimens weakly preserve growth

lines, but they do not appear to indicate a slit. If the Klamath speci-

mens do belong to 0. sublaxa, then it is only the second reported

occurrence of the species, the other being in the Middle Ordovician

of Minnesota.

Numbered specimens: 21-23L, 3-107D, R31/J.

Ecology: Two of the localities are limestone clasts from the round-

stone polymictic conglomerate of the Kangaroo Creek Formation

(R31f and 3-107). The clasts contained Megalomphala and Maclurites.

Locality 21-23, a massive limestone, contained several types of

Maclurites and brachiopods. See the ecology section under

Maclurites klamathensis. The disjunct whorls suggest that Ophiletina

had a relatively stationary life on the bottom (Yochelson, 1971).

Occurrence: Limestone clasts in roundstone polymictic conglomerate

(R31f and 3-107) of the Kangaroo Creek Formation of possible Middle

or Upper Ordovician based on Maclurites. Massive limestone at

locality 21-23 of Middle Ordovician (Llandeilo) age. Ophiletina is

known elsewhere only from the Middle Ordovician.
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Genus LYTOSPIR.A Koken, 1896

Diagnosis of genus:

Openly coiled, some species hyperstrophic; broadly angu-
lar sinus in outer lip culminating at low bluntly angular
spiral ridge near midline of upper surface; some species
cement shells or other substances to outer surface (Knight
and others, 1960).

Range: Lower Ordovician (Black River) to Silurian (Wen lock).

Lytospira sp.

Plate 3, figures 4, 5.

Description: Moderate size (16 mm across), openly coiled, hyper-

strophic, septate. Early whorls depressed below later ones; earliest

whorls not preserved; cross section rounded with a blunt, spiral

angulation on middle of upper whorl; later whorls widely out of con-

tact; ornamentation absent; aperture unknown; one septum, concave

forward, preserved in final whorl.

Discussion: Two silicified specimens were recovered. The open

coiling, shape of whorls, and septum, place the specimen in

Lytospira. It is not known whether the surface was originally

smooth, or if the ornamentation was not preserved. The open coil-

ing is suggestive of a sedentary life habit, and the septa may have

served to strengthen the shell (Yochelson, 1971).

Numbered specimens: RAF-6

Ecology: The specimens are from a limestone clast in the Kangaroo

Creek Formation which contained bellerophontid gastropods,
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Maclurites operculum, and an amphineuran plate. The molluscan

fauna probably indicates a shallow (B. A. 3) environment.

Occurrence: Limestone clast in the roundstone polymictic conglomer-

ate, Kangaroo Creek Formation, locality RAF. Possible range in

age from Middle to Upper Ordovician.

Genus ECCULIOMPHALUS Pprtlock, 1843

The genus Ecculiomphalus includes those species originally

assigned to Eccyliopterus Remele (Knight and others, 1960, p. 1 192).

According to Ulrich and Scofield (1897, p. 936) Eccyliomphalus [sic]

and Eccyliopterus differ in that Eccyliopterus has, "a prominent thin

plate into which the notch-keel is produced and which surmounts the

top of the whorls like a high 'collar'," and they also noted that the

contiguity of the whorls is not diagnostic of either genus. Over 50

species of Ecculiomphalus have been proposed by many authors.

With such a large number of species it is probable that many of them

are invalid. For example, Ulrich and Scofield (1897, p. 1023) include

"Eccyliomphalus angelini (Linclstriim)" in the genus, but that particular

species was designated the genotype of Koken's genus Lytospira.

Species of Ecculiomphalus:

The following species are represented by casts only:

Eccyliopterus volutatus Whitfield, 1886

Eccyliomphalus subrotundus Ulrich and Scofield, 1897
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The following species are either not illustrated or poorly illustrated:

Eccyliopterus tenuissimus Koken, 1925 (poor illustration)

Ecculiomphalus atlanticus Billings, 1865 (not illustrated)

E. superbus Billings, 1865 (not illustrated)

E. distans Billings, 1865 (top side not known)

Eccyliopterus sinensis Frech (line drawing, no description)

Ecculiomphalus quarrelensis Lamont (poor illustration)

E. cincinnus Lamont (poor illustration)

The following species are illustrated and described:

Eccyliopterus alatus Roemer, 1876.

Ecculiomphalus beloitensis Ulrich and Scofield, 1897

Eccyliopterus centrifugus Koken, 1896.

Ophileta? disjuncta Billings, 1865. (synonomy by Bassler, 1915)

Ecculiomphalus distans Billings, 1865.

Eccyliopterus elegans Koken, 1896.

E. kushanensis Grabau, 1924

Eccyliomphalus balclatchiensis Longstaff, 1924

E. angelini (Lindstr*Om) = Lytospira Koken, 1896.

E. canadensis Billings, 1861

E. contiguus Ulrich and Scofield, 1897.

Ecculiomphalus bucklandi Portlock, 1843.

E. cincinatus Whiteaves, 1884.

E. compressus Whitfield, 1897.
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Orthostoma communis Conrad, 1838 (synonomy by Bass ler,

1915)

Eccyliomphalus fredericus Raymond, 1902.

Eccyliomphalus kalmi Raymond, 1906.

Euomphalus gyroceras Roemer, 1852. (synonomy by Bass ler,

1915)

Eccyliomphalus intortus Billings, 1861.

E. mullockensis Longstaff, 1924

Euomphalus marginale Eichwald, 1856 (synonomy by Bass ler).

Maclurea? rnacromphalus M'Coy 1852 (synonomy by Longstaff,

1924)

Eccyliopterus owenanus Meek and Worthen, 1868

E. ottawaensis Billings, 1860

Calaurops lituiformis Whitfield, 1886 (synonomy by Bass ler,

1915)

Ecculiomphalus multiseptarius Deland, 1900.

Eccyliopterus princeps Remele, 1888.

E. regularis Remele, 1888.

Euomphalus perkinsi Whitfield, 1889 (synonomy by Bass ler,

1915)

Ecculiomphalus priscus Whitfield, 1889.

Eccyliopterus proclivis Raymond, 1906

Eccyliomphalus undulatus Hall, 1861.
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E. scotia M' Coy, 1852.

Eccyliopterus r eplicata Lindstr.6m, 1884

E. triangularis Whitfield, 1890.

Helicotoma vagrans Raymond, 1905.

Cyrtolites trentonensis Conrad, 1847.

Ecculiomphalus spiralis Billings, 1861.

E. subeliptica Weller, 1903.

Ecculiomphalus sp.

Plate 3, figures 6, 7

Description: Moderately small, discoidal, disjunct, relatively thick-

shelled, gastropod fragment; whorl profile rounded triangular, nearly

lens-shaped; sharply angular crest (45-60° ) pointing outward on upper

edge; subangular (about 100°) circumbilical ridge on lower-inner

edge; convex between lower-inner and upper-outer angulations; outer

whorl face flat to slightly concave near top; lower-outer angulation

subangular (about 120° ) but not producing a noticeable revolving

ridge; base of whorl convex and inclined to center; growth lines

(stronger on base and outer face) indicate forward projection of

apertural margin at upper angulation; growth lines do not indicate a

sinus; nucleus unknown; presence of septa unknown.

Fragment of whorl: length, 17 mm; height, 4 mm; width 4 mm.

Discussion: The description is based on one silicified fragment.

The angular upper crest indicates that the specimen belongs to
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Ecculiomphalus and not Lytospira (the only other genus resembling

the Klamath specimens general shape and having disjunct whorls).

The specimen differs from most other species of Ecculiomphalus

in its upper angulation which points outward and not upward. E.

regularis (Remele) as illustrated by Koken (1925, pl. 13, fig. 7, 9)

is an exception which has a similar profile to the Klamath specimen.

The specimen does not appear to have a sinus in the upper angulation.

The forward projection of the apertural margin at the upper angulation

(inferred from growth lines) is opposed to the forward projection of

the lower angulation on species such as E. bucklandi. In summary,

the specimen probably represents a new species, possibly related to

E. regularis, but due to the fragmentary nature of the one specimen

a new species is not proposed.

Numbered specimen: 21-23

Ecology: See discussion under Maclurites klamathensis.

Occurrence: Massive limestone, locality 21-23, Gregg Ranch area.

Middle Ordovician (Llandeilo) on the basis of conodonts (BergstrOm,

1976, written commun. ).

Genus LESUEURILLA Koken, 1898

Lesuerilla cf. L. marginalis (Eichwald), 1860

Plate 4, figures 7-9.

1860 Euomphalus marginalis Eichwald, Lethaea Rossica, p. 1146,

pl. 42, fig. 28.
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1925 Lesueurilla marginalis , Koken, Gastropoden des Baltischen

Untersilurs, p. 94, pl. 6, fig. 1-3.

1938 Lesueurilla marginalis Wenz, Handbuch der Palaeozoologie,

p. 119, figs. 140-141.

Description: Moderately small (6 mm diameter, 3 mm high), hyper-

strophic, discoidal gastropod. Apical cavity wide; base concave;

whorls tightly coiled, but with no overlap; width of base of whorl

increases about twice per volution; apical sutures deep; basal sutures

moderately incised; upper-outer edge forms sharply angular crest with

narrow pseudoselenizone; side slightly convex and nearly vertical; base

slightly wider than top; bottom edge subangular; tops of whorl broadly

concave and gently sloping inward; base of each whorl slightly convex

and gently sloping inward; whorl profile trapezoidal with long edge of

trapezoid forming the outer edge of profile; nucleus unknown; aperture

unknown; exterior apparently smooth.

Discussion: The species is represented here by one silicified speci-

men, the aperture of which is not preserved. Koken (1925) described

eleven species of Lesueurilla. The Klamath specimen most closely

resembles L. marginalis, the only species with a smooth surface and

angular edges. As described by Koken (1925) this species is quite

variable in morphology (including one specimen (pl. 6, fig. 9) which

appears to belong to Lytospira ) and the Klamath specimen seems to

belong to his "mutation .y" subdivision of the species. The illustrated
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specimen in this report differs from Koken's specimens in that the

edges of the whorls are sharper, but this could be interpreted as

variation within the species. A similarity also exists to the

euomphalid genera Straparollus (Amphiscapha) and Pleuronotus

which are of Pennsylvanian and Devonian ages respectively.

Numbered specimen: RAP-12

Ecology: This gastropod was recovered from a limestone clast with

Temnodiscus and Lophospira suggesting it was part of a Lophospira

community (B. A. 3).

Occurrence: Locality RAP. Limestone clast from the roundstone

polymict conglomerate, Kangaroo Creek Formation, Lovers Leap

area. Middle Ordovician to Late Silurian. Koken (1925) reports this

species from the Upper Ordovician ("D1 and D2") of the Baltic region.

Genus PACHYSTROPHIA Perner, 1903

Diagnosis: Whorls rounded, top of shell barely raised or slightly

sunk; rapidly expanding; loosely coiled; last whorl slightly disjunct;

aperture rounded with broad, V-shaped sinus at upper edge (after

Wenz, 1938, p. 188).

In the Treatise on Invertebrate Paleontology, Knight and others

(1960, p. 1192) synonomized Pachystrophia with Lesueurilla, probably

due to the poorly known nature of the genus (the genotype is a stein-

kern). Since Knight and others (1960, p. 1192 considered hyperstroph-

ism to be diagnostic of Lesueurilla, Pachystrophia should not be
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included in the genus: Pachystrophia is here considered a separate

genus which includes the following species:

Pachystrophia devexa (Eichwald) (genotype). The species

includes Euomphalus gotlandicus LindstriSm and

Eccyliomphalus contiguus Ulrich which might be con-

sidered subspecies or varieties of P. devexa.

P. discreta Barrande, 1903

P. dissoluta Koken, 1925.

?Pachystrophia cf. P. devexa (Eichwald) 1859

Plate 5, figures 11-14

1859 Euomphalus devexus Eichwald, Lethaea Rossica, pl. 43.

1884 Euomphalus gotlandicus Lindstrom, Silurian Gastropoda and

Pteropoda of Gotland, p. 139, pl. 13, figs. 19-31.

1897 Eccyliomphalus contiguus Ulrich in Ulrich and Scofield, Geology

of Minnesota, v. 3, pt. 2, p. 1037, pl. 74 (not 75), fig. 48-52.

1925 Pachystrophia devexa Koken, 1925, Gastropoden des Baltischen

Untersilurs, p. 123, pl. 15, figs. 16-21.

1941 Pachystrophia devexa, Knight, Paleozoic Gastropod Genotypes,

p. 225, pl. 74, figs. 3a-b.

1955 Pachystrophia aff. devexa, Vostokova, Ordovician gastropods

of the Leningrad District and Pribaltic, p. 97, pl. 4, fig. 1.

Description: Small (3-5 mm in diameter), flat or low-spired; loosely

coiled, wider than high; phaneromphalous; rapidly expanding whorls;
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whorls rounded; last whorl disjunct in some specimens; upper sutures

deep due to loose coiling; umbilical sutures sharp; whorl surface

strongly arched between sutures; whorl profile oval with long axis

of oval inclined clockwise; nucleus unknown; aperture unknown; hoW-

ever, one specimen exhibits flaring near the end of the whorl; orna-

mentation not observed; presence of sinus unknown.

Discussion: The description of the species is based on ten silicified

specimens. The specimens appear to be very similar to Pachystrophia

devexa (Eichwald); however, the broad sinus on the upper part of the

whorl which was considered diagnostic by Wenz (1938) was not ob-

served on the Klamath specimens. It is not known whether the feature

was present on the specimens originally, since no growth lines or

apertures were preserved. Since the shape of the shell and the open

coiling are identical to P. devexa, it is tentatively assigned to that

species. Koken (1925, p. 124) includes LindstrOm's and Ulrich's

species (listed above) in synonomy with P. devexa, although the

genotype is a steinkern and the presence of a sinus is not known.

The Klamath specimens differ from P. discreta Barrande,

1903 which has a sunken spire, and P. dissoluta Koken, 1925 which

has a flattened upper and lower whorl surface.

Numbered specimens and ecology: The specimens were recovered

from limestone clasts which also contained the following:

R1B: Glyptorthis, Coelozone?, Hormotoma, Lophospira.
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RS-16: Murchisonia spp.

R1 -F: Skenidioides, Murchisonia

R1-AC: plaesiomyid, Hormotoma, Maclurites, Cyrtospira,

Boucotspira

R3-L: Hesperothis ?, Lophospira.

R31f-C: Glyptorthis, Idiospira, Maclurites, Lophospira,

Hormotoma, Holopea.

R200-Ae: Hormotoma, Bransonia?

The association of gastropods and brachiopods is unusual in the

Klamath Mountains, and suggests a deeper than normal molluscan

assemblage (deep B. A. 3 or shallow B. A. 4).

Occurrence: Rounds tone polymictic conglomerate, Kangaroo Creek

Formation, Lovers Leap and Gregg Ranch areas, localities RS, R1,

R3, R31f, R200. The presence of Glyptorthis indicates a Middle to

Late Ordovician age for two of the clasts.

Genus STRAPAR.OLLUS de Montfort 181Q

Subgenus EUOMPHALUS J. Sowerby, 1814

Straparollus (Euomphalus ) sp.

Plate 13, figures 25-26

Description: Relatively small (4-7 mm wide), nearly flat-spired,

widely umbilicate, rounded gastropods. Top of shell nearly flat, with

individual whorl tops being broadly convex; sutures moderately deep;

side of whorl uniformly convex to base of whorl which is subrounded;
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umbilicus is very wide, base of whorls exposed in umbilicus broadly

convex; nucleus unknown, aperture unknown, surface markings not

preserved.

Discussion: The description is based on two silicified specimens.

The shape suggests Straparollus (Euomphalus), and no surface orna-

mentation indicating a selenizone is present.

Numbered specimens: A4779A and B;

Ecology: The specimens are from a University of California collec-

tion which also contained murchisonid gastropods and fragments of

Conchidium, suggesting a depth of about B. A. 3.

Occurrence: Correlation of the University of California collection

cards and C. W. Merriam locality lists indicate that the specimens

are from a limestone conglomerate (locality A4779) equivalent to R22f

or R.23f, Lovers Leap area. The presence of the brachiopod

Conchidium indicates a Late Silurian age (Late Wen lock-Ludlow)

Also Grouse Creek limestone (sec. 21, T4ON, R7W) of probable

Early Devonian (Gedinnian) age.

Family EUOMPHALIDAE? de Koninck, 1881

Genus BIFORMISPIRA n. gen.

Diagnosis: Whorl section vertically elongated oval, widely phaner-

omphalous, first three or four whorls high-spired (about 40° ), later

whorls flat-spired or planispiral apparently without slitband.

Discussion: The most striking characteristic of this genus is its
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change from a high-spired form to a flat-spired form after the first

few whorls. It is equivocal which of the two shapes is the more sig-

nificant, that is, whether the genus should be considered to be a

euomphalid with an anomolous high-spired early form, or a murchi-

sonid or loxonematid with anomalous later whorls. Since the flat-

spired forms comprises the greater portion of the shell the latter

option is employed here. The members of Euomphalidae are known

to have a great variety of shapes.

Genotype: 35f-6A

Biformispira isaacsoni n. sp.

Plate 13, figures 3-16

Description: Small (3-6 mm in diameter), whorl section vertically

elongate oval, early whorls high-spired (about 40° ) then abruptly

becoming flat spired or planispiral, relatively loosely coiled; upper

and lower sutures sharp, impressed; no ornamentation or growth

lines observed, aperture unknown, widely phaneromphalous.

Discussion: The description is based on 20 silicified specimens from

one clast. The drastic change in shell shape suggests that the animal

may have had a different early life style, perhaps being more active

when young and adopting a more stationary habit later. As mentioned

above it is not known which form was the more primitive, but it is

assumed here for purposes of classification that the flat-spired

euomphalid form is the original form from which Biformispira
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evolved. The presence or absence of a selenizone is crucial to this

argument, but it is not apparent on the shells.

Numbered specimens: Holotype 35f64

Ecology: The specimens are from a limestone clast which contained

Howellella, uncoiled cephalopod, Coelocaulus, Murchisonia, Platy-

ceras (Platyostoma)

Occurrence: Limestone conglomerate, locality 35f, clast 6. Lower

Devonian (A. W. Potter, 1976, pers. commun. )

Family EUOMPHALIDAE? de Koninck, 1881

Genus ELLISELLA n. gen.

Diagnosis: Nearly flat-spired, rounded nodes at upper-outer angula-

tion; small rounded tubes at midwhorl; subovate whorl section; widely

umbilicate.

Genotype: R31f-AB1

Discussion: This distinctive tube-bearing genus and Linsleyella are

quite similar except the latter has a row of lunulae instead of tubes.

The two genera occur together in one clast indicating that they lived

at the same time and probably in the same environment. Linsley

(1976, pers. commun. ) has pointed out that since the plane of the

aperture of Ellisella is parallel to the axis of coiling, the shell prob-

ably belongs to Euomphalidae. If this is true then the tubes would

represent inhalent channels and the nodes of the top of the shell (some

of the nodes in later whorls have holes in them) would represent
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exhalent channels.

Ellisella greggi n. sp.

Plate 4, figures 11-19

Diagnosis: Discoidal with small tubes at midwhorl; rounded longi-

tudinal bulges on base of whorl.

Holotype: R31fAB-1

Description: Discoidal; nearly flat top on early whorls; widely

phaneromphalous; upper sutures sharp and slightly incised; upper

whorl surface flatly sloping gently upward to upper-outer edge; upper-

outer edge subangular at about 90° with 16-20 nodes on the final whorl

(of a specimen 8 mm in diameter); outer surface of whorl slopes out-

ward in early whorls and vertically in later whorls to tube-like exten-

sions normal to the surface, or slightly inclined toward the aperture;

tubes are small, round or oval, about 35 per volution (on a specimen

8 mm in diameter) and are nearly in contact or separated by a dis-

tance about equal to the width of a tube; tubes appear to be inclined

anteriorly; below midwhorl the surface slopes gently downward around

base and then sharply into umbilicus; base of whorl exhibits rounded

longitudinal bulges, about 12 per volution (on specimen 8 mm in

diameter); aperture apparently parallel to the axis of coiling; each

whorl in contact with previous whorl just below tubes; orthocline

growth lines on base; type specimen is 8 mm in diameter and 2 mm

high.
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Numbered specimens: R3IfAB-1 (holotype), R31fAU, R31fAY, and

RI47L.

Ecology: The specimens are all from limestone clasts which also

contained Lophospira (abundant), Cyclonema, Gyronema, Linsleyella,

Boucotspirat and Murchisonia indicating that Ellisella is from the

Lophospira community (shallow B. A. 3).

Occurrence: Roundstone polynaictic conglomerate of the Kangaroo

Creek Formation, localities R31f and R147. Possible age range from

Middle Ordovician to Late Silurian, but probably Middle or Upper

Ordovician.

Genus LINSLEYELLA n. gen.

Diagnosis: Discoidal, with closely spaced, strong lunulae at mid-

whorl; whorls essentially oval in cross section; widely umbilicate

Genotype: R147L-1

Discussion: Linsleyella is apparently closely related to Ellisella, but

their systematic assignment above generic level is not certain. It is

also possible that one genus was derived from the other, but this is

also speculation.

Linsleyella ohnsoni n. sp.

Plate 5, figures 19-2Z

Diagnosis: Discoidal, with closely spaced, strong lunulae at mid-

whorl; basal sutures very deep; longitudinal bulges on the base of

whorl.



166

Holotype: R147L- 1

Description: Low-spired, widely umbilicate; upper sutures sharp and

incised; upper whorl surface flat, sloping gently upward to upper-outer

edge; upper-outer edge subangular at about 90° with 16-20 nodes on

the final whorl of specimens about 8 mm in diameter; outer surface

of whorl slopes outward and downward to closely spaced, strong,

lunulae at midwhorl; below midwhorl surface slopes gently downward

around the base and then sharply into the umbilicus; base of whorl

exhibits rounded longitudinal bulges in some specimens; aperture

unknown; each whorl in contact with previous whorl just below tubes;

growth lines slant downward and rearward from midwhorl.

Holotype is 30 mm in diameter and 10 mm high.

Numbered specimens: RAF-10, R31fAU, and R.147-L-1 (holotype).

Ecology: All of the specimens are from limestone clasts. The clasts

also contained Lophospira (abundant) and Ellisella. suggesting B. A. 3.

Occurrence: Roundstone polymictic conglomerate from the Kangaroo

Creek Formation, localities RAF, R31f, and R147. Possible age

from Middle Ordovician to Late Silurian; probable age Middle or

Upper Ordovician.
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Superfamily PLEUROTOMARIACEA Swains on, 1840

Family Uncertain

New Genus A,

Plate 4, figure 22.

Diagnosis: Turbinate; gradate; with an apical angle of approximately

75° ; midwhorl selenizone bordered by threads; oval nodes at upper-

outer edge of whorl.

Description: Moderately small (8 mm high); angularly turbinate with

an apical angle of about 75° ; umbilicus unknown; oval nodes at upper-

outer edge of whorl; sutures angular; probable selenizone at mid-

whorl bounded by prominent threads; whorl surface horizontal from

suture to nodes at upper-outer edge; flat surface then slopes sharply

and convexly inward; whorl in contact with previous whorl just below

selenizone; base of shell unknown; aperture unknown; variation un-

known; ornamentation (except for nodes and threads) not observed.

Discussion: The description is based on one incomplete silicified

specimen. Nodose ornamentation is relatively uncommon in Paleo-

zoic gastropods, so that this specimen is quite distinct from any de-

scribed specimens, but due to its incomplete nature a new name is

not proposed. A selenizone bordered by threads is characteristic

of the Lower Paleozoic families Eotomariidae Wenz, 1938, and

Phanerotrematidae Knight, 1956.

Numbered specimen: R147L-1
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Ecology: The specimen is from a limestone clast that also contained

Lophospira and Ellisella, suggesting a shallow B. A. 3 Lophospira

Community.

Occurrence: Limestone clast from the roundstone polymictic con-

glomerate, Kangaroo Creek Formation, locality R147. Possible

range in age from Middle Ordovician to Late Silurian.

Suborder PLEUROTOMARIINAE Cox and Knight, 1960

Super family PLEUROTOMARIACEA Swainson, 1840

Family RAPHISTOMADIDAE Koken, 1896

Subfamily LIOSPIRINAE Knight, 1956

Genus LIOSPIRA Ulrich and Scofield, 1897

Liospira helena (Billings), 1860

Plate 5, figures 15-18

1860 Pleurotomaria helena Billings, Canadian Nat. Geol. , v. 5,

p. 165, fig. 8.

1924 Liospira helena, Foerste, Upper Or dovician fauna of Ontario

and Quebec, Geol. Surv. Canada Mem. 138, p. 209, p. 36, fig. 1.

Description: Moderately small (5 -8, mm diameter); lenticular; apical

angle about 135° ; narrowly phaneromphalous to cryptomphalous;

shallow stairstep appearance in profile; sutures angular; whorl sur-

face between sutures flat to slightly concave; narrow, low carina at

outer edge; whorl surface slopes downward and inward, then turns

abruptly into umbilical area; outer edge of aperture not preserved;
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columellar lip thickened, flat, and with angular edges; parietal

inductura lacking; nucleus unknown; ornamentation lacking.

Discussion: The description is based on 33 silicified specimens.

The species is distinctive in its stairstep appearance in profile, its

concave surface between sutures, and its very narrow to cryptompha-

lous base. Previous reports of L. helena are all from the Upper

Ordovician.

Numbered specimens: Specimens are from the following numbered

clasts: RAF-8, RPR-1, R3-B, R3-N, R31f-G, R31f-T, R31f-BG.

Ecology: The specimens are from seven limestone clasts in which

Liospira helena occurs alone or with abundant Lophospira. Also

present are Paraliospira, Gyronema, and Hormotoma suggesting a

shallow B. A. 3, Lophospira community.

Occurrence: Roundstone polymictic conglomerate, Kangaroo Creek

Formation, localities R3, R31f, RAF, and RPR. Possible age Middle

Ordovician to Late Silurian; probable age Middle or Upper Ordovician.

Liospira modesta Ulrich and Scofield, 1897

Plate 5, figures 8-10

1897 Liospira modesta, Ulrich and Scofield, Geology of Minnesota,

v. 3, pt. 2, p1081, pl. 82, figs. 42-44.

Description: Moderately small (5-10 mm diameter); lenticular;

apical angle about 155° ; minutely phaneromphalous on most specimens

to cryptomphalous on few; upper part of shell with smooth to very weak
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stair-step profile; sutures linear to weakly angular; shell surface

slopes downward from suture and outward with slight concavity to

angular (about 60° ) outer edge; no carina at edge; surface slopes

gently inward and downward to umbilical area where it curves abruptly

inward on umbilicate specimens; outer edge of aperture not preserved;

columellar lip thick, flattened, and with angular edges; parietal induc-

turalacking; previous whorls not visible on base; nucleus unknown;

lacking ornamentation.

Discussion: The description is based on 82 silicified specimens and

fragments from twelve clasts. Since it is unusual to get more than

ten specimens from any single clast, it is difficult to determine how

much of the variation observed is intraspecific. For instance, it

is not known whether the variation in the umbilical area is variation

within the species, or if it represents two different forms. Since the

shells seem identical in other respects, they are placed in one species.

Comparison of the illustrated specimen with U. S. National Museum

type specimens indicated that it belonged to Liospira modesta.

Numbered specimens: RAF-10, R1-P, R3-F, R3-Z, R31f-K, R147-S,

R147-AC, R147-AP, R200-P, R200-Z, R200-AN, and HG10-22-2.

Ecology: The specimens are from limestone clasts, and one massive

limestone locality. Liospira modesta occurs as the dominant form

in some clasts and in others with Lophospira (abundant), Murchisonia

(abundant), Paraliospira, Cyclonema, Cyrtodonta, and Bransonia
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suggesting a depth of about B. A. 3 (Lophospira and Lophospira-

Murchisonia communities). In one clast and at the massive limestone

locality Liospira modesta is found with brachiopods Skenidioides,

Protozyga, Clorinda, Hesperorthis, and Anoptambonites suggesting

a deeper environment, about B. A. 4-5.

Occurrence: Rounds tone polymictic conglomerate of the Kangaroo

Creek Formation, localities RAF, R1, R3, R31f, R147, and R200.

Locality HG10-22, limestone of Horseshoe Gulch (Ashgill). Possible

age of clasts is Middle Ordovician to Late Silurian; probable age

Middle Ordovician to Late Ordovician.

Genus PAR.ALIOSPIRA n. gen.

Genotype: Liospira(?) mundula Ulrich in Ulrich and Scofield, 1897

(USNM 45874).

Diagnosis: Sub lenticular, convex edges; selenizone on subangular

ridge at upper-outer edge.

Discussion: The genus is established to contain shells gradational

in form between Liospira and Raphistoma. The genus is not as

lenticular as Liospira, nor does it have the extended base of

Raphistoma. The sides of the shell are convex and commonly ex-

tend outward beyond the upper-outer edge. Both cryptomphalous

and umbilicate specimens are included besides two new species

from the Klamath Mountains, three species of Ulrich are included

in the genus:
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Liospira(?) rugata Ulrich in Ulrich and Scofield, 1897.

L. (?) mundula Ulrich in Ulrich and Scofield, 1897.

L. (?) angulata Ulrich in Ulrich and Scofield, 1897.

Species of the genus are distinguished by the nature of the umbilicus

(cryptomphalous, narrowly phaneromphalous, widely phaneromphalous),

and the shape of the upper shell surface (smopth, gradate, or concave

between sutures).

