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ADVERTISEMENT 

The present series, entitled “ Smithsonian Miscellaneous Collec- 
tions,” is intended to embrace the principal publications issued 
directly by the Smithsonian Institution in octavo form; those in 
quarto constituting the “ Smithsonian Contributions to Knowledge.” 

The quarto series includes memoirs, embracing the records of ex- 
tended original investigations and researches, resulting in what are 

believed to be new truths, and constituting positive additions to the 
sum of human knowledge. The octavo series is designed to contain 

reports on the present state of our knowledge of particular branches 

of science; instructions for collecting and digesting facts and ma- 
terials for research; lists and synopses of species of the organic and 
inorganic world; reports of explorations; aids to bibliographical in- 
vestigations, etc., generally prepared at the express request of the 

Institution, and at its expense. 
In the Smithsonian Contributions to Knowledge, as well as in the 

present series, each article bears a distinct number, and is also sep- 

arately paged unless the entire volume relates to one subject. The 
actual date of the publication of each article is that given on its 

special title-page, and not that of the volume in which it is placed. 
In many cases papers have been published and largely distributed, 

several months before their combination into volumes. 

CHASAD. WALCOTT, 
Secretary of the Smithsoman Institution 
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CAMBRIAN GEOLOGY AND PALEONTOLOGY 

No. 1—NOMENCLATURE OF SOME CAMBRIAN CORDIL- 

LERAN FORMATIONS 

By CHARLES’ D. WALCOTT 

In connection with the preparation of the section on the strati- 

graphic distribution of the Cambrian Brachiopoda for Monograph 

LI, of the U. S. Geological Survey, I find that it is necessary to refer + 
to many undefined Cambrian formations of the Cordilleran area. 

The present paper is published for the information of geologists and | 

for the purpose of properly defining and characterizing the forma- 

tions in question, as the first reference to these formations should be 

accompanied by more information than can well be included in the 

pages of the monograph. 
> 

CANADIAN ROCKY MOUNTAINS . 

Since reading, in 1886, Mr. R. G. McConnell’s report of 1885 on 

his section across the Rocky Mountains in the vicinity of the 51st 

parallel,* I have had a strong desire to study the stratigraphy of the 

Cambrian portion of the section. It was not until the summer of 

1907 that the opportunity came. Accompanied by Mr. Lancaster D. 

Burling as field assistant, a study was made of the typical Castle 

Mountain section of Mr. McConnell, the lower portion of the Mt. 

Stephen and Mt. Whyte sections, and the full section of Mt. Bos- 

worth, on the Continental Divide, which proved to be the most 

complete. 

Except where otherwise stated, the sections: were carefully meas- 

ured with rod and clinometer. The strata were so well exposed 

that it was rarely necessary to go any distance to avoid talus slopes 

and covered portions of the section. Collections of fossils were made 

at many horizons, but, owing to the limited time available, this part 

of the work was neither systematic nor exhaustive. 

Location.—The area examined is on the line of the Canadian 

Pacific Railway between the Sawback Range on the east and the 
Van Horn Range on the west. In this limited area there was only 

time for the examination and measurement of the strata of Castle 

Mountain and Mt. Bosworth, the lower 3,800 feet of the Mt. Stephen 
section, and the Lower Cambrian formations on the slopes of Mts. 

Whyte and St. Piran, in the vicinity of Lakes Louise and Agnes. 

* Geol. and Nat. Hist. Survey of Canada, Ann. Rept., 1886, Part a pp. 15D- 

30D, 1887. f 

I 
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Future Worxk.—It is desirable that the Lower Cambrian strata 

of Fairview and Saddle Mountains near Laggan should be studied 

carefully; also that the area northwest of Mt. Bosworth and west of 

Mt. Daly should be examined for Upper Cambrian and Lower Ordo- 

vician formations and fossils. Exhaustive collections should also 

be made at many stratigraphic horizons. 

NoMENCLATURE.—Mr. McConnell proposed the name “Castle 
Mountain Group” for the great series of limestones and shales be- 

tween the quartzitic sandstones and siliceous shales of the “Bow 

River Group” below and the superjacent Ordovician graptolitic 

shales on the west and Banff limestone on the east. This includes 

the upper portion of the Lower Cambrian fauna at the base and the 

lower portion of the Ordovician fauna at the summit. The term 

“Castle Mountain” is useful for the series, but I think that local 

names can be applied with advantage to several of the formations 

of the “Castle Mountain Group” as originally defined. The follow- 

ing table gives the relative positions and thicknesses of the new 

formation names herein proposed and defined for the Canadian 

Rocky Mountain section: 

Thickness (in feet). 

Mt. Stephen. | Mt. Bosworth. | Castle Mt. 
a | aise 

Upper Cambrian : 
Sherbrooke formation... ) 1,360 fe) 
Paget formation......... fe) | 360 | oO 
Bosworth formation..... Not measured 1,855 fo) 

Middle Cambrian : 
Eldon formation........ Not measured | 2733 2,195 
Stephen formation ...... 562 640 366 
Cathedral formation.....| 1,600-1,800 1,595 987 
Mt. Whyte formation.... 315 | 390 248 

Lower Cambrian : | 
St. Piran formation...... 300 +- 300 + 500-+- 
Lake Louise formation..| ...... MAUS retin |: "ae oes 
Hairview formaciony i sees o- iy ea eee: Mee eres 5. 

SHERBROOKE FORMATION 

Type Locariry.—Western slopes of Mt. Bosworth, overlooking 

Sherbrooke Lake, Canadian Rocky Mountains, five miles north of 

Hector, on the Canadian Pacific Railway, British Columbia. 

DERIVATION.—From Sherbrooke Lake, below the typical locality. 

CHARACTER.—Bluish gray, arenaceous, dolomitic, massive, and 

thin-bedded to shaly limestones, with a few oolitic layers and cherty 

inclusions. 
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THICKNESS.—At Mt. Bosworth, 1,360 feet. 

OrcAnic Rematns.—Upper Cambrian, passing at summit into 

Ordovician. 
PaceT FoRMATION 

Type LocaLiry.—Southeastern slope of Paget Peak, beneath the 
Sherbrooke formation, which forms the high cliffs of Paget Peak 
and Mt. Daly. The Paget formation breaks down more readily 

than the Sherbrooke, presenting a slightly broken cliff line. The 

most accessible locality found is on the east face of the west ridge 
of Mt. Bosworth (Sherbrooke ridge). 

DeERIVATION.—From Paget Peak, the type locality. 
CHARACTER.—Bluish gray and oolitic limestones, usually thin 

bedded. 
THICKNEss.—At Mt. Bosworth, 360 feet. 
Orcanic REMAINS.—Upper Cambrian fauna. 

BoswortH FORMATION 

Type Locarity.—Ridge extending northwest from Mt. Bosworth, 
and southeast base of Paget Peak and Mt. Daly. 

DERIVATION.—From Mt. Bosworth, the type locality. 

CHARACTER.—Arenaceous, dolomitic limestones, massive, thin 

bedded, and shaly, with bands of purple and gray siliceous shales. 

TuHickness.—At Mt. Bosworth, 1,855 feet. 

OrcGANIC ReEMAINS.—None observed; formation referred to 

Upper Cambrian. 

ELDON FORMATION 

Type LocaLiry.—Upper massive limestones of Castle Mountain, 
Canadian Rocky Mountains, Province of Alberta, one to two miles 

north of Eldon Switch, on the Canadian Pacific Railway. 

DeERIVATION.—From Eldon, opposite the type locality. 

CHARACTER.—Massive, arenaceous, dolomitic limestones, with a 

few bands of purer bluish gray limestone. 
THICKNESS.—In Mt. Bosworth section, 2,733 feet; at Castle 

Mountain, 2,195 feet. 

OrcAnic REMAINs.—Middle Cambrian. 

STEPHEN FORMATION 

Type Locarity.—Bluish gray and greenish gray limestone and 

shale band about 2,700 feet up above railroad track on the north 

and east sides of Mt. Stephen, Canadian Rocky Mountains, British 

Columbia, above Field, on the Canadian Pacific Railway. 
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DERIVATION.—From Mt. Stephen, the type locality. 

~ CHARACTER.—Ljimestones and shales, calcareous and siliceous. 

THICKNEss.—In Mt. Bosworth section, 640 feet ; on Mt. Stephen, 
562 feet, with 150 feet of local development of Ogygopsis shales at 

the summit. 

OrcGANIC RemMains.—Middle Cambrian: Ogygopsis fauna of Mt. 
Stephen and fauna below in the thin-bedded, dark bluish gray lime- 

stone. 

CATHEDRAL FORMATION 

Type LocaLity.—Cathedral Mountain and Cathedral Crags, east 

of Mt. Stephen and southeast of Mt. Bosworth. 
DERIVATION.—From Cathedral Mountain, the type locality. 

CHARACTER.— Massive arenaceous and dolomitic limestone. 

« TuHiIcKNEss.—In Mt. Bosworth section, 1,595 feet; in Castle 
Mountain, 987 feet ; in Cathedral Mountain and Mt. Stephen, 1,600- 

1,800 feet. 

OrcAnic REMAINS.—Middle Cambrian. 

Mr. Wuvytsé ForMATION 

Type Locatiry.—Mt. Whyte, above Lake Agnes, and eastern 
slope of Popes Peak, southwest of Mt. St. Piran. 

DeERIVATION.—From Mt. Whyte, the type locality. 
CHARACTER.—Alternating bands of limestone and siliceous and 

calcareous shale. 
THiIcKNEss.—North slope of Mt. Whyte, 386 feet; south slope of 

Mt. Bosworth, 390 feet; Mt. Stephen, above railroad tunnel, 315 

feet ; southeast slope of Castle Mountain, 248 feet. 

OrcANnic REMAINS.—Lower Cambrian. 

BOW RIVER GROUP 

This name was proposed by Dr. George M. Dawson for the great 

series of arenaceous and siliceous strata beneath the Castle Moun- 

tain group of McConnell. This series will ultimately be divided 

into several formations. At present the upper portion may be sepa- 

rated into three formations in the vicinity of Lake Louise. 

Sr. Prran FoRMATION 

Type LocaLity.—Southeast slope of Mt. St. Piran. The basins of 
Lakes Agnes and Mirror are both excavated in this formation. 
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DerIvATIoN.—From Mt. St. Piran, the type locality. 
CHARACTER.—Mainly gray, quartzitic sandstones, with a few 

bands of siliceous shale. 
THickNness.—At Mt. St. Piran, 2,640 feet. 

OrcANIC RemMaAIns.—Lower Cambrian in the upper portion. 

LAKE LovuIsg FORMATION 

Type LocaLtrry.—On both sides of Lake Louise, at its upper end; 

well shown on the northwest and north sides of Fairview Mountain. 

DeERIVATION.—From Lake Louise, the type locality. 

CHARACTER.—Siliceous shales. 

THICKNESS.—At upper end of Lake Louise, 105 feet. 

OrcGANIC REMAINS.—Lower Cambrian. 

FAIRVIEW FORMATION 

Type Locatity.—Northeast slope of Fairview Mountain. 
DERIVATION.—From Fairview Mountain, the type locality. 
CHARACTER.—Gray, quartzitic sandstones. 
THICKNESS.—On east slope of Fairview Mountain, 1,000 + feet. 

OrcANIc ReMAINS.—Unknown. No attempt was made to find 
fossils in this formation. 

NORTHEASTERN UTAH AND SOUTHERN IDAHO 

The section in Blacksmith Fork Canyon was first measured by 

Mr. F. B. Weeks, assisted by Mr. L. D. Burling, in a general recon- 
naissance of the northeastern and central parts of Utah made in 

1905. In 1906 I established a permanent camp in the canyon and, 

assisted by Mr. L. D. Burling, spent nearly two months in detailed 

work upon the section and its faunas. 

Near the close of the summer, camp was moved to Mill Canyon, 

in the Bear River Range, about 5 miles west of Liberty, Bear Lake 

County, Idaho, where Mr. R. S. Spence, of Evanston, Wyoming, had 
discovered a remarkable deposit of lower Middle Cambrian fossils. 

The section at this point was measured and found to agree quite 

closely with that in Blacksmith Fork ; and the shale, which contained 

the rich fauna discovered by Mr. Spence, was called the Spence Shale 
horizon of the Ute formation from Spence Gulch, in which it has its 

great local development. 
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The following table gives a summary of the new formations de- 

fined, together with their thicknesses in each of the sections: 

Thickness (in feet). 

Blacksmith | West of 
Fork. | Liberty. 

Upper Cambrian : 
St. Charles formation ......... 14225 1,197 

Middle Cambrian : | 
Nounan formation-.4- 4205-008 1,041 814 
Bloomington formation........ I, 320 1,162 
Blacksmith formation... ..... 570 23 
Ute formation.cn.-.6 cos ooeeoe 759 731 

Spelee salen peer ee 30 30 
Langston formation........... 107 30 
Brigham formation............ T,250+ 1,000-+- 

6,662 | 4,997 

St. CHARLES FORMATION 

Type Locatiry.—Bear River Range, west of the town of St. 

Charles, in the Bear Lake Valley, Bear Lake County, Idaho. The 

most accessible locality is in Blacksmith Fork Canyon, east of 

Hyrum, Cache County, Utah. 

DERIVATION.—From the town of St. Charles, near the typical 

locality. The stream flowing through St. Charles passes over the 
formation. 

CHARACTER.—Bluish gray to gray, arenaceous limestones, with 

some cherty and concretionary layers, passing at the base into thin- 

bedded gray to brown sandstones. 

_ Tuicknrss.—In Blacksmith Fork Canyon, 1,225 feet; in the sec- 

tion west of Liberty, 1,197 feet. 

OrcANic RemMains.—Upper Cambrian, passing at the summit 
into Ordovician. 

Nounan FORMATION 

Type Locarity.—Bear River Range, east slope of Soda Peak, 
west of the town of Nounan, in the Bear Lake Valley, Bear Lake 
County, Idaho. The most accessible locality is in Blacksmith Fork 

Canyon, east of Hyrum, Cache County, Utah. 

DERIVATION.—From the town of Nounan, near the typical locality, 

Nounan Creek Canyon cuts through the formation. 

CHARACTER.—Limestones. Light gray to dark lead-colored, 

arenaceous limestones. 
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* TricKNEss.—In Blacksmith Fork Canyon, 1,041 feet; in the sec- 

tion west of Liberty, 814 feet. 

Orcanic ReMAINS.—A few traces of Middle Cambrian fossils in 

the lower part and numerous annelid borings throughout. 

BLOOMINGTON FORMATION 

Tyre Locatity.—Bear River Range, about 6 miles west of the 

town of Bloomington, Bear Lake County, Idaho. A second easily 

accessible locality is in Blacksmith Fork Canyon, east of Hyrum, 

‘Cache County, Utah. 

DeriIvATION.—From Bloomington Creek, which is near the type 

locality, and passes through the formation. 

CHARACTER.—Bluish gray, more or less thin-bedded limestones 

and argillaceous shales. Small rounded nodules of calcite occur 

scattered irregularly through many of the layers of limestone. 

TuicKNness.—In Blacksmith Fork Canyon, 1,320 feet; in the sec- 

tion west of Liberty, 1,162 feet. 

Orcanic Remarns.—Abundant Middle Cambrian fossils. 

BLACKSMITH FORMATION 

Type Locayity.—In Blacksmith Fork Canyon, about 8 miles 

above its mouth and 15 miles east of Hyrum, Cache County, Utah. 
DeERIVATION.—From Blacksmith Fork, the type locality. 

CHARACTER.—Gray arenaceous limestone in massive layers. 

TuHicKNEss.—In Blacksmith Fork, 570 feet; in the section west of 

Liberty, 29 - feet. 
Orcanic RemMains.—Large, irregular annelid borings. Middle 

‘Cambrian age shown by position in section. 