Paraliospira angulata (Ulrich), 1897

Plate 5, figures 1-4; Plate 6, figures 1-8

1897 Liospira(?) angulata Ulrich in Ulrich and Scofield, Geology of

Minnesota, v. 3, pt. 2, p. 1000, pl. 69, figs. 42-46.

Description: Moderate size (5-15 mm diameter); rotelliform; moder-

ately wide umbilicus; low spired (apical angle 130° -150° ); sutures

angular, and on later whorls of some specimens, canaliculate; shallow

stair-step appearance in profile; upper whorl surface flat or slightly

concave between sutures; narrow, rounded carina at outer edge of

whorl (having a beaded appearance on the later whorls of some spe-

cimens); whorls surface curves convexly downward and slightly out-

ward, and then inward toward base of shell; surface curves gently

around base to nearly horizontal position and then abruptly into the

nearly vertically-sided umbilicus; in small specimens, or in earlier

whorls, the shell is lenticular, but in later whorls a mid-whorl, sub-

rounded, "bulge" develops, extending outward beyond the angular
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periphery; columellar lip thick, flat, and angularly edged; outer lip

curves convexly forward from base and then back toward upper-outer

angulation, apparently forming a sinus at that point; parietal inductura

absent; upper portion of aperture not known; nucleus unknown; orna-

mentation of faint growth lines.

Discussion: Description is based on 56 silicified specimens and frag-

ments from seven clasts and one massive limestone locality. Some

of the specimens differ in being higher spired (130° vs. 150° ). Since

the specimens are from separate clasts or localities, it is not known

whether there are separate forms or a variation within the species.

Some of the variations appear identical to Liospira(?) angulata

Ulrich (USNM 45870).

Numbered specimens: RS-18, R31f-Y, R31f-B, R31f-BB, R147 m,

R147-R, R200-Q, R200-AN.

Ecology: All but one sample are limestone clasts which contained

Murchisonia, Lophospira, Cyclonerna, Liosp ir a, s ubulitid, and

cephalopod fragments. One sample is from pelletal limestone and

contained abundant Lophospira, suggesting that Paraliospira angulata

lived at a depth of about B. A. 3 (Lophospira-Murchisonia community).

Occurrence: Localities R-S, R-31f, R-147, and R200 of the round-

stone polymictic conglomerate; and R-147 m, massive pelletal lime-

stone, all of the Kangaroo Creek Formation. Locality R147 m is

Middle or Upper Ordovician, and the other localities could range in
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age from Middle Ordovician to Late Silurian, but are more likely to

be Ordovician. Paraliospira angulata has been found in the Middle

Ordovician of Kentucky (Ulrich and Scofield, 1897) and the Ordovician

of Alaska (Yochelson, unpub. information).

Paraliospira mundula (Ulrich), 1897

Plate 7, figures 1-7

1897 Liospira(?) mundula Ulrich and Scofield, Geology of Minnesota,

v. 3, pt. 2, p. 999, pl. 69, figs. 37-41.

Description: Moderately small (4-10 mm, with a single specimen

32 mm in diameter); rotelliform; low-spired (apical angle about 135°);

cryptomphalus; slightly wider than high; whorl profile approximately

D-shaped; whorls in contact slightly below the edge of previous whorls

to flush with previous whorl; sutures linear, slightly incised; whorl

profile flat, sloping outward and downward from suture to rounded,

narrow carina forming convex outer edge of whorl and then curves

gently inward toward umbilical area; umbilicus completely filled;

outer edge of aperture not preserved; columellar lip thickened and

nearly vertical; angle where columellar lip and outer whorl surface

meet generates circumumbilical angulation for about half a volution,

then angulation is lost in umbilical filling; ornamentation lacking;

nucleus unknown; sinus unknown.

Discussion: The description is based on 48 silicified specimens and

fragments. The specimens appear to be identical to Ulrich's
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Liospira(?) mundula (USNM 45874) which is here included in the new

genus Paraliospira. The species differs from P. angulata in having

a completely filled umbilicus.

Numbered specimens: Specimens are from the following numbered

clasts: RAF-7, RAF-12, PR-3, R1-A, R31f-A, R31f-L, R31f-AG,

R31f-AZ, R147-H, R147-U.

Ecology: The specimens are from limestone clasts which also con-

tained a chiton plate, cephalopods, Cyrtodonta, Lophospira, Hormo-

toma, Bransonia, trimerellid brachiopod, and indet. orthid of the

same type found in the massive pelletal limestone at Lovers Leap.

These fossils, considered together, suggest a depth of B. A. 3

(Lophospira-Murchis onia community).

Occurrence: Limestone clasts in the roundstone polymictic con-

glomerate of the Kangaroo Creek Formation at Lovers Leap and

Gregg Ranch. If the orthid brachiopods are the same as found in

the massive pelletal limestone of the Kangaroo Creek Formation,

the clasts are probably Middle or Late Ordovician in age.

Paraliospira gradata n. sp.

Plate 7, figs. 12-17

Diagnosis: Paraliospira with shallowly gradate upper surface and

narrow umbilicus.

Description: Moderately small (5-10 mm in diameter), rotelliform,

very low-spired (apical angle about 160° ) gastropods. Shell slightly
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wider than high; angular upper-outer margin; convex base; narrowly

phaneromphalous; upper shell surface flat, gently sloping, gradate;

sutures angular; upper whorl surface slopes gently downward and

outward, then concavely upward to form a low, narrow carina at the

edge of later whorls; outer edge of carina flush with outer whorl sur-

face which curves gently downward and convexly inward to narrow

umbilicus where it curves abruptly inward; outer edge of aperture not

known; columellar lip nearly vertical, thickened, and flat-edged,

meeting outer surface of the whorl at about 90° ; ornamentation lack-

ing; nucleus and sinus unknown.

Discussion: The description is based on 70 silicified specimens.

Specimen R.1 -AS-1 is designated the holotype and RI -AS-2 is a para-

type of Paraliospira gradata. The species is distinguished from other

species of the genus by its gradate upper surface and its narrow

umbilicus.

Numbered specimens: Specimens are from numbered clasts R1 -R,

R1-AS, RAP-33, R147-AB, R.31f-BJ, R.31f-BB.

Ecology: The specimens are from limestone clasts which either

contained only Paraliospira, or also contained Lophospira, Murchi-

sonia, and Cyclonema suggesting a depth of about B. A. 3 (Lophospira-

Murchisonia community.

Occurrence: Roundstone polymictic conglomerate of the Kangaroo

Creek Formation, Lovers Leap and Gregg Ranch. Possible age
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range from Middle Ordovician to Late Silurian; probable age Middle

or Upper Ordovician.

Paraliospira planata n. sp.

Plate 6, figs. 9-15

Diagnosis: Paraliospira with narrowly phaneromphalous shell; upper

shell surface is nongradate, concave between apex and upper-outer

edge.

Description: Moderately small (5-10 mm in diameter); rotelliform;

low spired (apical angle about 145° ); slightly wider than high; angular

upper-outer margin; convex base; narrowly phaneromphalous; upper

shell surface concave between apex and upper-outer edge, sloping

shallowly outward, forming an almost continuous slope without a

stair-step appearance; sutures obscure; upper whorl surface slopes

gently downward and outward to a low, narrow carina at edge of

whorl; edge of carina flush with outer whorl surface which curves

downward and very slightly outward, then inward and around base of

whorl, then steeply into umbilicus; outer edge of aperture not known;

columellar lip nearly straight and thickened, meeting the lower part

of the outer lip at about 90° ; ornamentation lacking; nucleus and

sinus unknown.

Discussion: The description is based on 28 silicified specimens and

fragments. The species is most similar to Paraliospira gradata

except that it lacks the stair-step appearance in profile. This species
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has an almost uniform slope interrupted only by the low carina at

the outside edge of each whorl.

Numbered specimens: The specimens are from numbered limestone

c lasts R200-P, and R31f-BB. Holotype is R31f-BB-1; paratype is

R200P-1.

Ecology: The specimens are from limestone clasts which also con-

tained Liospira and Lophospira suggesting a depth of B. A. 3

(Lophospira community)

Occurrence: Roundstone polymictic conglomerate of the Kangaroo

Creek Formation, Lovers Leap and Gregg Ranch areas. Possible

age, Middle Ordovician to Upper Silurian.

Family EOTOMARIINAE Wenz, 1938

Subfamily EOTOMARIINAE Wenz, 1938

Genus MOURLONLA de Konick, 1883

Mourlonia? perryi n, sp.

Plate 5, figs. 5-7; Plate 13, figs. 1, 2

Diagnosis: Lenticular, apical angle about 120° ; raised, flat seleni-

zone at midwhorl, narrowly phaneromphalous, apparent moderately

deep sinus.

Description: Small (7 -13 mm in diameter), lenticular, minutely

phaneromphalous, with an apical angle of about 120° , and a flat,

slightly raised slitband at midwhorl. Sutures sharp and incised,

whorl surface very broadly convex between sutures; periphery acutely
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subangular and nearly symmetrical above and below; whorl surface

curves downward from slitband with broad convexity around base and

then more sharply into narrow umbilicus; growth lines relatively

strong, curving backwards (with forward convexity) from suture to

slitband; growth lines not preserved on base of whorls; upper part of

aperture not preserved, but growth lines suggest a broad sinus;

columellar lip thickened and reflexed outward, parietal inductura

thin.

Discussion: The description is based on 11 silicified specimens from

the University of California collections. The specimens superficially

resemble Liospira but differ in having a narrow umbilicus and a

slitband at midwhorl (not slightly above). It seems most likely that

the Klamath specimens belong to Mourlonia. Although that genus is

normally higher spired, the genotype has a broad sinus, midwhorl

selenizone, and similarly inclined growth lines.

Numbered specimens: A6372

Ecology: According to locality data from the University of California,

the specimens are from a limestone clast which also contained

Maclurites, suggesting a possible depth of B. A. 2 to shallow B. A. 4.

Occurrence: U. C. locality A6372, roundstone polymictic conglomer-

ate.

Kangaroo Creek Formation. Middle or Upper Ordovician based on the

presence of Maclurites.
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Genus EOTOMARIA Ulrich and Scofield, 1897

Eotomaria sp. A

Plate 11, fig. 14

Description: Small (5 mm high); apical angle 60° ; turbinate with

conical spire; base broadly convex; anomphalous; sutures impressed;

whorl surface slopes steeply and flatly downward to faint selenizone

at mid-whorl, then curves convexly under base; aperture about three

times wider than high; colurnellar lip thicken,eci; labruxn not preserved;

nucleus unknown.

Discussion: The description is based on one silicified specimen

which is not well preserved, but appears to have the general shape

of Eotomaria.

Numbered specimen: RAP-19-a

Ecology: The specimen is from a limestone clast which also contained

Cyclospira, indet. bellerophontid, Trochonema, and Tancrediops is

suggesting a depth of about B. A. 2-3 of a shallow molluscan assem-

blage.

Occurrence: Rounds tone polymictic conglomerate, Lovers Leap

area locality RAP. The presence of Cyclospira indicates an age

of Middle or Late Ordovician.

Eotomaria sp. B

Plate 7, fig. 8

Description: Moderate size (20 mm across a fragmentary specimen),
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low-spired, rapidly expanding, coeloconoid, gradate gastropod.

Sutures angular, upper whorl slopes flatly or with slight concavity

to angular periphery, then downward and inward convexly; base and

aperture unknown, growth lines not observed; whorls in contact below

angular periphery.

Discussion: The description is based on one incomplete silicified

specimen. The shell resembles species of Eotomaria such as E.

supracingulata Billings and E. canalifera Ulrich, but the poor mater-

ial prevents specific assignment.

Numbered specimen: R200-1.

Ecology: The specimen is from a limestone clast which contained no

other fossils.

Occurrence: Limestone clast in the roundstone polymictic conglomer-

ate of the Kangaroo Creek Formation. Possible age Middle Ordovi-

cian to Late Silurian.

Family LOPHOSPIRIDAE Wenz, 1938

Genus LOXOPLOCUS Fischer, 1885

Loxoplocus cf. L. (Lophospira) sumnerensis (Safford)

Plate 7, figs. 9-11

1869 Murchisonia sumnerensis Safford, Geology of Tennessee, pl. G,

fig. 1

1897 Lophospira sumnerensis Ulrich and Scofield, Geology of

Minnesota, v. 3, p5. 2, p. 978, pl. 73, 18-20.
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Description: Moderate size (20 mm high); anomphalous; fusiform,

nearly conical; apical angle about 65° ; concave selenizone bordered

by two threads (one each side) at the outer edge of the whorl; whorls

adpressed; whorl surface slopes downward and outward from suture

with slight concavity to selenizone; selenizone at subangular outer edge

of whorl; whorl surface curves downward with slight concavity at a

steeper angle than the upper whorl surface, and meets columellar lip;

aperture large, comprising over one half of height of shell; base of

aperture rounded; columellar lip strongly reflexed outward; parietal

inductura thin; outer lip not preserved, but growth lines indicate a

shallow sinus; nucleus unknown.

Discussion: The description is based on one moderately well-pre-

served, silicified specimen. The specimen is 20 mm high, 11

mm wide, the aperture is 11 mm high, and the apical angle is 65°.

The specimen resembles Plethospira except that the characteristic

plethospirid siphonal canal is not pr esent (the columellar lip is re-

flexed outward and not inward). The greatest degree of similarity

exists between the Klamath specimen and Loxoplocus (Lophospira)

sumnerensis (Safford). L. (I. ) sumnerensis differs only in having

a rounded, raised selenizone and is more gradate in appearance.

Numbered specimen: RS14-1

Ecology: The specimen was from a limestone clast which contained

no other fossils.
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Occurrence: Limestone clast from locality RS, roundstone polymictic

conglomerate, Kangaroo Creek Formation. Possible age range from

Middle Ordovician to Late Silurian. Previously reported L. (L. )

sumnerensis are Middle Ordovician

Loxoplocus (Lophospira) perangulata (Hall), 1847

Plate 8, figs. 18.-20

1847 Murchisonia perangulata Hall, Natural History of New York,

v. 1, p. 41, pl. 10, fig. 4.

1859 Murchisonia bicincta var. perangulata, Salter, Canadian

Organic Remains, Decade 1, pl. 4, fig. 7.

1897 Lophospira perangulata, Ulrich and Scofield, Geology of

Minnesota, v. 3, pt. 2, p. 972, pl. 72, figs. 1-7.

1903 Lophospira perangulata, Ruedemann, N. Y. State Museum Bull.

49, p. 31.

1;08 Lophospira perangulata, Raymond, Annals Carnegie Museum,

v. 4, p. 188, pl. 49, fig. 7, 8.

1938 Lophospira perangulata, Twenhofel, G. S. A. Special Paper 11,

p. 61, pl. 8, fig. 20.

1951 Lophospira perangulata, Wilson, 1951, Geol. Survey Canada

Bull. 17, p. 37, pl. 4, fig. 13.

1962 Lophospira aff. perangulata, Vostokova, VSEGI (n. s. ) v. 75,

p. 17, pl. 3, fig. 7.
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1964 Lophospira perangulata, Vostokova, Arctic Geologic Inst. ,

v. 5, p. 62, pl. 1, fig. 7.

1 971 Lophospira perangulata, Steele and Sinclair, Geol. Surv.

Canada Bull. 211, p. 15.

Description: Moderately small (6-10 mm high); high-spired (apical

angle 40-45° ); anomphalous; sutures sharp; whorl profile slopes

downward from suture with slight concavity, at about 55° to angular

periphery; periphery bordered by two spiral threads (one each

side); surface slopes with broad concavity inward (at about 55° )

to spiral keel at lower outer edge; surface curves concavely from

spiral angulation to columellar lip; columellar lip reflexed outward;

growth lines indicate a broad V-shaped sinus; labrum not preserved;

presence of slit unknown; nucleus unknown.

Discussion: The description is based on approximately 200 silicified

specimens. The shell is similar in form to Lophospira saffordi

Ulrich and L. oweni Ulrich and Scofield except that the latter two

have a carina above midwhorl. Ulrich's 1897 illustrated specimens

of L. perangulata were examined (USNM 46067) and, although not

as well preserved as the Klamath specimens, appear identical.
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Numbered specimens: The specimens are from the following num-

bered clasts: RS15, RI -B, R3-B, RAP-36, RAP-12, RAP-24,

R31f-AB, R31f-AU, R31f-AT, R31f-AY, R31f BB, R31f-BJ, R147-L,

R147-K, R200-P. Illustrated specimens are PR-3-A and R3F-1.

Ecology: Loxoplocus (Lophospira) perangulata is relatively common

and constitutes a major part of the typical Klamath molluscan assem-

blage, presumably B. A. 3 (Lophospira and Lophospira-Murchisonia

communities). Also recovered from limestone clasts were Holopea,

Paraliospira, Cyclonema, Gyronema, Hormotoma,

Lesueurilla, Temnod iscus, Megalomphala, Ellis ella, Murchison.ia,

indet. smooth brachiopods, cephalopod fragments, pelecypod frag-

ments, and trilobite fragments.

Occurrence: Localities R-1, R-3, RAP, R31f, R-147, R-200, in the

roundstone polymictic conglomerate, Kangaroo Creek Formation,

Lovers Leap and Gregg Ranch areas.

Reported occurrences of Lophospira perangulata are all from

the Middle Ordovician, and many of the genera with which L.

perangulata is associated in the Klamath Mountains are Middle or

Upper Ordovician. The species appears to be relatively abundant

in North America and the northeast Soviet Union.



186

Loxoplocus cf. L. (Lophospira) medialis Ulrich and Scofield, 1897

Plate 8, figs. 14-16

1897 Lophospira medialis Ulrich and Scofield, Geology of Minnesota,

v. 3, pt. 2, p. 973, pl, 73, p. 23-29.

Description: Moderately large (30 mm high); turbinate; gradate;

apical angle about 60° ; anomphalous; sutures angular; shell has three

carinae; one slightly below suture, one at midwhorl, and one at the

lower-outer edge (position of suture); surface concave between costae,

base convex; columellar lip thickened, reflexed outward; parietal

inductra thin; labrum not preserved; nucleus unknown; no growth lines

preserved.

Discussion: The description is based on five silicified specimens.

Loxoplocus (Lophospira) medialis has three revolving angulations and

is very similar to the Klamath specimens. The cotypes (USNM

43906-7) have a much stronger upper angulation than is illustrated

in Ulrich and Scofield (1897, pl. 73, figs. 23-29). L. (L. ) milleri

(Miller) is similar but has a less elongated base.

Numbered specimens: Z1-7, RAP-36-1, R200-Z-1, and RI -X-5.

Ecology: The limestone at locality Z-1 also yielded clorindid brachio-

pods suggesting a much deeper environment than normal (B. A. 5)

assuming that no transport took place. The other specimens occurred

with Lophospira perangulata, Gyronema, Cyclonema, and Liospira

suggesting B. A. 3 (Lophospira community).
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Occurrence: Massive limestone, locality Z-1, Late Ordovician

(Ashgillian); and clasts from the roundstone polymictic conglomerate

of the Kangaroo Creek Formation, localities R-1, RAP, and R-200,

Lovers Leap area.

Loxoplocus cf. L. (Lophospira) procera Ulrich, 1897

Plate 11, fig. 9

1897 Lcphospira procera Ulrich in Ulrich and Scofield, Geology of

Minnesota, v. 3, pt. 2, p. 968, pl. 72, fig. 9.

Description: Moderately small, (4-8 mm high), turbinate, apical

angle 30° , anomphalous; sutures sharp; shell has three carinae - the

middle being the strongest; first carina is just below the suture, the

second at midwhorl, and the third at the lower-outer edge (position

of lower suture); shell is concave between sutures, base convex;

columellar lip reflexed outward; labrum not preserved; nucleus

unknown; growth lines not observed.

Discussion: The description is based on twelve silicified specimens

which resemble L. (Lophospira) procera. Neither the Klamath

specimens nor the holotype (U SNM 46068) are particularly well pre-

served precluding definite specific assignment, but both are high-

spired and have three strong, revolving angulations.

Numbered specimens: R147m-1, 3-39, 3-143, R1E-1, and R31f-

AE-1.

Ecology: Two of the localities are in pelletal limestone and the rest
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are limestone clasts. The clasts also contained Murchisonia,

Par aliospira, Megalomphala, Pachystr ophia, Br ansonia, and

Glyptorthis suggesting a depth of about B. A. 3 (or possibly shallow

B. A. 4) in the Lophospira-Murchisonia community. The pelletal

limestone suggest a dept h of B. A. 2-3 and the abundant Lophospira

suggest a depth of B. A. 3 (Lophospira community).

Occurrence: Limestone clasts from a conglomerate at locality 3-143

of probable Middle or Late Ordovician age. Limestone clasts from

the roundstone polymictic conglomerate of the Kangaroo Creek Forma-

tion, localities R-1 and R31f; the presence of Glyptorthis indicates

Upper Ordovician for one clast. Localities 3-39 and R147 m, massive

pelletal limestone of the Kangaroo Creek Formation, Middle?

Ordovician.

Loxoplocus (Lophospira) sp.

Plate 8, figs. 1-3

Description: Small (5 mm high); moderately high-spired (apical angle

70° ); turbinate; anomphalous; sutures apparently channeled in later

whorls; whorl surface slopes flatly or with slight concavity to upper-

outer spiral angulation, then vertically down to lower-outer angulation

and inward convexly around base to a spiral cord; columellar lip

thickened, oblique; labrum not preserved; no growth lines present;

nucleus unknown; presence of sinus or slit unknown.

Discussion: The description is based on one silicified specimen. It is
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similar to Trochonema (Eunema), but lacks an open umbilicus and

is not as high spired. It differs from any other Klamath specimens

of Lophospira in having a wider base. Due to the poor preservation

no attempt at specific identification is made.

Numbered specimens: RAP-14-1

Ecology: The specimen is from a limestone clast which also con-

tained strophomenaceans, and Laticrura suggesting a depth of B. A. 3

or deeper.

Occurrence: Limestone clast from the roundstone polymictic con-

glomerate, Lovers Leap area. Based on the occurrence of Laticrura

the possible age range is Middle to Late Ordovician.

Genus TROCHONEMELLA Okulitch, 1935

Trochonemella? mikulici n. sp.

Plate 9, figs. 12-15

Diagnosis: Trochonemella with apical angle about 110° , whorls

rounded, strong othocline growth lines.

Description: Small (4-8 mm high, incomplete specimens), turbinate,

apical angle about 110 °, sutures impressed, very narrow umbilicus

formed by reflexed aperture, whorl profile rounded with a strong

raised selenizone at a position above mid-whorl, lunulae in selenizone

visible in later whorls; columellar lip vertical, thickened, and re-

flexed outward; outer and lower edge of aperture not known; strong,

relatively widely spaced orthocline growth lines; nucleus unknown.
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Discussion: The description is based on four incomplete specimens.

They resemble Brachytomaria baltica (de Verneuil), 1845 with two

differences: the Klamath specimens are narrowly phaneromphalous

(Brachytomaria is anomphalous), and have a less acute apical angle

(110° vs. 70° ). Since no members of the Phanerotrematidae are

umbilicate (Knight and others, 1960, p. 1-209), and Brachytomaria

is not well known and is reported only from the Baltic, it is probable

that the Klamath specimens belong to Trochonemella.

Trochonemella mikulici differs from T. trochonoides, T.

knoxvillensis, and T. notabilis in being more rounded. T. montreal-

ensis has a much higher spire. T. sinensis is represented by an

internal mold only. While T. mikulici is not represented by the best

of specimens, it appears distinctive enough to be a new species.

Other species of Trochonomella have a shallow sinus, and T. mikulici

appears to lack any sinus.

Trochonemella had paired ctenidia, but the right organ was

apparently reduced as suggested by difference in spacing between

lunulae in the two rows of lunulae above and below the selenizone in

some species of Trochonemella (Plate 9, figs. 16-18).

Numbered specimens: HG10-222-1 through 4.

Ecology: The specimens are from a limestone which also contained

clorindid brachiopods and Anoptambonites indicating (assuming no

transport) a deep (B. A. 4-5) environment.
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Occurrence: Massive limestone, locality HG-10, Horseshoe Gulch,

Etna Quadrangle. Based on the brachiopods present, it is Upper

Ordovician (Ashgilll (A. W. Potter, 1976, pers. commun. ).

Superfamily PLEUROTOMARIACEA Swainson, 1840

Family Uncertain

Genus SISKLiTOUSPIRA n. gen.

Genotype: Siskiyouspira vostokovaena n. sp.

Diagnosis: low spired, rounded whorls, widely phaneromphalous,

midwhorl selenizone with flange at lower border.

Discussion: While this fringed genus superficially resembles

Euomphalopterus there are several differences. The specimens

appear to have a true selenizone with a plate-like flange at the lower

edge of the selenizone. The flange, where preserved, is inclined

upward and not downward. One specimen of Euomphalopterus? which

was recovered from the same clast is higher-spired, does not have

nodes on the upper whorl surface, and the growth lines are not as

strongly prosocline. If the specimen of Euomphalopterus? actually

has a selenizone then it would be a separate species of this genus.

Siskiyouspira vostokovaena n. sp.

Plate 12, figs. 8-14

Diagnosis: Siskiyouspira with apical angle of about 135° , nodes on

upper whorl surface, midwhorl flange inclined upward, rounded

orthocline bulges on base of whorls.
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Description: Moderate size (10 to 40 mm in diameter), widely

phaneromphalous, low-spired (apical angle about 135° on distorted

specimens), upper sutures angular to subangular 70° -90°, whorl

profile inclined oval, upper whorl surface flat, sloping upward to

upper-outer edge; upper outer edge with low, rounded nodes, whorl

surface slopes gently downward with slight convexity to midwhorl

slit band with thin flat frill at lower edge; slit band exhibits faint

lunulae, upper edge of slit band sharply raised but apparently not

with projecting frill; frill on lower margin of slit band inclined upward

where preserved; whorl below frill curves downward and inward with

concavity at first, then convexly around base and into the umbilicus;

growth lines prosocline from suture to slit band and orthocline from

slit band to umbilicus; rounded bulges on base of whorl; lower umbil-

ical sutures sharp; aperture unknown.

Discussion: The description is based on five silicified specimens.

The specimens superficially resemble Euomphalopterus but differ in

having a selenizone.

Numbered specimens: Holotype R200V-1; paratypes R200V(2, 3).

Ecology: The specimens are from a limestone clast that also con-

tained Euornphalop_terus?, Paraliospira planata?, Hormotoma, and

Euryzone petilitornata suggesting a shallow molluscan assemblage,

possibly B. A. 2 or 3.

Occurrence: The specimens are from a limestone clast in the
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roundstone polymictic conglomerate, locality R.20C, Lovers Leap

area. If the one specimen in the clast actually is Euomphalopterus,

then the clast is Silurian (Wenlock - Ludlow'.

Family GOSSELETINIDAE Wenz, 1938

Subfamily GOSSELETININAE Wenz, 1938

Genus EURYZONE Koken, 1896

Euryzone petilitornata Linsley, 1968

Plate 12, figs. 1-7

Description: Rotelliform, moderately small (5-8 mm in diameter),

apical angle about 170° ; phaneromphalous; slightly more than half of

each previous whorl exposed in umbilicus; upper sutures sharp and

moderately deep; umbilical sutures deep. Whorl surface arched be-

tween upper sutures; in later whorls upper suture becomes caniculate

and upper part of whorl is flat; in earliest whorls profile is nearly

round; whorls in contact in a relatively small area; a probable slit

band at the upper-outer edge of whorl bordered by two (one each side)

spiral threads; faint prosocline growth lines on base of whorl; aper-

ture and nucleus unknown.

Discussion: The description is based on 35 shells and shell fragments,

most of which do not preserve the spiral threads. The most signifi-

cant feature of the shell is the position of the slit band at the upper-

outer edge of the whorl. Members of Gosseletinidae and Helicotomidae

are phaneromphalous with a slit band in a similar position, but the
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helicotomids have a shoulder angulation. The Klamath specimen

appears to be nearly identical to Euryzone petilitornatal although the

base of that species is unknown.

Numbered specimens: R1AN and R200V-5

Ecology: The specimens are from a limestone clast which also con-

tained Paraliospira, Siskiyouspira, Holopea, and Euomphalopterus?

suggesting a possible depth of B. A. 3.

Occurrence: Roundstone polymictic conglomerate of the Kangaroo

Creek Formation, possible age from Middle Ordovician to Late

Silurian. If the one specimen from the clast is actually Euomphalop-

terus, then the clast is Silurian. Linsley (1968) reports Euryzone

petilornata from the Middle Devonian. A similar specimen of

Euryzone occurs in collections of the Stinchar Limestone (Upper

Ordovician) of Scotland (Yochelson, unpub. info. ).

Coe lozone? aff. C. fascinata Linsley, 1968

Plate 9, figs. 19-22

1968 Coelozone fascinata Linsley, Bull. Amer. Paleontol, v. 54,

n. 244, p. 397, pl. 29, fig. 4.

Description: Moderately small (12 mm in diameter), widely

phaneromphalous, nearly flat-topped (apical angle about 165° ,

round whorled gastropods. Sutures deep; whorl profile flattened

ovate; shell surface broadly convex between sutures; broad, flat

slitband bordered by two weak threads slightly above midwhorl;
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below slitband shell slopes inward around base with increasing con-

vexity to lower suture; lower suture sharp; faint growth lines present

on upper surface of shell only, inclined rearward with forward con-

vexity to slitband; aperture and nucleus unknown.

Discussion: The description is based on two fragmentary specimens

from different localities which appear to belong to the same species.

The slitband is lower on the whorl than on Euryzone. The specimens

appear to be identical to Coelozone fascinata although the nature of

the umbilicus of that species is not known. Coelozone has previously

only been reported from the Silurian and Devonian.

Numbered specimens: R1B-2 and R23f -l.

Ecology: The specimens are from limestone clasts one of which

contained no other fossils. The other clast contained Lophospira,

Hormotoma, Pachystrophia?, and Glyptorthis suggesting a possible

depth of B. A. 3 or slightly deeper (Lophospira-Murchisonia com-

munity).

Occurrence: Limestone clasts from localities R-1 (roundstone poly-

mictic conglomerate, Lovers Leap Formation) and 23f (limestone

conglomerate). The presence of Glyptorthis in clast R1 -B indicates

a Middle or Late Ordovician age for that clast.
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Superfamily PLEUROTOMARIACEA?

Family EUOMPHALOPTERIDAE Koken, 1896

New genus aff. Euomphalopterus

Plate 4, figs. 20, 21

Description: Moderate size (20 mm across base); trochiform, with

midwhorl flange; moderately wide, but deeply umbilicate; sutures

angular (about 90° ); whorl profile flattened on top, with an angular

shoulder on the upper-outer edge (about 120° ) then sloping downward

along a flat surface to the midwhorl flange; upper and lower surfaces

of the flange concave curving to meet at horizontal plane of flange;

Weak subangular angulation at the lower-outer edge of the whorl;

then curving smoothly into the umbilicus; aperture unknown, orna-

mentation lacking.

Discussion: The discussion is based on one incomplete, silicified

specimen from Ashgill age limestone. The midwhorl flange is sug-

gestive of Euomphalopterus (Pleuromphalus), but that subgenus

has a rounded profile, and no euomphaloptertids are known from

the Ordovician. Since the frill of Euomphalopterus and the flange

of this new genus are not selenizones, it is questionable if the family

Euomphalopteridae (except for Crenilunula) should be included in

Pleurotomariacea (Linsley, Yochelson, and Rohr, in press).

Numbered specimen: Z1 3a2

Ecology: The specimen is from a limestone bed which also contained
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the brachiopods Anoptambonites, Hesperorthis, Eospirigerina,

Skenidioides, indet. clorindid, the corals Grewingkia, Catenipora,

Propora, Paleophyllum?, Quepora?, operculum of Maclurites, and

indet. algae. The abundance of brachiopods suggests a deeper envi-

ronment than usual for abundant gastropods (assuming no transport),

but the presence of algae indicates that it was still in the deepest

photic zone, B. A. 3.

Occurrence: Massive limestone, locality Z13, Horseshoe Gulch,

Etna quadrangle. Based on the fossils listed above, the limestone is

Ashgill (Zdanowicz, 1971).

Superfamily PLEUROTOMARIACEA Swains on, 1840

Family EUOMPHALOP TERIDAE Koken, 1896

Genus EUOMPHALOPTERUS Roemer, 1876

Euom halo terus ? sp.

Plate 12, figs. 15-17

Description: Relatively large (30 mm diameter); turbinate; apical

angle 110° ; umbilical area unknown; relatively wide pseudoselenizone

at mid-whorl; frill-like expansion at upper and lower edges of pseudo-

selenizone; whorl in contact with previous whorl immediately below

lower frill; most of frill broken off on earlier whorls; frill irregu-

larly crenulated in places; sutures angular but not incised; ornamen-

tation of closely spaced prosocline, sigmoidal, growth lines down to

selenizone, growth lines below pseudoselenizone unknown;
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pseudoselenizone unornamented except for weak growth lines in some

areas; whorl slightly flattened on top, curving concave to upper frill;

whorl begins to curve inward sharply below lower frill; aperture

unknown.

Discussion: The description is based on one incomplete silicified

specimen on which the umbilical area is missing. The specimen

differs from normal Euomphalopterus in that it appears to have a

selenizone, which Euomphalopterus (Euomphalopterus) does not have.

If this actually is Euomphalopterus, the apparent selenizone may be

explained as follows: The frill on E. (Euomphalopterus)is relatively

thick and the center part (which is composed of a separate layer of

calcite) may not have been preserved during differential silicification.

The fragile upper layer of the frill was broken, and the space between

the upper and lower layers appears to be, but is not, a selenizone.

If indeed the peripheral band is a selenizone, then the specimen

does not belong to Euomphalopterus, but is more closely related to

Siskiyouspir a.

Numbered specimen: clast R200V.

Ecology: The specimen is from a clast in a conglomerate which also

contained Euryzone, Hormotoma, and Siskiyouspira, suggesting B. A.3.

Boucot (1975) includes Euomphalopterus in B. A. 3 level bottom com-

munities.

Occurrence: Locality R200, roundstone polymictic conglomerate,
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Kangaroo Creek Formation, Lovers Leap area. If this specimen

really is Euomphalopterus (Euomphalopterus), then the clast is

Silurian (Wen lock-Ludlow).

Superfamily TROCHONEMATACEA Zittel, 1895

Family TROCHONEMATIDAE Zittel, 1895

Genus TROCHONEMA Salter, 1859

Trochonema cf. T. (Eunema) salteri Ulrich and Scofield, 1897

Plate 8, figs. 4-7

1897 Trochonema (Eunema) salteri Ulrich and Scofield, Geol. Minn.,

v. 3, pt. 2, p. 1053, pl. 72, figs. 42-43.

Description: Small (6 mm high); turbiniform; apical angle in dis-

torted specimens varies from 40° to 85° suggesting an actual apical

angle of about 60° ; narrowly phaneromphalous; sutures narrowly

channeled; four spiral angulations, one next to suture, at upper

periphery, at lower periphery, and adjacent to umbilicus; angulations

about evenly spaced; upper whorl surface slightly concave, sloping

downward and outward at about 40° ; outer edge vertical, lower whorl

surface flat, sloping downward and inward at about 40° ; aperture

apparently without sinus, slightly oblique; columellar lip curved,

thin; parietal inductura apparently absent; nucleus unknown.

Discussion: The description is based on four distorted specimens.

The lack of a deep sinus indicates the specimens belong to Trochonema

and are not lophospirids. The internal channel on the labrum which is
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characteristic of Trochonema is not evident on the Klamath speci-

mens, possibly due to their small size. The specimens do possess

the four spiral angulations, the narrow umbilicus, and the channeled

sutures of Trochonema. The height of the specimens places them

near the artificial boundary between high-spired forms of T. (Eunema)

and low-spired forms of T. (Trochonema), but they seem to be most

similar to T. (Eunema) salteri.

Numbered specimens: RAP-19-1 through 4. Illustrated specimen

RAP-19-1.

Ecology: The specimens are from a limestone clast which also con-

tained Eotomaria, indet. bellerophontid, pelecypod fragments, and

Cyclospira, suggesting a shallow molluscan assemblage (about B. A.

2-3).

Occurrence: Limestone clast in the roundstone polymictic conglom-

erate, Kangaroo Creek Formation, Lovers Leap area. The presence

of Cyclospira suggests that the clast is Middle or Upper Ordovician.

Superfamily PLATYCERATACEA Hall, 1859

Family HOLOPEIDAE Wenz, 1938

Subfamily HOLOPEINAE Wenz, 1938

Genus HOLOPEA Hall, 1847

Species of Holopea which have been reassigned to other genera:

Holopea arenaria Whitfield = Plethospira. (by Ulrich, 1897)

H. cassinia Whitfield = Plethospira (by Ulrich, 1897)
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H. hudsoni Raymond = Trochonema (by Raymond, 1908)

H. microclathrata Hudson = Gyronema (by Raymond, 1908)

H. nana Meek = Cyclora minuta (by Meek, 1873)

H. obesa Whitfield = Sinuopea (by Bass ler, 1915)

H. textilis Grabau and Shimer = Strophostylus (Ulrich and

Scofield, 1897)

H. turgida Billings = Sinuopea (by Bass ler, 1915)

Devonian Species of Holopea:

Littorina antiqua Vanuxem, 1842 (by Hall, 1847)

Holopea antiqua pervetasta Flail, 1859

H. arctica Schuchert, 1900

H. pervetusta Grabau and Shimer, 1909 = H. antiqua pervetasta

Hall, 1859 by Bass ler, 1915.

Silurian species of Holopea:

Holopea caecistriata Mc Learn, 1924

H. chicagoensis Winchell and Marcy, 1865

Murchisonia? conoidea Hall, 1852 (by Whitfield, 1887)

Holopea? elorigata. Hall, 1859

H. gracia Billings, 1865

H. grandis Calvin, 1890

H. guelphensis Billings, 1865

H. harmonia Billings, 1863

H. magniventra Whitfield, 1887
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H. mediocris Billings, 1866

H. niagarensis Winchell and Marcy, 1865

H. minuta Savage 191 3

Cyclonema? obsoleta Hall, 1852 (by Foerste, 1889)

Holopea obsoleta evevata Foerste, 1889

H? occidentalis Nicholson, 1875

H. reversa Hall, 1860

H. subconica Hall, 1859

H. subundata Northrop, 1939

H. timida Barrande, 1907

H. lepidula Barrande, 1907

H. appolinis Barrande, 1907

H. tumescens Barrande, 1907

H. inopinata Perner, 1907

H. servus Barrande, 1907

H. eruca Barrande, 1907

H. irregularis Barrande, 1907

H. transversa Lindstrom, 1881

H. nitidissma LindstrOm, 1881

H. applanata LindstrOm, 1881

Ordovician species of Holopea:

Holopea aequalis Koken, 1925

H. ampla Ulrich and Scofield, 1897
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H. ampullacea Eichwald, 1861

H. appressa Ulrich and Scofield, 1897

H. baltica Koken, 1925

H. concinnula Ulrich and Scofield, 1897 (steinkern)

Turbo dilcula Hall, 1847 (by Miller)

Holopea eichwaldi Koken, 1925 (possibly Sinuopea?)

H. excelsa Ulrich and Scofield, 1897

Straparollina harpa Hudson (by Raymond, 1908)

Holopea hubbardi Miller, 1892

H. incerta Foerste, 1914

H. informis Wilson, 1951

H. insignis Ulrich and Scofield, 1897

H. lavinia Billings, 1865 (steinkern)

H. lavinia conica Wilson, 1951

H. leisoma Billings, 1865

H. media Parks, 1915 (holotype is a steinkern)

H. missouriensis Bradley, 1930

H. nashvillensis Ulrich in Ulrich and Scofield, 1897

H. neris Billings 1865

H. neris spiralis Wilson, 1951

H. nicolettensis Foerste, 1924

H. nitida Koken, 1925

H. obliqua Hall, 1847
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Turbo? obscura Hall, 1847 (by Clarke and Ruedemann, 1903)

Holopea ophelia Billings, 1865

H. ottawaensis Wilson, 1951

H. ovalis, Billings, 1865

H. oxfordensis Ulrich in Ulrich and Scofield, 1897

H. paludiniformis Hall, 1847

H. parvula Ulrich in Ulrich and Scofield, 1897

H. perundosa Sardeson, 1892 = H. pyrene (by Bass ler, 1915)

H? plauta Raymond, 1906

H. proserpina Billings, 1865 (poor illustration and description)

H. pyrene Billings, 1865

H? raymondia Cleland, 1903

H. rotunda Ulrich and Scofield, 1897

H. scrutator Raymond, 1905

H. similis Ulrich and Scofield, 1897

H. simplex Koken, 1 897

H. subtilis Koken, 1925

H. supraplana Ulrich and Scofield, 1897

H. sweeti Whitfield, 1882 (steinkern)

H. symmetrica Hall (genotype)

H. undulata Wilson, 1932 (steinkern)

Haplospira variablis Koken, 1925 (by Knight and others, 1960)

Holopea ventricosa Hall, 1847
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Anastrophina vermiculosa (Perner) 1903

Holopea vermiculosa Perner, 1903

H. vigneauensis Twenhoffel, 1938

H. voluta Cleland, 1903

Holopea elizabethi n. sp.

Plate 10, figs. 25-34

Diagnosis: Moderately high-spired with an apical angle of about 72° ,

narrowly phaneromphalous; strong, closely spaced prosocline growth

lines; globular.

Description: Small (5-9 mm high), turbinate, globular, with upper

part of whorl slightly flattened; moderately high-spired with an apical

angle of about 72° ; impressed suture; narrowly phaneromphalous,

strong, closely spaced prosocline growth lines; whorls embrace

previous whorl below midline. Aperture is oblique, near circular

ovate; inner lip is very slightly reflexed, inner lip is only in contact

with the previous whorl for a short distance. Apex is not preserved.

Discussion: The description is based on 14 silicif ied specimens

which are relatively uniform except that one specimen has an oval

aperture compared to the other more circular apertures on the other

specimens. This might be due to variation within the species or

postdepositional distortion of the specimen.

Comparisons: The following species differ from Holopea elizabethi

as noted:
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H. reversa Hall, 1860 is sinistral

H. transversa LindstrOrn, 1881 has a smooth surface

H. nitidissima LindstrOm 1881 has a smooth surface

H. applanata LindstrOm 1881 body whorls are not as rounded

H. vermiculosa Perner, 1903 has a slightly sinuate lip.

H. insignis Ulrich and Scofield, 1897 has a much lower spire

H. a rppLessa Ulrich and Scofield, 1897, has a lower spire

H. amnia Ulrich and Scofield, 1897 has a slighty lower spire

and strongly prosocline growth Lines

H. rotunda Ulrich and Scofield, 1897 has obscure growth lines

and columellar lip is reflexed strongly

H. excelsa Ulrich and Scofield, 1897 is higher spired and smooth

surfaced

H. parvula Ulrich and Scofield, 1897 has a large umbilicus

H. supraplana Ulrich and Scofield, 1897 is low spired and has

a planar surface on the upper part of the whorls

H. vaurealensis Twenhoffel, 1928 has a smooth outer surface

H. hemmingsmoeni Yochelson,1973 orthocline growth lines

Holopea elizabethi most closely resembles H. variabilis (Koken,

1925) which has about the same whorl height, strong prosocline

growth lines, but is more flattened on the upper surface.

Numbered specimens: Holotype R3X-1. Paratypes R200AD-1 and

R200AD-2.
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Ecology: The specimens are from limestone clasts which contained

1) only Holopea and 2) Murchisonia (Murchisonia), Paraliospira,

Boucotspirat Liospira, and Bransonia? suggesting a depth of about

B. A. 3 (Murchisonia community).

Occurrence: Limestone clasts, localities R-3 and R-200, roundstone

polymictic conglomerate, Kangaroo Creek Formation. Possible age

Middle Ordovician to Late Silurian; probable age Middle or Late

Ordovician.

Holopea brucei n. sp.

Plate 10, figs. 22-24

Diagnosis: apical angle about 105° , whorls nearly circular in profile,

narrow but deep umbilicus, strong prosocline growth lines.

Description: Small (5-7 mm high), apical angle about 105° , whorls

oval, nearly circular in profile with no angulations; impressed suture,

narrow but deep umbilicus; closely spaced, prosocline growth lines;

aperture not preserved; whorls contact previous whorls very lightly

suggesting later whorls may become disjunct; nucleus unknown.

Discussion; The description is based on 2 silicified specimens. It is

possible that these specimens might be a variation of Holopea

elizabethi since both have similar whorl profiles and strong, pros-

cline growth lines. H. brucei, however, has a more obtuse apical

angle (105° vs. 75° ) and a wider and deeper umbilicus. Due to the

limited number of shells recovered, and a lack of intergradational
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forms, the specimens are tentatively assigned to a new species.

Numbered specimens: Holotype R200AC-1; R200AC-2.

Ecology: The specimens are from a limestone clast which also con-

tained Murchisonia (Murchisonia), Murchisonia (Hormotoma), and

Helicotoma suggesting a depth of about B. A. 3 (Murchisonia com-

munity).

Occurrence: Limestone clast locality R200, roundstone polymictic

conglomerate, Kangaroo Creek Formation. The presence of Helico-

toma in this unit indicates a Middle Ordovician age.

Holopea glindmeyeri n. sp.

Plate 10, figs. 7-21

Diagnosis: Holopea with smooth surface, globular; morphologically

variable with apical angle from about 75° to 90° , aperture from

round to vertically elongate oval, to horizontally elongate oval, nar-

rowly phaneromphalous.

Description: Moderately small (4-7 mm high), turbiniform, morpho-

logically variable gastropods; whorl profile circular to oval (long

axis of oval either horizontal or vertical); each whorl embracing

previous whorl at about midline; sutures moderately deep; base

rounded; narrowly phaneromphalus; nuculeus unknown; columellar

lip not thickened; inner lip of aperture may be barely touching previ-

ous whorl or embracing the previous whorl for about 80° of curvature

or variable in between the limits; parietal inductura thin or absent;
/,
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outer lip straight without sinus; outer lip of aperture prosocline with

minor irregularities on some specimens; ornamentation absent; shell

of moderate thickness; apical angle variable (observed from 74° to

87° ).

Discussion: The description is based on 41 silicified specimens from

a University of California collection. A variety of morphologies are

present but they seem to intergrade suggesting that they belong to

the same species. Since no other species of Holopea has been re-

ported as being so morphologically variable (although many probably

are), these forms are assigned to a new species. The rate of expan-

sion of the whorls is less than in other Klamath Holopea species.

Numbered specimens: (University of California, Berkeley) A6372.

Holotype A6372-3. Paratypes A6372-1, A6372-2, A6372-4, A6372-5,

A6372-6, A6372-7, A6372-8.

Ecology: The specimens are from a limestone clast, and the U. C.

locality cards reported no other fossil from the clast.

Occurrence: Limestone clast, locality A-6372 (RS), roundstone poly-

mictic conglomerate of the Kangaroo Creek Formation, Lovers Leap

area, possible age from Middle Ordovician to Late Silurian.

Holopea sp.

Plate 10, figs. 4-6

Description: Small (5 mm high); turbinate; apical angle 80° ; narrow,

but moderately deep umbilicus; shell surface apparently smooth;
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aperture not preserved; whorl profile round with a slight flattening

where the whorls are in contact, but no other angulations; apex not

preserved; variation unknown.

Discussion: The description is based on one silicified specimen.

The specimen occurs with one specimen of Raphispira? which appears

to be similar to the specimen of Holopea except for the circumumbili-

cal angulation on Raphispira. This difference would seem to be

greater than any variation which would be expected within one species.

Due to the limited material and coarse silicification the specimen is

not assigned specifically.

Numbered specimens: R.147m-5.

Ecology: The specimen is from pelletal limestone which also con-

tained Lophospira (abundant), Paraliospira, Tancrediopsis, and

orthid brachiopods suggesting a shallow (B. A. 2-3) Lophospira

community.

Occurrence: Massive pelletal limestone of the Kangaroo Creek For-

mation, Middle? Ordovician.

Genus RAPHISPIRA Perner, 1903

Raphispira? sp.

P1. 10, figs. 1 -3

Description: Small (4 mm high); turbinate; rounded whorls; apical

angle about 60° ; narrowly phaneromphalous; sutures impressed;

lacking ornamentation except for circumumbilical cord very close
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to the umbilicus; aperture not preserved.

Discussion: The specimen resembles Straparollina Billings, 1865

but appears more similar to Raphispira Perner 1903 which is known

only from the Upper Silurian of Europe, while the Klamath specimen

is from the Middle or Upper Ordovician. Since the description is

based on only one silicified specimen it is difficult to determine

whether it actually belongs to the genus (extending the range greatly)

or is a different, new genus. Due to the limited material, the spe-

cimen is tentatively assigned to the existing genus.

Numbered specimen: R 147m-6

Ecology: The specimen was recovered from pelletal limestone

which also contained Lophospira (abundant), Paraliospira, Tancredi-

opsis, and orthid brachiopods suggesting a shallow (B. A. 2-3)

Lophospira community.

Occurrence: Massive pelletal limestone of the Kangaroo Creek

Formation, Middle? Ordovician.

Superfamily PLATYCERATACEA Hall, 1859

Family HOLOPEIDAE Wenz, 1938

Subfamily GYRONEMATINAE Knight, 1856

Genus GYRONEMA Ulrich in Ulrich and Scofield, 1897

Discussion: Gyronema was established by Ulrich as a subgenus of

Trochonema, Superfamily Trochonematacea) which it resembles,

but was later reassigned by Knight (1956) to his subfamily
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Gyronematinae (Superfamily Platyceratacea).

Diagnosis: "Narrowly phaneromphalous with relatively few, strong

spiral cords; outer lip prosocline; reflexed columellar lip" (Knight

and others, 1960, p. I 2391.

Gyronema liljevalli n. sp.

Plate 9, figs. 8-11

Diagnosis: Gyronema with four uniform carinae and a circumbilical

angulation all of which are about equally spaced. Apical angle ap-

proximately 105°.

Description: Trochiform, moderately small, non sinuate, minutely

phaneromphalous gastropods with four revolving carinae of equal

strength and a circumbilical angulation; sutures angular (about 90° )

but not incised; ornamentation fine growth lines on some specimens;

apical angle 99° -113° ; shell profile is horizontal to concave from

upper suture to first carina, concave and dipping about 30° to the

second carina which forms the outer-upper edge of whorl, outer whorl

face nearly vertical from second to fourth carina, third carina on

outer whorl face slightly closer to fourth than third whorl, concave

surfaces between carinae, slightly concave surface of whorl sloping

inward from fourth carinae (at about 40°) to circumbilical angulation,

then upward along a gently convex surface into the umbilicus; columel-

lar lip reflexed; aperture prosocline (inclined 15° -20°); nucleus

unknown.
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Holotype: apical angle 113° , height 5 mm, width 9 mm.

Discussion: The description is based on six silicified specimens.

The shell is similar to Trochonema except that it has an additional

angulation at about mid whorl on the outer face, the sutures are not

channeled, and the labrum lacks a major channel. It has fewer angu-

lations than most other species of Gyronema as summarized in

Table 5 and is a new species.

Numbered specimens: R3T, R3N, Holotype R.3F-1.

Ecology: The specimens are from limestone clasts which also con-

tained Lophospira (abundant), Liospira, Paraliospira, Murchisonia

(Murchisonia), and M. (Hormotoma). In addition to the gastropods

one clast also contained the brachiopods, Glypterina, Anoptambonites,

Xenambonites, Hesperorthis, Bimuria, and Skenidioides. These

associations suggest that Gyronema liljevalli lived at depth ranging

from B. A. 3 (Lophospira community) to pos sibly into B. A. 4 as indi-

cated by the presence of brachiopods in one sample.

Occurrence: Limestone clasts, roundstone polymictic conglomerate,

Kangaroo Creek Formation, locality R-3. The brachiopods recovered

indicate a late Ordovician age for that clast.

Gyronema aff. G. historicum (Hudson), 1905

Plate 9, figs. 1-7

1905 Eunema historicum Hudson, Report N. Y. State Paleontologist

for 1903, p. 288, pl. 4, fig. 5.
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1905 Cyclonema? normaliana Raymond, Amer. Jour. Sci. , ser. 4,

v. 20, p. 377.

1908 Gyronema historicum Raymond, Ann. Carnegie Mus., 4,

p. 208, pl. 54, fig. 5, 6.

1944 G. historicum, Shimer and Shrock, Index Fossils of North

America. p. 451, pl. 182, fig. 29-30.

Description: Small (4-6 mm high), moderately high-spired, minutely

phaneromphalous gastropods with six carinae of equal strength;

sutures angular to subangular (about 80°) but not incised; ornamenta-

tion slightly prosocline grown lines, stronger on later whorls and in

umbilical area; apical angle 59° to 79° ; whorl profile essentially

round with six strong, uniformly spaced, angular carinae; interval

between carinae concave; aperture and nucleus unknown; whorl

embraces previous whorl immediately below fourth carinae from

top.

Discussion: The description is based on 27 incomplete silicified

specimens. The specimens most closely resemble the Middle

Ordovician species G. historicum which has the same shape, num-

ber of carinae, and growth lines. They differ in that G. historicum

has a closed umbilicus (the umbilical areas of the Klamath material

are not well preserved but appear to be minutely phaneromphalous)

and deeply impressed sutures. The fragmentary nature of the

Klamath specimens does not warrant a new species.
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Numbered specimens: Z13a blk 1 and HG10-22
2

blk 4.

Ecology: The specimens are from limestone beds which also con-

tained indet. murchisonids (abundant), clorindid brachiopods (abundant),

Protozyga, Hesperorthis, Dicaelosia, Anoptambonites, Skenidioides,

and Eospirigerina, suggesting a depth of about B. A. 4-5.

Occurrence: Limestone, localities Z13 and HG22, Horseshoe Gulch,

of Late Ordovician (Ashgill) age (Potter, 1975, pers. commun. )



Table 5. Comparison of Klamath Gyronema species to -,,iblished Gyronema species.

Gyronema liljevalli Gyronema aff. G. historicum

Eunema historicum Hudson, 1905 more acute apical angle similar

Gyronema brevispira Whiteaves, 1904 reference not available reference not available

G. dowlingii Whiteaves 1906 poor illustration poor illustration

G. duplicatum U. and S. , 1897 more carinae more carinae

Eunema leptonotum Raymond, 1905 early whorls smooth early whorls smooth

Holopea microclathratum Hudson, 1905 more rounded whorl, 8 carinae 8 carinae

Gyronema liratum Ulrich and Scofield, 1897 8 or 9 carinae 8 or 9 carinae

Pleurotomaria percarinatum Hall, 1847 numerous carinae numerous carinae

Gyronema pulchellum Ulrich and Scofield, 1897 8 carinae 8 carinae

G. ? rotalineum Raymond, 1906 more rounded whorl smoother surface

Cyclonema semicarinata Salter, 1859 carinae not of uniform size carinae not of uniform size

Gyronema speciosum Whiteaves, 1904 reference not available reference not available

Trochonema (Gyronema) pauperum Barrande numerous carinae numerous carinae

T. (G. ) peregrinum Barrande more rounded whorls more globular whorls

T. (G. 1 filosum Barr ande high spired high spired

T. ( G. 1 dives Barrande numerous carinae numerous carinae
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Family PLATYCERATIDAE Hall, 1859

Genus CYCLONEMA Hall, 1859

Subgenus CYCLONEMA Hall, 1859

Cyclonema (Cyclonema) sp.

Description: Small (2-3 mm high); trochiform; anomphalous; apical

angle 40° -50° ; sutures adpressed; shell surface slightly convex

between sutures; base of shell convex; columellar lip thick, vertical

or inclined away from umbilical area; outer edge of aperture not

preserved; shell surface apparently smooth or with several very

faint spiral threads.

Discussion: The description is based on 83 small, silicified speci-

mens from five localities. The diagnostic revolving ornament of

Cyclonema is apparently very faintly preserved on a few specimens.

Since the specimens are so small and the ornamentation is not well

preserved it is not possible to assign them to species.

Numbered specimens: R 200-AK, 3-153-A, R 31 f-R , R31 f-AB,

RAP-36-1 and RAP- 36-2.

Ecology: When found, the Klamath Cyclonema are relatively abun-

dant. The clasts from which they were recovered also contained a

relatively diverse molluscan fauna including: Boucotspira,

Lophospira, Gyronema, Holopea, murchisoniids, Ellisella

Conocardium and pelecypod fragments. Thompson (1970, p. 224)

concluded that while Cyclonema is coprophagous on crinoids, it is
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not limited exclusively to that habit. While the apertures of the

Klamath specimens are not well preserved, they do not show the

variation that is present on the margins of Platyceras due to the

latter's life-long attachment to the crinoid tegmen. Due to the pre-

sumed gill structure of Cyclonema and other trochinoids, the genus

is restricted to hard subsLrates, and cannot live in muddy areas

(Yonge in Knight and others, 1960, p. 116).

Occurrence: Limestone clasts from the roundstone polymict con-

glomerate, RAP R31f, 8200, 3-153. Lovers Leap and Gregg Ranch

areas. Possible age range is from the Middle to Late Ordovician

based on the presence of Boucotspira.

Ecology: When found, Cyclonema are relatively abundant. The spe-

cimens are from limestone clasts which also contained Lophospira

(aoundant in some clasts), Hormotoma (abundant in some clasts),

and Boucotspira suggesting a depth of about B. A 3. Thompson

(1970), p. 224) concluded that while Cyclonema is coprophagous on

crinoids, it is not limited exclusively to that habit.

Occurrence: Limestone clast from the roundstone polymictic con-

glomerate, Kangaroo Creek Formation, localities 3-153, R31f,

and RAP. Possible range Middle Ordovician to Late Silurian,

probable age Middle or Late Ordovician.



219

Family PLATYCER.ATIDAE Hall, 1859

Genus PLATYCER.AS Conrad, 1840

Subgenus PLATYOSTOMA Conrad, 1842

Platyceras (Platyostoma) sp.

Plate 13, figs. 17-19

Description: Very small (2-3 mm high), naticiform, whorls ad-

pressed, sutures moderately deep, weak growth lines are strongly

prosocline, whorl surface curves rather uniformly outward and

downward from suture and around base; aperture not preserved,

but based on growth lines was probably smooth and strongly oblique;

nucleus unknown.

Discussion: The description is based on ten fragmentary silicified

specimens. The apertures are not preserved on any of the speci-

mns and the basal region is not well known so that the specimens

are not assigned to specific level.

Numbered specimens: R35f- 6

Ecology: The specimens are from a. limestone clast which also

contained Coelocaulus (abundant), Hormotoma (abundant), Biformi-

spira, and Gyronema?, and Howellella suggesting a depth of B. A. 3

(Murchisonia community). Some platyceratids are known to be

coprophagous, although, judging by the growth lines present, these



220

specimens did not have the irregular aperture (at least in the juve-

nile form) characteristic of coprophagous forms. The strongly

oblique aperture would allow the gastropod to clamp tightly onto any

surface.