Ute ForRMATION 

Typgk Locatity.—Slopes of Ute Peak, near the forks of Fast 
Fork, east of Paradise, Cache County, Utah. This formation was 

given the name Ute limestone by the Fortieth Parallel Survey, but 

aside from the fact that it was stated to overlie the Cambrian quartz- 

ites and to be composed of 2,000 feet of limestones containing Cam- 

brian fossils, it was not defined or limited. The beds here referred 

to the Ute formation contain the fossils mentioned by the Fortieth 

Parallel Survey as characterizing the lower portion of the Ute lime- 

stone. The formation is very easily accessible in Blacksmith Fork 

‘Canyon. 
DertIvation.—From Ute Peak, the type locality. 
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CHARACTER.—Blue to bluish gray, thin-bedded, fine-grained lime 

stones and shales, with some oolitic, concretionary, and intraforma- 

tional conglomerate layers. 

THICKNESS.—In Blacksmith Fork, 759 feet; in the section west of 

Liberty, 731 feet. 
OrcAnic ReMAINs.—Abundant Middle Cambrian fossils. 

SPENCE SHALE 

Type LocaLity.—Spence Gulch, a ravine running up into Danish 

Flat from Mill Canyon, about 5 miles west-southwest of Liberty, 

Bear Lake County, Idaho. This shale occurs at the base of the Ute 
formation. ¥ 
DERIVATION.—From Spence Gulch, the type locality. 
CHARACTER.—Aregillaceous shales. 
THickKNEss.—In the section west of Liberty, 30 feet; in Black- 

smith Fork, 30 feet. 
OrGANIC REMAINS.—An extremely abundant and varied lower 

Middle Cambrian fauna. 

LANGSTON FORMATION 

Type LocaLity.—The most readily accessible locality for this 
formation is in Blacksmith Fork, but the strike of the beds (as 

shown on the eastern half of Map 3 of the Fortieth Parallel Survey) 
carries the formation into the valley of Langston Creek, and the 

formation is given that name. 
DERIVATION.—From Langston Creek. 
CHARACTER.—Massive bedded, bluish gray limestone with many 

round concretions. 

THICKNESS.—In Blacksmith Fork, 107 feet; in the section west 
of Liberty, 30 feet. ; 

OrcANiIc Remains.—Lower Middle Cambrian fauna. 

BRIGHAM FORMATION 

Type Locatity.—West front of the Wasatch Range, northeast of 
Brigham, Box Elder County, Utah. 

DeERIVATION.—From Brigham, near the type locality. 

CHARACTER.—Massive quartzitic sandstones. 

THicKNEss.—At Brigham, 2,000-+ feet; in Blacksmith Fork, 

1,250 feet ; and in the section west of Liberty, Idaho, 1,000-+- feet. 

The Brigham formation is the overlapping shore deposit of Mid- 
dle Cambrian time along what is now the Wasatch Range. To the 
northwest, in the Belt Mountain region of Montana, the upper part 
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of the same relative horizon is called the Flathead sandstone. As 

the strata are followed to the northwest, the sandy beds occupy a 

lower stratigraphic horizon until on Gordon Mountain, at the head 

of the South Fork of the Flathead River, in Montana, the sand- 

stones are of lower Middle Cambrian age. The Brigham formation 

should not be confused with the much older Prospect Mountain 

“quartzite” formation of central Nevada, which is of Lower Cam- 

brian age. 
OrGANIC REMAINS.—Annelid trails and trilobite tracks. Charac- 

teristic Middle Cambrian fossils were found in the upper portion of 

this formation west of Liberty, Bear Lake County, Idaho. 

HOUSE RANGE, UTAH 

The section exposed in the House Range was first studied by Dr. 

G. K. Gilbert, who made small collections of fossils from various 

horizons. ‘These collections were so interesting that I visited the 

range in 1903. In 1905 I revisited the range, in company with 

Messrs. F. B. Weeks and L. D. Burling, measured the entire section 
carefully, and made further large collections of fossils. The section 

extends from well down in the Lower Cambrian to the base of the 

Ordovician, and is the best and most complete of the Basin Range 
sections so far studied. A map will be published with the detailed 

sections, giving the geographic localities referred to in the nomen- 

clature of the formations of the House Range section. 

The following table gives the relative positions and the thickness 

of the various formations defined in the following pages: 

Upper Cambrian: Feet 
INOtchbele cake ToGimablOnw-m oe, see sacle ceie dees 1,890 

Ormelorniationeea tees voc ates Sei eons 1,825 

Middle Cambrian: 

NVEeKGRLO Lim arom toners Aclertar cto tis, crossed Enero 1,390 

Maritime fOt MabiON ...c v<5.<0 o%.t., scores Sas’ oe os 1,092 

WGElODr Toniiatienl (arc cot ns salen Gh oe ce oa eas cms 570 

SWISH MO Pita) CY Sat pactsa ven Sovak cece os os 238 
DOiMea Toenail. “yas pd Mec eeiee asic ee cote 355 

ELOWellE TOL atOflees teins Awe on beet cree en OAG 

NotcH PEAK FoRMATION 

Type LocaLtiry.—Upper portion of the main mass of Notch Peak, 
House Range, Utah. 
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DERIVATION.—From Notch Peak, the type locality. 

CHARACTER.—Gray, arenaceous limestone in more or less massive 
layers. 

THICKNESS.—1,890 feet. 
OrcAnic Remains.—Upper Cambrian fossils occur in the lower 

portion, and the formation extends in its upper portion to the Lower 

Ordovician. 
Orr FoRMATION 

Typr Locatiry.—Orr Ridge, a spur extending eastward from the 

main mass of Notch Peak, on the south side of Weeks Canyon, 

House Range, Utah. 

DeERIVATION.—From Orr Ridge, the type locality. 

CHARACTER.—Gray, slightly arenaceous limestones and shales. 
THICKNESS.—I,825 feet. 

OrcANic REMAINS.—Upper Cambrian fossils; in its lower part 

the formation extends to the shales of the Weeks formation, which 

carry Middle Cambrian fossils. 

WEEKS FORMATION 

Type Locatity.—North side of Weeks Canyon, north of Orr 

Ridge, House Range, Utah. 
DERIVATION.—From Weeks Canyon, the type locality. 

CHARACTER.—Thin-bedded shaly limestones, with a few bands of 

oolitic and arenaceous limestones. 

THICKNESS.—1I,300 feet. 
Orcanic Remains.—Middle Cambrian fauna. 

MaryuM ForMATION 

Types LocaLity.—Cliffs on the south side of Marjum Pass, House 

Range, Utah. 

DERIVATION.—From Marjum Pass, the type locality. 

CHARACTER.—Gray to dark, more or less thin-bedded, arenaceous 

limestone. 

THICKNESS.—1,002 feet. 
OrcANIC ReMAINS.—Middle Cambrian fauna. 

WHEELER FORMATION 

Type Locatitry.—Center of Wheeler Amphitheater, southeast of 

Antelope Springs, House Range, Utah. 

DeERIVATION.—From Wheeler Amphitheater, the type locality. 
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CHARACTER.—Alternating bands of thin shaly limestone and cal- 

careous shale. 
THICKNESS.—570 feet. 
Orcanic ReMAtINs.—Middle Cambrian fauna. 

SwasEY FORMATION 

Type LocaLiry.—Slopes of Swasey Peak, House Range, Utah. 
DERIVATION.—From Swasey Peak, the type locality. 

CHARACTER.—Bluish gray, oolitic, and arenaceous Minlestane, with 

some calcareous and argillaceous shales. 

THICKNESS.—238 feet. 
OrGANIC REMAINS.—Middle Cambrian fauna. 

DomME FORMATION 

Type Locarity.—At the head of Dome Canyon, House Range, 

Utah. 
DERIVATION.—From Dome Canyon, the type locality. 

CHARACTER.— Massive bedded, gray siliceous limestone. 

THICKNESS.—355 feet. 
Orcanic Remarins.—No traces of fossils, but referred to the 

Middle Cambrian because both overlaid and underlaid by rocks con- 

taining a Middle Cambrian fauna. 

HoweELlL FoRMATION 

Type Locatity.—In slopes of Howell Peak, on the west side of 

the House Range, about 5 miles west of Antelope Springs, House 
Range, Utah. 
DERIVATION.—From Howell Peak, the type locality. 

CHARACTER.—Dark, more or less massive limestone and pinkish 

argillaceous shales. 

THICKNESS.—O40 feet. 

Orcanic ReEmMAtInNs.—Middle Cambrian fauna. 

ProcHE FORMATION 

Tyre Locarity.—-Southeast of the town of Pioche, Nevada, on 

road to Panaca, Utah. 

DERIVATION.—F rom Pioche, the type locality. 

CHARACTER.—Arenaceous and argillaceous shaly layers with some 

thin layers and bands of limestone more or less irregularly inter- 

bedded and limited in horizontal distribution. 

THICKNESS.—At Pioche, Nevada, 210 feet. On the west face 

of the Highland Range, 18 miles west of Pioche, this formation 
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is 170 feet thick. In the Eureka District of Nevada, 135 miles 

northwest of Pioche, this formation lies between the Prospect Moun- 

tain quartzitic sandstone and the great limestone series and is about 

200 feet in thickness. In the House Range section, 105 miles north- 
northeast of Pioche, the formation is 125 feet thick. In the Big 

Cottonwood section of the Wasatch range, about 125 miles north- 

east of the House Range, near the old shore line, the Pioche forma- 

tion is represented by the lower portion of the arenaceous shales 

which are here 250 feet in thickness. The Pioche formation horizon 

is next met with to the north where the line of the Canadian Pacific 

railroad crosses the Continental Divide. At this place the formation 

is called the Mount Whyte formation. 

OrcaAnic ReEMaAins.—At all the localities mentioned except that of 
the House Range, where no fossils except annelid borings and trails 

have been found, the Lower Cambrian Olenellus fauna occurs. 

Prospect MouNTAIN FORMATION? 

Type Locatity.—Prospect Peak, Eureka District, Nevada. 

DERIVATION.—F rom Prospect Peak, the type locality. 
CHARACTER.—Gray to brown quartzitic sandstones. 

‘THICKNEss.—At Prospect Peak, 1,500 feet. Estimated 1,200 feet 
on the western face of the House Range, Millard County, Utah, in 

the vicinity of Dome and Sinbad Canyons. 

OrcANic REMAINS.—Annelid trails and trilobite tracks. Lower 

Cambrian in age. 

*This formation was first named by Mr. Arnold Hague in 1882, in the 

Second Ann. Rept. U. S. Geol. Survey, p. 27, and defined in 1883, in the Third 

Ann. Rept. U. S. Geol. Survey, p. 254. 
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The monograph on the Cambrian Brachiopoda,' upon which I have 

been working for so long, is about ready for the press, and attention 

is now being given to the preliminary study of some of the American 

Cambrian trilobites. If students and collectors in any country know 

of interesting or new forms of Cambrian or Lower Ordovician trilo- 

bites, or of more perfect specimens representing previously described 

forms, I should very much like to have their codperation in making 

this investigation as thorough and complete as possible. 

This is the first of a series of brief papers that will be published 

as new material of interest is worked up. The classification of Dr. 

Charles E. Beecher? will be followed, in the preliminary studies at 
least, with such modifications as may appear necessary during the 

course of the investigations. 

*To be published as Monograph LI of the U. S. Geological Survey. 

* American Jour. Sci., 4th ser., vol. 11, 1897, pp. 89-106, 181-207. 
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Order PROPARIA Beecher 

BURLINGID, new family 

Dorsal shield small, elongate, broad oval in outline. Cephalon 

about one-fourth the length, transversely semicircular; genal angle 

acute or spinose; glabella with transverse lobes. Free cheeks small, 

separate. Facial sutures cut the margin in front of the genal angles, 

extend in to the posterior portion of the eye lobe and outward from 

the anterior portion to the antero-lateral margin of the cephalon. 

Eyes of medium size, clearly defined. 
Thorax with fourteen segments in the one species preserving them ; 

pleurz with flat, straight furrows. 

Pygidium large, with strong axis and pleural lobes, or small and 

with medium axis and pleural lobes. 

STRATIGRAPHIC RANGE.—Central portion of the Middle Cambrian 
to the Agnostus pisiformis zone of the Swedish Upper Cambrian. 

OBSERVATIONS.—This family includes the genera Burlingia and 

Schmalenseeia.t The first is represented by entire specimens and the 

latter by the cephalon, fragments of the thorax, and entire pygidia. 

The facial sutures and free cheeks relate Burlingia to some forms of 

the Cheiruridz, while the pygidium of Burlingia recalls the simple 

pygidium of Paradovides, and the pygidium of Schmalenseeia recalls 

that of Amphion. The flat, straight furrowed pleurz of the thorax 

of Burlingia recall the pleure of Olenoides. The assemblage of 

characters in Burlingia and Schmalenseeia clearly indicate a distinct 

family of the Proparia, more primitive than any other forms of that 

order. 
BURLINGIA, new genus 

Dorsal shield small, elongate, broadly oval. Cephalon semicir- 

cular; one-fourth the length of the entire shield; genal angles with 

spines ; cranidium? with anterior and posterior limbs that extend out- 

ward from the glabella to the outer margin; glabella slightly convex, 

with indications of lobes. Free cheeks subquadrangular, small. 

Facial sutures extend from in front of the genal angles inward to 

the eyes and then obliquely outward and forw Eas cutting the antero- 

lateral margin. Eyes of medium size. 

Thorax with fourteen segments; pleure with a flat, direct furrow ; 

pleuree extended into backward-curving, falcate extremities. 

*Moberg, 1903, Meddelande fran Lunds Geol. Mineral. Inst. No. 5 (Geol. 

Foren. i Stockholm Férhandlingar, Bd. xxv, Haft 2, 1903, No. 219), p. 96. 

* The cranidium includes all portions of the cephalon except the free cheeks 

and eye lobes. 
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Pygidium small, elongate, without defined segments. 

GENOTYPE.—Burlingia hectori, new species. 

OBSERVATIONS.—This genus is represented by a single'species from 

the central portion of the Middle Cambrian fauna. The only form 

with which it can be directly compared is Schmalenseeia Moberg,* 

which is represented by specimens of the cranidium, pygidium, and 

fragments of the thoracic segments belonging to a single species. 

The cranidium of Schmalenseeia differs in having a convex glabella 

divided into four lobes by four transverse furrows, and in. the 

presence of a defined occipital segment. The fragments of the 

thorax illustrated by Dr. Moberg (1903, pl. 1v) and his description of 

them indicate that the pleure were flattened and marked by shallow, 

direct furrows similar to those on the pleure of Burlingia. With the 

present information, it is in the pygidium that the great difference in 

the two genera is found. The pygidium of Schmalenseeia is large 

and it has a strong axial lobe divided into a number of segments ; the 

pleural lobes are broad and marked by numerous backward-curving, 

flat furrows much like those of the thoracic segments of Burlingia. 

The pygidium of Burlingia is small and apparently without segments 

or pleural lobes; it is a simple plate as in Parado-vides. 

Dr. Moberg (1903, p. 100) has noted the resemblance between the 

direction of the facial sutures of Schmalenseeia and those of some 

genera of the Cheiruride and Encrinuridz, while the broad anterior 

margin of the head suggests some of the Conocoryphide; he con- 

cludes that these resemblances have little value, as the other parts of 

the shield differ so largely from the representatives of these genera. 

In this I agree with him. The two genera are unlike all other trilo- 

bites and form a family type by themselves. 

The genus is named after Mr. Lancaster D. Burling, of the United 

States National Museum, who found the only -three nearly entire 

specimens of this interesting trilobite. 

BURLINGIA HECTORI, new species 

PLATE I, FicurE 8 

Dorsal shield small; longitudinally broad oval; slightly convex. 

Cephalon one-fourth the length of the complete dorsal shield, semi- 

circular in outline, with genal angles prolonged into short slender 

spines that scarcely extend beyond the extremity of the first or ante- 
rior thoracic segment ; the posterior margin of the cephalon is nearly 

"Moberg, 1903, Meddelande fran Lunds Geol. Mineral. Inst. No. 5 (Geol. 

Foren. i Stockholm Forhandlingar, Bd. xxv, Haft 2, 1903, No. 219), pp. 93-102, 
pl. iv. 
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transverse except at the axial lobe, where it arches slightly forward; 

the slope from the central portion of the cephalon to the margin is 

unbroken by any furrow and there is no clearly defined or raised rim. 