Occurrence: Limestone conglomerate, locality 35f, of Early

Devonian age (Potter, 1975, pers. comm. ).

Genus MURCHISONIA d'Archiac and de Verneuil, 1841

Murchisonia (Murchisonia) sp. A.

Plate 11, figs. 1,2,7

Description: Moderately small, (7-10 mm high); very high-spired

(apical angle 15-20° ); anomphalous; sutures broadly concave; whorl

profile slopes flatly outward from upper suture to angular periphery,

then flatly or slightly concavely inward to spiral angulation at lower-

outer edge which corresponds with location of suture; surface curves

concavely inward from spiral angulation to base of columellar lip;

aperture not preserved; angular outer periphery bordered by narrow

spiral threads (one each side); presence of sinus or slit unknown;

nucleus unknown.

Discussion: The description is based on 23 silicified specimens. The

angular profile and spiral threads bordering the periphery resemble

uPagodaspira" deriwiduii Grabau which has a convex selenizone

bordered by lirae. Since the latter is poorly known it seems more

reasonable to assign the specimens to Muchisonia (Murchisonia)



221

which has a selenizone bordered by cords. Since the specimens

are poorly preserved and the aperture is unknown, it is not assigned

to species.

Numbered specimens: RS-16, Rl-F, R31f-N, R31f-J, 3-123-D,

and 3-123-0.

Ecology: The specimens are from limestone clasts that also contained

Megalomphala, Maclurites, Holopea, Lophospira, Pachystrophia,

and Skenidioides suggesting a depth of about B. A. 3 possibly into

shallow B. A. 4.

Occurrence: Limestone clasts from the roundstone polymictic con-

glomerate, Kangaroo Creek Formation, localities RS, RI, R31f, and

3-1 23. The presence of Maclurites indicates a Middle or Upper

Ordovician age for two of the clasts.

Murchisonia (Murchisonia) sp. B

Plate 13, fig. 29

Description: High-spired, 1 3 mm high, rounded whorls, with seleni-

zone bordered by two cords at mid whorl. Sutures deep, impressed;

whorl curves convexly outward and downward to selenizone which

forms subangular periphery, surface then curves symmetrically back

downward and inward to columellar lip which is slightly reflexed

outward. No growth lines observed, labrum unknown.

Discussion: The description is based on one silicified specimen.

The specimen has a greater apical angle than most Murchisonia,
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and is more strongly convex between sutures. It is similar to

M. (Murchisonia) bachelieri (Roualt).

Numbered specimen: A4779

Ecology: The specimen is from a limestone clast which also con-

tained Conchidium, Stra.parollus (Euomphalus), and Murchisonia

(Hormotoma) suggesting a depth of B. A. 3.

Occurrence: Limestone conglomerate, U. C. locality A4779. The

presence of Conchidium indicates a. Late Silurian age.

Murchisonia (Murchisonia) callahanensis n. sp.

Plate 11, figs. 8, 11, 13

Diagnosis: apical angle about 30° , angulation at lower-outer edge,

two revolving carinae at midwhorl, shell broadly concave between

angulations.

Description: Moderate size (10 -20 mm high); high-spired (apical

angle 27° -32°); anomphalous; sutures angular; whorl surface slopes

flatly downward from suture to two revolving carina at outer periph-

ery, then slopes inward to spiral angulation at lower-outer edge

(corresponding to lower suture); from angulation surface curves with

slight concavity to columellar lip; columellar lip vertical, thickened;

growth lines inclined rearward (slightly convex forward) from lower

carina to lower-outer angulation; labrum not preserved; nucleus

unknown.

Discussion: The description is based on approximately 300
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specimens. The species has a greater apical angle than most

M. (Murchisonia), but is similar in shape to a few species such as

M. macrospira Hall. Since the preservation of the Klamath speci-

mens is much better than most of the reported species (the holotype

of M. macrospira is a steinkern) it is assigned to a new species.

Holotype: R.31 fBD-1.

Ecology: Murchisonia (Murchisonia) callahanensis is one of the most

common and abundant species found in the Klamath Mountain collec-

tion. They most commonly occur with Paraliospira, and less

frequently with Holopea, Lophospira, Helicotoma, Tancrediopsis,

Cyclonema, and Bransonia?, indicating a depth of B. A. 3

(Murchisonia community). One clast contained Glypterina,

Skenidioides, Atlatainjjkponites, and Bimuria suggesting a depth

of about B. A. 4.

Occurrence: Limestone conglomerate, 3-153 of the Gregg Ranch

area. Roundstone polymictic conglomerate, localities RAF, RPR.,

R.S, RI, R-3, R31f, R-147. Possible age range- Middle Ordovician

to Late Silurian; probably age Middle or Late Ordovician.

Murchisonia (Murchisonia) callahanensis var. coeloconoidea n. sp.

and var.

Plate 11, figs. 12, 15, 16

Diagnosis: Murchisonia (Murchisonia) callahanensis with coelo-

conoidal profile.
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Description: Moderate size, (5-20 mm high); high spired; noticeably

coeloconoid; sutures sharply angular or slightly channeled; angulation

present just below suture producing a narrow channel or ramp; sur-

face slopes downward with slight concavity to two spiral cords at

periphery; concave between cords, then sloping concavely downward

and inward to lower-outer angulation (position of lower suture), then

curving concavely inward and downward to thickened columellar lip;

labrum not preserved; growth lines curve backwards (convex forward)

from suture to upper cord; concave forward between the cords and

curve backwards (convex forward) below lower cord; nucleus unknown.

Discussion: The description is based on 35 silicified specimens. The

specimens differ from M. (M. ) callahanensis only in being coeloconoid,

and therefore having a greater apical angle in later whorls. The two

varieties do not occur together. Numbered specimens: Clasts R3-W,

R3-A, and R147-A. Holotype R3A-5.

Ecology: Plectambonitids, Helicotoma, Li1)2.a?, and Glyptorthis

were recovered from the limestone clasts suggestive of a depth of

about B. A. 3.

Occurrence: Limestone clast from the roundstone polymictic con-

glomerate, Lovers Leap area. The presence of Helicotoma indicates

an age of Middle Ordovician.
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Murchisonia (Hormotoma) sp. A

Plate 11, fig. 3

Description: Moderately small (5-15 mm high); anomphalous, high-

spired (apical angle 10-12°1; sutures impressed, whorl surface

strongly convex between sutures; weak circumumbilical angulation

on whorl at position of lower suture; columellar lip thin, reflexed

backwards; no growth lines or slit band present; labrum not preserved;

nucleus unknown.

Discussion: Description is based on five moderately well-preserved

specimens out of a collection of approximately 300 specimens. A

large number of the specimens are small and rather coarsely silici-

fied, and they have been included with this group based on their gener-

al shape. Since none have surface markings or preserve the aperture,

specific assignment of the specimens is impossible. This species

differs from Hormotoma sp. B in not being as high-spired, and from

H. sp. C in being more convex between sutures.

Numbered specimens: RAF-3, 5, 9; RAP- 25, 31, 37; RS-10, 16;

Rl-B, U, AC; PR.3; R3-Q, M.; R31f-A, C, G, K, L, R, T, AG, AZ

BC, BD, BH; R21-C; 3-123-D, H; R147-E, Z, N, AB, AE, AF, AG,

AL, AP, AT; R200-J, K, Q, V, AC.

Ecology: Murchisonia (Hormotoma) sp. A is found in more limestone

clasts than any other species. The species occurs by itself in some

clasts, but commonly occurs with Paraliospira (abundant), Lophospira,
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Liospira, Holopea, Cyclonema, Pachystrophia, and Maclurites.

Two clasts contained Glyptorthis and spiriferids. This association

suggests a depth of B. A. 3, possibly the deeper part of B. A. 3

(Murchisonia community).

Occurrence: R.oundstone polymictic conglomerate, Kangaroo Creek

Formation, localities R.AF, RAP, RS, R.1, R3, R.31 f, 3-123, 8147,

and R.200. The presence of Maclurites and Glyptorthis indicates a

Middle or Late Ordovician age for some of the clasts.

Murchisonia (Hormotoma) sp. B

Plate 11, fig. 4

Descr:.ption: Moderately small (5 -1 5 mm high); rounded; elongate;

very high-spired (apical angle about 5° ); anomphalous; whorls im-

pressed; whorl surface slopes steeply and with slight convexity to

periphery, then convexly downward and inward to columellar lip;

aperture not preserved, no ornamentation observed; nucleus unknown.

Discussion: Description is based on four silicified specimens. The

specimens are much more elongated than most other specimens of

Hormotoma, but less elongate than H. longispira Butts, 1941. The

preservation of the specimens is not good enough for a specific

assignment.

Numbered specimens: Clasts 3-145-B, R.200 -AK

Ecology: The specimens are from limestone clast which also yielded

Cyclonema, Murchisonia (Murchisonia), and pelecypod fragments
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suggesting a shallow molluscan assemblage, possibly B. A. 3.

Occurrence: Limestone clasts from the roundstone polymictic con-

glomerate, R200, Lovers Leap area, and limestone conglomerate

3-145, Gregg Ranch area. Possible age range, Middle Ordovician

to Late Silurian.

Murchisonia (Hormotoma) sp. C

Plate 11, fig. 5; Plate 1 3, fig. 28

Description: Small (5 -10 mm high); very high-spired (apical angle

about 1 2° ); anomphalous; whorls abutting; sutures shallow; whorl

surface uniformly and broadly convex between sutures; subrounded

spiral angulation at position of lower suture; shell surface slopes

downward and inward from spiral angulation with very slight convexity

to columellar lip; aperture not preserved; no ornamentation; nucleus

unknown.

Discussion: The description is based on 12 silicified specimens

which differ from other Hormatoma in being less rounded between

sutures. The relatively poor preservation prevents specific assign-

ment.

Ecology: The specimens are from limestone clasts which contained

Paraliospira, Murchisonia (Murchisonia), Glypterina, Anoptambonites,

Skenidioides, Bimuria, and Xenambonites. Another clast from a

different unit contained Conchidium and Murchisonia (Murchisonia).

These associations suggest a depth of deep B. A. 3 or possibly shallow



228

B. A. 4, the deeper part of the Murchisonia community).

Occurrence: Limestone clasts from the roundstone polymictic con-

glomerate, Kangaroo Creek Formation, localities R3 and R147,

Middle or Upper Ordovician. Limestone conglomerate, locality

A4779, Late Silurian.

Murchisonia sp. A

Plate 13, figs. 21, 21

Description: Small (4-8 mm high), high-spired (apical angle 20° );

narrow but very deep umbilicus extending nearly the entire height of

the shell; sutures angular; whorl profile slopes flatly downward from

suture to subangular periphery, then flatly inward to angulation at

lower-outer edge; shell surface slopes flatly inward and gently down-

ward to circumumbilical angulation; umbilical walls nearly vertical;

no ornamentation or growth lines present; aperture not preserved;

nucleus unknown.

Discussion: Description based on two silicified specimens. The spe-

cimens with their deep umbilicus are similar to Coelocaulus rodnei

but differ in having a slightly narrower umbilicus and a more angular

profile. It is notable that the two types are found in the same sample,

but they are interpreted to represent two different taxa.

Numbered specimens: 35f-6

Ecology: Coelocaulus, Gyronema, disjunct whorled-murchisonids,

and Biformispira were also recovered from the same limestone clast
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suggesting a depth of B. A. 3.

Occurrence: Limestone conglomerate 35f, Gregg Ranch area.

According to Potter (1976, pers. commun. ) these clasts are of Early

Devonian (Gedinnian) age.

Murchisonia sp. B.

Plate 1 3, fig. 27

Description: Moderately small (5-25 mm high); high spired (apical

angle on contiguous whorls 20° ); sutures impressed; rounded whorls

loosely coiled or disjunct; early whorls usually contiguous but one

small specimen (2 mm) of what appears to be this species, has dis-

junct whorls; aperture unknown; no ornamentation or growth lines

present.

Discussion: The description is based on 15 silicified specimens.

Since the nature of the aperture is not known, it is difficult to assign

these specimens to family, but they resemble murchisonids or

loxonematids. It seems more likely that it belongs to Murchisonia,

since that group is more common in the Klamath Mountains.

Numbered specimens: P34f-38, P24f-F

Ecology: Limestone clasts contained only these specimens and

Coelocaulus. Linsley (1976, pers. commun. ) has suggested that

since the disjunct nature of the shell is somewhat awkward for move-

ment, that the animal may have lived with the apex of the shell buried

in the sediment, with only the final whorls above the surface.



230

Occurrence: Limestone conglomerate 24f, 34f, Gregg R.anch area.

A. Potter (1976, pers. commun. ) notes that the lithology of the lime-

stone clasts from these localities is identical, and this type of lime-

stone has been dated as Early Devonian (Gedinnian).

Genus ECTOMARIA Koken, 1896

Ectomaria prisca (Billings), 1859

Plate 11, figs. 6, 10

1859 Eunema prisca Billings, Canadian Nature and Geology, v. 4,

p. 360.

1897 Solenospira prisca, Ulrich and Scofield, Geol. Minnesota,

v. 3, pt. 2, p. 1022, pl. 70, figs. 52-55.

Description: Moderate to small size (10-20 mm high for fragmentary

specimens); high-spired (14° -17° ); sutures angular in early whorls,

linear in some later whorls; each whorl has three carinae (possibly

a fourth on some specimens just below suture line), dividing the whorl

surface into three approximately equal (middle one sometimes being

smaller) broadly concave surfaces; lower carina only visible on base;

aperture not preserved; no growth lines preserved.

Discussion: The description is based on six silicified specimens

which resemble Ectomaria prisca (Billings) and Ectomaria pagoda

(Salter). The only difference between these two species (Ulrich and

Scofield, 1897, p. 1022-1023) is that E. prisca has a fourth carina

at the position of the upper suture. One of the Klamath specimens

appears to have the fourth carina although it is not obvious in smaller
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specimens. The species differs from other Klamath species of

Ectomaria in being distinctly higher spired.

Numbered specimens: R147-AS, RAP-9-1, R.31f-BD, and R147m.

Ecology: One locality is in pelletal limestone which contains a

Lophospira community suggesting shallow B. A. 3 or possibly B. A. 2.

The other localities are conglomerate clasts which contained

Helicotoma, Murchisonia, and Paraliospira suggesting a Murchisonia

community (B. A. 3).

Occurrence: R.oundstone polymictic conglomerate, Kangaroo Creek

Formation, localities 31f, RAP, and R147, probably Middle or Upper

Ordovician. Massive pelletal limestone, Kangaroo Creek Formation,

locality R147 m, Middle ? Ordovician.

Genus COELOCAULUS Oehlert, 1887

Coelocaulus was included in Michelia by Knight and others

(1960, p. 292), but it is here considered to be a separate genus. As

described by Ulrich and Scofield (1897, p. 959) the genus is,

Similar to Hormotoma but the shells are longer, and
composed of more numerous depressed whorls. Axis
perforate, the umbilicus small, but extending quite to
the apex. Aperture rounded, not produced below; inner
lip thin.

Coelocaulus rodneyi n. sp.

Plate 13, figs. 22-24

Diagnosis: high-spired (15° -20° ); whorl surface broadly convex

between sutures; very deep umbilicus, at least as wide as the width
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of whorl.

Description: Moderate size (5-40 mm high), many whorled, slowly

expanding, slightly coeloconoidal, apical angle 15° -25° ; umbilicus

wide and extremely deep, extending nearly the entire height of shell;

sutures impressed; whorl surface broadly convex between sutures,

whorl profile rounded quadralateral; base of whorl nearly flat; aper-

ture unknown, no ornamentation observed.

Discussion: The description is based on approximately 200 silicified

specimens. The most striking feature of the shells is the very deep

umbilicus which extends nearly to the apex. Coelocaulus rodneyi

differs from C. oehlerti Ulrich and Scofield in having a wider

umbilicus; Coelocaulus neglectus Ulrich and Scofield is a steinkern;

and C. vitellia (Billings), C. turritiformis (Hall), C. estella

(Billings) are more angular on the outer whorl surface.

Numbered specimens: Clasts 5f, 19f, 24f-F, 24f-4, 24f-5, 35f-A,

35f-1. Holotype 35f-6-A.

Ecology: The specimens are from limestone clasts which also con-

tained Howellella, Atrypa, aronema, and disjunct-whorled

murchisonids suggesting an environment of about B. A. 3 or 4.

When found, Coelocaulus rodneyiis very abundant.

Occurrence: Limestone conglomerate localities 24f, 5f, 1 9f, 35f, in

the Gregg Ranch area. Clasts from the conglomerate units which

have yielded diagnostic fossils are Lower Devonian (Gedinnian).
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A. Potter (1 976, pers. commun. ) noted that the lithology of the

limestone clasts is identical.

Superfamily SUBULITACEA LindstrOm, 1884

Family SUBULITIDAE LindstrOm, 1884

Genus SUBULITES Emmons, 1842

Subgenus CYRTOSPIRA Ulrich in Ulrich and Scofield,

1897

Subulites (Cyrtospira) sp.

Plate 8, figs. 12, 13

Description: Small (10 mm high, 2. 5 mm wide); fusiform; apical

angle approximately 15° ; axis of shell curved; anomphalous; height

of last whorl greater than height of all previous whorls; sutures sharp;

shell slightly convex between sutures; narrow, angular shoulder at

upper edge of whorl; aperture unknown; shell surface smooth.

Discussion: The description is based on one silicified specimen.

The most striking feature of the shell is its curved axis, indicating

that it belongs to Subulites (Cyrtospira ). Due to the fragmentary

nature of the shell, it is impossible to assign to species, but it does

resemble four species more than others: Cyrtospira attenuata,

C. bicurvata, C. wykoffensis, and C. inexpectatus (see comparisons).

Comparisons: The single Klamath specimen is fragmentary but

resembles the following species:

Cyrtospira attenuata Ruedemann, 1901
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C. bicurvata Ulrich, 1897

C. wykoffensis Ulrich and Scofield, 1897

Subulites inexpectatus Barrande = (according to Perner, 1903)

Cyrtospira funata Perner 1903

The following species were not compared for the reasons listed:

Subulites abbreviata Hall, 1850. Illustration not available

S. notatus Billings, 1866, not illustrated

S. parvulus Billings, 1865, not illus trated

S. ventricosa Hall, 1852. illustration not available

S. (Cyrtospira) granum Koken, 1925. not illustrated

S. (Cyrtospira) aequalis Koken, 1925, poor illustration

S. nitens LindstrOm, 1867, illustration not available

S. (Cyrtospira) ornatus Koken, 1925. Perner, who edited

the 1925 paper after Koken's death noted that the illus-

tration of the species might not be correct.

The following species differ from the Klamath specimen as noted:

Cyrtospira tortilis Ulrich, 1897. wider

Subulites raymondi Hudson, 1905. slightly less acute

S. (Cyrtospira) huenei Koken, 1925. wider

S. inflatus Eichwald, 1860. wider

S. ( Cyrtospira) lineatus Koken, 1925. smoother profile at

sutures

Numbered specimen: R1 -AC - 5
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Ecology: The specimen was from a limestone clast which also

contained Holopea, Megalomphala, and Pachystrophia?. Raymond

(1908), Ruedemann (1901), Ulrich and Scofield (1897), and Wilson

(1951) noted that specimens of Subulites (Cyrtospira) are rare. Their

widespread geographic range combined with their scarcity suggests

that they were relatively specialized.

Occurrence: The specimen is from a limestone clast in the round-

stone polymictic conglomerate, Kangaroo Creek Formation. Subulites

(Cyrtospira) and Megalomphala are reported from the Ordovician

and Silurian, but Pachystrophia is restricted to the Ordovician, indi-

cating a Middle or Late Ordovician age.

Subulites (Fusispira?) sp.

Plate 8, figs. 8,9

Description: Moderately small (11 mm high); fusiform; very small

umbilicus formed by reflexed columellar lip; sutures flush; apical

angle 55° ; sides of shell very slightly convex between sutures, nearly

straight; shell surface smooth; periphery boradly and evenly convex;

aperture acuminate above, wider below, comprising about one half of

shell height; outer lip of aperture not preserved; columellar lip

vertical, reflexed sharply outward; nucleus unknown.

Discussion: The description is based on one silicified specimen. In

general form, the shell resembles Subulites (Fusispira) intermedia

Ulrich and Scofield, 1897 and S. (Fusispira) ovalis Koken, 1897, but
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the columellar lip of the Klamath shell is reflexed outward instead

of inward as with most illustrated specimens of Fusispira. If the

shell does belong to Fusispira the preservation of the single specimen

does not permit specific assignment.

Numbered specimen: R31 f- BC -1

Ecology: The limestone clast from which Subulites (Fusispira?)

was recovered also contained a trilobite fragment and a large spe-

cimen of Hormotoma, which would be consistent with a shallow

molluscan assemblage about B. A. 3.

Occurrence: Limestone clast, roundstone polymict conglomerate,

Gregg Ranch area. Possible age range: Middle Ordovician to Late

Ordovician.

Family SUBULITIDAE Lindstrbm, 1884

Subfamily SUBULITIDINAE Lindstrbm, 1884

Genus SUBULITES Emmons, 1842

Subulites sp.

Plate 8, figs. 10-11

Description: Small (6 mm high); fusiform; apical angle 25° ;

anomphalous; sutures adpressed, weak; shell broadly convex be-

tween sutures; shell surface smooth; periphery broadly convex;

aperture acuminate above, apparently rounded below; outer lip not

preserved; columellar lip vertical, apparently reflexed outward

forming a shallow groove on columellar lip; nucleus unknown; last
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whorl about half total height of shell.

Discussion: The description is based on one silicified specimen.

The outer lip of the aperture is not preserved so that it is impossible

to tell if the specimen belongs to Subulites (Subulites) or S. (Fusispira).

Numbered specimen: R 31 f-AW-1.

Ecology: The specimen is from a limestone clast which also yielded

an orthid brachiopod, and Bransonia? suggesting a shallow molluscan

assemblage about B. A. 2-3.

Occurrence: Limestone clast from the roundstone polymict conglom-

erate, Gregg Ranch area. Possible age: Middle Ordovician to Late

Silurian.

Class BIVALVIA Linne, 1758

Subclass PALAEOTAXODONTA Korobkov, 1954

Order NUCULOIDA Dall, 1889

Superfamily CTENODONTACEA WOhrmann, 1893

Family CTENODONTIDAE WOhrmann, 1893

Genus TANCREDIOPSIS Beushausen, 1895

Tancrediopsis sp. A

Plate 14, figs. 32-33

Description: Shell transversely elongate, anterior margin broadly

rounded, posterior margin more sharply rounded, ventral margin

nearly straight. Exterior surface with subdued growth lines, beak

small and incurved, located nearer to anterior than posterior,
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exterior of shell depressed along hinge line behind beak. Interior;

hinge plate extending anteriorly and posteriorly about half distance

from beak to ends, two segments nearly straight meeting at an angle

of about 1 35° , teeth curved convexly outward near outer ends, straight

and vertical near beak, strongly impressed muscle scars at each end

of teeth.

Discussion: The description is based on six silicified specimens, the

most complete of which is illustrated. The glossy white silicification

is not characteristic of fossils from the Klamath Mountains.

Numbered specimens: Six specimens from U. C. locality A6372.

Ecology: It is not known if any other fossils occurred with the spe-

cimens. Probably very shallow environment (B. A. 1-2) according

to Boucot (1975).

Occurrence: Limestone clast, U. C. locality A6372 (probably equiva-

lent to RS), roundstone polymictic conglomerate, Kangaroo Creek

Formation.

Tancrediopsis sp. B

Plate 14, figs. 28-30, 34

Description: Shell moderately small (10 to 15 mm high), equivalved,

convex, elongated posteriorly, growth lines not observed, lunule

anterior of umbo, more elongate escutcheon to posterior of umbo.

Hinge plates extending approximately half distance from umbo

to anterior and posterior margins, posterior hinge plate longer;
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strong taxodont dentition, chevron-shaped, concave outward; teeth

increasing in size in both directions from umbo; strong adductor

scars at each end of hinge plate.

Discussion: The description is based on 49 silicified specimens and

fragments. Since it is uncommon for more than one or two specimens

to occur in a clast, it is difficult to determine how much variation

within species is present. The more elongate forms resemble

Tancrediopis "abrupta," and the others resemble T. cuneata.

Numbered specimens: RAF-5-1; RAF-12, R.147AC, R3E, R147V,

R.AP8, R31, R.AP24, R.147L-, and 147m.

Ecology: Other fossils occurring with Tancrediopsis included

amphineuran plates, cephalopod fragments, Hormotoma, Lophospira,

Holopea, Paraliospira, and murchisonids indicating a shallow mollus-

can assemblage (B. A. 3).

Occurrence: R.oundstone polymictic conglomerate of the Kangaroo

Creek Formation, localities RAF, RAP, R3, R147, and massive

pelletal limestone, Kangaroo Creek Formation (Middle or Upper

Ordovician) locality R.147m. Probable age Middle or Late Ordovician.
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Superfamily CYRTODONTACEA Ulrich, 1894

Family CYRTODONTIDAE Ulrich, 1894

Genus CYR TODONTA Billings, 1858

Cyrtodonta sp.

Plate 14, figs. 26-27

Description: Moderate size (20 mm long), mytiliform, strongly

convex, prosocline, hinge line straight, no lunule or escutcheon

present; small beak, close to anterior end; concentric growth lines.

Anterior teeth on hinge plate not preserved, posterior single tooth at

end of hinge line, flat interior surface of hinge line with parallel

striations, no muscle scars preserved.

Discussion: The description is based on one silicified left-hand

valve. Steele and Sinclair (1971, p. 7) note that species of Cutosionta

show considerable morphological variation; therefore, since only one

specimen was recovered, it is not assigned to species.

Numbered specimen: RIR

Ecology: The specimen is from a clast which also contained

Lo_phospira, ParaliospiLl.a. and Glyptorthis suggesting a depth of

B. A. 3.

Occurrence: Roundstone polymictic conglomerate, Kangaroo Creek

Formation, locality R.-1, Lovers Leap. Possible age Middle or Late

Ordovician.
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Class ROSTR.00ONCHIA Pojeta, R.unnegar, Morris,

and Newell, 1 972

Until recently (Pojeta, R.unnegar, Morris, and Newell, 1972)

conocardiaceans were considered to be pelecypods, but they are now

considered to belong to a separate, extinct class of Mollusca. The

shell of rostroconchians consists of two equal valves which are fused

on the dorsal side. The gape in the anterior end of the shell is pre-

sumed to have allowed the protrusion of the foot, and the tubelike

rostrum in the posterior allowed water and excretory products to

enter and leave the mantle cavity (Pojeta and R.unnegar, 1976).

Pojeta and Runnegar (1976, p. 23) note that the paleoecology

of rostroconchs is not well known, but that the organism probably

was infaunal or semiinfaunal in shallow marine environments.

Class R.OSTR.00ONCHIA Pojeta, R.unnegar, Morris,

and Newell 1974

Superfamily CONOCARDIACEA Miller, 1889

Family BR.ANSONIIDAE Pojeta and R.unnegar, 1976

Genus BR.ANSONIA Pojeta and R.unnegar, 1976

Bransonia sp. A

Plate 14, figs. 5- 7

Description: Small (5 to 8 mm long), subquadrate, lacking hood,

moderate gape on anterior ventral margin, slit on ventral posterior

margin, rounded body, not carinate posteriorly, rostrum obscure;
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radial ribs, median ribs being coarsest; ribs form angular sawtooth

pattern at mid-ventral line of commisure; rostral area oblique to

dorsal margin.

Discussion: The description is based on 31 silicified specimens.

The shells are fragmentary and encrusted but appear to be similar

to Bransonia cressmani.

Numbered specimens: A 6372 (Univ. of California)

Ecology: It is not known whether other fossils occurred with this

species.

Occurrence: Locality information from the University of California

indicates that the specimens are from a limestone clast in the round-

stone polymictic conglomerate of the Kangaroo Creek Formation,

locality A6372 (equivalent to RS). The mode of preservation (glossy

white silicification) is very unusual in the area. Ordovician?

Bransonia? sp. B

Plate 14, figs. 1- 4

Description: Small (5 mm long), subtriangular, prominent rostrum,

apparently without hood; radial ribs, uniform in size; moderate gape

in anterior ventral margin only, rostrum slightly oblique to dorsal

margin.

Discussion: The description is based on 10 silicified specimens.

If the specimens did not have hoods then they belong to Bransonia;

if they did have hoods which were not preserved then they belong



243

to Hippocardia.

Numbered specimens: clasts RS-2, R31f-R, R.31f-M, and R.200AE

Ecology: The specimens occurred with Hormotoma, Cyclonema,

Liospira? and Pachystrophia suggesting a depth of about B. A. 3

(Murchisonia community).

Occurrence: Roundstone polymictic conglomerate of the Kangaroo

Creek Formation localities RS, R.31f, and R200. Possible age Middle

Ordovician to Late Silurian.

Class AMPHINEURA von Ihring, 1876

Subclass POLYPLACOPHOR.A de Blainville, 1816

Discussion: Polyplacophorans (chitons) are among the most poorly

known fossil groups in the Paleozoic. The Treatise on Invertebrate

Paleontology (Smith, 1960) lists 107 fossil and Recent genera of

chitons and only four from the Ordovician. Genera which have been

reported from the Ordovician include:

Cheloides

Septemchiton (Upper Ordovician)

Helminthochiton

Priscochiton (Middle Ordovician)

Preacanthochiton (Lower Ordovician)

Calceochiton (Lower Ordovician)

Five types of polyplacophorans were recovered from the
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Klamath Mountains. Of these, two are similar to reported forms, and

the other three types probably represent distinct new forms. Since

each of the new forms are represented by only one specimen each,

they are not designated new genera but are referred to as types A,

B, and C.