Cranidium with a broad campanulate frontal limb that extends from 

the anterior base of the eyes obliquely outward and forward and 

directly forward from the glabella to the outer margin of the cepha- 

lon; the posterior limbs, on their inner side, occupy the space between 

the posterior base of the eye and the posterior margin of the 

cephalon and extend outward to the lateral margin with a gradually 

increasing width; there is no fixed cheek between the palpebral lobe 

and the glabella; palpebral lobe about one-third the length of the 

cephalon and situated a little back of the center; it is slightly elevated 

along the outer margin and slopes toward the dorsal furrow next 

to the glabella. Glabella about three-fifths the length of the cepha- 

lon; it has subparallel sides up to the front of the eyes, where the 

sides curve inward and unite to form an obtusely rounded outline ; 

in front the glabella merges into the frontal limb, so as to make it 

difficult to indicate a line of division between them; the glabella is 

gently convex and more or less clearly marked by a narrow median 

ridge, and, on each side of the ridge, two pits that indicate transverse 

furrows, very much as do the pits on the glabella of Oryctocephalus* ; 

there is no trace of an occipital furrow or segment. Free cheeks 

subquadrangular in outline; on their inner margin they support the 

visual surface of the eye and from there slope gently to the outer 

margin. ‘The facial sutures cut the lateral margin of the cephalon 

some distance in front of the genal angle and extend wth a little 

backward curvature to the posterior base of the eye; after curving 

over the eye lobe they extend obliquely forward at an angle of about 

50° to the margin. 
Thorax with fourteen segments; the first is nearly transverse, but 

each succeeding pletiral lobe bends back a little more than the one 

preceding it, so that the pleural lobe of the posterior segment is bent 

back parallel to the side of the pygidium; the central axis of the 

thorax is gently convex, with a low median ridge that rises into a 

minute node on the two anterior segments; it gradually widens from 

the first to the seventh segment, and then narrows a little at each 

segment back to the pygidium; the pleural lobes are flattened between 

the axial lobe and the angle where the pleurze bend more or less 
backward; each pleura has a broad, shallow, direct furrow that 

extends from the inner end out to the backward curving portion of 

the pleure ; the edge of the furrow and of the segment is marked by 

* Walcott, 1886, Bull. U. S. Geol. Survey, No. 30, p. 210. 
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a narrow thread-like ridge; the pleurze terminate in falcate extremi- 

ties, some of which, on the two anterior segments, appear to have a 

very short, fine spine at the posterior termination of each pleura. 

Pygidium a narrow, elongate, moderately convex, central plate 

without defined segments or pleural lobes; it has a small node at the 

anterior third of its length. None of the specimens show the pos- 

terior margin; it may have been a single, broad spine or it may have 

terminated with a slightly arched posterior margin. 

The outer surface of the dorsal shield appears to have been 

minutely granular or smooth. 

DimeENstons.—The most perfect specimen of the dorsal shield has 

a length of 7 mm.; greatest width, 5 mm. The other dimensions are 

as follows: 

Cephalon: nm 

PRCT Siblye aetna ee ee LNG pareeRC Arar eRe Paice Seas Bees 

Wiclthea a pOstenl Oriana omit 1. cures sci « leeismiele tein ses 4.74 

Thorax: 

Ho (SELGyT Le AIS EE lane ae ene rea eh op em Dsl a 1.75 

Cie AUE SU RWOT Ie cnet ns 26 A Soutien toes uis.e Satis erates Ss 5.00 

Nexiilel Oe ee LeALOS twit ity © ctine sites ss sc emi leavers 1.50 

Eleunal lebe: oreatest Width 56s fasciitis o6 Sicietesevnrs. 6 2) 1.75 

Pygidium: 

Length to line of contour of dorsal shield.............. 1.50 

NNGIE ata aTitCiOnCNGas.taaate teica Strasser? ¢ cree cae > 7S 

OBSERVATIONS.—This interesting trilobite has a cephalon much 

‘like that of Schmalensecia amphionura Moberg,’ but it differs in de- 

tails, and the pygidium is quite unlike that of Dr. Moberg’s species ; 

the furrows and ridges on the pygidium of the latter are very similar 

to those of the thorax of Burlingia. 

The stratigraphic horizon of this species is 2,400 feet above the 

Lower Cambrian or Olenellus fauna and 2,600 feet below the Upper 
Cambrian fauna. It is associated with Zacanthoides spinosus, Ogy- 

gopsis klotzi, Oryctocephalus reynoldsi, Bathyuriscus rotundatus, 

Bathyuriscus ornatus, and other species of the Ogygopsis klotsi 

fauna of Mount Stephen. 
The specific name is given in recognition of Sir James Hector, the 

Canadian geologist and explorer who discovered the Hector or 

Kicking Horse Pass in 1858. 
ForMATION AND Locarity.—Middle Cambrian: Ogygopsis shale 

of the Stephen formation, 2,400 feet (731.5 m.) above the Lower 

*Moberg, 1903, Meddelande fran Lunds Geol. Mineral. Inst. No. 5 (Geol. 

Foren. i Stockholm Forhandlingar, Bd. xxv, Haft 2, 1903, No. 219), pl. 1v, figs. 

Tan 23 



18 SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 53 

Cambrian and 2,600 feet (792.5 m.) below the Upper Cambrian; 

northwest slope of Mount Stephen, 3,000 feet (914.4 m.) above ‘the 

Kicking Horse River, above Field, on the Canadian Pacific Railway, 

British Columbia, Canada. 

Order OPISTHOPARIA Beecher 

Family PARADOXID.E 

ALBERTELLA, new genus 

Dorsal shield elongate-ovate. Cephalon large, semicircular in out- 

fine, about one-fourth the length of the dorsal shield; genal angles 

extended into spines; cranidium subquadrangular in outline, with 

long palpebral lobes and narrow fixed cheeks; palpebral lobes elon- 

gate, with outer rims continued across the fixed cheeks as narrow 

ocular ridges; glabella subquadrilateral in outline, with short lateral 

furrows; strong occipital ring. The facial sutures cut the posterior 

border within the genal angles and pass inward and slightly forward 

to the base of the eyes, thence about the palpebral lobe, and forward 

with slight curvature to the front margin. 

Thorax with seven segments; pleure terminating in short spines, 

those of the third or fourth segment in longer spines; pleural furrow 

with broad inner end largely filled in by an elongated tubercle. 

Pygidium large, with central axis divided into several rings, and 

with the first, or first and second combined, anterior, anchylosed seg- 

ments extended across the border into a long spine on each side. 

GEeNotypr.—Albertella helena, new species. 

STRATIGRAPHIC RANGE.—Upper beds of Lower Cambrian. 

GrocrapHic DistrinuTion.—Western Alberta, near the line of the 

Canadian Pacific Railway, Canada, and northern Montana, in the 

Lewis and Clark Forest Reserve. 
OBSERVATIONS.—Albertella is a most interesting type of the order 

Opisthoparia and family Paradoxide. It should first be compared with 

‘the genus Zacanthoides Walcott,’ which, in the British Columbia 

section, is first met with in strata 2,000 feet above the beds in which 

Albertella occurs. The cephalons of the two genera are generically 

the same. The thoracic segments are of the same type, but the third 

or fourth segment of the thorax of Albertella is extended into long 

pleural spines, and the thorax has seven instead of nine segments, as’ 

in Zacanthoides. The pygidium of Albertella has a long, strong 

spine extending from the pleural lobes of the first, or first and second 

combined, anterior segments, and a smooth border otherwise; the 

* Walcott, 1888, American Jour. Sci., 3d ser., vol. XXXVI, p. 165. 
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pygidium of Zacanthoides has gll the pleural segments extended as 

spines directly across the border. 

The prominent differences between the two genera, then, are the 

extension in adult individuals of the third or fourth segment of the 

thorax in Albertella, and the presence on the pygidium of one pair of 

spines instead of many spines, as in Zacanthoides. 

The extension of the third segment of the thorax occurs in the 

genera Olenellus Hall and Mesonacis Walcott,’ and the spinose 

extension of the pleural elements of the pygidium occurs in Para- 

bolina Salter,? Hysterolenus Moberg,* and other genera, but these 

other genera differ in so many other characters that it is unnecessary 

to make comparisons between them and Albertella. 

ALBERTELLA HELENA, new species 

PLATE 2, FicurES I-9 

Dorsal shield of medium size; with the exception of spines, longi- 

tudinally elongate-ovate ; moderately convex. Cephalon semicircular 

- in outline, one-third the length of the dorsal shield; marginal border 

of medium width, slightly convex, delimited from the cheeks by a 

sharp, shallow furrow, and continued at the genal angles directly 

into long, slender spines that extend outward and backward to a line 

back of the union of the thorax and pygidium; posterior border 

narrow at,the inner end next to the dorsal furrow, a little wider at 

the facial sutures, and arching a little forward before merging into 

the outer border at the genal spine; the posterior border is delimited 

from the cheeks by a narrow, shallow furrow that begins opposite 

the center of the occipital segment, and, arching forward a very little, 

passes into the furrow within the outer border. Cranidium convex, 

subquadrangular in outline exclusive of the extension of its postero- 

lateral limbs; the latter are of medium width, with nearly one-half of 

their area occupied by the posterior furrow and border. Fixed 

cheeks at the palpebral lobe one-third the width of the glabella; 

posteriorly they merge into the postero-lateral limbs; anteriorly they 

pass directly forward to the interborder furrow; palpebral lobe 

narrow, elongate, about three-fifths the length of the cephalon, 
2 

* Walcott, 1891, Tenth Ann. Rept. U. S. Geol. Survey, pls. LxxXxU, LXXNXIII, 
ESXMIV, EXXXV,Jand LXXKVI. 

*Moberg and Moller, 1898, Meddelande fran Lunds Geol. Faltklubb, No. 3 

(Geol. Féren. i Stockholm Foérhandlingar, Bd. xx, Haft 5, 1898, No. 187), pls. 
XII and XIII. 

* Moberg, 1898, Meddelande fran Lunds Geol. Faltklubb, No. 5 (Geol. Féren. 

i Stockholm Férhandlingar, Bd. xx, Haft 6, 1898, No. 188), pl. xv, figs. 1-0. 
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bordered by a narrow, rounded ryn that is continued obliquely 

inward and forward, as an ocular ridge, across the fixed cheek 

to the dorsal furrow opposite the anterior pair of glabellar fur- 

rows. Glabella, including occipital ring, subquadrilateral, with 

sides slightly curved inward and front broadly rounded, moderately 

convex; the average sized glabella is marked by a pair of short, 

shallow furrows that extend obliquely inward and backward about 

one-third the distance across the glabella, and a pair of nearly trans- 

verse, short furrows that divide it into a short lobe on each side and a 

large anterior frontal lobe; the latter has a short, shallow furrow 

on each side about midway of its length that extends directly in- 

ward toward the central third of the width of the glabella; the 

glabella of a crandiditim 23 mm. in length has a pair of deep, 

oblique, posterior furrows, and, in advance of them, four pairs of 

faint, short, nearly transverse furrows, the posterior pair of which 

are between the strong, oblique, posterior furrows and the longitu- 
dinal, median third of the glabella; a small dorsal shield with a 

cephalon 1.3 mm. in length, shows the oblique, posterior glabellar 

furrow and two pairs of the anterior furrows; occipital furrow 

strong, sharply defined, and curving forward at its ends; occipital 

ring strong, rounded, arching slightly backward with its antero- 

lateral angle extending forward. Free cheeks slightly convex, with 

the body rising from the inter-border furrow to the base of the 

elongate, low eye lobe. The facial sutures cut the posterior margin 

within the middle third of the distance from the dorsal furrow to 

the outer margin; they curve gently outward and then inward 

across the border, and thence with a slight sigmoid curve to the 
base of the eye lobe; arching over the latter, they extend forward 

with a slight outward arching to and across the frontal border, so 

as to cut the frontal margin within a longitudinal line drawn for- 

ward from the outer margin of the palpebral lobe. 

Thorax with seven nearly transverse segments; axial lobe convex 

and arching slightly backward; a small, low node occurs at the 
center near the posterior margin, and a transverse, rounded, low 

ridge at each end next to the dorsal furrow; the pleura is nearly 

straight, somewhat flattened, and terminated by a sharp spine that 

extends obliquely outward and backward a short distance, except 

on the third segment, which has a strong spine extending back- 

ward nearly to a line opposite the posterior third of the pygidium; 

pleural furrow broad at the dorsal furrow and narrowing to its 

end at the base of the terminal spine; a rounded, elongate, subtri- 

angular tubercle occupies its inner half; the anterior border of the 

pleura next to the dorsal furrow is a narrow, rounded ridge, which 
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widens gradually and passes directly into the terminal spine; the 

posterior border is a narrow, rounded ridge that merges into the 

base of the terminal spine. 

Pygidium moderately convex, about one-fourth of the length of 

the dorsal shield, elongate, semicircular in outline; axial lobe con- 

vex, divided by five shallow, narrow, transverse furrows into five 

rings and a terminal section that is within the border; pleural lobes 

marked by the pleural furrows of four anchylosed segments that 

merge into the smooth border; a slender but strong, long spine ex- 

tends from a strong base on each side of the pygidium; this spine 

appears to be the extension of the anterior anchylosed segment. 

Surface finely granulose, with scattered larger granules on small 

specimens. 
Dimensions.—A dorsal shield 40 mm. in length has the following 

dimensions : 

Cephalon: mm. 

IL imeail aos. Yb aehers S osIOoa GC OCR Ces HOR Ee cnn an Din torrie Tae 

Wicdthteatepostenfor Mmanreitl: j2\- jaya acees ca «tackles erent B05 

Thorax: 

LEGIT De ng Se pe CIC DG OO OCIA SRE ee con eee 17.0 

IWilishipea techies EG COMMENCES eiscrsttarie ciel o's cus ciecie'-|- achieie\erere ss 22.0 

Pygidium: 

EERO EE eC AN setae: Ol dnt eek ce Seah alsa 9.5 
TCL EL io as deg OO gra nT a Pa 15.0 

OBSERVATIONS.—A dorsal shield 2.7 mm. in length, with a cepha- 

lon 2.3 mm. long, has a fixed cheek nearly as wide as the glabella, 
an eye lobe fully one-half the length of the cephalon, and the glabella 

slightly expanded toward the front. A large cranidium, 23 mm. 

in length, has a glabella proportionally wider in front, and very 

strong, posterior, oblique furrows. 

This species was first found in 1904, on Gordon Creek, Ovando 
Quadrangle, Montana, in argillaceous shales, a short distance above 

the supposed Flathead sandstones, in association with 

Acrothele colleni, new species, 

Wimanella simplex, new genus and new species, 

Olenopsis, 

Ptychoparia, and 

Bathyuriscus, sp. a. 

The stratigraphic position of this subfauna was not determined 

in Montana, owing to the break in the continuity of the section on 

Gordon Mountain. 
The specific name is given in recognition of the discovery by Mrs. 
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Walcott, in 1907, of this species and the accompanying subfauna 

on Mount Bosworth, in the Canadian Rockies. Its position was 

determined to be at the summit of the Lower Cambrian portion of 
the section, 2,450 feet below the Ogygopsis klotzi fauna of Mount 

Stephen. 

The subfauna at the Mount Bosworth locality includes 

Micromitra (Iphidella) wapta, new species, 

Obolus parvus, new species, 

Acrothele colleni, new species, 

Wimanella simplex, new genus and new species, 

Albertella bosworthi, new species. 

Albertella helena, new species, and 

Bathyuriscus, sp. a. 

FoRMATION AND LocaLrry.—Lower Cambrian: (1) Drift block 

of siliceous shale on the south slope of Mount Bosworth, on the 

“Continental Divide,” one mile east of Hector, on the Canadian 

Pacific Railway, British Columbia, Canada; and (2) Wolsey argil- 

laceous shale, on Gordon Creek, 4 miles (2.5 km.) above its union 

with Danaher Creek, at the southeast foot of Gordon Mountain, 

Lewis and Clark Forest Reserve, Montana, U. S. A. 

ALBERTELLA BOSWORTHI, new species 

PLATE I, FIGURES 4-7 

This species differs from the associated Albertella helena in its 

cephalon, thorax, and pygidium. In the cephalon the eye and pal- 

pebral lobe are more elongate and nearer proportionally to the outer 

margin. In the thorax the pleure of the fourth segment are 

extended into long spines instead of those of the third, as in A. 

helena; the pleural lobes and the entire thorax are narrower in pro- 

portion to the length.. In the pygidium there are six rings in the 

axis instead of three or four, and two anchylosed pleural segments 

pass into the large lateral spines instead of one. Both species have 

seven thoracic segments and a finely granulated surface and are 

associated in the sathe layers of shale at the Mount Bosworth 

locality. 

ForMATION AND Locanity.—Lower Cambrian: Drift block of 

siliceous shale on south slope of Mount Bosworth, on the “Conti- 

nental Divide; one mile east of Hector, on the Canadian Pacific 

Railway, British Columbia, Canada. 
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Family OLENID# Salter 

ORYCTOCARA, new genus 

Dorsal shield small, elliptical. Cephalon semicircular in outline, 
from one-third to one-fourth the length of the dorsal shield; genal 
angles and free cheeks unknown; cranidium subquadrangular in 

outline exclusive of the narrow postero-lateral limbs; glabella sub- 

quadrangular in outline, with three lobes and an occipital ring; the 

lobes are separated by very slightly defined, transverse furrows 

terminating in round pits within the lateral margin of the glabella. 

The facial sutures cut the posterior margin of the head within the 
genal angles and pass inward and slightly forward to the base of 

the eye and thence about the palpebral lobe and forward with a 

slightly outward curvature to the frontal rim. Fixed cheeks broad. 

Eyes long, with the margin of the palpebral lobe extending across 

the fixed cheeks as an ocular ridge. 

Thorax with eleven segments; pleure with straight furrows and 

abrupt, truncated ends. 

Pygidium large, with central axis divided into several rings by 

transverse furrows, all of which extend across the pleural lobes to 

the outer margin. 

GENOTYPE.—Oryctocara geikiel, new species. 

OBSERVATIONS.—The cranidium of the cephalon of this genus is- 

much like that of Oryctocephalus Walcott, but the thorax and 

pygidium are unlike. The pleurze are of the Olenus Salter type in 
having a straight median furrow, while the pygidium is broad and 

of the Bathyuriscus? type. (See pl. 1, fig. 2, of this paper.) 

The genus is referred to the order Opisthoparia Beecher and to 

the family Olenidz Salter. 

Only one species from the central portion of the Middle Cambrian 

is now known. 

ORYCTOCARA GEIKIEI, new species 

PLATE I, FIGURES 9, 10 

Dorsal shield small, longitudinally elliptical in outline, moderately 

convex. Cephalon semicircular in outline, a little less than one- 

third the length of the dorsal shield; free cheeks and genal angles 

unknown; a narrow, rounded rim extends across the front of the 

cranidium and it is probable that it continued along the free cheeks 

and terminated in a small genal spine. Cranidium subquadrangular 

* Walcott, 1886, Bull. U. S. Geol. Survey, No. 30, p. 210. 

* Meek, 1873, Sixth Ann. Rept. U. S. Geol. Survey Territories for 1872, p. 484. 
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in outline exclusive of the postero-lateral limbs; the latter are 

elongate, subtriangular in outline, and with a narrow, transverse 

furrow within a rounded rim of medium width. Fixed cheek about 

two-thirds the width of the glabella and merging posteriorly into the 

postero-lateral limb and anteriorly extending to the frontal rim; 

there is no defined frontal limb, owing to the glabella extending to 

the furrow within the frontal rim; palpebral lobe narrow, rounded, 

about one-half the length of the cranidium, and with its outer rim 

extending across the fixed cheek as a narrow ocular ridge nearly 

parallel to the frontal rim of the cranidium; the palpebral lobe 

terminates a short distance back of the frontal margin of the gla- 

bella. Glabella subquadrangular; slightly narrower at the broadly 

rounded front than at the occipital ring, moderately convex; divided 

by four faint, transverse furrows into three transverse lobes, an 

anterior, terminal lobe and an occipital ring; the faint, transverse 

furrows terminate on each side in round pits a short distance from 

and within the margin; occipital ring narrow and rounded. Free 

cheeks unknown. The facial sutures cut the posterior margin on 

each side a short distance from the genal angle and extend inward 

and slightly forward to the base of the eyes; curving over the eyes 

they extend forward with a slight outward direction, so as to cut 

the front margin on a line with the outer edge of the palpebral 

lobe. 

Thorax with eleven nearly transverse segments; the axial lobe 

is convex and one-half the width of the pleural lobes; the segments 

of the axial lobe have a deep transverse furrow with the margins 

elevated; the doublure on the front margin of each segment curves 

downward, so as to pass beneath the downward slope of the pos- 

terior half of the next segment in advance of it; the extremity of 

each segment curves slightly forward, so that the furrow passes 

out upon the pleura a little in advance of its position at the center 

of the axial lobe and in front of the pleural furrow; the pleura is 
straight, nearly flat, and terminating in a blunt, straight margin 

without spine or backward curvature; the most careful examination 

fails to reveal spine or falcate extremity; the entire side of the 

thorax appears as though a sharp knife had cut off the ends of all 

the pleura from the cephalon to the pygidium; the pleural furrows 

of each segment originate on a low swelling between the axial and 

pleural lobes of each segment and extend directly outward to nearly 

the end of the segment, where they fade away, so as to leave the 

end of the segment flat; the pleural furrows are about one-third of 

the width of the segment and arch forward a very little between 

its two extremities. 
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Pygidium large, moderately convex; anterior margin slightly 

arched, so as to join with the posterior segment of the thorax; 

posterior outline semicircular; axial lobe convex and about two- 

thirds the length of the pygidium; it is divided into seven transverse 

rings and a terminal section by transverse furrows; the pleural 

lobes slope gently from the axial lobe to the lateral and posterior 
margins; their entire surface is marked by the anchylosed seg- 

ments, which are similar in appearance to the thoracic segments, 

except that their backward curvature increases until the pleure of 

the posterior segments are nearly parallel to the axis of the 

pygidium; the furrows and narrow ridges from the terminal seg- 

ment of the axis extend backward with a slight inward curvature; 

all furrows and ridges terminate just within the outer margin in the 

same manner as those of the thoracic pleura. 

Surface with relatively large granules on all parts of the dorsal 

shield. 

DimENsions.—A dorsal shield 7.25 mm. in length has the fol- 

lowing dimensions: 

Cephalon: mm. 

I elena 3 6 lds Co peio eos Hee mene SII ERICR Ur 3 rece iv As 
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Thorax: 
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Width of axial lobe at sixth seoment. .........05....5.5. 8.00 
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Pygidium : 
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Niemi ace Oi el ab OtiLtea: seh etre ce ce oan oes eae 3.50 

OpskRVATIONS.—This is a very rare species, as only one nearly 

entire specimen is known; this has the pygidium displaced and the 

free cheeks are missing. The combination of characters found in 

several genera is shown (a) in the cranidium, in which the glabella 

is like that of Oryctocephalus Walcott; (b) in the thorax, which is 

not unlike that of Olenus Salter; and (c) in the pygidium, which 

suggests in relative size and form the pygidium of Bathyuriscus 

howelli Walcott.1 Among the associated fossils are Micromitra 

(Iphidella) pannula (White), Ptychoparia ptochensis Walcott, 

Ptychoparia cordillere (Rominger), Oryctocephalus reynoldsi 

Reed, Zacanthoides idahoensis, new species, and Bathyuriscus 

howelli Walcott. 

* Walcctt, 1886, Bull. U. S. Geol. Survey, No. 30, p. 216. 
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FoRMATION AND LocaLiry.—Middle Cambrian: Spence shale of 

the Ute formation, 2,755 feet (839.7 m.) below the Upper Cambrian 

in the Liberty Canyon section; Spence Gulch, a ravine running up 

into Danish Flat from Mill Canyon, about 15 miles (9.37 km.) west 

of Montpelier and 5 miles (3.12 km.) west-southwest of Liberty, 

Bear Lake County, Idaho, U. S. A. 

Genus ZACANTHOIDES Walcott 

ZACANTHOIDES IDAHOENSIS, new species 

PLATE 3, FIGURES I~II 

Dorsal shield large for a species of this genus, moderately convex, 

longitudinally elliptical in outline. Cephalon semicircular in out- 

line, one-third the length of the adult dorsal shield; bordered by a 

rounded rim of medium width that is continued into strong, sharp. 

genal spines that extend backward about one-half the length of the 

thorax; the posterior border is narrow next to the glabella, from 

where it widens out to the intergenal spine within the line of the 

facial suture ; beyond the facial suture it curves forward and merges 

into the lateral border at the base of the genal spine; the posterior 

intermarginal furrow is sharply defined, and occupies most of the 

space between the border and the facial suture; on the sides and 

front of the cephalon the intermarginal furrow is narrow and 

distinct. Cranidium with a large glabella, short, small antero-lateral 

limbs, and elongate, slender postero-lateral limbs that have a short, 

sharp, slender, intergenal spine extending outward and backward 

from the outer posterior margin; fixed cheeks scarcely more than 

the inner sides of the large palpebral lobes and a small, subtriangular 

area in front of the latter; postero-lateral limbs formed of the 

marginal border and strong, intermarginal furrows; a narrow 

frontal limb extends across between the glabella and the interborder 

furrow ; palpebral lobe about three-fifths the length of the cranidium 

and bordered by a narrow, rounded rim that begins, posteriorly, 

near the median axis opposite the occipital ring, and, curving out- 

ward, forward, and then inward, terminates at the dorsal furrow 

beside the glabella; it is separated from the body of the lobe by a 

rounded, shallow furrow. Glabella elongate, subquadrilateral in 

outline, moderately convex in front, sides nearly straight, broadly 

rounded, and separated from the fixed cheeks and palpebral lobes 

by a narrow, distinct furrow; surface marked by a pair of posterior 

furrows that extend obliquely inward, so as to outline two small 

subtriangular lobes, and two pairs of short, more transverse fur- 

rows; the anterior pair is nearly opposite the anterior end of the 
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palpebral lobe, and the second pair about half way between them 

and the outer ends of the posterior pair; on some specimens a fourth 

pair is faintly defined on the large anterior lobe close to the dorsal 

furrow opposite the rounded angle formed by the sides and rounded 

front of the glabella. Occipital ring strong, rounded, broadest at 

the center, and narrowing gradually toward the ends; marked by a 
small central node near the posterior margin and a rounded, small, 

depressed tubercle at about one-half the distance between the central 
node and the dorsal furrow; occipital furrow distinct, narrow, and 

nearly transverse. Free cheeks large, body gently convex, and 

rising from the interborder furrow to the base of the elongate, low 

eye lobe. The facial sutures cut the posterior margin just outside 
of the intergenal spine and, curving abruptly inward, extend to the 

posterior base of the eye lobe; arching over the latter, they extend 

forward and slightly outward with a gentle sigmoid curve, so as to 

cut the outer margin at a distance from the median line of the 

cranidium equal to the width of the glabella. 

Thorax with nine segments; axial lobe convex, a little wider than 

the pleural lobes exclusive of the spinose terminations of the 

pleurz ; a small elongate node occurs at the center on the posterior 

half of each segment, except on the fifth, which has a long, slender, 

backward-extending spine; on each side, about half way between 

the center and the dorsal furrow and nearest the anterior margin, 

there is a rounded, low tubercle, and on the more perfectly preserved 

specimens a low, rounded, transverse ridge on each side next to the 

dorsal furrow; pleural lobes slightly convex; each pleura has a 

strong furrow that is broad at the inner end next to the dorsal 
furrow, from whence it narrows gradually to its sharp extremity 

near the posterior outer end of the pleura just within the base of 

the terminal spine; a rounded, elongate, subtriangular tubercle 

occupies much of the broad inner end of the furrow; the front 

border of each pleura is narrow next to the dorsal furrow; it grad- 

ually widens toward the outer end and terminates in a strong, long, 

backward-extending spine; the narrow posterior border merges into 

the base of the terminal spine; in most specimens the backward 

curvature of the anterior margin of the pleura is so abrupt that an 

obtuse angle is formed, while in some the margin curves gradually 
into the terminal spine. 

Pygidium of medium size; axial lobe convex, narrow, broader 

than the pleural lobes, divided by narrow, transverse furrows into 

four rings and a terminal section that, in large specimens, has a 

slight, transverse furrow that delimits a fifth narrow ring; on the 
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pleural lobes four anchylosed segments are outlined by narrow, 

deep furrows; only the two anterior preserve any trace of the pleural 

furrow, and these are very short and obscure; the pleural segments 

are mainly made up of the thickened, broad, anterior border and 
the strong, backward-extending, rounded spines; the outer border 

is usually obscured until after the fourth spine is passed, and even 

then in some specimens the short fifth and sixth pairs of spines 
obscure it; on other specimens the posterior spines are so slightly 

developed that the outline of the border js preserved. 

Surface finely granular. 
DimeENsions.—A dorsal shield 38 mm. in length has the follow- 

ing dimensions: : 

Cephalon: mm. 
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Thorax: 
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The preceding description is based on adult specimens averaging 

38 to 45 mm. in length. A large number of young and small speci- 

mens were found in association with the larger adults, some of 

which exhibit stages of growth. A specimen 1.9 mm. in length 

(fig. 5) preserves the cranidium and five segments of the thorax. 

The glabella widens out toward the front, and the occipital furrow 

is very faint; the base of the palpebral lobe is farther out on the 

posterior margin than in the adult, and its anterior end is at the 

dorsal furrow and nearer the antero-lateral, rounded angle of the 

glabella. The pleural lobe has somewhat broader, more direct fur- 

rows on the pleura, and the spine of the fifth segment is very large; 

another important character is the greater extension of the terminal 

spines of the third thoracic segment—a character unknown in the 
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later stages of growth of this species and a character persistent in 

Albertella helena, which occurs over 2,000 feet (609.6 m.) lower 

than the horizon of Zacanthoides spinosus (Rominger) in the 

Cambrian section of the Canadian Rocky Mountains. It also occurs 

in the adult forms of Mesonacis vermontana* and other trilobites of 

the Olenellus fauna. A specimen of the entire dorsal shield 3.2 mm. 

in length has the same widening of the glabella toward the front 

as the smaller specimen, but the base of the palpebral lobes have 

drawn in toward the glabella, and the glabella has extended forward 

beyond the anterior extrethities of the palpebral lobes; the thorax 

has only adult characters, except that the third segment appears to 

have on one side a stronger terminal spine, and there are but seven 

segments; the spines on the border of the pygidium are short, and 

but four can be seen on each side. Specimens 8 mm. in length have 

all adult characters in the cephalon and thorax, with the exception 

of the terminal spines of the pygidium, which are shorter and less 

clearly defined at the crossing of the border. 

OBSERVATIONS.—This species occurs abundantly in Idaho. When 

collecting it I thought it to be Zacanthoides typicalis,”? but on direct 

comparison with that species it was found to differ in having the 

posterior end of the palpebral lobe nearer the glabella; the glabella 

proportionally narrower in front,,and larger antero-lateral parts of 

the fixed cheek; a broader thoracic axis in proportion to the pleural 

lobes; a long median spine on the fifth instead of seventh segment; 

a larger pygidium, with broader pleural lobes, more rings on the 

axis, and more terminal spines on the pygidium. It is found to 

differ from Zacanthoides spinosus (Walcott)* in having the gla- 

bella less expanded toward the front; palpebral lobes nearer the 
glabella at their posterior end; smaller antero-lateral parts of the 

fixed cheek; absence of a strong occipital spine; in the thorax it 

differs in having a long median spine on the central axis at the fifth 

segment instead of the seventh, and the axial lobe is proportionally 
wider; the pygidium differs in having four rings on the axis in- 

stead of three; the axial lobe is proportionally longer, and the spines 

on the pygidium differ in details of shape and number. The three 
species occur at the same relative geological horizon, but are widely 

separated. Z. typicalis occurs at Pioche, Nevada, 350 miles south- 
southwest of the locality of 7. idahoensis at Spence Gulch, 15 miles 

* Walcott, 1891, Tenth Ann. Rept. U. S. Geol. Survey, pl. nxxxvu, fig. 1a; 

see also pls. LXXXIV and LXXxv. 