Ecology: Modern chitons are herbivorous and found mostly in rela-

tively shallow water although some lepidopleurids have been recovered

from 4000 m (Smith, 1960).

Order PALEOLORICATA Bergenhayn, 1955

Suborder CHELODINA Bergenhayn, 1943

Family CHELOIDIDAE Bergenhayn, 1943

Genus CHELOIDES Davidson and King, 1874

Cheloides sp.

Plate 14, figs. 8-10

Description: Moderate size (10 mm long), widely heart shaped, thick,

broadly rounded jugum, posterior rounded, jugal angle about 1 20° ,

anterior margin concave.

Discussion: The description is based on one silicified specimen,

which appears similar to the relatively common Cheloides.

Numbered specimen: Z13

Ecology: The specimen occurs in a limestone which contains brachio-

pods of the Dicaelosia-Skenidioides and Clorinda community indicating

a depth of B. A. 4-5.
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Occurrence) Massive limestone, Z13, Horseshoe Gulch, Upper

Ordovician (Ashgill).

Family Uncertain

New Genus aff. Calceochiton

Plate 14, figs. 11-13

Description: Moderate size (10-15 mm), narrowly elongate, thick,

rounded jugum, jugal angle about 100° , subangular to subrounded

concave anterior margin, in longitudinal section the valve is thickest

in the middle, in transverse section the valve is of equal thickness;

a shallow pocket-like concave sinus is present on the underside of

the valve near the posterior edge; posterior margin angular, anterior

edges angular to subangular.

Discussion: The description is based on four silicified specimens.

Some of the specimens are not as elongate as Calceochiton Flower,

nor as thin. The Klamath specimens resemble silicified specimens

from the Lexington Limestone (Middle Ordovician) of Kentucky.

Numbered specimens: R31f-I and R147AL

Ecology: The specimens occurred in clasts which also contained

Murchisonia, Paraliospira, Glyptorthis, Orthambonites, and

Skenidioides suggesting a depth of B. A. 3-4.

Occurrence: Roundstone polymictic conglomerate of the Kangaroo

Creek Formation localities R31f and R147. Possible age Middle

Ordovician to Silurian.
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Polyplacophoran Type A

Plate 14, figs. 17-19

Description: Approximately rectangular, moderately thick-shelled,

chiton with subangular jugum. Anterior margin nearly straight, sides

of valve straight, posterior margin with small rounded extension of

jugum with rounded sinus below it on lower surface of valve.

Discussion: Since this description is based on one specimen a new

taxon is not established.

Numbered specimen: R31f-P

Ecology: Cyclonema in the same clasts suggests a depth of B. A. 3.

Occurrence: Roundstone polymictic conglomerate, Kangaroo Creek

Formation, locality R31f, possible age Middle Ordovician to Silurian.

Polyplacophoran Type B

Plate 14, figs. 14-16

Description: Small (5 mm long), thick, elongate, angular posterior

margin, subangular concave anterior margin, subangular jugum;

valve very lenticular in longitudinal cross section, jugal angle ap-

proximately 60° , small rounded sinus on lower surface at median line

on anterior edge; side margins straight, posterior lower surface

uniformly concave.

Discussion: This specimen has the most acute jugal angle of any of

the specimens. Since only one specimen was found, a new taxon is

not established.
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Numbered specimen: RI -S-2

Ecology: no other fossils recovered from clast.

Occurrence: Limestone clast, roundstone polymictic conglomerate,

Kangaroo Creek Formation. Possible age Middle Ordovician to

Silurian.

Polyplacophoran Type C

Plate 14, figs. 20-22

Description: Moderate size (1 0 to 1 5 mm), wide, broadly arched,

subtriangular, upper surface of shell broadly convex, posterior

margin of shell angular (about 90° ); edges continue straight from

posterior to anterior margins, anterior edge has two concave re-

entrants to either side of jugum, anterior edge thinner than posterior

portion of valve.

Discussion: The description is based on two silicified specimens,

and have the broadest jugal angle of any of the specimens.

Numbered specimens: RAF-7

Ecology: The specimen is from a limestone clast which also con-

tained cephalopod fragments, Lophospira (abundant), and Paraliospira,

suggesting a depth of B. A. 3 (Lophospira community).

Occurrence: Roundstone polymictic conglomerate of the Kangaroo

Creek Formation, locality RAF. Possible age Middle Ordovician

through Silurian.



248

BIBLIOGRAPHY

Albers, J. P. 1966. Economic deposits of the Klamath Mountains.
Calif. Div. , Mines and Geol. Bull. 190:51-62.

Banks, M. R. , and J. H. Johnson. 1957. Maclurites and Girvanella
in the Gordon River Limestone (Ordovician) of Tasmania. Jour.
Paleontol. 31:632-640.

BergstrOm, Stig. 1973. Ordovician conodonts. In: Hallam, A. (ed. ).
Atlas of Palaeobiogeography, Elsevier, Amsterdam. p. 47-58

Berry, W. B. N. , N. Lindsley-Griffin, A. W. Potter, and D. M. Rohr.
1973. Early Middle Ordovician graptolites from the eastern
Klamath Mountains, Siskiyou County, California. Geol. Soc.
Amer. Abst. with Prog. 5:11.

Boucot, A. J. 1971. Aenigmastrophia, new genus, a difficult
Silurian brachiopod. Smithsonian Contrib. to Paleobiol. No.
3:1 55-158.

Boucot, A. J. 1975. Evolution and Extinction Rate Controls.
Elsevier, Amsterdam, 427 p.

Boucot, A. J. D. H. Dunkle, A. W. Potter, N. M. Savage, and
D. M. Rohr. 1974. Middle Devonian orogeny in western North
America?: a fish and other fossils. Jour. Geol. 82:691 -708.

Boucot, A. J. , W. T. Dean, A. Martinsson, A. W. Potter, C. B.
Rexroad, D. M. Rohr, N. M. Savage, and A. J. Wright. 1973a.
Biogeographic relations of the pre-late Middle Devonian of the
eastern Klamath Belt, northern California. Geol. Soc. Amer.
Abst. with Prog. 5:14.

Boucot, A. J. , W. T. Dean, A. Martinsson, A. W. Potter, C. B.
Rexroad, D. M. Rohr, N. M. Savage, and A. J. Wright, 1973b.
Pre-Late Middle Devonian biostratigraphy of the eastern
Klamath Belt, northern California. Geol. Soc. Amer. Abstr.
with Programs 5:1 5.

Bowsher, A. L. 1955. Origin and adaptation of platyceratid gastro-
pods. Univ. Kansas Paleontol. Contrib. Mollusca, Art. 5:

1-11.



249

Bretsky, P. 1970. Upper Ordovician ecology of the central
Appalachians. Peabody Museum Bull. 34:1-1 50.

Burchfiel, B. C. , and G. A. Davis. 1975. Nature and controls
of Cordilleran orogenesis, western United States: extensions
of an earlier synthesis. Amer. Jour. Sci. 275A:363-369.

Butts, Charles. 1926. The Paleozoic rocks. In: Geology of
Alabama. Geol. Surv. Alabama Spec. R.ept. 14:40-230.

Churkin, M. , Jr. 1961. Silurian trilobites from the Klamath
Mountains, California. Jour. Paleontol. 35:169 -175.

Churkin, M. , Jr. 1965. First occurrence of graptolites in the
Klamath Mountains, California, U. S. Geol. Surv. Prof.
Paper 525C:672-673.

Churkin, M. , Jr. 1 974a. Deep-sea drilling for landlubber geologists-
the southwest Pacific and accordian plate tectonics analog for
the Cordilleran geosyncline. Geology 2:339-342.

Churkin, M. , Jr. 1974b. Paleozoic marginal ocean basin-volcanic
arc systems in the Cordilleran fold belt. in Dott, R. H. , Jr. ,

and R. H. Shaver, eds. Modern and Ancient Geosynclinal
Sedimentation. Soc. Econ. Paleontol. and Mineral. Spec.
Pub. 1 9:1 74-193.

CH.urkin, M. , Jr. , and R. L. Langenheim, Jr. 1960. Silurian
strata of the Klamath Mountains, California. Amer. Jour.
Sci. 258:258-273.

Churkin, M. , Jr. , and E. H. McKee. 1974. Thin and layered sub-
continental crust of the Great Basin western North America
inherited from Paleozoic marginad ocean basins ? Tectono-
physics 23:1 -15.

Clarke, A. C. , Jr. 1962. On the composition, zoogeography,
origin and age of the deep-sea mollusk fauna. Deep- Sea
Research 9:291-306.

Condie, K. C. , and S. Snansieng. 1971. Petrology and geochemistry
of the Duzel (Ordovician) and Gazelle (Silurian) formations,
northern California. Jour. Sed. Pet. 41:741-751.



250

Davis, G. A. , M. J. Holdaway, P. W. Lipman, and W. D. Romey.
1965. Structure, metamorphism, and plutonism in the south-
central Klamath Mountains, California. Geol. Soc. Amer.
Bull. 76:933-966.

Dickinson, W. R. 1977. Paleozoic plate tectonics and the evolution
of the Cordilleran continental margin In: Stewart, J. W. ,
C. H. Stevens, and A. E. Fritsche (ed. ). Paleozoic Paleo-
geography of the Western United States. Pacific Sec. Soc.
Econ. Paleontol. and Mineral. , Los Angeles: 1 37-1 57.

Diller, J. S. 1886. Notes on the geology of northern California.
U. S. Geol. Survey Bull. 33: 23 p.

Diller, J. S. 1902. Topographic development of the Klamath Moun-
tains. U. S. Geol. Surv. Bull. 1 96: 69 p.

Diller, J. S. , 1903. _Klamath Mountains section. Amer. Jour. Sci.
4th ser. 16:342-362.

Diller, J. S. 1906. Description of the Redding quadrangle
(California). U.S. Geol. Surv. Atlas Folio 138: 14 p.

Diller, J. S. 1921. Chromite in the Klamath Mountains, California
and Oregon. U. S. Geol. Surv. Bull. 725:1-35.

Diller, J. S. and C. Schuchert. 1894. Discovery of Devonian rocks
in California. Amer. Jour. Sci. 3rd ser. 37:41 6-422.

Dow, D. H. and T. P. Thayer. 1946. Geological investigations of
chromite in California. Calif. Div. Mines Bull. 1 34, pt. 2,

ch. 1: 38 p.

Ernst, W. G. and S. E. Calvert. 1969. An experimental study of
the recrystallization of porcelenite and its bearing on the
origin of some bedded cherts. Amer. Jour. Sci. 267A:114-133.

Hamilton, W. 1969. Mesozoic California and the underflow of
Pacific mantle. Geol. Soc. Amer. Bull. 80:2409-2430.

Hershey, 0. H. 1901. Metamorphic formations of northwestern
California. Amer. Geol. 27:225-245.

Heyl, G. R. and G. W. Walker. 1949. Geology of limestone near
Gazelle, Siskiyou County, California. Calif. Jour. Mines
and Geol. 45:514-520.



251

Hills, E. S. 1 963. Elements of Structural Geology. John Wiley
and Sons, New York, 483 p.

Hopson, C. A. , and J. M. Mattinson. 1973. Ordovician and Late
Jurassic ophiolite assemblages in the Pacific Northwest. Geol.
Soc. Amer. Abs. with Prog. 5:57.

Horny, R. J. 1963. Lower Paleozoic Bellerophontina (Gastropoda)
of Bohemia. Sbornik Geologickych Ved. Paleontologie, rada
P, sv. 2:57-164.

Hotz, P. E. 1971. Geology of the lode gold districts of the Klamath
Mountains, California and Oregon. U. S. Geol. Surv. Bull.
1 290. 91 p.

Hotz, P. E. 1977. Blueschist facies rocks in the Yreka-Fort Jones
area, Klamath Mountains, California. In: Lindsley-Griffin, N.
and J. C. Cramer (eds. ). Geology of the Klamath Mountains,
northern California. Geol. Soc. America 73rd annual meeting
Cordilleran Section, Sacramento: 26-33.

Hotz, P. E. 1971, Plutonic rocks of the Klamath Mountains, Cali-
fornia and Oregon. U. S. Geol. Surv. Prof. Ppr. 684B, 20 p.

Hotz, P. E. 1973. Blueschist metamorphism in the Yreka Ft. Jones
area, northeastern Klamath Mountains, California. U. S. Geol.
Surv. Jour. Res. 1:53-61.

Irwin, W. P. 1960. Geologic reconnaissance of the northern Coast
Ranges and Klamath Mountains, California, with a summary of
the mineral resources. Cal. Div. Mines Bull. 179: 80 p.

Irwin, W. P. 1966, Geology of the Klamath Mountain Province. Cal.
Div. Mines and Geol. Bull. 190:19-38.

Jaanusson, V. 1973. Ordovician articulate brachiopods In: Hallam,
A. (ed. ) Atlas of Palaeobiogeography. Elsevier, Amsterdam,
p. 19-26.

Johnson, J. H. and K. Konishi. 1959. Some calcareous algae from
northern California and Japan. In: Johnson, J. H. , K. Konishi,
and R. Rezak. Studies of Silurian (Gotlandian) Algae. Colorado
School of Mines Quart. 54(1), pt. 3:131-1 58.



252

Jones, D. L. , W. P. Irwin, and A. T. Ovenshine. 1972. South-
eastern Alaska - a displaced ,continental fragment? U. S.
Geol. Surv. Prof. Paper 800B: B211-B217.

Kennedy, M. J. 1975. Repetitive orogeny in the northeastern
Appalachians - new plate models based on Newfoundland ex-
amples. Tectonophysics 28:39-87.

Kirk, E. 1929. Mitrospira, a new Ordovician gasteropod genus.
Proc. U. S. Nat. Mus. 76:1 -6.

Knight, J. B. 1941. Paleozoic gastropod genotypes. Geol. Soc.
Amer. special Paper 32: 406 p.

Knight, J. B. 1952. Primitive fossil gastropods and their bearing
on gastropod classifiCation. Smithsonian Misc. Coll. 17, no.
13: 56 p.

Knight, J. B. , R. L. Batten, and E. L. Yochelson. 1960. Syste-
matic description of Paleozoic genera In: Moore, R. C. (ed. ).
The Treatise on Invertebrate Paleontology, part I, Mollusca 1:

Il 69-1324.

Knight, J. B. , Josiah Bridge, H. W. Shimer, and R. R. Shrock.
1944. Paleozoic Gastropoda In: Shimer, H. W. and R. R.
Shrock, Index Fossils of North America. Mass. Inst. Tech.
Press, John Wiley, New York: 433-497.

Knight, J. B., L. R. Cox, A. M. Keen, R. L. Batten, E. L.
Yochelson, and R. Robertson. 1960. Systematic descrip-
tions In: Moore, R. C. (ed. ), Treatise on Invertebrate
Paleontology pt. I, Mollusca 1. Univ. Kansas Press,
Lawrence: I169 -I309.

Koken, Ernst. 1897. Die Gastropoden des Baltischen Untersilurs.
Bull. Acad. Imp. Sci. St. Petersbourg 7:97-214.

Koken, Ernst. 1925. Die Gastropoden des Baltischen Untersilurs.
Mem. Acad. Sci. Russie, ser. 8 Classe Physico-Math. 37:
326 p.

LaFehr, T. R. 1966. Gravity in the eastern Klamath Mountains,
California. Geol. Soc. Amer. Bull. 77:1177 -1190.



253

Lanphere, M. A. W. P. Irwin, and P. E. Hotz. 1968. Isotopic age
of the Nevadan orogeny and older plutonic and metamorphic
events in the Klamath Mountains, California. Geol. Soc. Amer.
Bull. 79:1027-1052.

Lesueur, C. A. 1818. Observations on a new genus of fossil shell.
Jour. Acad. Nat. Sci. Philadelphia: 1:31 2- 31 3.

Linsley, R. M. 1968. Gastropods of the Middle Devonian Anderdon
Limestone. Bull. Amer. Paleo. 54:333-445.

LindstrOm, G. 1884. The Silurian Gastropoda and Pteropoda of
Gotland. Kongl. Svenska Vetenskaps-Akad. Handlingar 19:

250 p.

Mattinson, J. M. and C. A. Hopson. 1972. Paleozoic ages of rocks
from ophiolitic complexes in Washington and northern California.
Trans. Amer. Geophys. Union 53:543.

Merriam, C. W. 1961. Silurian and Devonian rocks of the Klamath
Mountains, California. U. S. Geol. Surv. Prof. Paper 424-C,
art. 216, 188-190.

Merriam, C. W. 1972. Silurian rugose corals of the Klamath
Mountains, California. U. S. Geol. Surv. Prof. Paper 738:
50 p.

M?,yer, Franz 0. 1975. Depositional, environments, taphonomy,
and paleoecology of a Maclurites magnus assemblage in the
Crown Point Formation, New York. MS thesis, Univ. of
Michigan, Ann Arbor: 77 p.

Moen, A. D. (ed. ). 1971. Symposium on tectonism in the Pacific
Northwest. Trans. Amer. Geophys. Union 52(9):628-645.

Moore, G. F. and Daniel E. Karig. 1976. Development of sedi-
mentary basins on the lower trench slope. Geology 4:693-697.

Okulitch, Vladimir J. , 1935. Fauna of the Black River Group in the
vicinity of Montreal. Canadian Field Naturalist 44:96-107.

Olson, G. A. 1977. Possible Ordoviciari-Silurian regional meta-
morphic event and early Devonian intrusive activity in the
Klamath Mountains, northern California. Geol. Soc. Amer.
Abs. with Prog. 9:178.



254

Peel, J. S. , 1973. A Silurian gastropod fauna from the Arisaig
Group of Nova Scotia. Univ. of Leicester, PhD thesis: 156 p.

Peel, J. S. 1974. Systematics, ontogeny, and functional morphology
of Silurian trilobed bellerophontacean gastropods. Bull. Geol.
Soc. Denmark 23:231-264.

Pojeta, J. , Jr. and B. Runnegar. 1976. The paleontology of
rostroconch mollusks and the early history of the phylum
Mollusca. U. S. Geol. Surv. Prof. Paper 968: 88 p.

Pojeta, J. , Jr. , B. Runnegar, N. J. Morris, and N. D. Newell.
1972. Rostroconchia: a new class of bivalved mollusks.
Science 177:264-267.

Potter, A. W. , and A. J. Boucot, 1971. Ashgillian, Late Ordovician
brachiopods from the eastern Klamath Mountains of northern
California. Geol. Soc. Amer. Abstr. with Prog. 3:180 -181.

Potter, A. W. and K. F. Scheidegger. 1973. Paleozoic keratophyre
and spillite from the Gazelle-Callahan area, }Klamath Mountains,
northern California. Geol. Soc. Amer. Abstr. with Prog. 5:91-
92.

Potter, A. W. , K. F. Scheidegger, and J. B. Corliss. 1976. Magma
types of early Paleozoic altered volcanic rocks of the eastern
Klamath Mountains, northern California: further results ( abstr.).
Trans. Amer. Geophys. Union 57:1023.

Potter, A. W. , K. F. Scheidegger, J. B. Corliss, and E. J. Dasch.
1975. Magma types present in Paleozoic keratophyres and
spillites from Gazelle area, eastern Klamath Mountains,
northern California. Geol. Soc. Amer. Abstr. with Prog.
7:1 231 -1 232.

Potter, A. W. , P. E. Hotz, and D. M. Rohr. 1977. Stratigraphy,
and inferred tectonic framework of Lower Paleozoic rocks in
the eastern Klamath Mountains, California. In: Steward, J. H. ,
C. H. Stevens, and A. E. Fritsche, (eds. ) Paleozoic paleo-
geography of the western United States. Pacific Sect. , Soc.
Econ. Paleontol. , and Mineral. Los Angeles: 421-441.

Porter, R. W. 1973. Geology of the Facey Rock area, Etna quad-
rangle, California. Oregon St. Univ. , Corvallis, M. S. thesis:
87 p.



255

Rohr, D. M. 1972. Geology of the Lovers Leap area, China Moun-
tain quadrangle, California. Oregon St. Univ. , Corvallis.
M. S. thesis: 95 p.

Rohr, D. M. (in press). A new Lower Paleozoic Formation in the
eastern Klamath Mountains. Calif. Div. Mines and Geol.

Rohr, D. M. , A. J. Boucot, and A. W. Potter. 1 974. Age correc-
tions for some Silurian localities in northern California. Jour.
Paleontol. 48:413-414.

Rohr, D. M. , A. J. Boucot, and A. W. Potter. 1975. Age of fossils
from lower Paleozoic rocks, eastern Klamath Mountains,
California. Jour. Paleontol. 49:427-429.

Romey, W. D. 1962. Geology of a part of the Etna quadrangle,
Siskiyou County, California. Univ. California, Berkeley.
PhD thesis.

Salter, J. W. , 1859. Canadian organic remains, decade 1. Geol.
Surv. Canada, Montreal: 47 p.

Smith, Allyn. 1960. Amphineura In: Moore, R. C. (ed.) The Treatise
on Invertebrate Paleontology, pt. I, Mollusca 1:141-176.

Southern Pacific Company. 1957. Geologic maps of the Callahan-
Gazelle area. 1:2800.

Stanley, G. D. 1977. Paleoecology of Subulites: a gastropod in the
Middle Ordovician of central Tennessee. J. Paleontol. 51:161-
168.

Strand, R. G. 1964. Geologic Atlas of California, Weed Sheet.
Calif. Div. Mines and Geol. 1:250, 000.

Teller, Edgar E. 1910. An operculated gastropod from the Niagara
Formation of Wisconsin. Trans. Wis. Acad. Sci. Art. Letters
16:1 286-1 288.

Ulrich, E. 0. and W. H. Scofield, 1897. The Lower Silurian
Gastropods of Minnesota. In: Geology of Minnesota v. 3, pt. 2

Paleontology. Geol. and Nat. Hist. Surv. Minn. , Minneapolis:
813-1018.

Uyeda, S. and A. Miyashiro. 1974. Plate tectonics and the Japanese
Islands: a synthesis. Geol. Soc. Amer. Bull. 85:1159 -1170.



256

van Eysinger, F. W. B. 1975. Geologic Time Table, Elsevier,
Amsterdam.

Wells, F. G. , and F. W. Cater, Jr. 1950. Chromite deposits of
Siskiyou County, California In: Geological investigations of
chromite in California, Pt. I - Klamath Mountains. Cal. Div.
Mines and Geology Bull. 134:77-127.

Wells, F. G. , G. W. Walker, and C. W. Merriam. 1959. Upper
Ordovician(?) and Upper Silurian Formations of the northern
Klamath Mountains, California. Geol. Soc. Amer. Bull. 70:
645-649.

Wenz, W. 1938. Gastropoda. Handbuch der Paraozoologie 6, Verlag
von Gebriider Borntraeger, Berlin; 1639 p.

Westman, B. J. 1947. Silurian of the Klamath Mountains Province,
California (abstr. ). Geol. Soc. Amer. Bull. 58:1263.

Whittington, H. B. 1973. Ordovician trilobites In: Hallam, A. (ed. )
Atlas of Palaeobiogeography. Elsevier, Amsterdam: 13-18.

Wilson, A. E. 1931. Notes on the Baffinland fossils collected by
J. Dewey Soper during 1925 and 1929. Trans. Roy. Soc.
Canada 25:285-306.

Yochelson, E. L. , 1962. Early Ordovician Gastropods from the
Oslo region, Norway. Norsk Geologisk Tidsskrift 42: 239-
250.

Yochelson, E. L. 1966. An operculum associated with the Ordovician
gastropod Helicotoma. J. Paleontol. 40:748-749.

Yochelson, E. L. 1971. A new late Devonian gastropod and its
bearing on problems of open coiling and septation. In: Dutro,
J. T. , Jr. Paleozoic perspectives: a paleontological tribute
to G. Arthur Cooper. Smithsonian Contrib. Paleobiol. 3:231 -
244.

Yochelson, E. L. 1975. Early Ordovician gastropod opercula and
epicontinental seas. Jour. Res. U. S. Geol. Surv. 3:447-450.

Zdanowicz, T. A. 1971. Stratigraphy and structure of the Horseshoe
Gulch area, Etna and China Mountains Quadrangles. California.
Oregon State Univ. M. S. thesis: 88 p.



APPENDICES



257

L FOSSIL LOCALITIES IN THE CALLAHAN AREA

3R1. Blue-gray limestone clast from the siliceous mudstone, SW 1/4 SW 1/4 sec. 15, T4ON, R8W.
Sample run for conodonts: blank.

3R2. Limestone clast from black siliceous mudstone, top of small ridge, sec. 15, T4ON, R8W.
Very abundant branching corals, one indet. brachiopod.

3R4. Blue gray limestone, center of sec. 15, T41N, R8W. Run for conodonts, blank.

3R5. Blue-gray limestone, SW 1/4 NW 1/4 sec. 15, T4ON, R8W. Run for conodonts, blank.

3R7. Limestone conglomerate, middle of sec. 16, top of ridge, T4ON, R8W. conodonts: "Three
cones of the long-ranging panderodid type" ( Rexroad, 1973, written commun. ).

3R8. Gray limestone, lower end of Limekiln Gulch, sec. 7, T4ON, R8W. Run for conodonts,
blank.

3R9. Limestone, top of ridge, NW 1/4 NW 1/4 NW 1/4 sec. 15, T4ON, R8W. Brachiopods:
Harpidium insignis, Conchidium (indicating Ludlow age). Conodonts: about 20 specimens,
"The bulk of the material belonged to the long-ranging panderodids and the few remaining
specimens were not generically identifiable save for a possible fragment of Hindeodella"
( Rexroad, 1973, written commun. ).

3R11. Thin bedded limestone from the quarry, Limekiln Gulch, sec. 7, T4ON, R8W, Run for
conodonts, blank.

3R13. Dark gray limestone clast from conglomerate at upper end of Limekiln Gulch, sec. 6, T4ON,
R8W. Run for conodonts, blank.

3R14. Platy limestone from NW 1/4 NW 1/4 sec. 32, south of Facey Rock. Run for conodonts,
blank.

3R15. Dark gray limestone, SW 1/4 sec. 9, T4ON, R8W. Run for conodonts, blank.

3R16. Massive, blue-gray limestone, SW 1/4 sec. 9, T4ON, R8W at Long Gulch. Run for
conodonts, blank.

3R17. Limestone from conglomerate, west side of Long Gulch, sec. 9, T4ON, R8W. Run for
conodonts, blank.

3R18. Platy limestone from sec. 32, south of Facey Rock. Run for conodonts, blank.

3R19. Upper limestone conglomerate, Limekiln Gulch, light tan dolomitic clast, sec. 4, T4ON,
R8W. Run for conodonts, blank.

RG. Limestone conglomerate at base of Callahan Chert, southwest of Callahan, sec. 20, T4ON,
R8W. Run for conodonts, blank.

RH. Limestone conglomerate within siliceous mudstone, sec. 15, T4ON, R8W. Conodonts:
Panderodus gracilis, P. unicostatus, P. simplex indicating a Silurian age ( Rexroad, 1973,
written commun. ).
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R2-8 Limestone lens in siliceous mudstone, SW 1/4 SW 1/4 SW 1/4 sec. 10, T4ON, R8W.

Conodonts: simple cones, Ozarkodina simplex, Plectospathus extensus Neoprioniodus
excavatus indicating a Late Silurian age (Rexroad, 1973, written commun. ).

4R-2. Silicified fossils from two limestone clasts on contact between Moffett Creek Formation

and Gazelle Formation, sec. 13, north end of Noyes Valley, T41N, R8W. Brachiopods:
Atrypa reticularis, Dicaelosia, Conchidium, Plectodonta, Atrypella, Cymbidium,

Subriana(?), orthid, Spirigerina, Gracianella, rhynchonellid indicating Wenlock-Ludlow

age (Boucot, 1974, pers. coxnmun. ).
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World-wide distribution of Maclurites by country, location, and geologic age used to compile Figure 7.

Argentina
Talacasta: limestone (Ordovician)

Kayser, E. , 1925. Contribuciones a la paleontologia de la Republica Argentina. Sobre

fossiles primordiaies y infrasilurianos: Act. Acad. Nac. Cien. Cordoba, v. 8, p. 297-

333.

Australia
Orange, New South Wales: unnamed limestone (Middle Ordovician?)

Stevens, N. C. , 1952. Ordovician stratigraphy of Cliefden Cliffs, near Mandurama,

N. S.W. : Linnean Soc. New South Wales Prot. , v. 77, p. 114-120.
Tasmania: Gordon River Limestone (Chazy?)

Banks, M. R., and Johnson, J. H. , 1957, Maclurites and Girvanella in the Gordon
River Limestone (Ordovician) of Tasmania: Jour. Paleontology, v. 31, p. 632-640.