* Walcott, 1886, Bull. U. S. Geol. Survey, No. 30, p. 183. 

* Walcott, Mon. U. S. Geol. Survey, vol. vim, 1884, p. 63; and Bull. U. S. 

Geol. Survey, No. 30, 1886, p. 184. 
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west of Montpelier, Idaho; Z. spinosus is from Mount Stephen, in 

British Columbia, 685 miles north-northwest of Spence Gulch. 

Among the associated fossils are Bathyuriscus howelli Walcott, 

Oryctocephalus reynoldsi Reed, Oryctocara geikiei Walcott, Micro- 
mitra (Iphidella) pannula (White). 
FoRMATION AND LocaLity.—Middle Cambrian: Spence shale of 

the Ute formation, 2,755 feet (839.7 m.) below the Upper Cambrian 
in the Liberty Canyon section; Spence Gulch, a ravine running up 

into Danish Flat from Mill Canyon, about 15 miles (9.37 km.) west 

of Montpelier, and 5 miles (3.12 km.) west-southwest of Liberty, 

Bear Lake County, Idaho, U. S. A. 

Genus NEOLENUS Matthew 

NEOLENUS INFLATUS, new species 

PLATE 5, FIGURES I-5 

Dorsal shield large, elongate-elliptical in outline; axial lobe 

strongly convex. Cephalon semicircular in outline, with the genal 

angles produced into sharp spines about one-half the length of the 

cephalon; a narrow, rounded rim extends across the front of the 

cranidium, and, widening a little, runs along the outer margins of 

the free cheeks to the genal angles. The facial sutures cut the 

posterior margin well within the genal angles with an outward 

direction to the posterior furrow, where they curve inward and 

forward to the base of the eye lobe; arching over the eye lobes they 

curve outward to about the line of the outer rim of the palpebral 

lobe, forward to the frontal rim, and then obliquely inward across 

the rim to the front margin. Cranidium with a prominent, tumid 

glabella, narrow fixed cheeks, small antero-Jateral limbs, and strong 

postero-lateral limbs. Glabella large, convex; the frontal lobe is 

inflated and, in all but young, small specimens, overhangs the frontal 

rim; the sides gradually expand from the occipital ring to the 

broadly rounded front, which extends forward to, and lies parallel 

with, the furrow within the rounded frontal rim; the anterior half 

of the glabella is taken up by the expanded, anterior lobe and the 
posterior half is divided into four narrow lobes by shallow furrows 

that extend obliquely inward and slightly backward nearly to the 

median line; in some specimens, especially the young, the furrows 

are very faintly defined; occipital ring separated from the glabella 

by a narrow, shallow furrow; it is broad, moderately convex, and 

with a strong, long, sharp, arching spine that extends back over the 

thorax nearly to the pygidium; the base of the spine occupies nearly 

the entire width of the occipital ring at its center. Fixed cheeks 
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about one-fourth the width of the glabella, gently convex and merg- 

ing into the anterior and posterior limbs; the posterior limb is 

about twice as long as deep below the eye lobe and marked by a 

strong furrow within the broad, slightly convex posterior border ; 

palpebral lobe small, 7 mm. long in a cephalon having a length of 
35 mm. at the eye lobes; it is bordered by a rounded rim that con- 

tinues obliquely forward across the fixed cheek and merges into the 
side of the glabella. Free cheeks large, gently convex; bordered by 

a rounded rim that is continued posteriorly into a spine; posterior 

margin rather broad and about one-third the length of the margin 

between the genal angles and the occipital ring; eye lobe small and 
not high. The genal spine is situated some distance out from the 

central axis, so that it clears the terminal spines of the thoracic 

pleure. 

Thorax with seven nearly transverse segments; axial lobe con- 

vex, with the segments slightly rounded and a small node at the 

center of each; a low, narrow, transverse ridge occurs on each side 

near the union of the axial and pleural lobes; pleural lobes a little 
wider than the axial lobe and slightly convex; the pleura is straight, 
out to the backward curving, terminal spine; the narrow pleural 

furrow originates at the inner end next to the axis and passes 

obliquely outward, terminating just back of the center of the pleura 

at the base of the terminal spine; the latter has a strong base and 
narrows rapidly to a sharp point as it extends outward and back- 

ward a short distance. 
Pygidium large, moderately convex; anterior margin nearly trans- 

verse, posterior outline broadly semi-elliptical; axial lobe convex 

and narrowing gradually from the anterior margin to the terminal 

ring at the narrow posterior border; it is divided into ten strong, 

rounded, transverse rings and a terminal section by ten narrow 

furrows; the terminal section in large specimens has a transverse 

pit on each side of its center that indicates an eleventh ring; a low 

node is indicated at the center of each ring, and a low, narrow, trans- 

verse swelling occurs near the dorsal furrow on each side; in a 

pygidium 8 mm. in length there are nine clearly defined, axial rings, 

a faint, tenth ring, and an elongate, rounded, terminal section; pleural 

lobes slightly convex out to the spinose border, which is flattened 

between the termination of the pleural grooves and its outer edge; 
the eight marginal spines on each side are similar to those of the 

pleural lobes of the thorax with the exception of the posterior ones, 

which extend directly backward; the space between the axial lobe 
and the margin is marked by the pleural furrows and the narrow 
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furrows indicating seven anchylosed segments; the posterior fur- 

rows are nearly parallel to the sides of the axial lobe; the furrows 

all terminate on the inner portion of the outer border, the pleural 

furrows with a slight, elongate pit just within the border. 

Surface with variously arranged, irregular, raised lines or narrow, 

sharp ridges; on the glabella they are very slender and arranged in 

a somewhat concentric manner, although they are broken and 

irregular; on the fixed and free cheeks the raised lines are much 

stronger, irregular, and more or less anastomosing; on the thoracic 

segments the short, irregular raised lines cross the segments of the 

axis on each side between the central node and the dorsal furrow, 

and on the pleurz they extend obliquely across the raised spaces 

between the furrows; the pygidium has about the same markings at 

the thorax except on the flattened border, where the short, elevated, 

irregular lines extend across the border. 

DimMENSIONS.—There are two small, nearly entire dorsal shields. 

One, having a length of 24 mm. exclusive of the posterior spines. 

of the pygidium, has the following dimensions: 
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A large cranidium, 52 mm. in length, has the following dimen- 
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Hypostoma strongly convex, elongate, strongly rounded at the 

base, narrowing toward the broadly rounded posterior margin; 

border slightly flattened, with a rounded edge; this edge is arched 
slightly upward on the sides at about the posterior third of the 

length of the hypostoma; a shallow furrow crosses the posterior end 

of the convex body a short distance in front of the posterior margin 

and subparallel to it; the alate lateral limbs are subtriangular in out- 

line and slightly convex. The surface is marked by fine, irregular, 

elevated lines that are subparallel to the rim on the margin and 

roughly concentric on the body. An hypostoma 26 mm. in length 
has a width of 28 mm. at its base, 15 mm. at the arches in the margin 

or at the posterior third; convexity at center, 5 mm. 

The above-described hypostoma is associated with this species, 

Neolenus superbus, and a less convex hypostoma which is referred 

to the latter species. 

OBSERVATIONS.—This large species and the associated Neolenus 

superbus appear to mark the extreme development in size of species 

of Neolenus and its latest occurrence in Cambrian time. Fragments 

of both species are abundant at one locality, and a few entire speci- 

mens have been found. It is the largest of the Cordilleran Cam- 

brian trilobites, some of the partially entire specimens indicating a 

length of 160 mm., width 83 mm. 

The most nearly related species is Neolenus superbus, from which 

Neolenus inflatus differs in having an inflated glabella, a longer 

pygidium, and in minor details of the pleure of the thoracic seg- 

ments, pygidium, and cephalon. The inflated glabella, long pygi- 

dium with ten rings and spinose terminations of the thoracic pleure, 

separate it from Neolenus serratus (Rominger),t the type of the 
genus. The latter also has a granular surface and falcate termina- 

tions to the pleurze of the thoracic segments, and the faunal horizon 

of N. serratus is 1,900 to 2,125 feet below that of N. inflatus. 
ForMATION AND LocaLity.—Middle Cambrian: 1,895-2,140 feet 

(605-653.8 m.) below the Upper Cambrian and about 2,000 feet 

(609.6 m.) above the beds containing Zacanthoides typicalis Walcott 

and Bathyurtscus howelli Walcott, the horizon which is correlated 

with the horizon carrying Neolenus serratus (Rominger) in British 

Columbia,? in thin-bedded limestones of the Marjum formation, in 

ridge on east side of Wheeler Amphitheater, east of Antelope 

Springs, House Range, Millard County, Utah, U. S. A. 

* Ogygia serrata Rominger, 1887, Proc. Acad. Nat. Sci. Philadelphia, p. 13. 

* This British Columbia horizon is given in detail in the Formation and 

locality of Burlingia hectori. 
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NEOLENUS INTERMEDIUS, new species 

PLATE 6, FIGURES 1-7 

This species, as its name implies, is an intermediate form between 

N. superbus and N. inflatus. It differs from both of those species in 

the absence of an occipital spine; and in having the sides of the 

glabella more nearly parallel and with the glabella less expanded in 

front, and somewhat more pointed or less abruptly rounded. The 
pleural lobes of the thorax have a terminal spine on the pleure ex- 

tending backward somewhat more abruptly than in either of the 

other species. 

The pygidium has five or six rings in the axial lobe and a terminal 

segment. NV. inflatus has ten or eleven rings in the axial lobe and 
N. superbus has eight rings; N. intermedius has the same number 

of terminal spines as NV. superbus, but the spines are curved back- 

ward much more than in the latter species. 

As far as known, this species does not attain the size of either 

N. superbus or N. inflatus. ‘The largest cephalon in the collection 

has a length of 35 mm. The proportions of the head and pygidium 

are about the same as NV. superbus. The hypostoma referred to this 

species is proportionally broader and with a larger body propor- 

tionally than that of N. inflatus or N. superbus. In other respects 

it is very much like the hypostoma of N.«superbus. 

DimeEnsions.—A dorsal shield 74 mm. in length has the following 
dimensions: 
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The surface markings of this species are much like those of NV. 

superbus and N. inflatus, but very much finer. On a cranidium 11 
mm. in length the surface appears smooth, except under a strong 

lens. 

FoRMATION AND LocaLity.—Middle Cambrian: 1,895-2,140 feet 
(605-653.8 m.) below the Upper Cambrian and about 2,000 feet 

(609.6 m.) above the beds containing Zacanthoides typicalis Walcott 
and Bathyuriscus howelli Walcott, the horizon which is correlated 

with the horizon carrying Neolenus serratus (Rominger) in British 

Columbia,' in thin-bedded limestones of the Marjum formation, in 

ridge on east side of Wheeler Amphitheater, east of Antelope 

Springs, House Range, Millard County, Utah, U. S. A. 

NEOLENUS INTERMEDIUS PUGIO, new variety 

PLATE 6, Ficures 8, 9 

This variety is founded on four specimens of a pygidium that has 

four rings and a terminal segment in the axial lobe, four marginal 
spines on each side and three clearly defined anchylosed pleural 

segments marked by oblique pleural furrows. A specimen II mm. 

in length has a width at the front of 36 mm. The axial lobe has a 
width of 5 mm. at the first segment and 3 mm. at the terminal 
segment. 

This variety differs from N. intermedius in having four instead 

of five marginal spines on each side of the pygidium, four axial 

rings instead of five and a shorter terminal section to the axial lobe. 

A fragment of the outer surface shows it to have been of the same 
type as that of N. superbus. 

ForMATION AND LocaLity.—Middle Cambrian: 1,895—-2,140 feet 

(605-653.8 m.) below the Upper Cambrian and about 2,000 feet 
(609.6 m.) above the beds containing Zacanthoides typicalis 
Walcott and Bathyuriscus howelli Walcott, the horizon which is 

correlated with the horizon carrying Neolenus serratus (Rominger) 

in British Columbia,* in thin-bedded limestones of the Marjum 

formation, in ridge on east side of Wheeler Amphitheater, east of 

Antelope Springs, House Range, Millard County, Utah, U. S. A. 

*This British Columbia horizon is given in detail in the Formation and 

locality of Burlingia hectori. 
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NEOLENUS SUPERBUS, new species 

PLATE 4, FIGURES I-5 

Dorsal shield large, longitudinally elliptical in outline, moderately 

convex. Cephalon subsemicircular in outline, one-third of the 

length of the dorsal shield; bordered by a strong, slightly convex 
outer margin that is continued at the genal angles into strong, sharp 

spines that extend backward and slightly outward to about opposite 

the fourth thoracic segment; the posterior marginal border is 

narrow next to the glabella, from where it gradually broadens to 

the base of the genal spine; between the facial suture and the 

genal spine the margin arches abruptly forward, so as to throw the 

base of the genal spine in front of the line of the posterior margin; 

a well defined but narrow furrow separates it from the fixed cheek. 

Cranidium with a large glabella, narrow antero-lateral limbs, and 

large postero-lateral limbs; fixed cheeks narrow opposite the palpe- 

bral lobes; anteriorly they extend as a narrow, short section to the 

front border, and posteriorly merge into the postero-lateral limb, 

which is nearly as deep from the eye lobe to the posterior margin 

as from the glabella to its postero-lateral angle; palpebral lobe 

narrow, short, and with its outer rim extended diagonally from and 

across the fixed cheek to the dorsal furrow, next to the glabella. 

Glabella elongate, moderately convex; sides nearly straight, and 
separated from the fixed cheeks by a narrow, strong furrow, slightly 

wider where the sides touch the frontal border than at the occipital 

furrow; front broadly rounded and subparallel to the anterior 

margin of the cranidium; surface marked by three pairs of short, 

oblique furrows that extend inward and slightly backward about 
one-third the distance across the glabella; a small pit occurs in the 

dorsal furrow at the antero-lateral angles, and from it a short, 

obscure furrow extends directly inward for a short distance; the 

elabellar furrows are not at all prominent. Occipital ring narrow at 

the ends, gradually becoming stronger and more convex toward the 

center, where a strong, backward arching spine has its base; occipital 

furrow nearly transverse, shallow, and terminating in advance of the 
furrows of the fixed cheeks. Free cheeks relatively small; the body 

rises with very little convexity from within the strong outer border 

to the base of the short, low eye lobe. The facial sutures cut the 

posterior margin a short distance within the genal spine, curve 

slightly outward across the border, and then inward with a gentle 

sigmoid curve to the base of the eye lobe; arching over the latter, 

they extend forward with a slight outward arching across the 

border, so as to cut the front margin on a line with the center of the 

eye lobe. 
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Thorax with seven segments; axial labe convex, and as wide as 

the pleural lobes exclusive of the terminal spines; a strong, short, 

sharp spine occurs at the center of each segment, and a narrow, 

transverse, low, rounded ridge on each side next to the dorsal 

furrow; the pleural lobes are slightly convex; each pleura has a 

strong, diagonal furrow that originates near the front margin next 

to the dorsal furrow and gradually widens toward the outer end, 

where it terminates nearly at the center of the pleura and within 
the base of the sharp, terminal spine ; a narrow, rounded ridge occurs 

on each side of the pleural furrow that forms the margins of the 
pleure ; the terminal spines have a broad base and extend obliquely 

outward and slightly backward a short distance. 
Pygidium large, moderately convex; anterior margin nearly 

transverse and posterior outline semicircular; axial lobe convex, a 

little shorter than the entire length; it is divided into seven rings 

and a terminal section by seven nearly transverse, narrow furrows; 

a low, narrow median ridge is indicated by the termination of the 

deeper portion of each transverse furrow just outside of the median 

line; five anchylosed pleural segments are outlined on the pleural 

lobes on each side of the axial lobe; the furrows all terminate 

within the slightly flattened, rounded border, which has five straight, 

narrow spines extending out from it on each side; the anterior 

segment of the pygidium is so much like the segments of the thorax 

that it is difficult to distinguish it from the thorax. 

Hypostoma similar to that of Neolenus inflatus, except that its 

body is less convex, and small specimens show an elongate tubercle 

on each side just back-of the line separating the convex body from 

its posterior, less convex, and narrower portion. 

Surface with variously arranged, irregular, short, very fine, 

raised lines or minute ridges; on the glabella they are arranged 

in a concentric manner, although very irregular and interrupted by 

numerous breaks in continuity and strength; on the cheeks the lines 
are somewhat coarser; on the thorax and pygidium the lines are 

exceedingly fine and inconspicuous; where seen they have about the 

same arrangement as those of the surface of Neolenus inflatus. 

Dimensions.—A dorsal shield 65 mm. in length has the following 

dimensions : 
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Thorax : mm. 
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OBSERVATIONS.—This species attains a large size. A cephalon and 
six thoracic segments has a length of 73 mm., a width of thorax of 

70 mm.; with the seventh segment and the pygidium, exclusive of 

spines, the entire shield would have had a length of 107 mm. 

Fragments occur that indicate even a larger size. 

Neolenus superbus and the associated Neolenus inflatus have 

many characters common to each; both attain a large size, both have 

small eyes, subquadrilateral glabellas, spinose genal angles, seven 

thoracic segments, spinose terminations to pleural segments and 

border of pygidium, occipital and thoracic median spines, lined 

surfaces, and resemble each other in minor details. The two species 

differ in the glabella of N. superbus being slightly convex with 

nearly parallel sides, instead of being inflated and expanded toward 

the front. The pygidium of NV. superbus has seven axial rings and 

five spines on the border ; that of N. inflatus has nine rings and eight 

spines. Neolenus serratus (Rominger)* has a broader dorsal shield, 

falcate terminations to the pleural segments, four rings on the axis 
of the pygidium, a subquadrangular glabella and genal spines that 

are formed by the union of the outer border and posterior border, 

instead of being a continuation of the outer border, as in N. superbus 

and N. inflatus. The surface of N. serratus is granular and not 

raised lines, as in N. superbus. 

ForMATION AND Locarrty.—Middle Cambrian: 1,895-2,140 feet 

(605-653.8 m.) below the Upper Cambrian and about 2,000 feet 
(609.6 m.) above the beds containing Zacanthoides typicalis Walcott 

and Bathyuriscus howelli Walcott, the horizon which is correlated 

. Ogygia serrata Rominger, 1887, Proc. Acad. Nat. Sci. Philadelphia, p. 13. 
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with the horizon carrying Neolenus serratus (Rominger) in British 

Columbia,’ in thin-bedded limestones of the Marjum formation, in 

ridge on east side of Wheeler Amphitheater, east of Antelope 

Springs, House Range, Millard County, Utah, U. S. A. 

Genus BATHYURISCUS. Meek 

BATHYURISCUS ORNATUS, new species 

PLATE I, FIGURES I-3 

Dorsal shield small for the genus, longitudinally oval in outline, 

‘moderately convex. Cephalon semicircular in outline; a little less 

than one-third the length of the dorsal shield; bordered by a narrow, 
rounded margin that passes, at the rounded genal angle, into the 

very narrow posterior border; the interborder furrow is’ sharply 

defined all about the outer border, and within the posterior border 

it is a straight, rather broad, shallow furrow. Cranidium large, 

with very small antero-lateral and large postero-lateral limbs; the 

former are nearly as long as broad and separated from the fixed 

cheeks by the strong ocular ridges; the postero-lateral limbs and 

fixed cheeks merge into each other so as to form subtriangular areas, 

with the narrow palpebral lobes on their front outer margins for 
about one-third of their length; the palpebral lobes are small, about 

one-fourth to one-fifth the length of the cranidium and bordered 

by a strong, narrow, rounded rim that extends across the fixed 

cheeks to the dorsal furrow, beside the glabella. 
Glabella large, a little wider in front than at the occipital furrow 

and with slightly diverging sides; front broadly rounded; surface 

marked by four pairs of furrows, the posterior of which extends 

obliquely inward across the posterior portion nearly to the center, 

so as to separate a small subtriangular lobe on each side; the three 

anterior pairs of furrows are short, close to the dorsal furrow, and 

about equal distances from each other. Occipital ring very narrow 

at its ends, from where it broadens rapidly to its full width; a short, 

oblique furrow occurs on each side that is subparallel to the posterior 

pair of glabellar furrows, that serve to separate the central portion 

of the occipital ring from its end sections; occipital furrow narrow, 

distinct, transverse, and terminating in advance of the posterior 

intermarginal furrows of the fixed cheeks. Free cheeks small, 

elongate, and with rounded posterior angles; eye lobes small. The 

facial sutures cut the posterior margin just within the genal angle 

and extend obliquely forward and inward with a slight sigmoid 

*This British Columbia horizon is given in detail in the Formation and 

locality of Burlingia hectori. 



40 SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 53 

curvature to the base of the eye lobes; curving over and around the 

eye lobes, they pass forward and a little outward to the front margin ; 

the distance between the eye lobes and margin is about the length 

of the eye lobe. 
Thorax with eight segments; axial lobe moderately convex, about 

as wide as the pleural lobes in partially compressed specimens; on 

the outer side of each segment a rounded, transverse node or ridge 

is separated from the main body of the segment by a slightly oblique 

furrow transverse to the segment; the furrows are similar to those 

crossing the occipital ring; pleural lobes slightly convex and with 

the extremities of the pleure bending slightly downward; each 

pleura has very narrow, raised margins next to the axial lobe that 

gradually broaden and slope inward out to the slight geniculation, 

where they form an elongated node with straight outer edge, which, 
touching against the nodes upon the adjoining pleura, forms an 

elongated, rounded node transversely divided by the line separating 

the pleure; an elongated, tapering, rounded node, with its base 

at the dorsal furrow, occupies the inner half of the pleura; a narrow 

groove on each side of the node united to form a shallow pleural 

furrow that terminates within the somewhat abruptly pointed outer 

extremity of each pleura. 
Pygidium of medium size, about one-fourth the length of the 

dorsal shield; anterior margin nearly transverse, except where it 

bends backward near the outer ends; posterior outline semicircular ; 

axial lobe moderately convex and tapering gradually toward the 

posterior section; it is divided by four transverse furrows into four 

rings and a terminal segment; four anchylosed pleural segments are 

outlined on the pleural lobes on each side of the axial lobe by fur- 

rows that progressively curve backward from the first to the pos- 
terior adjoining the terminal segment; the furrows all terminate 

within the narrow, slightly flattened border. 

Surface finely granulose. 
DimENsIoNs.—A dorsal shield 13.5 mm. in length has the follow- 

ing dimensions: 

Cephalon 5 mm. 

Went gthin. Seve cateteers Or eile Gein esse nthe ere oe ease aeons 5.0 

Length of eye lobes. css sic ee te ice os eee 0.9 

Width vata postenonumancinae nsec et ete oe tceeeee 9.0 

Width of glabella at posterior margin................. 2.4 

Thorax: 

TENGE &. olatacicepsrc ovat welts, o,2ra, otra cet eee ek ae oe Gok 

L6G (a ee, Ao Ane tie a Me te rh tas aaah SSG, 6.85, 8.5 

Widthiof axial loberat first sesment 5... emi ere 228 

Width of axial lobe at eighth segment................ 1.9 
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Pygidium: mm. 
(UPS STB eget Ge RIE RES RO RR et 2.9 

Waidthratstiitonewithsthotaxsecca. © sons se ce oclae soe. e.s 6.0 

OBSERVATIONS.—This species is rather rare at Mount Stephen, 
although 18 specimens were found in the collections of 1907. The 
largest specimen of the dorsal shield has a length of 18 mm. The 

strong triangular nodes on the pleural portion of the segments next 

to the axial lobe and the nodes at the geniculation, combined with 

the clearly defined furrows about them, give the thorax a very 

striking ornamental effect that leads to giving the specific name 

ornatus. ‘This type of thoracic segment serves to distinguish the 

species from all other species of the genus Bathyuriscus. The 
associated B. rotundatus (Rominger)* has quite a different pleural 

segment, larger pygidium in proportion to the length of the dorsal 

shield, and nine thoracic segments instead of the eight, as in B. 

ornatus. 

Another associated species, Bathyuriscus occidentalis (Matthew) ,? 

has nine segments with an open pleural furrow, relatively smaller 

pygidium, and larger free cheek. 
ForMATION AND Locatity.—Middle Cambrian: Ogygopsis shale 

of the Stephen formation, 2,400 feet (731.5 m.) above the Lower 

Cambrian and 2,600 feet (792.5 m.) below the Upper Cambrian; 

northwest slope of Mount Stephen, 3,000 feet (914.4 m.) above the 

Kicking Horse River, above Field, on the Canadian Pacific Railway, 

British Columbia, Canada. 

*Embolimus rotundatus Rominger, 1887, Proc. Acad. Nat. Sci. Philadelphia, 

p. 16. 

*Dolichometopus occidentalis Matthew, 1899, Trans. Roy. Soc. Canada for 

1809, 2d ser., vol. v, sec. 4, No. 2, p. 40. 
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DESCRIPTION OF PLATE. i 

Bathyuriscus, ornatus, new SpeCieS..5 05 2. se em aps «<0 alll «see ee 

Fic. 1. A broken specimen, showing character of cephalon and thorax. 

U. S. National Museum, Catalogue No. 53420. 

2. A small nearly entire dorsal shield, with the exception of the 

free cheeks. U.S. National Museum, Catalogue No. 53421. 

3. Two segments of the thorax enlarged to show the details of the 

axial and pleural lobes. U. S. National Museum, Catalogue 

No. 53423. 
The specimens represented by figures 1-3 are from the Mid- 

dle Cambrian Ogygopsis shale of the Stephen formation, 

2,400 feet (731.5 m.) above the Lower Cambrian, on the north- 

west slope of Mt. Stephen, near Field, British Columbia. 

Albertella bosworthi, new genus and new SpeCieS............00.-eeeeeees 

Fic. 4. Cephalon, showing character of the palpebral lobes. Compare 

this with the cephalon of Albertella helena on pl. 2, figs. 1, 4, 

and 5. U.S. National Museum, Catalogue No. 53413. 

5. A specimen showing the character of the thorax and pygidium. 

U. S$. National Museum, Catalogue No. 53416. 

6. Pygidium, which compare with pygidium of A. helena pl. 2, fig. 

2. U.S. National Museum, Catalogue No. 53415. 

7. Inner side of a very small pygidium. U.S. National Museum, 

Catalogue No. 53406. 

The specimens represented by figures 4-7 are from a drift 

block of Lower Cambrian shales found on the slopes of Mt. 

Bosworth, just north of the Canadian Pacific Railway, one 

mile (0.62 km.) east of Hector, British Columbia. 

Burglingia hectori, new genus and new specieS............. 0c ee eee eee 

Fic. 8. A nearly entire specimen greatly enlarged. U. S. National 

Museum, Catalogue No. 53418. 

The specimen represented by figure 8 is from the Middle 

Cambrian Ogygopsis shale of the Stephen formation, 2,400 

feet (731.5m.) above the Lower Cambrian, on the northwest 

slope of Mt. Stephen, near Field, British Columbia. 

Oryctocara getkiei, new genus and new species..............eceeeeeeeees 

Fic. 9. A nearly entire dorsal shield with the exception of the free 

cheeks. U. S. National Museum, Catalogue No. 53426. 

10. Greatly enlarged matrix of a small pygidium. U. S. National 

Museum, Catalogue No. 53427. 

The specimens represented by figures 9-10 are from the 

Spence shale of the Ute formation, near the base of the Mid- 

dle Cambrian, in a ravine running up into Danish Flat from 

Mill Canyon, about 15 miles (9.37km.) west of Montpelier, 

and 5 miles (3.12km.) west-southwest of Liberty, Bear Lake 

County, Idaho. 
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DESCRIPTION OF PLATE 2 

Albertella helena, new genus and mew species......;..........ds..0eeuee 

Fic. 1. A nearly entire dorsal shield. U. S. National Museum, Cata- 

logue No. 53410. 

2. A pygidium retaining much of its natural form. The outer test 

is exfoliated about the margins. U. S. National Museum, 

Catalogue No. 53411. 

3. A very small dorsal shield. U.S. National Museum, Catalogue 

No. 53400. 

4. A large, broken dorsal shield. U. S. National Museum, Cata- 

logue No. 53407. 

5. A large cranidium. U. S. National Museum, Catalogue No. 

53408. 
6. Hypostoma associated with this species. U. S. National Mu- 

seum, Catalogue No. 53414. 

7. A pygidium which compare with the pygidium of A. bosworthi 

on pl. 1, fig. 6. U.S. National Museum, Catalogue No. 53403. 

8. A broken dorsal shield, broadened by compression. U. S. Na- 

tional Museum, Catalogue No. 53402. 

g. A small dorsal shield. U. S. National Museum, Catalogue No. 

53404. 
The specimens represented by figures 1-5 are from Lower 

Cambrian shales on Gordon Creek, Ovando Quadrangle, Powell 

County, Montana, and those represented by figures 6-9 are 

from a drift block of Lower Cambrian shales found on the 

slopes of Mt. Bosworth, just north of the Canadian Pacific 

Railway, one mile (0.62 km.) east of Hector, British Columbia. 

Page 
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DESCRIPTION OF PLATE 3 

Lacanthoides tdanoeusis .~ 0.6 6 ko ee ee een ea oe dee eee 

Fic. 1. A large dorsal shield compressed in the shale. U. S. National 

Museum, Catalogue No. 53434. 

2. A small dorsal shield with seven thoracic segments and three 

spines on each side of pygidium. U. S$. National Museum, 

Catalogue No. 53437. 

3. Small dorsal shield with adult characters. U.S. National Mu- 

seum, Catalogue No. 53435. 

4. Small dorsal shield with adult characters. U.S. National Mu- 

seum, Catalogue No. 53430. 

5. Dorsal shield of a very young individual with a strong spine 

on the axial lobe of the fifth segment. U. S. National Mu- 

seum, Catalogue No. 53440. 

6. Large free cheek. U. S. National Museum, Catalogue No. 

53432. 

Fics. 7, 8, and 11. Pygidia illustrating variations in spinose border. 

U. S. National Museum, Catalogue Nos. 53420, 53430, and 

53431. 

Fic. 9. Fragment of a large adult dorsal shield showing interocular 

spine, free cheek in position, and the lateral position of the 

genal spine on the free cheek. U.S. National Museum, Cata- 

logue No. 53433. 

10. Fifth thoracic segment with median spine. U. S. National Mu- 

seum, Catalogue No. 53438. 

The specimens represented by figures I-10 are from the 

Spence shale of the Ute formation, near the base of the 

Middle Cambrian, in a ravine running up into Danish Flat 

from Mill Canyon, about 15 miles (9.37 km.) west of Mont- 

pelier, and 5 miles (3.12km.) west-southwest of Liberty, Bear 

Lake County, Idaho. 

Page 
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DESCRIPTION OF PLATE 4 

Neolenus superbus: mew Species. saan... .e eo ona ee eee 30 

Fic. 1. A nearly entire dorsal shield with the occipital spine broken off. 

U. S. National Museum, Catalogue No. 53383. 

Fics. 2 and 2a. Hypostoma associated with this species. U. S. National 

Museum, Catalogue No. 53381. 

Fic. 3. Large compressed cranidium. U. S. National Museum, Cata- 

logue No. 53384. 

4. Small convex cranidium. U. S. National Museum, Catalogue 

No. 53382. 

5. Portion of a large dorsal shield with well preserved outline of 

the cephalon. U.S. National Museum, Catalogue No. 53380. 