Canada
Alberta-British Columbia: Palliser Pass; Owen Creek Formation (Middle Ordovician) and Skoki

Formation (Whiterock, Middle Ordovician)
Norford, B. S., 1969. Ordovician and Silurian stratigraphy of the southern Rocky Moun-

tains; Canada Geol. Survey Bull. 176, p. 24, 37-38.
Arctic Islands and vicinity:

Akpatok Island: unnamed limestone (Richmond, Upper Ordovician)
Wilson, A. E. , 1938, Gastropods from Akpatok Island, Hudson Strait: Royal Soc. Canada

Trans., v. 32, p. 33.
Baffin Island: Baillarge Formation at Admiralty Inlet (Upper Middle or lower Upper

Ordovician)
Trettin, H. P., 1965, Lower Paleozoic sediments of northwestern Baffin Island, District

of Franklin: Canada Geol. Survey Paper 64-47, p. 17.
Lemon, R. R. H., and Blackadar, R. C. 1963. Admiralty Inlet area Baffin Island,

District of Franklin: Canada Geol. Survey Mem. 382, p. 23.
Baffin Island: unnamed limestone of Putnam Highlands, Koukjauk River (Richmond, Upper

Ordovician)
Wilson, A. E. 1931, Notes on the Baffinl and fossils collected by J. Dewey Soper during

1925 and 1929: Royal Soc. Canada Trans., v. 25, p. 301-305.
Baffin Island: Baillarge Formation at Brodeur Peninsula ( upper Middle or lower Upper

Ordovician)
Trettin, H. P., 1965, Middle Ordovician to Middle Silurian carbonate cycle, Brodeur

Peninsula, northwest Baff in Island: Canadian Petroleum Geology Bull., v. 13, p. 165.

Cornwallis and Little Cornwallis Islands: Cornwallis Formation (Middle Ordovician)
Thorsteinsson, Raymond, 1958, Cornwallis and Little Cornwallis Islands, District of

Franklin, N. W. T.: Canada Geol. Survey Mem. 294, p. 38 and 39.

Devon Island: Eleanor River Formation (Chazy, Middle Ordovician)
Kerr, J. W., 1967, New nomenclature for Ordovician rock units of the eastern and

southern Queen Elizabeth Islands, Arctic Canada: Canadian Petroleum Geology Bull.,

v. 15, p. 91-113.
Ellsmere Island: Eleanor River Formation (Chazy, Middle Ordovician)

Kerr, J. W. , 1967, New nomenclature for Ordovician rock units of the eastern and
southern Queen Elizabeth Islands, Arctic Canada: Canada: Canadian Petroleum
Geology Bull. , v. 15, p. 91-113.



260

Ellsmere Island: Cornwallis Formation (Upper Ordovician)
Kerr, J. W. , 1970, in Berry, W. B. N. , and Boucot, A. J. , eds. , Correlation of the

North American Silurian Rocks, Geol. Soc. America Spec. Paper 102, p. 132.
Iglulik Island: unnamed limestone (Middle Ordovician)

Teichert, Curt, 1937. Ordovician and Silurian faunas from Arctic Canada: 5th Thule
Expedition, 1924, Rept. , v. 1, p. 71-75.

King William Island: unnamed limestone (Ordovician)
Teichert, Curt, 1937, Ordovician and Silurian faunas from Arctic Canada: Report of

the Fifth Thule Expedition, 1921-24, v. 1, no. 5, p. 24.
Read and Sutton Islands: unnamed dolomite (Upper Ordovician)

Miller, A. K. and Youngquist, W. , 1947, Ordovician fossils from the southwestern part

of the Canadian Arctic Archipelago: Jour. Paleontology, v. 21, p. 2.

District of Mackenzie: Sunblood Formation (Middle Ordovician
Gabrielse, H. , Blusson, S. L., and Roddick, J. A., 1973, Geology of Flat River, Glacier

Lake, and Wrigley Lake map-areas; District of Mackenzie and Yukon Territories: Canada

Geol. Survey Mem. 266, p. 54-57.

Manitoba: Bad Cache Rapids Formation (Caradoc-Ashgill, Upper Ordovician)

Norford, B. S., 1970, Ordovician and Silurian biostratigraphy of the Sogepet-Aquitaine

Kaskatama Province No. 1 well, northern Manitoba: Canada Geol. Survey Paper 69-8,

36 p.
Lake Winnipeg; Doghead Horizon of the Red River Formation (Upper? Ordovician)

Wilson, A. E. , 1938, Gastropods from Akpatok Island, Hudson Strait: Royal Soc. Canada

Trans. , v. 32, p. 33.
Manitoba-Ontario: Hudson Bay Lowlands; Portage Chute Formation (Eden, Middle to Upper

Ordovician); Churchill Group ( Upper Ordovician); Chasm Creek Formation (Richmond,

Upper Ordovician); Bad Cache Rapids Group ("post-Chazy, " post early Middle Ordovician)

Cumming, L. M., 1975. Ordovician strata of the Hudson Bay Lowlands: Canada Geol.
Survey Paper 74-28, 93 p.

Nelson, S. J. , 1963, Ordovician paleontology of northern Hudson Bay Lowland: Geol.

Soc. American Mem. 90, p. 66-67.
Newfoundland: Table Head and Point Rich: "Quebec Group" (Ordovician)

Billings, E. , 1865, Paleozoic fossils, Vol. 1: Canada Geol. Survey, Montreal, Dawson,

Brothers, p. 237-245.
Newfoundland: Cutwell Group ( Middle Ordovician)

Williams, H. , 1962, Botwood (west half) map-area, Newfoundland: Canada Geol.

Survey Paper 62-9, p. 6.
Ontario-Quebec: Lake Timiskaming area; limestone beds of Liskeard Formation (Middle or

Upper Ordovician).
011erenshaw, N. C., and Mac Queen, R. W., 1960, Ordovician and Silurian of the Lake

Timiskaming area: Canada Geol. Assoc. Proc. , v. 12, p. 109.
Quebec: Waswanipi Lake: Liskeard Limestone (Richmond, Upper Ordovician)

Clark, T. H. , and Blake, D. A. W., 1952. Ordovician fossils from Waswanipi Lake,
Quebec; Canadian Field-Naturalist, v. 66, p. 119.

Quebec: Paquette Rapids; Rockland Beds of the Ottawa Formation (Middle Ordovician)

Salter, J. W. , 1859, Canadian organic remains: Canada Geol. Survey decade 1,

Montreal, Dawson Brothers, p. 7-10.
Wilson, A. E., 1951, Gastropoda and Conularida of the Ottawa Formation of the Ottawa-

St. Lawrence Lowland: Canada Geol. Survey Bull. 17, p. 61.
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South Setchouan-North Koueitcheou: Altsziachan Series, limestone (Middle Ordovician)
Central Liaoning: Matsziagoou Series limestone (Middle Ordovician)
North Chansi: Matsziagoou Series limestone (Middle Ordovician)
Kansu: Tchjotszychan Limestone (Middle and Upper Ordovician)

Dubertret, L. , ed. , 1964, Lexique Stratigr. Internat., Vol. 3, Asie, Fasc. 3, Republique
Populaire Chinoise I, p. 213, 509, 511, 649.

Tibet: Mount Everest region ("01")
Mu En-zhi and others, 1973. Stratigraphy of the Mt. Jolmo Lungma region in southern

Tibet, Scienta Geologica Sinica, no. 1, PL 1 ( in Chinese).
Yu Wen, 1975. The gastropod fossils from the Qomolangma Feng region, in A Report of

Scientific Investigation in the Qomolangma Feng Region: ( Paleontology, Fasc. I):
Academia Sinica, Nanking Inst. Geology and Palaeontology, p. 2-3.

Manchuria: Toufangkou Limestone ( Middle Ordovician)
Kobayashi, Teiichi, 1930, Ordovician fossils from Korea and South Manchuria. Pt. II.

On the Bantatsu Bed of the Ordovician age: Japanese Jour. Geology and Geography,

v. 7, p. 96-99.
T'ien Shan area: unnamed limestone ( dated Middle Ordovician on the presence of Maclurites)

Norin, Erik, 1941, Geologic reconnaissance of the Chinese T'ien Shan: Stockholm, Rept.
Scientific Expedition to N. W. Province of China, Sino-Swedish Expedition Pub. 16,

Pt. 3, Geology, p. 42.

Greenland
Cape Calhoun: Cape Calhoun Beds (Middle or Upper Ordovician)

Troedsson, Gustaf, 1928, On the Middle and Upper Onlovician faunas of northern

Greenland. Pt. II. Jubilaeumsekepeditionen Nord om Gronland, 1920-1923, no.

18-22

7, P.

Great Britain
Girvan: Stinchar Limestone, Balclatchie Group (Upper Ordovician)

Longstaff, Jane, 1924. Descriptions of gastropods chiefly in Mrs. Robert Gray's collections

from the Ordovician and Lower Silurian of Girvan: Geol. Soc. London Quart. Jour.,

v. 80, p. 431-433.

Korea
"Unkaku bed of Mt. Bantatsu, North Korea" (Middle Ordovician)

Kobayashi, Teiichi, 1930, Ordovician fossils from Korea and South Manchuria, Pt. II.

On the Bantatsu Bed of the Ordovician age: Japanese Jour. Geology and Geography,

v. 7, p. 96-99.

Norway
Oslo: "Gastropod Limestone" (Ashgill, Upper Ordovician)

Jaanusson, Valdar, personal commun. , 1976.

Central Norway: Otta Conglomerate (early Middle Ordovician)
Yochelson, E. L., 1963, Gastropods from the Otta Conglomerate: Norsk Geol. Tidsskr.

43, p. 76.
Smcilen Island: SmOlen Limestone ("Lower Ordovician)

Holtedahl, Olaf. 1924. On the rock formations of Novaya Zemyla, in Rept. Sci.

Results Norwegian Expedition to Novaya Zemlya 1921, no. 22: Videnskaps, I.

Kristiana: Oslo, A. W. BrOggers Boktrykkeri, p. 110-112.
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Bear Island: unnamed dolomite possibly correlative of SmOlen Limestone ( Lower Ordovician)
Holdedahl, Olaf, 1924, p. 111-112.

Soviet Union
Soviet Union: northeast

Taskan River (Llanvim, Middle Ordovician)
Uelenskoe Uplift: ( Upper Ordovician)
Tas-Khayakhtakh Mountains: ( Upper Ordovician)

Oradovskaya, M. N., 1970, Ordovician System, in Geology of the USSR, 30, northeastern
USSR, geological description, Book 1, p. 80-104.

Soviet Union: arctic
Ostrova Vaigach: (Upper Ordovician)

Vostokova, V. A., 1961, Paleozoic gastropods from Novaya Zemlya and Ostrova Vaigach:
Naucho-Issledovatelskii Inst. Geologi A rktika, Sbornik Statei Po Paleontologia i
Biostratigrafi, Vipusk 25, p. 8 ( in Russian).

Estonia: (Ashgillian Pirgu Stage, Upper Ordovician)
Jaanusson, Valdar, personal commun 1976

Leningrad District: 1,Orthoceratite Limestone,' (lower Middle Ordovician)
Jaanusson, Valdar, personal commun. , 1976.

Tien Shan region
Yochelson, Ellis, oral commun 1976.

Kazakhstan: Chu-Ili Mountains (Upper Ordovician)
Keller, B. M. and others, 1956, The Ordovician of Kazakhstan. II. Ordovician stratig-

raphy of Chu-Ili Mountains: Akad. Nauk. SSSR, Trudy Geol. Inst., Vipusk 1, p. 171
(in Russian).

Podolia ( Middle Dne3tr River): Molodovo Horizon (Upper Ordovician)
Nikiforova, 0. I., and Predtechenskij, N. N. 1968, A guide to the geological excursion

on Silurian and Lower Devonian deposits of Podolia: Internat. Symposium on Silurian-
Devonian Boundary and Lower and Middle Devonian Stratigraphy, 3rd, Leningrad 1968,
VSEGEI, p. 9.

Mironova M. G., 1971, Gastropods of the Molodovo Horizon in Podolia: Leningrad Univ.

Vestnik Geology Geography, v. 18, p. 168.

United States
Alabama: Odenville: Odenville Limestone (lower Middle Ordovician)

Butts, Charles, 1926, The Paleozoic rocks, in Geology of Alabama: Alabama Geol.
Survey Spec. Rept. 14, p. 106-108.

Alaska: Seward Peninsula: unnamed limestone (Upper Ordovician)
Sainsbury, C. L., Dutro, J. T., and Churkin, M. , Jr. , 1972, The Ordovician-Silurian

boundary in the York Mountains, western Seward Peninsula, Alaska: U. S. Geol. Survey
Prof. Paper 750-C, p. C55.

Alaska: Medfra D-2 quadrangle, unnamed limestone (Middle or Upper Ordovician)
Dutro, J. T. , unpubl. data.

California: Klamath Mountains (Llandeilo, Middle Ordovician)
Rohr, unpubl. data.

California-Nevada border area: Nye and Inyo Counties; limestone of the Pogonip Group (Middle

Ordovician)
Cornwall, H. R., and Kleinhampl, F. J. , 1964. Geology of Bullfrog quadrangle and

ore deposits related to Bullfrogs Hills caldera, Nye Country, Nevada and Inyo County,
California: U. S. Geol. Survey. Paper 454J, p. J5.
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Illinois: Dixon: "Black River" ( Middle Ordovician)
Ulrich, E. 0., and Scofield, W. H., 1897, The Lower Silurian Gastropoda of Minnesota,

in The geology of Minnesota, Vol. 3, Pt. 2: Minneapolis, Harrison and Smith State
Printers, p. 1038-1043.

Iowa: Dubuque: "Galena Dolomite" (Middle Ordovician)
Ulrich and Scofield, 1897, p. 1038-1043.

Michigan: Houghton bounty: "Stewartsville or Upper Galena" Dolomite (Middle Ordovician)

Case, E. C. , and W. I. Robinson, 1914, The geology of Limestone Mountain and Sherman
Hill in Houghton County, Michigan: Ann. Rept. Board Geol. and Biological Survey,

p. 258.
Minnesota:

Minneapolis: "Black River (Platteville)" (Middle Ordovician)
Stewartville: Stewartville Dolomite (Middle Ordovician)

Ulrich and Scofield, 1897, p. 1038-1043.
Nevada:

Eureka and Nye Counties; Ninemile Formation ("Early Ordovician); Antelope Valley Formation,

(Chazy, Middle Ordovician)
Eureka, Pogonip Group ( Middle Ordovician)

Merrian, C. W. , 1963, Paleozoic Rocks of Antelope Valley, Eureka and Nye Counties,
Nevada: U. S. Geol. Survey Prof. Paper 423, p. 23.

Walcott, C. D. , 1884, Paleontology of the Eureka district: U. S. Geol. Survey Mon. ,

v. 8, p. 81-83.
New Mexico: southern; El Paso Limestone (Lower or Middle Ordovician)

Darton, N. H., 1917, A comparison of Paleozoic sections in southern New Mexico:

U. S. Geol. Survey Prof. Paper 108-C, p. 36.

New York: Lake Champlain area; Chazy Limestone (Middle Ordovician)

Raymond, Percy E. , 1908, Gastropods of the Chazy Formation: Carnegie Mus. Ann.,
v. 4, p, 199-202.

Oklahoma: Adair County; lower Tyner Formation (Chazy, lower Middle Ordovician)

Huffman, G. G. , and Starke, John M., Jr., 1960, A Chazyan faunule from the lower
Tyner, northeastern Oklahoma: Oklahoma Geology Notes, v. 20, p. 269-271.

Pennsylvania: south-central; Stones River Limestone ( Middle Ordovician).
Willard, B., and Cleaves, A. B., 1938. A Paleozoic section in south-central

Pennsylvania: Penn. Geol. Survey, 4th ser. , Bull. G8, p. 4.
Tennessee: Knoxville; Lenoir Limestone (Middle Ordovician)

Ulrich and Scofield, 1897, p. 1038-1043.
Texas: Marathon region: limestone of the Alsate Formation (lower Middle Ordovician)

King, P. B. , Geology of the Marathon Region, Texas; U. S. Geol. Survey Prof. Paper
187, p. 32.

Utah: Ute Peak; Pogonip (Middle Ordovician)
Hall, James, and Whitfield, R. P. , 1877, in King Clarance, Prof. Paper Engineer Dept. ,

U. S. Army. No. 18. Rept. Geol. Exploration of the 405h Parallel, Vol. 4, Pt. 2,

Paleontology, p. 235-236.
Virginia: Smyth, Scott, and Giles Counties: Lenoir Limestone (lower Middle Ordovician)

Butts, Charles, 1941, Geology of the Appalachian Valley in Vriginia, Pt. 2, Fossil Plates
and explanations: Virginia Geol. Survey Bull. 52, p. 58-59.

Wyoming: Lander, Bighorn Dolomite (Upper Ordovician)
Yochelson, E. L., unpub. data.
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III. FOSSIL LOCALITIES IN THE LOVERS LEAP AREA

Field No. : RAF USNM; 18120

Horizon: Roundstone polymictic conglomerate, Kangaroo Creek Formation

Age: Unit deposited in Late Silurian; clasts range in age from Middle Ordovician to
Upper Silurian.

Locality Limestone clasts, flat area on top of ridge NE 1/4 NW 1/4 sec. 32, T41N, R7W,
China Mountain quadrangle

Clast number 1. Murchisonia sp. (10 fragments)
2. Paraliospira planata (21)
3. Hormotorna (1)

Boucotspira sp. (2)
4. cephalopod fragments (3)
5. Murchisonia callahanensis (7)

Hormotorna sp. A. (6)
Tancrediopsis sp. (1)
cephalopod (2)
n. gen. aff. Calceochiton (2)

6. Maclurite.s operculum (2)
Lytospira sp. (2)

bellerophontid (1)
7. Paraliospira mundula ( 15)

Lophospira sp. (60)
Murchisonia callahanensis (60)
Paraliospira sp. (14)
cephalopod (2)
indet. gastropod fragments (40)
polyplacophoran (1)

8. Liospira helena (1)
Lophospira sp. (5)

9. Hormotorna sp. A. (5)
Paraliospira sp. (27)

10. Liospira rnodesta (1)
loptospill. sp. (13)
Ellisella rg (13)

11. Conchidium sp. (1)
12. Paraliospira mundula ( 3)

Hormotorna sp. (4)
Tancrediopsis sp. (1)

19. Lophospira? sp. (3)

Field No: RAP USNM: 18121

Horizon: Roundstone polymictic conglomerate of the Kangaroo Creek Formation.

Age: Unit deposited in Late Silurian; clasts range in age from Middle Ordovician to
Late Silurian

Locality: Rock quarry at A. P. Ranch, SE 1/4 SE 1/4 NE 1/4 sec. 30, T41N, R7W, Siskiyou
County.
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Clast number 2. Murchisonia sp. (1)
Orthambonites (1 pedicle valve)
Glypterina ( 1 brachial valve)
Eridorthis ( lb)
Laticrura sp. (lb, 1p)

3. Diambonia sp. (10p)
Bimuria sp. (la, 3p, 2b)
Christiania sp. (1p, lb)
Eoplectodonta (1p)
pentamerid (2a, 1p)

3. Laticrura? ( 2p)
Skenidioides sp. (1p)

4. trilobite fragment ( 1)
5. small strophomenid ( la)
6. Bimuria sp. (2p)

Christiania sp. (2b)
Eoplectodonta ? sp. (1p)

7. pelecypod fragment (1)
8. bellerophontid (1)

Tancrediopsis sp. (1)
9. Ectomaria prisca (1)

10. Tropidodiscus sp. (1)

12. Lophospira perangulata (4)
Temnodiscus? euryomphalous (2)
Lesueurilla marginalis (1)

11. Christiania sp. ( lb)
14. Lophospira sp. (1)

Laticrura sp. (la)
strophomenid (la)

15. Glypterina? sp. (1p)
glyptortLid (1p)
Anoptambonites sp. ( 2b)

Diambonia sp. (1p)
Bimuria sp. (2b)
Skenidioides sp. (lp,2b)
Christiania sp. ( lb)
Xenambonites (lb)
Cycl.mpil.a sp. (1)

19. cephalopod frag. (1)
indet. bellerophontid ( 1)
Ctenodonta? sp. (2)
Eotornaria sp. A. (1)
Trochonern. a cf. T. Eunema) salter i (1)

20. Skenidioides sp. (1p)
21. Murchisonia sp. (13)

Paraliospira mundula (4)
Glypterina sp. (2p)
Dicaelosia sp. (1p)
oligorhynchiid (1p)

24. Bimuria sp. (3p)
strophomenid (1p)
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24. Lophospira perangulata (7)
Tancrediopsis sp. (1)
Lophospira sp. (3)

25, Hormotoma sp. A. (1)
27. Scaphorthis sp. (3p)

Glypterina sp. (la, 3p, lb)
Phragmorthis sp. (la, 2p, 2b)
Bimuria sp. (3a, 7p, 6b)
Skenidioides sp. (la, 3p, lb)
Christiania sp. ( lb)
Eoplectodonta sp. (2p)
Sericoidea sp. (2a, 7p, 4b)

28. Austinella? sp. (1p)
30. Paraliospira sp. (8)

Hormotoma sp. (7)
31. cephalopod fragment

Bransonia? sp. (1)
Lophospira sp. (1)
Hormotoma sp. (1)

32. Murchisonia sp. (16)
33. Paraliospira gradata (4)

Cyclonema sp. ( 3)

34. Skenidioides sp. (la)
Hormotoma sp. A. ( 8)

35. Cheloides? sp. (2)
36. Cyclonema sp.(19)

Holopea sp. (1)
Cyrtonerna sp. ( 1)

Boucotspira fisribriata (1)
Lophospira perangulata (5)
Lophospira medians ( 1)

37. Hormotoma sp. A ( 23)
cephalopod fragments (3)

38. Paraliospira sp. (9)
39. Murchisonia (Murchisonia) sp. (32)
40. Paraliospira gradata (9)

Lophospira perangulata (1)
C. Paraliospira? sp. (9)
D. Lophospira sp. (9)

Field No. : RPR USNM: 18122

Horizon: Roundstone polymictic conglomerate, Kangaroo Creek Formation.

Age: Deposited in Late Silurian; clasts range in age from Middle Ordovician to Late Silurian.

Locality: Limestone clasts am and isolated block of limestone, half way up southwest slope of

Lovers Leap, at elevation 4700'. SW 1/4 SW 1/4 NW 1/4 sec. 32, T41N, R7W,

China Mountain quadrangle.

Clast number 1. orthid (1 fragment)
Liospira helena (1)
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2. Murchisonia (Murchisonia) ) sp. (1)
3. amphineuran plate (1)
4. Murchisonia (Murchisonia) callahanensis (3)
5. Ectomaria sp. (1)

Field No. : RS USNM: 18120

Horizon: Roundstone polymictic conglomerate of the Kangaroo Creek Formation

Age: Unit deposited in Late Silurian; clasts range in age from Middle Ordovician to
Late Silurian.

Locality: Limestone clasts, flat area, top of ridge, NE 1/4 NW 1/4 sec. 32, T41N, 47W,
China Mountain quadrangle, Siskiyou Co. , Calif ornia.

Clast number 1. calcareous algae
Skenidioides (la)
Glypterina sp. (2b)
Glyptorthis sp. 1 ( la, 1p)
Laticrura? (1p, lb)
Bimuria sp. (3a, 2p, 2b)

2. Bransonia sp. (1)
8. Paraliospira sp. (7)

Murchisonia sp. (2)
Paraliospira gradata (4)

9. Ctenodonta sp. (1)
Lophospira sp. (3)

10. Hormotoma sp. A. (6)
Helicotoma sp. (3)
Tancrediopsis (1)

11. trilobite fragment
12. indet. gastropod fragment
13. Maclurites sp. (1)

Paraliospira? sp. (2)
14. Lophospira sumnerensis (1)

indef. lophospirids (2)
15. Lophospira_perangulata (15)
16. Murchisonia sp. A. ( 12)

Hormotoma sp. A. (1)
Pachystrophia devexa ( 8)

17. Tropidod iscus (Peruniscus) (1)
Murchisonia callahanensis (83)
Holopea sp. (1)
Paraliospira mundula (4)
Tancrediopsis sp. (2)
Bransonia? sp.

18. Paraliospira angulata ( 2)
Liospira sp. (1)
Holopea sp. ( 1)

19. Hormotoma sp. (7)
20. Maclurites sp. (1)

Maclurites operculum (1)
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21. trilobite fragment
Holopea sp. (2)

26. Lophospira sp. (9)
Cyclonema sp. (5)

27. Lophospira (8)
Paraliospira sp. (3)

Field No. : R-1 USNM: 18124

Horizon: Roundstone polymictic conglomerate of the Kangaroo Creek Formation.

Age: Unit deposited in Late Silurian; clasts range in age from Middle Ordovician to Late
Silurian.

Locality: Clasts, top and western side of the southern end of Lovers Leap, SE 1/4 NE 1/4 sec. 31,
T41N, R7W. China Mountain quadrangle.

Clast number A. Paraliospira mundula (4) b. = brachial valve
Scaphorthis? (2p, ib) p. = pedicle valve
Glypterina (1p) a. = articulated
glyptorthinid (lb)
Bimuria sp. (3p)
Skenidioides sp. (1p)
Eoplectodonta sp. ( la, 1p)

B. Glyptorthis sp, (1p)
Lophospira perangulata (1)
Pachystrophia devexa ( 1)
Trochonema? sp. (1)
Coelozone fascinata ( 1)
Hormotom a sp. (1)

E. Glyptorthis sp. 1 (la, 2p)
Megalomphala contorta (5)
Pachystrophia devexa ( 1)
Lophospira procera (3)
L. sp. (9)
Tropidodiscus sp. (1)
indet. euomphalid (1)

F. Pachystrophia devexa ( 1)
Murchisonia sp. A. (11)
Skenidioides sp. ( la)

G. indet. euomphalid (1)
Glyptorthis sp. 1 (1p)

H. Anoptambonites sp. (lb)
J. Glyptorthis sp. 1. (la)
K. Bransonia? sp. (1)

Murchisonia sp. (1)
L. Glypterina sp. (Sp, 3b)

Glyptorthis sp. (lb)
Dicaelosia sp. (la, lb)
Phragmorthis (la, 2p, ib)
Bimuria (2b)
Skenidioides sp. (1p)
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Eoplectodonta sp. (la)
plaesiomyid (3b)
pentamerid (2b)
Sericoidea? (2a, 4p, lb)

N. Liospira sp. (2)
Holopea sp. (2)
Lophospira sp. (4)

P. Liospira modesta (4)
Cyrtodonta sp. (1)
Mourlonia sp. (1)
Hormotoma sp. (2)
subulitid (1)

Q. Paraliospira sp. (4)
R. Paraliospira gradata ( 2)

Paraliospira sp. (1)
Lophospira perangulata (1)
Glypterina aff. G. uniplicata (lb)
Cyrtodonta sp. (1)

S. polyplacophoran type B (1)
T. Paraliospira mundula (6 fragments of large specimen)
U. Murchisonia (Murchisonia) callahanensis (4)
W. Helicotoma griffini (6)

Helicotoma sp. (5)
X. Lophospira medialis (1)

AB. Liospira sp. ( 2)

Hormotoma sp. (2)
AC. plaesiomyid (lb)

Hormotoma sp. A ( 1)
Cyrtospira sp. (1)
Boucotspira fimbriata ( 1)
Megalomphala contorta (1)
Lophospira sp. (6)
Pachystrophia devexa (2)
Maclurites sp. (1)

AD. bryozoans
AE. indet. gastropod fragments
AG. indet. euomphalid
AH. Fusispira sp. (1)
AJ. Glypterina sp. (la, 1p, 2b)

Bimuria sp. (lb)
sowerbyellid? ( 1p)

AM. Glypterina aff. G. uniplicata ( 1p)
AP. plaesiomyid (1p)
AQ. Murchisonia (Murchisonia) callahanensis (2)

Paraliospira mundula (6)
AS. Paraliospira gradata (19)
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Field No. : Rlm USNM: 18126

Horizon: Massive pelletal limestone of the Kangaroo Creek Formation

Age: Middle or Upper Ordovician

Locality: Southern-most exposure of the cap rock of Lovers Leap, SW 1/4 SE 1/4 NE 1/4

sec. 31, T41N, R7W, China Mountain quadrangle.