The specimens represented by figures I-5 are all from thin- 

bedded Middle Cambrian limestones of the Marjum forma- 

tion, 2,140 feet (652.3m.) above the top of the Lower Cam- 

brian, in ridge on east side of Wheeler Amphitheater, east of 

Antelope Springs, House Range, Millard County, Utah. 
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DESCRIPTION OF PLATE 5 

Nieolenus imatds, mews SPeCies. .asm + ascent 30 

Fic. 1. A small nearly entire dorsal shield with the exception of the 

free cheeks. U.S. National Museum, Catalogue No. 53390. 

Fics. 2 and 2a. A large cranidium. U. S. National Museum, Catalogue 

No. 53380. 

Fic. 3. A characteristic pygidium. U.S. National Museum, Catalogue 

No. 53388. 

Fics. 4 and 4a. Associated hypostoma. U. S. National Museum, Cata- 

logue No. 53386. 

5. Enlargement of the exterior ornamentation of the surface of 

the fixed cheek back of the palpebral lobe. U. S. National 

Museum, Catalogue No. 53387. ) 

The specimen represented by figure 1 is from thin-bedded 

Middle Cambrian limestones 2,300 feet (701 m.) above the 

Lower Cambrian; and the specimens represented by figures 

2-5 are from thin-bedded Middle Cambrian limestones 2,140 

feet (652.3 m.) above the top of the Lower Cambrian, both in 

the Marjum formation, in the ridge on east side of Wheeler 

Amphitheater, east of Antelope Springs, Millard County, 

Utah. 
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DESCRIPTION OF PLATE 6G 

Neolenus intermedius, Mew Species. .. 10.6 « oasis ee see lee 

Fic. 1. Cranidium and thorax; natural size. U. S. National Museum, 

NI 

Catalogue No. 53397. 

. Cranidium; natural size. U. S$. National Museum, Catalogue 

No. 53394. 
. A pygidium with five marginal spines. Compare this pygidium 

with that of Neolenus superbus on pl. 4, fig. 1. U. S. Na- 

tional Museum, Catalogue No. 53308. 

. A pygidium with six marginal spines that is doubtfully referred 

to this species. U. S. National Museum, Catalogue No. 53392. 

. A small convex cranidium doubtfully referred to this species. 

U. S. National Museum, Catalogue No. 53395. 

. A small cranidium with a strong occipital node. U. S. National 

Museum, Catalogue No. 53396. 

. Hypostoma associated with this species. U. S. National Mu- 

seum, Catalogue No. 53393. 

The specimen represented by figure 6 is from thin-bedded 

Middle Cambrian limestones 2,075 feet (632.5m.) above the 

Lower Cambrian; that represented by figure 5 is from thin- 

bedded Middle Cambrian limestones 2,140 feet (652.3 m.) 

above the Lower Cambrian; and those represented by figures 

1-4, and 7 are from thin-bedded Middle Cambrian limestones 

2,300 feet (7o1m.) above the Lower Cambrian; all in the 

Marjum formation, in ridge on east side of Wheeler Amphi- 

theater, east of Antelope Springs, House Range, Millard 

County, Utah. 

Neolenus intermedius pugio, new variety...........2.02+.sceee essen 

Fic. 8. Fragment of a large dorsal shield with missing parts restored in 

outline. U. S. National Museum, Catalogue No. 53400. 

9g. A broken pygidium. U. S. National Museum, Catalogue No. 

53401. 
The specimens represented by figures 8 and 9 are from thin- 

bedded Middle Cambrian limestones of the Marjum forma- 

tion, 2,300 feet (7o1m.) above the Lower Cambrian, in ridge 

on east side of Wheeler Amphitheater, east of Antelope 

Springs, House Range, Millard County, Utah. 
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CORRECTIONS TO BE INSERTED IN SMITHSONIAN MIS- 
CELLANEOUS COLLECTIONS, VOLUME LITI1. 

Nortrt.—This slip is so arranged that it may be torn apart and pasted in 

papers Nos, 1, 2, and 3. 

CAMBRIAN GEOLOGY AND PALEONTOLOGY. WALCOTT. 

No. 1.—NoMENCLATURE OF SOME CAMBRIAN COoORDILLERAN T'ORMATIONS. 

Page 2. The Mount Whyte formation which is placed in the Middle Cambrian 

on page 2 should be in the Lower Cambrian as indicated on page 4. 

CAMBRIAN GEOLOGY AND PALEONTOLOGY. WALCOTT. 

No. 2.—CAMBRIAN ‘TRILOBITES. 

Page 22. 17th line, strike out “Wolsey.” 

“22. 18th line, (2.5 km.) should read (6.44 km.) 

“26. 4th and 5th lines, 

30. 9th and roth lines, (9.37 km.) and (3.12km.) should read (24.14 

42. 43d and 44th lines, km.) and (8.05 km.), respectively, 

“46. 29th and 30th lines, 

33. 33d line, 

35. 6th line, 

“35. 28th line, 

“ 38. 4ist line, 

42. 27th line, 

44. 27th line, 

(605-653.8 m.) should read (577.6-652.3 m.) 

(0.62 km.) should read (1.61 km.) 

CAMBRIAN GEOLOGY AND PALEONTOLOGY. WALCOTT. 

No. 3.—CAMBRIAN BrAcHIOpopA: DeEscRIPTIONS OF NEW GENERA AND SPECIES. 

Page 57. 32d line, “base of the Wolsey shale” should read “top of the 

quartzitic sandstones.” 

tor. 18th line, strike out “Wolsey.” The shale mentioned on these pages 

is not the equivalent of the Wolsey shale. 

“ee 



Bea nt a Re ee ee a ee re mies wen eee ees a eeeel . p ‘ r “ 
ta 

= : 
- 
2 
ca) (2. 
eh 

j 7a 

2 i 

cf 

Bem e al pa! ne al at od ee ae or ae ey a ee ey 

H 

’ 

ok 

“si ‘ 
le ce 

A : 

a 
4 

1 y 

; 

r 

“ 

x 
‘ 

P 

é 

t 

ane my Ee ee) we GA ws at im a) my ms, el my le Chala «yg et et, te on) Steere Taal bat ost ee fod] bet ah Werle) bm wo) wd oe cee te es Sn Se ee eee ita 



SMITHSONIAN MISCELLANEOUS COLLECTIONS 

PART OF VOLUME LIII 

CAMBRIAN 
pee hOGY AND PALEONTOLOGY 

No. 3.—CAMBRIAN BRACHIOPODA: 

DESCRIPTIONS OF NEW GENERA AND SPECIES 

WITH FOUR PLATES 

BY 

CHARLES D. WALCOTT 

ING 

No. 1810 

CITY OF WASHINGTON 

PUBLISHED BY THE SMITHSONIAN INSTITUTION 

OCTOBER 1, 1908 



Ay jena OUMERES 

rears : 7 7 a) 



CAMBRIAN GEOLOGY AND PALEONTOLOGY 

No. 3.—CAMBRIAN BRACHIOPODA: DESCRIPTIONS OF 

NEW GENERA AND SPECIES 

Bai ART ES De WALCOMDT 

(Wite Four PLateEs) 

This is the eighth paper resulting from the preliminary studies for 

Monograph 51 of the U. S. Geological Survey. I expect to use many 

new generic and specific names in lists of fossils occurring in geo- 

logic sections and in a forthcoming paper on the classification of the 

Brachiopoda, and think it is best to describe the fossils before using 

their names elsewhere. 

The paper on the classification will be the last of the preliminary 

papers, as the monograph is now in the editor’s hands and should 

appear in 1909. 

The previous papers in this series are: 

I. Note on the genus Lingulepis. American Jour. Sci., 4th ser., III, 1897, 

Pp. 404-405. 
Il. Cambrian Brachiopoda: Genera [phidia and Yorkia, with descriptions 

of new species of each, and of the genus Acrothele. Proc. U. $. Na- 

tional Museum, XIX, 1807, pp. 707-718. 

Il. Note on the brachiopod fauna of the quartzitic pebbles of the Car- 

boniferous conglomerates of the Narragansett Basin, Rhode Island. 

American Jour. Sci., 4th ser., VI, 1808, pp. 327-328 

IV. Cambrian Brachiopoda: Obolus and Lingulella, with descriptions of 

new species. Proc. U. S. National Museum, XXI, 1898, pp. 385-420. 

V. Cambrian Brachiopeda: Obolella, subgenus Glyptias; Bicia; Obolus, 

subgenus Westonia; with descriptions of new species. Proc. U. S. 

National Museum, XXIII, 1901, pp. 669-695. 

VI. Cambrian Brachiopoda: Acrotreta; Linnarssonella; Obolus; with de- 

scriptions of new species. Proc, U. S. National Museum, XXV, 1902, 

Pp. 577-612. 
VII. Cambrian Brachiopoda, with descriptions of new genera and species. 

Proc. U. S. National Museum, XXVIII, 1905, pp. 227-337. 

There are also a number of Cambrian brachiopoda described in 

two papers on the Cambrian faunas of China: 

Cambrian Faunas of China. Proc. U. S. National Museum, XXIX, 1005, 

pp. 1-106. 

Cambrian Faunas of China. Proc. U. S. National Museum, XXX, 1900, 

PP. 563-595. 
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Genus MICKWITZIA Schmidt [1888, p. 24] 

MICKWITZIA OCCIDENS, new.species 

PLATE 7, FIGURE I 

There are only crushed and broken specimens of this shell. One 

of these shows that the apex of the ventral valve was a little above 

the posterior margin of the shell, very much as in Mickwitzia pre- 

tiosa. ‘The outline of the valves appears to have been ovate to sub- 

circular, with the ventral valve moderately convex. The shell is 

phosphatic or chitinous and built up of three principal layers. The 

outer layer is thin and thickly set with minute pustules or granules 
that give the surface a roughened appearance. When the outer layer 

is exfoliated, which is usually the case, the middle layer presents a 

smooth, shining surface that is marked by a few concentric striz 

and numerous fine radiating striz, between which many very minute 

puncte occur. The inner layer shows minute, irregular, serpentine, 

rounded ridges, perforated by vertical canals or puncte. An inte- 

.rior of a ventral valve shows the lines of adyance of the antero- 

lateral muscle scars. ‘The largest shell indicated on the surface of 

the siliceous shale has a length and width of 12 mm. 

This species and the generic reference is based on the character 

of the apex of the ventral valve and the structure and character of 

the shell. 

FoRMATION AND LocaLity.—Lower Cambrian: (1) Near the base 

of the section, about 5,500 feet (1,676.4 m.) below the top of the 

Lower Cambrian, in shaly indurated sandstones, one mile (1.61 km.) 
east of the Saline Valley road, and 2 to 3 miles (3.22 to 4.83 km.) 

east-northeast of Waucoba Springs, Inyo County, California. (2) 

Sandstones on small hull in the salt fat one mile (1.61 km.) northeast 
of Silver Peak Mill, Silver Peak quadrangle (U.S. G.S.), Esmeralda 
County, Nevada.* 

MICKWITZIA PRETIOSA, new species 

PLATE 7, FIGURE 2 

This species is founded on a single specimen of a ventral valve. 

It has a length of 7 mm.; width, 6.5 mm. Outline subcircular, 
slightly convex; apex curved over toward the posterior margin and 

projecting beyond it. False area short and obscure. Surface 
marked by radiating, raised lines, that at the front margin show six 

* Where there is more than one locality, the one from which the type speci- 

mens come is italicised. 
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in a distance of two millimeters. Fine papille are thickly scattered 

over the surface. ‘They have a tendency to follow concentric lines 

of growth on some portions of the shell, and on others they appear 

on low, narrow, serpentine ridges, as in Mickwitzia monilifera (Lin- 

narsson) [1869, p. 344]. A few large puncte are scattered here 

and there over the surface. Inner surfaces and layers of shell 

unknown. 
This beautiful shell differs in the details of its surface from M. 

monilifera; it is also less convex and the apex is nearer the posterior 

margin. 
FoRMATION AND LocaLity.—Lower Cambrian: Eophyton sand- 

stone, at Lugnas, Vestergotland, Sweden. 

Genus MICROMITRA Meek [1873, p. 479] 

MICROMITRA HAYDENI, new species 

PLATE 7, FIGURES 3 AND 3a 

Ventral valve subconical, with a minute beak arching slightly over 

a strong, arched pseudodeltidium, which is about one-half as long as 

the height of the valve. Cardinal slope rounded; a slight angle is 

indicated by a line where the concentric surface striz bend inward 

toward the pseudodeltidium across the narrow area; a sharp angle 

is formed where the convex pseudodeltidium rises abruptly from the 

area. 
Dorsal valve moderately convex, most elevated at the small umbo 

just in advance of the marginal, minute beak; area very low and 

narrow and without trace of pseudodeltidium as far as now known. 

Surface marked by fine, concentric, slightly undulating, thread- 
like strize and a varying number of irregular, more or less inter- 

rupted, narrow, depressed, rounded, radiating. ridges; these ridges 

are usually most numerous at the central portions of the valves. 
The concentric striae extend across the narrow area and arch over 

the pseudodeltidium, where they are finer and crowded together, so 

that all the striz between the apex and the front margin are com- 

pressed in about one-half the distance on the pseudodeltidium. The 

adult ventral valve is about 4.5 mm. in length by 5 mm. in width and 

2.5 mm. in height, with a pseudodeltidium 1.3 mm. in length. A 

dorsal valve 2 mm. in length has a height of about 0.5 mm. at the 

umbo. ‘The shell is rather thick for a species of this size and it is 

built up of several thin layers or lamelle. 

OBSERVATIONS.—WMicromitra haydeni differs from the nearest re- 
lated species, M. sculptilis (Meek) [1873, p. 479], in having a strong, 
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convex pseudodeltidium, less elevation of the ventral valve, and a 

thicker shell. MW. haydeni occurs near the base of the Middle Cam- 

brian and WM. sculptilis about 2,000 feet (609.6 m.) higher in the 

section of the Cambrian rocks of Utah and southern Idaho. 

The specific name is given in honor of Dr. F. V. Hayden, geologist 

and explorer, under whose charge the geology of this region was 

first studied. 

ForMATION AND Locarity.—Middle Cambrian: Limestone of the 

Langston formation, just above the Cambrian quartzitic sandstone 

beds, north side of Two Mile Canyon, near its mouth, 2 miles (3.22 

km.) southeast of Malad, Oneida County, Idaho. 

MICROMITRA SCULPTILIS ENDLICHI, new variety 

This form is represented by a single specimen of a ventral valve. 

The surface is similar to that of Micromitra sculptilis (Meek) 

[1873, p. 479], but the valve is more elongate, less elevated, and 

larger (5 mm. in diameter) than the specimens of the latter from 

the type locality. 
FoRMATION AND LocaLity.—Upper Cambrian: Limestone 2 miles 

(3.22 km.) north of Aurum, Schell Creek Range, White Pine 

County, Nevada. 

Subgenus IPHIDELLA Walcott [1905a, p. 304] 

MICROMITRA (IPHIDELLA) LOUISE, new species 

PLATE 7, FIGURES 4 AND 4a 

In form this species is not unlike Micromitra pealet (Walcott) 

[1897), p. 712] and the more elongate forms of M. ([phidella) pan- 

nula maladensis (Walcott) [1go5a, p. 306]. It differs from both 

species mentioned in its surface characters. In the latter respect it 

is more like M. (J.) nyssa (see p. 57), but the form of M. (J.) louise 

is more elongate and the apex of the ventral valve is nearer to the 

posterior margin; the shell also appears to have been thicker. The 

surface characters are exceedingly minute. Under a glass magni- 

fying twenty diameters, the surface looks much like that of W. (/.) 

pannula (White) [1874, p. 6]. The largest ventral valve in the 

collection has a length of 7.5 mm. and a width of 7 mm.; elevation, 

I mm. 