Glyptorthis sp. (la, 3p, 3b)
orthid x (19a, 2p, 3b)
cephalopod (6 fragments)
tabulate corals
bellerophontid gastropods (2)
Murchisonia sp. (3)

Field No. : Z-1 USNM 18118

Horizon: limestone lens
Late Ordovician (Ashgill)

Locality: NE 1/4 NE 1/4 sec. 9, T41N, R8W, Etna quadrangle, at about 3520 ft. elevation.

samples Z-1 Gyronema fragment (1) b = brachial valve
Hesperorthis sp. (la, 4p, 7b) p = pedicle valve

Z-1-1 indet. pleurotomariaceans (76) a = articulated
Lophospira sp. (9)
Hesperorthis sp. (6a, 12 p, 24b)
Anoptambonites sp. (23a, 18p, 29b)
Eospirigerina sp. ( 3Sa, 6p, 13b)
Protozyga sp. (187a, 1p, lb)
clorindid (194a, 176p, 135b)
trimerellid (J.h, 9p)
Dicaelosia sp. (52a, 52b)
Glypterina sp. (4a, Sp, 8b)

Z- 1-2 bellerophontid (1)
Gyronema sp. (5)
Hesperorthis sp. (3a, 5p, 13b)
Anoptambonites sp. (26a, 56p, 74b)
Eospirigerina sp. ( 3a, 1p, 4b)
clorindid (30a, 47p, 61b)
trimerellid (8p, 2b)

Z-1-4 Gyronema sp. (90)
Murchisonia sp (39)
Lophospira sp. (19)
indet. high-spired gastropods (10)
Anoptambonites sp. (11a, 17p, 20b)
Hesperorthis sp. (5a, lip, 21b)
Eospirigerina sp. (8a)
clorindid (699a, 399p, 464b)
trimerellid (2a, 29p, 28b)
Protozyga sp. (174a, 5p, 5b)
strophomenid (1a, 1p, 6b)
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Z-1-5 Gyronema sp. (29)
Anoptambonites sp. (1p, lb)
Hesperorthis sp. (1p, lb)
Eos2:Eiga.i12a sp. ( 14p, 3p, 5b)
clorindid (146a, 160p, 157b)
Protozyga sp. (2a)

Z-1-6 aroLIerna sp. (33)
murchisonids (60)
Ctenodonta? sp. (1)
Hesperorthis sp. (5a, 2p)
Anoptambonites sp. (1p)
Eospirigerina sp. ( 35a, 4p, 7b)
clorindid (78a, 96p, 106b)
trimerellid (3p, 6b)
Protozyga sp. 16a, lb)
strophomenid (2a)

Z-1-7 G_yronerna sp. (15)
murchisonids (25)
Hesperorthis sp. (lb)
Anoptambonites sp. (19a)
Eospirigerina sp. ( 1p)
clorindid (83a, 50p, 42b)
trimerellid (2p)
Protozyga sp. (25a, 1p, lb)

Z-1-3 indet. high-spired gastropods (20)
Hormotoma sp. (1)
bellerophontid (3)
Hesperorthis sp. (5a, 3p, 7b)
Dicaelosia sp. (7a)
Anoptambonites (2a, 27p, 14b)
Eospirigerina sp. ( la)
clorindid (lb)
trimerellid (3b)
Protozyga sp. (15a)
strophomenid (la)

Field No.: R-3, PR-3, RI3-3 USNM: 18125

Horizon: Roundstone polymictic conglomerate of the Kangaroo Creek Formation.

Age: Deposited in Late Silurian; clasts are Middle Ordovician to Late Silurian in age.

Locality: Limestone clasts on the southeast slope near the top of ridge NE 1/4 NW 1/4 sec. 32,
T41N, R7W, China Mountain Quadrangle. About 40 m northeast of quartz diorite dike.

Clast PR-3 orthid x (29a, 3p, lb)
Helicotoma griffini (18)
Paraliospira mundula (1)
Cyclonema sp. ( 2)
Lophospira peranKulata (3)
Hormotoma sp. A (2)

A. Helicotoma olsoni ( 30)
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Murchisonia (Murchisonia) callahanensis var. coeloconoidea (19)
Hormotoma sp. A (1)

B. Liospira helena ( 3)
Lophospira perangulata (17)
Paraliospira gradata (1)

C. indet. bellerophontid (1)
Glyptorthis sp. (la)

D. Lophospira sp. (1)
E. Murchisonia (Murchisonia) callahanensis (8)

Tancrediopsis sp. (1)
F. Liospira modesta (8)

Lophospira persngulata ( 12)
Gyronema liljevalli (3)
Holopea sp. (1)

G. Liospira sp. (2)
Tr92idodiscus sp. ( I)
spiriferid (2a)
pentamerid (1 fragment)

H. Scaphorthis sp. ( lb)
Glypterina? (lb)
Dicaelosia ( la, 3p)

Phragmorthis? ( ib)
Bilobia? ( la)
Skenidioi 'ies sp. ( ip, 2b)
Christiania sp. ( ib)
oligorhynchiid (1p)

I. Tancrediopsis sp. (1)
Paraliospira? sp. (3)
murchisonid fragments (2)

J. Gyronema Sr. (1)
K. Murchisonia sp. (2)
L. Pachystrophia devexa (2)

Lophospira ( 3)
Hesperorthis (1p, 3b)

M. Hormotoma sp. (20)
N. Lospii°a helena ( 3)

Gyronema liljevalli ( 2)
Paraliospira sp. (6)
Gyronema? sp. (2)

P. algae or sponge?
Christiania sp. ( la)
inarticulate brachiopod? (1 fragment)

Q. Hormotoma sp. A. (1)
Murchisonia (Murchisonia) sp. (1)

S. Holopea sp. ( 1)

orthid x (22a, 2p)
T. Scaphorthis sp. (1p)

Hesperorthis sp. ( la)
Glypterina sp. (1p, 2b)
glyptorthid (1p)
Phragmorthis? (lb)
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Bimuria sp. (2p, lb)
Xenambonites sp. (1p)
Gyronema liljevalli (1)
Murchisonia callahanensis (7)
Paraliospira mundula (4)
Hormotoma C (10)

U. indet gastropod fragments
W. Glyptorthis sp. 1 (la)

Murchisonia (Murchisonia) callahanensis var. coeloconoidea (1)

Lytospira? sp. (11
X. Boucotspira fimbriata (3)

Paraliospira .gradata (1)
Z. Liospira modesta ( 18)

Cyclonema sp. ( 1)
Hormotoma sp. (1)

Field No. : 5f USNM: 18143

Horizon: Limestone lens, clasts in limestone conglomerate.

Age: Early Devonian ( Gedinnian)

Locality: NE 1/4 SE 1/4 sec. 21, T41N, R7W, China Mountain quadrangle, elevation 4570 ft.

Hormotoma sp. (37)
Coelocaulus sp. ( 1)

Cyrtina sp. (1p)
Howellella sp. ( la, 4p, 3b)

Field No. : 4R2 USNM: 18114

Horizon: Limestone clasts at Gazelle-Moffett Creek contact.

Age: Late Silurian (Late Wenlock-Ludlow)

Locality: Limestone clasts from contact between Gazelle Formation and Moffett Creek

Formation, NE 1/4 SW 1/4 sec. 13, T41N, R8W, China Mountain quadrangle.

Atyrpa reticularis (7a, ip, lb)
Dicaelosia sp. (la)
Conchidium sp. (22p)
Plectodonta sp. ( 1p)

Atrypella sp. (2a)
Cyrnbidiurn sp. (la, 2p)
Subriana? sp. (3p)

orthid (la)
Spirigerina sp. (la)
Gracianella sp. (3a, 1p)
Rhvnchonellid (2a)
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Field No. : HG- 10 -15, Z -12 USNM: 18169

Horizon: Limestone lens

Age: Upper Ordovician (Ashgill)

Locality: Horseshoe Gulch, NW 1/4 SW 1/4 sec. 10, T41N, R7W, Etna quadrangle.

Sample HG-10-22 Trochonemella mikulici (9)
Liospira sp. (1)
Gyronema sp. (1)
clorindid (149a, 158p, 208b)
Anoptambonites sp. (la)

Field No. : 12f USNM: 18144

Horizon: Limestone lens

Age: Ordovician

Location: Gregg Ranch barnyard, northern building of the two buildings on the sec. 20-21

boundary, T41N, R7W.

block 12f1 murchisonids (4)
Glyptorthis sp. (la)
orthid (lb)

12-3 murchisonid fragments (22)
orthid (5a)
ostracodes
smooth brachiopods ( la)

121-4 murchisonids (13)
indet. gastropods (6)

12f-F Lophospira sp. (1)
euomphalid (3)
Murchisonia sp. (2)

Field No. : Z-13 USNM: 18138

Horizon: massive limestone

Age: Late Ordovician (Ashgill)

Locality: NE 1/4 NW 1/4 sec. 3, T41N, R8W, Etna quadrangle, elevation 3700-3680 ft.

Sample Z13a. n. gen. aff. Euomphalopterus ( 1)

Maclurites operculum (1)
indet. gastropod (6)
Gyronema aff. G. historicurn
taxodont pelecypod fragment (4)
Cheloides sp. (1)
orthid (1p)
Hesperorthis sp. ( 6a, 25p, 24b)
Glypterina sp. (1p)
Dicaelosia sp. (14a, 1p, lb)
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Epitomyonia? (1p)
Anoptambonites sp. (la, 1P)
Skenidioides sp. ( 4a, 1p)
Catazyga sp. (2b)
Eospirigerina sp, (24a, 2p, 2b)
Protozvga (4a, lb )

clorindid ( 4a, 17p, 28b)
trimerellid (3b)
strophomenid (3a, 3p, 4b)

Field No. : 13f USNM: 18172

Horizon: Limestone lens

Age: Lower Devonian?

Locality: About 300 feet NW of 1/4 corner on sec. 21-14 boundary, T41N, R7W, China
Mountain quadrangle, elevation about 4080 ft.

Coelocaulus fragments (2)
Coelozone? (1)
Murchisonia sp. (1)

Field No. : 19f USNM: 18170

Horizon: Limestone lens

Age: Lower Devonian

Locality: SE 1/4 NE 1/4 sec. 21, T41N, R7W, China Mountain quadrangle, elevation 4300 ft.

Coelocaulus sp. /12)
Gyronema sp. (3)
subulitid (1)
Cyrtina sp. ( 140a, 16p, 19b)
Howellella sp. (15a, 3p, 4b)
Atrypa sp. (97a, 18p, 8b)
Schizophoria sp. (7a, 2p)
Salopina submurifer ( la, 1p)
Schuchertella sp, (1p)
Gypidula sp. (6a, 1p, lo)
stropheodontid (la)

Field No. : 20f USNM: 18171

Horizon: limestone lens

Age: Early Devonian

Locality: SE 1/4 NE 1/4 sec. 21, T41N, R7W, China Mountain quadrangle, about 4360 ft

elevation

murchisonid fragments (12)
Howellella sp. (68p, 22b)
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Atrypa sp. (4b)
Schizophoria sp. (1p, lb)
Gypidula? (2p, lb)
stropheodontid (1p)

Field No. : R21 USNM: 18127

Horizon: Roundstone polymictic conglomerate of the Kangaroo Creek Formation

Age: Deposited in Late Silurian; clasts range in age from Middle Ordovician to Late
Silurian.

Locality: clasts in field, NW 1/4 sec. 21, T41N, R7W, north of highway at Gregg Ranch.

A. algae ?, amphineuran plates (7)
B. Christiania sp. (lb)
C. Skenidioides sp. (2a, 1p)

Hormotoma sp. A. (2)
E. Paraliospira? sp. (4)
F. Hormotoma sp. (3)
G. Holopea sp. ( 1)

Hormotoma sp. (3)

Field No. : 21-23, 3-97 USNM: 18128

Horizon: Limestone lens

Age: Middle Ordovician (Llandeilo)

Locality: Small outcrops in brush, slightly to south of top of ridge, elevation 4550 feet,
NW 1/4 NW 1/4 NE 1/4 SE 1/4 sec. 21, T41N, R7W, China Mountain quadrangle.

Skenidioides sp. (15a, 28 p, 13b)

Phragmorthis sp. (15a, 12b, 4b)
Orthambonites sp. ( 10a, 22p, 23b)
Glyptorthis sp. ( 35a, 13b, 15p)
pentamerid (7a)
Bimuria sp. (la, 4p, 6b)
Craspedelia sp. (4a, 4p, 16b)
Xenambonites sp. (3a, 2p, lb)
Christiania sp. (2b)
Eridorthis? sp. (3p)
Tancrediopsis sp. (1)
Megalomphala contorta (1)
Maclurites klamathensis (2)
M. aff. M. crassus (1)
M. sp. B ( 1)
M. sp. C( 1)
Maclurites opercula ( 20)
Ophiletina aff. sublaxa (1)
Ecculiomphalous sp. (1)
Raphistoma sp. 1

Maclurites sp.
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Field No. : 23f USNM: 18140

Horizon: limestone conglomerate

Age: Ordovician

Locality: Near sec. 29-32 boundary, T41N, R7W, China Mountain quadrangle, elevation
about 4860 feet.

indet. lophospirid fragments (20)
Gyronema sp. (1)
macluritid (1)
Lophospira sp. (8)
Maclurites operculum (1)
Raphistoma sp. (3)
rhynchonellid (2 fragments)

Field No. : R31f USNM: 18130

Horizon: roundstone polymictic conglomerate, Kangaroo Creek Formation

Age: Deposited in Late Silurian; clast range in age from Middle Ordovician to Late
Silurian.

Locality: Limestone blocks in field at Gregg Ranch, NW 1/4 SW 1/4 sec. 20, T41N, R7W,
China Mountain quadrangle.

clast A. Maclurites sp. A. (1)
Paraliospira mundula (40)
Hormotoma sp. A. (9)
Gyronema sp. (2)

B. Paraliospira angulata (2)
Murchisonia callahanensis (4)
Holopea sp. 2
indet. murchisonids ( 2)
orthid (3a)

C. spiriferid ( 9a)
Glyptorthis (la)
Pachystrophia devexa ( 2)
Maclurites sp. (1)
Holopea sp. ( 7)
Lophos_pira sp. (5)
Hormotoma sp. A. (7)

E. Bimuria (2p)
orthid (1 fragment)
rhynchonellid (la)

F. Glypterina sp. (lb)
H. Laticrura ? (la)
I. n. ger- aff. Calceochiton
J. Megalomphala? sp. ( 1)

Megalomphala contorta (1)
Maclurites sp. (5)
Ophiletina aff. 0. sublaxa ( 1)
Tropidodiscus sp. (1)
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Holopea sp. (9)
Lophospira perangulata ( 3)
Murchisonia sp. A. (9)
indet. tubes (6)
clorindinid (la)

K. Liospira modesta (4)
Hormotoma sp. A. (2)

L. Paraliospira mundula (1)
Hormotoma sp. A. (6)
Cyclonema sp. (5)
orthid (4a)

M. Bransonia? sp. (1)
N. Maclurites sp. (4)

Pachystrophia? sp. ( 3)
Lophospira sp. (6)
Murchisonia sp. A (3)
Glyptorthis sp. 1 (2a)

P. bellerophontid (1)
Cyclonema sp. ( 1)
polyplacophoran type A

Q. indet. bellerophontid (2)
cephalopod fragment (1)

R. subulitid (4)
Hormotoma sp. (3)
Paraliospira sp. (1)
Lophospira sp. (4)
Bransonia? sp. (1)

S. Glypterina sp. (la)
T. Liospira helena ( 2)

Hormotoma sp. A. (1)
Paraliospira zradata ( 2)

U. indet. b elle r ophontids ( 3)
V. sponge spicules
W. orthid (2p)

Diambonia sp. (1p)
Christiania (la)

AA. pentamerid ( 1 fragment)
AB. trimerellid (1 fragment)

indet. beller ophontid ( 1)
Boucotspira fimbriata (3)
Ellisella greggi (2)
Lophospira perangulata ( 39)
Gyronema sp. (4)
Cyclonema sp. ( 26)

AC. Maclurites sp. (1)
Subulitid ( 1)
Hormotoma sp. (2)
Cyclonema sp. ( 4)
strophornenid (1 fragment)
spiriliferid ( la)

AD. orthid (1p)
plaesiomyid? (1p)
Xenambonites (lb)
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AE. Lophospira procera (3)
Paraliospira mundula (4)
Eunema sp. ( 1)
Hormotoma sp. (2)

AH. Anoptambonites sp. ( lb)
AK. Bellerophontid (1)
AL. Paraliospira ? sp. (1)

Orthambonites ( la)
glyptorthinid (lb)
Skenidioides? ( 1p)

AN. liospirid fragments (8)
Tancrediopsis sp. (4)

AR. Lophospira sp. (1)
Eridorthis (1p)
Diambonia sp. (1p)

AT. Lophospira perangulata ( 5)
Hormotoma sp. A. (6)
Paraliospira mundula (20)
cephalopod (1)

AU. Lindsleyella 'ohnsoni (3)
Lophospira perangulata ( 3)
Murchisonia ( Murchisonia) callahanensis (1)
Ellisella greggi (6)

AW. orthid (1 fragment)
AW. indet. gastropod (1)

Bransonia? sp. (1)
AX. Subulites sp. (1)

Paraliospira planata (3)
AY. Ellisella greggi (1)

Lophospira peragnulata ( 1)
Murchisonia ( Murchisonia) callahanensis (1)

AZ Paraliospira mundula (34)
Hormotoma sp. A. (9)
cephalopod ( 1)

BA. indet. spheres
BB. L.9_phospira perangulata ( 4)

Paraliospira angulata (2)
P. gradata (1)

1489 P. planata (4)
subulitid? (2)
cephalopod (2)

BC. Liospira sp. (1)
Pachystrophia sp. (1)
Murchisonia sp. (4)
Hormotoma sp. A. (1)
Fusispira sp. (1)

BD. Helicotoma gr iffini (3)
n. gen. aff. Helicotoma (4)
Ectomaria prisca (1)
Hormotoma sp. A. (2)
Murchisonia (Murchisonia) callahanensis (3)
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BE. Helicotoma sp. (1)
Hormotoma sp. (2)

BF. Murchisonia ( Murchisonia) callahanensis (3)
indet. liospirids (8)

BC Li ospira helena (2)
BH. Hormotoma sp. A. (3)
BH. glyptorthinid (1p)

Anoptambonites ? (lb)
strophomenid (1 fragment)
pentamerid (la)

BJ. Paraliospira gradata ( 1)
BN. Lophospira perangulata ( 1)

Holopea sp. ( 1)
BN. Pachystrophia sp. (4)
BP. indet. euomphalid (1)
BQ. cephalopod fragment (2)
BR. favositids
BS. Paraliospira gradata ( 2)

Hormotoma sp. (1)
Lophospira sp. (4)
Bransonia? sp. (1)

BT. Hormotoma sp. (2)
Ectomaria sp. (2)
cephalopod ( 1)

Field No. : P-3Sf, 3-95 USW, 18119

Horizon: limestone lens

Age: Lower Devonian

Locality: SW 1/4 SW 1/4 sec. 22, T41N, 13,7W, China Mountain quadrangle.

1. Hormotoma sp. (50)
stropheodontid (1 fragment)

6. Coelocaulus rodneyi (120)
Murchisonia sp. A (1)
Platyceras ( Platyostoma) sp. (10)
Biformispira isaacsoni (30)
Gyronema? sp. ( 4)
Hormotoma sp. (61)
Howellella (6a, 4b, 3p)

8. Coelospira fragments (9)
9. indet. murchisonids ( 25)

Howellella fragments ( 2)
A. Gyronema sp. (29)

Atrypa sp. (la, 19p, 6b).
gypidulid ( la, 2p, lb)
rhynchonellid ( 1p, lb)

B. Gyronema sp. (8)
Hormotoma sp. (1)

D. Gyronema sp. (2)
Gypidula sp. ( lb)
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Field No. : 3-39 USNM: 18115

Horizon: massive pelletal limestone of the Kangaroo Creek Formation

Age: Middle or Upper Ordovician

Locality: Separate block on the southwestern slope of Lovers Leap, NE 1/4 SW 1/4 NE 1/4 sec. 31,
T41N, R7W, China Mountain quadrangle.

Lophospira procera (2)
Boucotspira fimbriata ( 2)
cephalopod fragment (1)
pelecypod fragments (3)

Field No. : R86 USNM: 18136

Horizon: Massive pelletal limestone of the Kangaroo Creek Formation.

Age: Middle or Upper Ordovician

Locality: NE 1/4 NE 1/4 NW 1/4 sec. 32, T41N, R8W, China Mountain quadrangle eastern-

most outcrop of limestone on the area.

Helicotoma sp. (3)
Lophospira sp. (1)
Hormotoma sp. (1)

Field No. : 3-123 USNM: 18123

Horizon: limestone conglomerate

Age: Ordovician?

Lo- ality: center of NE 1/4 SE 1/4 sec. 21, T41N, R7W, China Mountain quadrangle.

Clast A. Murchisonia sp. (1)
Holopea sp. ( 1)
orthids (la, 3p)
strophomenid (la)

B, Strophomenid (43a, 45p, 11b)
Maclurites (2)
bellerophontid steinkerns (6)

C. Maclurites? sp. (1)
D. Murchisonia sp. A (7)

Hormotoma sp. A (2)
E. Maclurites sp. (2)
F. Murchisonia sp.

Ophiletina aff. 0. sublaxa ( 1)
G. macluritid fragments
H. Hormotoma sp. A. (1)
J. Murchisonia sp. (1)

Glyptorthis sp. (la)
Maclurites sp.



282

K. Tropidodiscus sp. (1)
L. macluritid fragment
N. brachiopod fragment (1)
0. Murchisonia sp. A. (1)
R. Glyptorthis sp. (2a)

Field No. : 3-107 USNM: 18131

Horizon: Roundstone polymictic conglomerate of the Kangaroo Creek Formation

Age: Deposited in Late Silurian; clasts range in age from Middle Ordovician to
Late Silurian.

Locality: small patch of conglomerate, top of ridge, center of sec. 22, T41N, R7W, China

Mountain quadrangle.

A. Boucotspira fimbriata ( 2)
Bransonia? sp. (1)
Lophospira sp. (3)

B. Holopea sp. ( 2)

orthid (4a)
C. Paraliospira gradata( 4)
D. Ophiletina aft'. 0. sublaxa ( 1)
E. Hormotoma sp. (3)

Field No. : 3-143 USNM: 18133

Horizon: limestone conglomerate

Age: Ordovician?

Locality: Loose clasts on side of hill, SE 1/4 NE 1/4 SE 1/4 sec. 21, T41N, R7W, China

Mountain quadrangle.

A. conocardacean (1)
murchisonid ( 1)
Paraliospira gradata ( 4)

B. Boucotspira fimbriata ( 1)
Bransonia? (4)
Cyclonern. a ( 6)

Field No. : 3-145 USNM: 18116

Horizon: limestone conglomerate

Age: Ordovician

Locality: SE 1/4 sec. 21, T41N, R7W, China Mountain quadrangle.

A. Hormotoma B (2)
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Horizon:
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R147 m USNM: 18135

Massive pelletal limestone of the Kangaroo Creek Formation.

Massive resistant limestone outcrop on hillside SE 1/4 SW 1/4 sec. 29, T41N,

R7W, China Mountain quadrangle.

Tancrediopsis sp. (1)
Boucotspira f imbriata (1)
orthid brachiopods ( 4a, lb)
Paraliospira angulata (3)
Lophospira procera (25)
Holopea sp. (1)
Raphispira sp. ( 1)
Ectomaria prisca (1)
Trochonema (1)
Murchisonia sp. (1)

Field No. : R147 USNM: 18134

Horizon: Roundstone polymictic conglomerate of the Kangaroo Creek Formation.

Age: Unit deposited in Late Silurian; clasts range in age from Middle Ordovician

to Late Silurian.

Locality:

clast

Conglomerate around massive limestone outcrop, side of hill, SE 1/4 SW 1/4

sec. 29, T41N, R7W, China Mountain quadrangle.

A. Murchisonia (Murchisonia) callahanensis var. coeloconoidea (6)

orthid (1p)
Eoplectodonta sp. (la, 24p, 14b)
trilobite fragment (1) a = articulated

B. Bucania sp. (1) b = brachial valve
Skenidioides sp. (la) p = pedicle valve

Craspedelia sp. (la, 2b)
strophomenid (2a)

D. Murchisonia (Murchisonia) callahanensis (26)
Paraliospira sp. (1)

E, Hormotoma sp. A.
orthid ( la)

F. strophomenid (1p)
G. Hormotoma sp. (12)

indet. horn-shaped object
H. Paraliospira mundula (1)

lophospirids (7)
Bransonia? sp. (1)

J. Hormotoma sp. C. (9)
Paraliospira mundula (17)
murchisonid (1)

L. Ellisella gregg (3)
Lophospira perangulata (62)
indet. gastropod fragments (4)
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M. orthid (4a, lb)
N. orthid ( 45a, 4p, 5b)

Holopea sp. A (22)
Hormotoma sp. A (22)
Murchisonia sp. (4)

P. Liospira sp. (13)
Q. orthid ( 11a, 1p)

Paraliospira mundula (27)
R. Paraliospira angulata (12)

Cyclonema sp. ( 10)

S. Liospira modesta (3)
Skenidioides sp. (la, 1p)
spiriferid ( la)

U. Paraliospira mundula (2)
Paraliospira gradata ( 2)
Tancrediopsis sp. ( 1)

V. Lophospira sp. ( 1)

Paraliospira sp. (2)
Gyronema sp. (2)
Tancrediopsis? sp. (1)

W. indet. liospirids (2)
X. Lophospira sp. (1)
Y. Lophospira sp. (1)

Gyronema sp. (1)
Z. Hormotoma sp. A, (4)

Murchisonia (Murchisonia) callahanensis (8)
AA. Holopea sp. (1)

Cyclonema sp. ( 6)
murchisonid (15)

AB. Paraliospira gradata ( 13)
Hormotoma sp. A. (22)

AC. Liospira modesta (1)
Cyclonema sp. ( 4)
Fusispira sp. (1)

AD. Holopea elizabethi (3)
Hormotoma sp.

AE. Hormotoma sp. A. (1)
Lophospira sp. ( 1)

AF. Hormotoma sp. (1)
Eotomaria sp. (7)
indet. bellerophontid.

AG. Hormotoma sp. A (3)
AH. Orthid (1 fragment)
AJ. Hormotoma sp. (3)
AK. orthid (1p)
AK. Hormotoma sp. (1)
AL. Paraliospira mundula (4)

Hormotoma sp. A. (2)
Murchisonia sp. (9)
n. gen. aff. Calceochiton (4)

AM. Paraliospira sp. (1)
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AP. Liospir a modesta (1)
Hormotoma sp. A. (2)

AQ. indet. gastropod fragments
AS. Ectomaria prisca ( 1)

Hormotoma sp. (8)
A T. Hormotoma sp. (1)

Paraliospira mundula
Ectomaria sp. (1)
Lophospira perangulata (1)

AU. Murchisonia (Murchisonia) callahanensis (24)
A. V. Paraliospira sp. (4)

Lophospira sp. (7)
Holopea sp. (2)
Bransonia sp. (1)
cephalopod (1)

AW. Lophospira sp. ( 1)

AX. indet. gastropods (7)
AY. murchisonid (1)
AZ. bellerophontid frag.
BA. Paraliospira gradata (1)

Cyclonema sp. (1)
murchisonid (1)
conocardacean (1)

BC. Murchisonia sp. (12)
cephalopod

BD. Paraliospira angulata (8)
murchisonid (3)
cephalopod ( 1)

BE. Hormotoma sp. (4)
Ectomaria sp. (5)

Field No. : 3-153 USNM: 18117

Horizon: limestone conglomerate

Age: Ordovician?

Locality: SE 1/4 NE 1/4 NE 1/4 sec 21, T41N, R7W, China Mountain quadrangle.

clast A. Cyclonema sp. ( 3)
Paraliospira gradata (4)
Murchisonia callahanensis (1)
Lophospira sp. (1)
Holopea sp. (2)
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Field No. : R187 USNM: 18136

Horizon: Roundstone polymictic conglomerate, Kangaroo Creek Formation.

Age: Unit deposited in Late Silurian; clasts range in age from Middle Ordovician

to Late Silurian.

clast A. Liospira? sp. ( 1)
Hormotoma sp. (4)

B. Boucotspira fimbriata ( 1)
Murchisonia sp. (2)
Trochonema sp. (1)

Field No. : R200 USNM: 18137

Horizon: Roundstone polymictic conglomerate, Kangaroo Creek Formation.

Age: Unit deposited in Late Silurian; Oasts range in age from Middle Ordovician

to Late Silurian.

Locality: Loose clasts on side of hill in relatively large area, NW 1/4 sec. 29, T41N,
R7W, China Mountain quadrangle.

clast 1. Eotomaria sp. B (1)
A. Bimuria sp. (1p)

orthid (2 fragments)
B. glyptorthinid (1p)

orthid (2 fragments )
strophomenid (1 fragment)

C. Phragmorthis sp. ( lb)
Skenidioides (2p)
Leptellina? (10a, 10b, 2b)

D. Hormotoma sp. (1)
orthid (1 fragment)

F. Paraliospira angulata (1)
Lophospira sp. (1)

G. bellerophontid (2)
Lophospira sp. (1)
pelecypod fragment ( 1)

H. cephalopod fragment (1)
Gyronema sp. (1)
Hormotoma sp. (1)

J. Hormotoma sp. A. (2)
K. Hormotoma sp. A. (1)
L. Lophospira sp. (1)

spiriferid ( 2a)

M. cephalopod
Hormotoma sp. (1)
Paraliospira mundula (2)

N. Paraliospira mundula (20)
P. Liospira modesta (2)

Paraliospira planata
Lophospira perangulata (3)
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Q. Paraliospira angulata (6)
Hormotoma sp. A (1)

R. Liospira? sp. fragments ( 16)
S. indet. gastropod fragments
U. Siskiyouspira? sp. (1)
V. Euomphalopterus? sp. (1)

Siskiyouspira vostokovaena ( 23)
Paraliospira angulata (17)
Euryzone petitornata ( 2)
Holopea elizabethi (2)

W. Paraliospira sp. (2)
X. glyptorthinid ( 1p, lb)

Glyptorthis (1p)
Bimuria sp. (la)
Skenidioides sp. (1p, 2b)
plaesiomyid? (3p, lb)
orthid ( 3p, 2b)

Y. Lophospira sp. (2)
Z. Liospira modesta (10)

Lophospira medialis (3)
Murchisonia sp. (10)
Bransonia? sp. ( 1)

indet. tubes
AA. orthid ( 1 fragment)

strophomenoid (1 fragment)
AB. Hormotoma sp. (9)
AC. Holopea brucei ( 5)

Murchisonia (Murchisonia) callahanensis (6)
Hormotoma sp. A (5)
Helicotoma sp. (2)

AD. Holopea elizabethi (2)
AE. Pachystrophia devexa (2)

Bransonia? sp. ( 1)

Hormotoma sp. (3)
AG. Holopea? sp. (4 )
AK. Boucotspira fimbriata ( 6)

Cyclonema sp. ( 34)
Hormotoma sp. B. (19)
Lophospira spp. (6)
Tancrediopsis sp. fragment

AL. Hormotoma sp. (4)
AM. Cyclonema sp. ( 1)
AN. Liospira modesta ( 4)

Paraliospira angulata (1)
AP. Paraliospira gradata (9)

Hormotoma sp. (3)
ostracode (1)

AY, Murchisonia (Murchisonia) callahanensis (4)
BA. Liospira? sp. (3)
BB. Maclurites sp. (2)
BC. Ectomaria sp. (2)
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BD. Paraliospira mundula (17)
Hormotoma sp. (1)

BE. Murchisonia sp. (2)
Lophospira sp. (5)
tubes
cephalopod (1)
Tancrediopsis sp. ( 1)
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INT. PLATES AND EXPLANATIONS

Plate 1

Figures 1-4. Temnodiscus euryomphalus (Lindstrom), ( p, 107).

Locality RAP, roundstone polymictic conglomerate, Kangaroo Creek Formation,
Middle or Upper Ordovician?
1, 2, 3,4. apertural, side and adapertural views (x 4. 5). RAF- 12.

Figures 5, 6. Tropidodiscus (Peruniscus) sp. (p, 104).

Locality RS, roundstone polymictic conglomerate, Kangaroo Creek Formation,
Middle or Upper Ordovician?
5, 6. side, adapertural views (x 5. 0). RS-17.

Figures 7-10. Maclurites sp. ( p. 134).
Locality 31f, roundstone polymictic conglomerate, Kangaroo Creek Formation,
Middle or Upper Ordovician.
7, 8, 9. top, apertural, and basal views ( x3). R31f-N
10. basal view (x2). RS-20.

Figures 11-14. Megalomphala? (p. 110).
Locality R31f, roundstone polymictic conglomerate, Kangaroo Creek Formation,
Middle or Upper Ordovician?
11, 12, 13, 14. apertural, side, and adapertural views (x4). R31f-J.

Figures 15-17. Maclurites operculum type 4. ( p. 138).
Locality 21-23, massive limestone, Middle Ordovician (Llandeilo).
18, 19. interior view showing secondary muscle attachment scar to right of large
muscle attachment process, and oblique interior view (x2). 21-23B.

Figures 20-25. operculum of Maclurites klamathensis Rohr, n. sp. (p. 124).
Locality 21-23, massive limestone, Middle Ordovician (Llandeilo).
20, 21, 23. Holotype, side views showing massive process (xl. 5). 21-23D,

22, 24, 25. Holotype, oblique interior, interior, exterior views (xl. 5). 21-23D.

Figures 26-28. Maclurites operculum type 3 (p. 137).
Locality RS, roundstone polymictic conglomerate, Middle or Upper Ordovician.
26, 27, 28. interior exterior (note weak concentric ornamentation), and side views
(x2). RS-20.

Figure 29. Maclurites operculum type 1 (p. 136).
Locality RAF, roundstone polymictic conglomerate, Middle or Upper Ordovician.
29. oblique side view of a fragmentary specimen. Note greater thickness compared
to other forms of opercula ( x1.1). RAF-6.

Figures 30-34. Maclurites klamathensis Rohr, n. sp. (p. 124).
Locality 21-23, massive limestone, Middle Ordovician ( Llandeilo).
30, 31, 32, 33, 34. Holotype, oblique apertural view with inferred operculum in
place (differential distortion of the aperture and shell pr events a tight restoration),
basal, apertural, apical, and apertural views ( xl). 21-23H.
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Plate 2

Figures 1-3; Megalomphala? contorta (Eichwald)( p. 111).

11-14. Locality R31f, roundstone polymictic conglomerate, Kangaroo Creek Formation,

Middle or Upper Ordovician
1-3. side, adapertural, aperturai views (x 2. 5), R311-J.

Locality R1, roundstone polymictic conglomerate, Kangaroo Creek Formation,

Middle or Upper Ordovician.
11,12. adapertural, side views (x 2.5). R1-E.

Locality 21-23, massive limestone, Middle Ordovician (Llandeilo).

13,14. adapertural, side views (x 2.5). 21-23.

Figures 4-7. Temnodiscus euryomphalus (LindstrOm) ( p. 107).
Locality RAP, roundstone polymictic conglomerate, Kangaroo Creek Formation,

Middle or Upper Ordovician?
4,5,6,7. apertural, adapertural, side views (x 4. 5). RAP-12-B

Figures 8-10. Maclurites sp. C (p, 133).
Locality 21-23, massive limestone, Middle Ordovician ( Llandeilo).

8,9,10. apical, basal, apertural views ( x 1. 5), 21-23-C.

Figures 15-17. Indet. bellerophontacean
Locality R31F, roundstone polymictic conglomerate, Kangaroo Creek Formation,

Middle or Upper Ordovician?
15,16,17. adapertural, side, and apertural views (x 6.5). R31f-Q.

Figures 18,19. Maclurites logani Salter operculum
Paquette Rapids, Canada; Ottawa Formation; Middle Ordovician.

18,19. interior and oblique interior views (x1). Note the similarity in shape and

thickness to M. klamathensis.

Figures 20,21. Maclurites sp. B. (p. 131).
Locality 21-23, massive limestone, Middle Ordovician (Llandeilo)

20,21. apical basal views ( x 1). 21-23B.

Figures 22-24. Maclurites sp. A (p. 128).

Locality R31f, roundstone polymictic conglomerate, Kangaroo Creek Formation,

Middle or Upper Ordovician.
22,23,24. side, apical, and basal views ( x 1). R31f-A.

Figures 25-27. Maclurites aff. crassus Ulrich and Scofield ( p. 130).
Locality 21-23, massive limestone, Middle Ordovician (Llandeilo)

25,26, and 27. apertural, apical, and basal views(x1). 21-23J.
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Plate 3

Figures 1-3, Helicotoma griffini Rohr, n. sp. ( p. 139).

8-10. Ordovician?
Locality PR3, roundstone polymictic conglomerate, Kangaroo Creek Formation,

Middle Ordovician?
1, 2, 3. holotype. apical, apertural, and basal views (x 4.5) PR3 -A'.

8, 9, 10. apical, basal, apertural views ( x 4. 5) PR3-B.

Figures 4, 5. Lytospira sp. (p. 150).
Locality RAF, roundstone polymictic conglomerate, Kangaroo Creek Formation,

Middle Ordovician to Late Silurian.
4, S. apical and basal views (x 2.5) RAF-6.

Figures 6, 7. Ecculiomphalus sp. (p. 154).
Locality 21-23, massive limestone, Middle Ordovician ( Llandeilo).
6, 7. view of upper surface of portion of whorl and side view showing cross-section

Of whorl (x 3).

Figures 11-19. Boucotspira fimbriata Rohr, n. gen. and sp. (p. 145).
Locality R200, roundstone polymictic conglomerate, Kangaroo Creek Formation,

Ordovician.
11, 12, 13, genotype and holotype. side, apical, and basal views showing flat,

mid-whorl flange (x 5. 7) R20Q-AK(1).
Locality R147m, massive pelletal limestone, Kangaroo Creek Formation, Ordovician.

14, 15, 16. apertural, apical, and basal vi ews ( x 5. 7). R147m -1.

Locality RAP, roundstone polymictic conglomerate, Kangaroo Creek Formation,

Ordovician.
17, 18, 19. apertural, basal, and apical views (x 5.7). RAP-36(1).

Figures 21-29. Helicotoma olsoni Rohr, n. sp. (p. 143).

Locality R-3, roundstone polymictic conglomerate, Kangaroo Creek Formation,

Middle Ordovician?
21, 22. apical and basal views (x5). Re-A( 1).

23, 24, 25, 26. holotype. apical, basal, apertural, adapertural views ( x 5). Note

midwhorl angulation. R3-A(2).

27, 28,29. apertural, oblique, and basal vie ws (x 5). R3-A (3).
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Plate 4

Figures 1-6. Ophiletina aff. 0. sublaxa Ulrich and Scofield. ( P. 148).
Locality 21-23, massive limestone, Middle Ordovician (Llandeilo).

1, 2. side, top views ( x 5). 21-2311.

3, 4. top view and whorl cross section (x5). 23,231.2.

Locality R31f, roundstone polymictic conglomerate, Kangaroo Creek Formation,

Middle Ordovician?
5, 6. basal, top views (x6). R31f-J.

Figures 7-9. Lesueurilla cf. L. marginalis (Eichwald). ( p. 155).

Locality RAP, roundstone polymictic conglomerate, Kangaroo Creek Formation,

Middle or Upper Ordovician?
7, 8, 9, 10. apertural, apical, basal, and oblique apical views ( x 5.5). RAP-12.

Figures 11-19. Ell_ isella greggi Rohr n. sp., n. gen, (p. 164).
Locality R31f, roundstone polymictic conglomerate, Kangaroo Creek Formation,

Middle or Upper Ordovician?
11, 12, 13, 14, 16. holotype. apical, oblique apical basal, apertural, adapical

views (x 6). R31fAB-1.

15. basal view of marginal tubes ( x 7). 1111fAU.

17, 18, 19. whorl fragment showing top, side and basal views (x 5). Note that

node on upper surface (fig. 17) appears to have a hole in it. R31faY.

Figures 20, 21. new genus aff. Euomphalopterus (p. 496).
Locality 213a2, Horseshoe Gulch Limestone, Upper Ordovician ( Ashgill).

20, 21. apical and side views ( x 1. 7) Z13a2-1.

Figure 22. new genus "A" (p. 167).
Locality R147, roundstone polymictic conglomer ate, Kangaroo Creek Formation,

Middle Ordovician to Upper Silurian.

22. side view showing selenizone( ?) and nodes (x 5). R147L.
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Plate 5

Figures 1-4. Paraliospira aff. P. angulata (Ulrich). (p. 172).
Locality 68ADU28, unnamed limestone, Seward Peninsula, Alaska, Middle or
Upper Ordovician.
1, 2, 3, 4. adapertural, apertural, apical, basal views (x 2).

Figures 5-7. Mourlonia ? perryi Rohr, n. sp. (p. 178).
Locality (U. C. ) A6372, roundstone polymictic conglomerate of the Kangaroo Creek

Formation, Middle Ordovician to Upper Ordovician.
5, 6, 7. apical, apertural, adapertural views (x 2. 5). Note the selenizone at mid-

whorl. A6372-1.

Figures 8-10. Liospira m_ odesta Ulrich and Scofield. (p. 169).
Locality R3, roundstone polymictic conglomerate of the Kangaroo Creek Formation,

probably Upper Ordovician.
8, 9, 10. apical, basal and apertural views ( x4). R3X-1.

Figures 11-14. ?Pachystrophia cf. P. devexa (Eichwald), (p. 158).
Locality R1, roundstone polymictic conglomerate, Kangaroo Creek Formation,
Middle or Upper Ordovician.
11, 12, 13, 14. oblique apical, apical, apertural, and basal views ( x 5). R1B-1.

Figures 15-18. Liospirahelena (Billings). (p. 168).
Locality RPR, roundstone polymictic conglomerate, Kangaroo Creek Formation,
Middle Ordovician to Upper Silurian.
15, 16, 17, 18. adapertur al, apertural, basal, and apical views (x 6). RPR- 1

Figures 19-22. Linsleyella johnsoni Rohr, n. gen. and n. sp. (p. 165).
Locality R147, roundstone polymictic conglomerate, Kangaroo Creek Formation,
Middle Ordovician to Upper Silurian.
19, 20, 21, 22. holotype basal, adapertural, basal oblique, apertural views ( X2).
R147L-1.



298

PLATE 5



299

Plate 6

Figures 1-8. Paraliospira angulata (Ulrich), n. gen. (p. 172).
Localities R200 and R147, roundstone polymictic conglomerate, Kangaroo Creek

Formation, Lovers Leap area; possible age Middle Ordovician to Late Silurian,

probable age Middle or Late Ordovician.
1, 2, 3, 4, 5. oblique adapertural, basal, apical, apertural, adapertural views ( x S).

R200 Q-1.
6, 7. basal, apical views ( X5). Note incised upper sutures. R147-1

8. side view showing convex outer edge of aperture curving back to selenizone at
upper-outer edge (x5). R147R-1.

Figures 9-15. Paraliospira planata Rohr n. gen. and sp. ( p. 177).
Localities R31f and R200, roundstone polymictic conglomerate, Kangaroo Creek

Formation, Lovers Leap area ; possible age Middle Ordovician to Late Silurian,

probable age Middle or Late Ordovician.
9, 10, 11, 12. holotype. apical, apertural, oblique apertural, basal views ( x 3. 5).

R31fBB- 1.

13, 14, 15. basal, apertural, and apical views of paratype (x 3. 5). R200P-1.
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Plate 7

Figures 1-7. Paraliospira mundula (Ulrich) n. gen. (p. 174).
Locality R31f, roundstone polymictic conglomerate, Kangaroo Creek Formation,

Gregg Ranch area; possible age Middle Ordovician to Upper Silurian, probable age

Middle or Late Ordovician.
1, 2, 3. apertural, basal, and apertural views (x5). R31fAG-5.

4, 5, 6, 7. apertural, adapertural, basal, and apical views ( x 3. 5). R31fA-1.

Figure 8. Eotomaria sp. B (p. 180).
Locality 8200, roundstone polymictic conglomerate, Kangaroo Creek Formation,

Lovers Leap area; possible age Middle Ordovician to Late Silurian.

8. side view (x 2. 5). R200.

Loxoplocus cf. L. (Lophospira) sumnerenensis (Safford), ( p. 181).

Locality RS, roundstone polymictic conglomerate, Kangaroo Creek Formation,

Lovers Leap area; possible age Middle Ordovician to Late Silurian.

9, 10, 11. apertural, oblique basal, adapertural views (x 2. 5). Note the greatly

elongated aperture. RS-14-1,

Figures 12-17. Paraliospira gradata Rohr, n. gen. and sp. (p. 175)
Locality R1, roundstone polymictic conglomerate, Kangaroo Creek Formation,

Lovers Leap area; possible age Middle Ordovician to Late Silurian, probable age

Middle or Late Ordovician.
12, 13, 14, 15. holotype. oblique apical, apertural, basal, and apical views (x 4. 5)

RIAS- 1. Note the stairstep profile of shell.
16, 17. adapertural, apical views (x 4. 5). R1A5-2.

Figures 9-11.
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Plate 8

Figures 1-3. Loxoplocus (Lophospira) sp. (p. 188).
Locality RAP, roundstone polymictic conglomerate, Kangaroo Creek Formation,

Middle or Upper Ordovician.
1,2,3. adapertural, apertural, and basal views (x 5). RAP14-1.

Figures 4-7. Trochonema cf. T. Eunema) salteri Ulrich and Scofield, 1897 (P. 199).
Locality RAP, roundstone polymictic conglomerate, Kangaroo Creek Formation,

Upper Ordovician.
4,5,6,7. side. adapertural, basal, apical ( note channeled sutures) ( x 5). RAP19-1.

Figures 8-9. Subulites ( Fusispira?) sp. (p. 235).
Locality R31f, roundstone polymictic conglomerate, Kangaroo Creek Formation,

Middle or Late Ordovician.
8,9. basal and adapertural views (x 4). R31fBC- 1.

Figures 10-11. Subulites sp. (p. 2 36).
Locality R31f, roundstone polyrnictic conglomerate, Kangaroo Creek Formation.

Middle Ordovician to Upper Silurian.
10,11. apertural, adapertural views (x 6). R31fAW-1.

Figures 12-13. Subulites ( Cyrtospira) sp. (p. 233).
Locality R1, roundstone polymictic conglomerate, Kangaroo Creek Formation,

Middle or Upper Ordovician.
12,13. side views showing curved axis of coiling (x 5). R1-AC-5.

Figures 14-16. Loxoplocus cf. L. (Lophospira) medians Ulrich and Scofield (p. 182).
Locality Z- 1, massive limestone Horseshoe Gulch, Etna quadrangle, Ashgill.

14,15,16. apertural, oblique apertural, adapertural, views (x 1.5). Z-1-7-1.

Figures 17-20. Loxoplocus (Lophospira) perangulata (Hall) (p. 183).

Locality PR, R3, roundstone polymictic conglomerate, Kangaroo Creek Formation,

Middle or Upper Ordovician.
17. adapertural view (x 6). R3F-1. ,

18,19,20. adapertural, apertural, and basal views (x 7). PR-3
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Plate 9

Figures 1-7. Gyronema aff. G. historicum (Hudson). ( p. 213).
Locality HG-22, massive limestone, Horseshoe Gulch, Etna quadrangle, Upper
Ordovician (Ashgill).
1,2. adapertural, apical views (x 5.5). HG22 2-1
3,4. adapertural, apical views ( x 5.5). HG 222 2
5. adapertural view (x 5.5) HG 222-3
6,7. oblique basal view showing narrow umbilicus and side view showing details
of slightly prosocline growth lines (x 5. 5). HG222-4.

Figures 8-11. Gyronema liljevalli Rohr, n. sp. ( p. 212).
Locality R3, roundstone polymictic conglomerate, Kangaroo Creek formation,
Middle or Upper Ordovician.
8,9,10,11. holotype. adapertural, basal, apertural, apical views (,x4). R3F-1.

Figures 12-15 Trochonemella? mikulici Rohr, n. sp. (p. 189).
Locality HG-10, massive limestone, Upper Ordovician ( Ashgill).
12. adapertural view (x5) HG-10-22-1
13,14,15. holotype. side, adapertural, and apical views (x 5) HG-10-22-1

Figures 16-18. Trochonemella sp. (p. 189).
Locality 68ADU28, Seward Peninsula, Alaska, Middle or Upper Ordovician.

16, 17,18. basal, apertural, and adapertural. views ( x 1. 5). 68ADU28-1

Coelozone? aff. C. fascinata Linsley. ( p. 194).
Locality R23f, limestone conglomerate, and P. 1 roundstone polymictic conglomerate
both of the Kangaroo Creek Formation. Middle or Upper Ordovician?

19, 2Q. oblique side and side views of an incomplete specimen (x 5). RI-B-2.

21,22. apical and oblique apical views showing growth lines (x 4). R23f-1.

Figures 19-22.
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Plate 10

Raphispira? sp. (p. 210).
Locality 147m, massive pelletal limestone of the Kangaroo Creek Formation,

Lovers Leap area, Middle or Upper Ordovician.

1, 2, 3. apertural, basal (note circumumbilical angulation), and apical views fx 7).

R147rn-6.

Figures 4-6. Holopea sp. (p. 209).
Locality R147m, massive pelletal limestone of the Kangaroo Creek Formation,

Lovers Leap area, Middle or Upper Ordovician.

4, 5, 6. apertural, basal, adapertural views (x 7), R147m -S.

Figures 7-21. Holopea glindmeyeri Rohr, n. sp. (p. 208).
Locality A6372 ( RS). Roundstone polymictic conglomerate of the Kangaroo Creek

Formation, Middle Ordovician to Upper Silurian.

7, 8. apertural, basal views. Note horizontally elongate aperture. (x 2. 5).

paratype A 6372 -7.
9, 10, 11. apertural, basal and side views (x 2. 5) paratype A6372-5.

12, 13, 14. apertural, basal, and apical views. Note oblique plane of aperture.

(x 2. 5). Holotype A6372-3.
15, 16, 17. apertural, side and basal views ( x 2. 5). Paratype A6372-8

18, 19. apertural, basal views. Note vertically elongate aperture. (x 2. 5) Paratype

A 6372 -1.

20, 21. apertural, basal views. Note circular aperture. (x2.5) Paratype A6372-2.

Figures 22-24. Holopea brucei Rohr, n. sp. (p. 207).

Locality 8200, roundstone polymictic conglomerate, Kangaroo Creek, Formation,

Lovers Leap area, Middle Ordovician to Upper Silurian.

22,23,24. apical, basal (note wide umbilicus), and apertural views ( x 4).

Holotype R200AC-1.

Figures 25-34. Holopea elizabethi Rohr n. sp. (p. 205).

Localities R-3 and R-200, roundstone polymictic conglomerate, Kangaroo Creek

Formation, Middle? or Upper? Ordovician.
25, 26, 27. adapertural, apertural, and basal views (x 4). R200AD-1.

28, 29, 30, 31. apical, basal, apertural, adapertural views (x4). Holotype R3X-1.
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Plate 11

Figures 1,2,7. Murchisonia (Murchisonia) sp. A (p. 220).
Localities RS, roundstone polymictic conglomerate of the Kangaroo Creek

Formation, Middle or Upper Ordovician; 21-23 massive limestone, Gregg Ranch

area, Middle Ordovician (Llandeilo).
1,7. side view (x 5) and a detailed view showing the seleni zone and bordering

threads (x11). RS-16-1.
2. side view (x5). 21-23-Z.

Figure 3. Murchisonia (Hormotoma) sp. A (p. 225).
Locality R200, roundstone polymictic conglomerate, Kangaroo Creek Formation,

Middle or Upper Ordovician.
3. side view (x4). R200AK-1.

Figure 4. Murchisonia (Hormotoma) sp. B. ( p. 226).
Locality 3-145, limestone conglomerate Gregg Ranch area, Middle Ordovician

to Upper Silurian.
4. side view (x4). 3-143B-1.

Figure 5. Murchisonia (Hormotoma) sp. C (p. 227).
Locality R3, roundstone polymictic conglomerate, Kangaroo Creek Formation,

Middle Ordovician to Upper Silurian.
5. side view (note the sides of whorls are convex to a lesser degree than figure 3)

(x5). R3T-1.

Figures 6,10. Ectomari a prisca ( Bill ings) ( 13. 230 ).
Locality RAP and R147, both roundstone polymictic conglomerate of the

Kangaroo Creek Formation, Middle or Upper Ordovician.
6. side view (x 2,5). RA P9-1.

10. side view ( x 5.7). R147A S-1.

Figures 8,11,13. Murchisonia (Murchisonia) callahanensis Rohr, n. sp. (p. 222).
Localities RS and Mlf, roundstone polymictic conglomerate, Kangaroo Creek

Formation, Middle or Upper Ordovician?
11. apertural view (x5). RS17-1.
12. adapertural view of holotypes and detail of growth lines on final whorl (x8).

R31f13D-1.

Figure 9. Loxoplocus cf. L. (Lophospira) procer a Ulrich, 1897 (p. 187),
Locality R147m, massive pelletal limestone of the Kangaroo Creek Formation,

Middle or Upper Ordovician.
9. side view (x5). R147m-7.

Figure 14. Eotomaria sp. (p. 180).
Locality RAP, roundstone polymictic conglomerate of the Kangaroo Creek

Formation, Middle or Upper Ordovician.
14. side view ( x4). RAP-19.

Figures 12,15, 16. Murchisonia (Murchisonia) callahanensis var. coeloconoidea Rohr, n. sp. and var.

(p.223).
Locality R3, roundstone polymictic conglomerate of the Kangaroo Creek Forma-

tion Middle or Upper Ordovician.
12. side view (x 3.5). R3A- 1.

15,16. side view (x3) and detail of growth lines of final whorl of holotype ( x6).

R3A-2.
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Plate 12

Figures 1-7. Euryzone petitornata Linsley. (p. 193).
Locality R-1, limestone clast from roundstone polymictic conglomerate, Kangaroo
Creek Formation, Silurian?
1, 2, 3. basal, apical and apertural views (x 5). RZAN -1.

4, 5, 6, 7. apertural, oblique apical apical, and basal views (x 5). R1AN-2.

Figures 8-14. Siskiyouspira vostokovaena Rohr. n. gen. and sp. (P. 191).
Locality R200, limestone clast, roundstone polymictic conglomerate of the
Kangaroo Creek Formation, Silurian?
8, 9, 10. side, basal, and apical views of holotype (x 3). R200V-1.

11, 12. cross sectional view showing oval whorl section and upwardly inclined
frill, and apical view of fragmentary specimen. paratype (x 3). R200V-2.

13, 14. paratype. apical and side views of a fragmentary specimen (x 3). R200V-3.

Figures 15-17. Euomphalopterus? (p.197).
Locality 8200, limestone clast, roundstone polymictic conglomerate, Kangaroo
Creek Formation, Silurian?
15, 16, 17. oblique view showing prosocline growth lines and undulating frill (x 2. 3),
apical view (x1.7), and side view showing pseudoselenizone possibly caused by
differential silicification of frill (x 1.7). 11200V.
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Figures 1-2. Mourlonia? perryi n. sp. Rohr. (p. 178).
Locality A6372, roundstone polymictic conglomerate, Kangaroo Creek Formation,

Lovers Leap area, Middle or Upper Ordovician.

1, 2. apertural and apical views (x4). A6372. See also Plate 5, figures 5-7.

Figures 3-16. Biformispira isaacsoni Rohr, n. gen. and sp. (p. 162).
Locality R35f, limestone conglomerate, Gregg Ranch area, Lower Devonian

(Gedinnian).
3, 4, 5. holotype and genotype. apertural apical, and basal views ( x 4).

R35f- 6-2.
6, 7, 8. oblique side view, apical view, basal view (x 4). R35f-6-2.

9, 10, 11, 12. apertural, apical, basal, and oblique views ( x 4). R35f-6- 3.

13, 14, 15, 16. paratype. apertural, apical, basal, and oblique side views (x8).

Note the last whorl is changing from a high-spired to a flat-spired mode of coiling.

R35f- 6- 4,

Figures 17-19; Platyceras (Platystoma) sp. (p. 219).
20, 21. Locality R35f, limestone conglomerate, Gre gg Ranch area, Lower Devonian

( Gedinnian)
20, 21. side and basal views ( x 7). R35f -6 -6.

Figures 22-24. Coelocaulus rodneyi Rohr, n. sp. (p. 231).
Locality R35f, limestone conglomerate, Gregg Ranch area, Lower Devonian

(Gedinnian).
22, 23, 24. holotype. basal, oblique basal, and side views ( x 6). R35f -6-7.

Figures 25, 26. Straparollus (Euomphalus)sp. (p.160).
Locality A4779, limestone conglomerate, Lovers Leap area.

25, 26. basal and top views (x 3. 5). A4779.

Figure 27.

Figure 28.

Figure 29.

Murchisonia sp. B. (p.229).
Locality R24f, limestone conglomerate, Gregg Ranch area, Lower Devonian

(Gedinnian).
27. side view (x 4). R24f-1.

Murchisonia (Hormotoma) sp. C (p. 227).
Locality A4779, limestone conglomerate, Lovers Leap area, Upper Silurian.

28. side view (x 8). A4779.

Murchisonia (Murchisonia) sp. B. (p. 221).
Locality A4779, limestone conglomerate, Lovers Leap area, Upper Silurian.

29. apertural view (x5). A4779.
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Figures 1-4. Bransonia sp. B. (p. 242).
Locality R200, roundstone polymictic conglomerate, Kangaroo Creek Formation,
Middle Ordovician to Upper Silurian.
1, 2, 3, 4. right valve, posterior, dorsal and ventral views ( x 5).

Figures 5, 6, 7. Bransonia sp. A (p. 241).
Locality A6372, roundstone polymictic conglomerate, Kangaroo Creek Formation,
Ordovician?
5, 6, 7. posterior, ventral, left valve view ( x5)

Figures 8-10. Cheloides sp. (p. 244).
Locality Z13, massive limestone, Horseshoe Gulch, Upper Ordovician (Ashgill).
8, 9, 10. posterior, dorsal, ventral views (x2).

Figures 11-13. new genus aff. Calceochiton (p. 245).
Locality R31f, roundstone polymictic conglomerate, Kangaroo Creek Formation,
Middle Ordovician to Upper Silurian.
11, 12, 13. anterior, dorsal, and ventral views ( x 2)

Figures 14-16. Polyplacophoran type B (p. 246).
Locality R-1, roundstone polymictic conglomerate, Kangaroo Creek Formation,
Middle Ordovician to Upper Silurian.
14, 15, 16. dorsal, ventral, and anterior views (x 5)

Figures 17-19. Polyplacophoran type A. (p. 246).
Locality R31f, roundstone polymictic conglomerate, Kangaroo Creek Formation,
Middle Ordovician to Upper Silurian.
17, 18, 19. anterior, dorsal, and ventral views (x2).

Figures 20-22. Polyplacophoran type C (p.247).
Locality RAF, roundstone polymictic conglomerate of the Kangaroo Creek Formation,
Middle Ordovician to Upper Silurian.
20, 21, 22. dorsal, ventral, anterior veiws (x 2). RAF-7.

Figures 23-25. New genus aff. Calceochiton ( p. 245).
Locality R147, roundstone polymictic conglomerate, Kangaroo Creek Formation,
Middle Ordovician to Upper Silurian.
23, 24, 25. ventral, anterior, dorsal views (x 2). R147A L.

Figures 26-27. Cyrtodonta sp. (p. 240).
Locality R-1, roundstone polymictic conglomerate, Kangaroo Creek Formation,
Middle Ordovician to Upper Silurian.
26, 27. exterior and interior of left valve (x 2). R1-R.

Figures 28-30, Tancrediopsis sp. B (p. 238).
34 Locality RAF, roundstone polymictic conglomerate, Kangaroo Creek Formation,

Middle or Upper Ordovician?
28,29,30. interior, exterior, dorsal views of right valve Lit 1.5). RAF5.

34. interior ( x2). RAF12.

Figures 32-33. Tancrediopsis sp. A ( p. 237).
Locality 6372, roundstone polymictic conglomerate, Kangaroo Creek Formation,
Middle Ordovician?
32,33. exterior, interior views of left valve (x 2).
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