Micromitra (Iphidella) lowise is the oldest brachiopod known 

from the Cambrian of the Canadian Rocky Mountains. In the Lakes 

Louise and Agnes section it is 3,1co feet (944.9 m.) below the sum- 

mit of the Lower Cambrian and 2,750 feet (838.2 m.) below the 
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horizon which, on the basis of the associated faunas, is correlated 

with that at which MW. (J.) nyssa occurs in Montana. It occurs in a 

fine, hard, dark gray, siliceous shale in association with Hyolithes, 

Cruziana, and a fragment indicating the free cheek of a trilobite. 
ForMATION AND Locarity.—Lower Cambrian: Siliceous shale of 

the Lake Louise formation [ Walcott, 1908a, p. 5], 3,100 feet 

(944.9 m.) below the summit of the Lower Cambrian, in cliff rising 

from the southwest shore of Lake Louise, south of Laggan, on the 

Canadian Pacific Railway, Alberta, Canada. 

MICROMITRA (IPHIDELLA) NYSSA, new species 

PLATE 7, FIGURE 5 

Ventral valve subcircular in outline, with the posterior margin 

almost transverse; form depressed conical, with a minute beak in- 

curving over the pseudodeltidium. The cardinal slope is compressed 

in all the specimens, but it indicates that there was an imperfectly 

defined narrow area. Pseudodeltidium, as far as can be determined, 

broad and short, with its lower margin broadly arched. Dorsal valve 

slightly convex, beak marginal. No traces of a false area or pseudo- 
deltidium have been observed. 

Surface marked by concentric strize and lines of growth that are 

crossed obliquely by two sets of fine elevated lines. The crossing of 

the latter lines forms minute, shallow, rhomboidal pits, which give to 

the surface the appearance of a fine network. On the ventral valve 

the striz cross the pseudodeltidium. Shell substance corneous. 

OBSERVATIONS.—This is one of the largest shells of this genus. 
The ventral valve has a length of 11 mm. and a width of 13 mm. 

In form it resembles Micromitra (Paterina) labradorica ( Billings) 

[1861b, p. 6], and in surface characters, M. ([phidella) ornatella 

(Linnarsson) [1876, p. 25] and some varieties of M. (J.) pannula 

(White) [1874, p. 6]. 

ForMATION AND LocaLity.—Middle Cambrian: About 200 feet - 

_ (61 m.) above the base of the Wolsey shale, on ridge between Gor- 

don and Young creeks, about half way between Gordon Mountain 

summit and Cardinal Peak, Ovando quadrangle (U. S. G. S.), 
Powell County, Montana. 
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Subgenus PATERINA Beecher [1801, p. 345] 

MICROMITRA (PATERINA) STUARTI, new species 

PLATE 7, FicurEs 8 AND 8a 

Ventral valve subconical, with a minute beak arching slightly over 

a short pseudodeltidium. Cardinal slope with a rounded angle that 

extends from the beak to the postero-lateral margin and defines a 

very narrow, flattened area on each side of a high, triangular fissure 

that is covered for a short distance at the top by a very short, arched 

pseudodeltidium. 

Dorsal valve rather strongly convex for a species of this genus; 

the highest part is at about the center of the shell, from where the 

slope is very slight to the beak and rather rapid to the front margin. 

Beak marginal above a low, broad arching of the posterior margin of 

the shell; area shown only by a very narrow margin where the shell 

bends toward the median line; no trace of a pseudodeltidium has 

been observed. 
Surface marked by narrow, rounded, concentric thread-like striz 

or ridges with short striz between them. Shell substance corneous. 

The average size of adult shells is 8 mm. long by about the same 

width. 

OBSERVATIONS.—This is one of the larger species of the genus; it 

occurs quite abundantly in a compact, bluish-gray limestone in the 

lower portion of the Middle Cambrian terrane. Micromuitra 
(Paterina) superba (Walcott) [1897), p. 711] occurs 16 feet (4.8 m.) 

below and M. (Iphidella) pannula (White) [1874, p. 6] 70 feet 

(21.3 m.) below in the same section. 

This fine shell has a short pseudodeltidium much like that of MW. 

(P.) logani (Walcott) [1897, p. 711], but it differs in form and 

greater size; the same is true of M. (P.) crenistria (Walcott) 

[1897, p. 713]. It may be closely related to M. (P.) labradorica 

‘ utahensis (Walcott) [1905, p. 306], but the specimens of the latter 

are too imperfect for close comparison of form. 

The specific name is given for my son Benjamin Stuart, who 

assisted me in collecting the specimens during the summer of 1906. 

ForMATION AND LocaLrity.—Middle Cambrian: Limestones of 

the Ute formation [ Walcott, 1908a, p. 7], 185 feet (56.4 m.) above 

the Cambrian quartzitic sandstone beds, in Blacksmith Fork Canyon, 

about 8 miles (12.87 km.) above its mouth and 15 miles (24.14 km.) 

east of Hyrum, Cache County, Utah. 
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MICROMITRA (PATERINA) WAPTA, new species 

PLATE 7, FIGURE 6 

Shell large and thick for a species of this genus. Ventral valve 

depressed conical, with the apex above a narrow false area that is 

outlined by the abrupt curvature of the shell. As the shells usually 

occur compressed in the siliceous shale, the false area is concealed 

and the posterior slopes from the apex form a blunt angle at the 

apex. Dorsal valve transverse, moderately convex, with the pos- 

terior margin nearly straight and a little shorter than the greatest 

width of the valve; beak small, marginal; cardinal slope and false 

area unknown. 

Surface marked by concentric, slightly irregular, rounded lines 

and ridges of growth that are grouped in bands of varying width; a 

few radiating striz or lines occur on the central portions of one 

ventral valve; with a lens magnifying 20 diameters, an occasional 

roughness can be seen in reflected light on the surface of some of 

the concentric ridges. 

OBSERVATIONS.—This is one of the largest species of the genus. 

One ventral valve has a length and breadth of 14 mm. and several 

are 9 to I1 mm. in diameter. It compares in size with Micromitra 

(Iphidella) nyssa (see p. 57), from the same geological horizon in 

Montana, but the latter has a reticulate exterior surface of the M. 

(1.) pannula (White) [1874, p. 6] type. It was at first thought that 

this species might be the old shells of Acrothele collemi, new species, 

but a careful comparison with the younger stages of growth of M.(P.) 

.wapta shows that the latter has only indefinite traces of the highly 

ornate surface of Acrothele colleni, and that the apex of the ventral 

valve of M. (P.) wapta is imperforate and over the posterior margin 

and not on the general surface of the valve in advance of the margin, 

as in Acrothele colleni. ‘The two species were found associated on 

Mount Bosworth. M. (P.) wapta is of the same type as M. (P.) 

labradorica (Billings) [1861b, p. 6], M. (P.) prospectensis (Wal- 

cott) [1884, p. 19], and M. (P.) stissingensis (Dwight) [1880, 
p. 145]. It differs from all in having more irregular, less definite 

threadlike concentric lines, and in the manner in which the striz are 

assembled in ridges. 
ForMATION AND Locatity.—Lower Cambrian: Drift block of 

siliceous shale supposed to have come from the Mt. Whyte forma- 

tion [Walcott, 1908a, p. 4], south slope of Mount Bosworth, on the 

Continental Divide, one mile (1.61 km.) west of Stephen, on the 

Canadian Pacific Railway, British Columbia, Canada. 
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MICROMITRA (PATERINA) WILLIARDI, new species 

PLATE 7, FIGURE 7 

Iphidella major Watcort (in part), 1905, Proc. U. S. National Museum, 

XXVIII, p. 304. (Specimens now referred to M. (P.) williardi were 

included with the specimens representing M. (P.) major when this 

description was written.) 

Ventral valve subconical, with the apex over the posterior third 

of the subcircular margin of the valve; false area narrow, but 

clearly defined by a rather sharp angle on the cardinal slopes that 

breaks the curvature of the shell a short distance from the margin 

of the pseudodeltidium; pseudodeltidium broad, convex, with its 

1ower margin broadly arched, so as to leave a space between it and 

the general plane of the margin of the shell. Some specimens of 

the pseudodeltidium are uniformly rounded, in others there is a 

narrow groove extending from the apex to the base, and on some a 

very narrow faint ridge is indicated. 

Dorsal valve slightly convex, transverse, and slightly rounded at 

the cardinal margin. No-traces of a false area or pseudodeltidium 

have been observed. 

The cast of the interior of the apex of the ventral valve shows a 

small apical callosity with two radiating grooves extending upward 

toward the front lateral margin of the shell. 

Surface marked by very fine, strong, concentric, elevated strie. 

A specimen 10 mm. in diameter shows seven of these elevated striz in 

a distance of I mm.; the elevated strize are crossed by very fine trans- 

verse striz ; the elevated strize cross the false area parallel to its base 

and arch over the pseudodeltidium. 

A ventral valve 10.5 mm. in diameter has a height of 2.5 mm. 

OBSERVATIONS.—This species is closely related to Micromitra 

(Paterina) superba (Walcott) [1897), p. 711]. It differs in having 

a longer pseudodeltidium, more finely elevated striz on the surface, 

and a more sharply elevated apex to the ventral valve. It is the 

Lower Cambrian representative of M7. (P.) superba. 

The associated fossils are Obolus smithi (see p. 62), Wimanella 

shelbyensis (see p. 100), Micromitra (Paterina) major (Walcott) 

[1905a, p. 304], and numerous fragments of two or three species of 

Olenellus. 

ForMATION AND Locatity.—Lower Cambrian: Montevallo argil- 

laceous shale (1) 4 miles (6.44 km.) south of Helena; and (2) .25 

mile (.40 km.) northeast of Helena; both in Shelby County, Ala- 

bama. 
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Genus OBOLUS Eichwald [1829, p. 274] 

OBOLUS MEMBRANACEOUS, new species 

PLATE 7, FIGURE IT 

In size and outline this species is somewhat similar to Obolus 

feistmanteli (Barrande) [1879, pl. 106, figs. Iv: I-14; pl. 110, figs. 

vil: 1-4], but in its very thin, almost membranaceous shell it differs 

from that species and all other species of the genus known to me. 

Seven specimens were collected from a shaly, compact limestone, all 

as casts. Remnants of the corneous shell are preserved which show 

it to have been very thin, and the interior casts show that it did not 

retain any impressions of the animal sufficiently strong to be im- 

pressed on the cast. A short, rather narrow cardinal area occurs 

on both the ventral and dorsal valves. Outer surface smooth, with 

a few lines of growth. The largest ventral valve has a length of 

17 mm., with a width of 22 mm. A less distorted dorsal valve has 

the same length and width, 15 mm. 

FORMATION AND LocaLity.—Middle Cambrian: 4,250 feet (1295.+ 

m.) above the top of the Lower Cambrian and 860 feet (262.1 m.) 

below the Upper Cambrian, in shales of the Eldon formation [Wal- 

cott, 1908a, p. 3], at the north end of the amphitheater northwest of 

Mount Bosworth, on the Continental Divide, north of the Canadian 

Pacific Railway, British Columbia, Canada. 

OBOLUS PARVUS, new species 

PLATE 7, FIGURES 10 AND 10a 

Shell small, rarely over 2.5 mm. in diameter, moderately convex, 

nearly semicircular in outline. Ventral valve a little longer than 

wide and with the umbo curving gently to the minute marginal beak. 

Dorsal valve a little wider than long and with apex marginal. Sur- 

face marked by minute concentric striz of growth and an exceed- 

ingly fine network of irregular lines, that, with a lens magnifying 20 

diameters, gives it the appearance of the surface of Lingulella 

(Lingulepis) longinervis (Matthew) [1903, p. 133]. Nothing is 
known of the interior of the valves. 

OBSERVATIONS.—This small shell occurs in great abundance with 

Micromitra (Paterina) wapta (see p. 59), Wimanella simplex (see 

p. 101), Albertella helena Walcott [ 1908), p. 19], and other fossils of 

the fauna of the upper portion of the Lower Cambrian terrane in 

the Canadian Rocky Mountains. In form it resembles Obolus mint- 
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mus Walcott [1905a, p. 325] from China, but it differs in having a 

less elongate ventral valve and in its peculiar surface. 

ForMATION AND LocaLity.—Lower Cambrian: (1) 1,250 feet 

(381 m.) above Lake Agnes, in the shales of the Mt. Whyte forma- 

tion [Walcott, 1908a, p. 4], on the north slope of Mt. Whyte, about 

4 miles (6.44 km.) south of Laggan, on the Canadian Pacific Rail- 

way, Alberta; and (2) drift block of shale supposed to have come 

from the Mt. Whyte formation, on the south slope of Mount Bos- 

worth, on the Continental Divide, one mile (1.61 km.) west of 

Stephen, on the Canadian Pacific Railway, British Columbia, Canada. 

OBOLUS SMITHI, new species 

PLATE 7, FIGURES 9 AND 9a 

General form broadly ovate, with the ventral valve obtusely acu- 

minate and the dorsal valve subcircular, slightly transverse; con- 

vexity apparently moderate, judging from the specimens as they 

occur slightly flattened out in the calcareous shales. The shell was 

relatively strong and formed of a number of thin layers or lamelle 

that, toward the outer edge of the valve, were more numerous and 

gave a scaly appearance to the margins of the old shells. 

Surface marked by concentric lines of growth and numerous very 

fine, slightly irregular, undulating, concentric ridges upon which 

numerous very minute papilla occur, giving the surface, under a 

strong magnifying power, the appearance of being minutely granular. 

A ventral valve 6 mm. in length has a width of 6.75 mm. A 

slightly larger dorsal valve 7.5 mm. in length has a width of 8 mm. 

As shown in the cast, the area of the ventral valve is very short 

and divided by a relatively strongly marked, narrow pedicle furrow, 

the edges of which were elevated slightly above the general plane 

of the area. The cast of the interior shows that the visceral area 

was continued by a slight, narrow median ridge; the main vascular 

sinuses extended rather directly forward from the umbo nearly to 

the front of the shell, separating very gradually and bounding the 

interior third of the valve. Nothing has been observed of the 

muscle scars. 

The cast of the dorsal valve shows that it had a very short area 

that extended well out on the cardinal slopes; that a low central 

ridge extended a little more than half the length of the shell and 

was continued by a slight, narrow median ridge; the main vascular 

sinuses extend directly and obliquely forward well toward the front 

of the shell in about the same relative position as in the ventral 
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valve; the position of the transmedian and anterior-lateral muscle 

scars is indicated about half way between the main vascular sinuses 

and the postero-lateral margin of the valve. 

OBSERVATIONS.—This species is characterized by its finely granular 
surface, short cardinal area, and relatively thick shell. It has the 

general form of Obolus lamborni (Meek) [1871, p. 185] and Obolus 

willisi (Waleott) [1898), p. 418]. It differs from both of these 

species in having a granulated surface and shorter cardinal area. It 

is a Lower Cambrian form, but appears to be represented in the 

Middle Cambrian by Obolus willisi and in the Upper Cambrian by 

Obolus lamborni. The associated fossils are Wimanella shelbyensis 

(see p. 100), Micromitra (Paterina) major (Walcott) [1905, p. 

304], Micromitra (Paterina) williardi (see p. 60), and numerous 

fragments of two or three species of Olenellus. 

The specific name is given in honor of Prof. E. A. Smith, State 

Geologist of Alabama. 

FoRMATION AND LocaLity.—Lower Cambrian: Montevallo shale 

(1) 4 miles (6.44 km.) south of Helena; and (2) along road just 

north of Buck Creek, .125 mile (.20 km.) northeast of Helena; both 

in Shelby County, Alabama. 

OBOLUS TETONENSIS LEDA, new variety 

This is the Upper Cambrian representative of Obolus tetonensis 

Walcott [1901, p. 684] of the Middle Cambrian of the Teton Moun- 
tains. Stratigraphically it occurs over 2,000 feet (609.6 m.) higher 

in the Cambrian section of the House Range, and the localities are 

400 miles (644 km.) apart. The variety /eda differs from the species 

in having more numerous, fine, thread-like striz and in the fact that 

the ventral valve is usually more obtuse in old shells. 

FoRMATION AND LocaLity.—Upper Cambrian: 1,945 to 1,975 feet 

(592.8 to 601.9 m.) above the Middle Cambrian and 1,340 to 1,370 

feet (408.4 to 417.6 m.) below the top of the Upper Cambrian, in the 

siliceous limestones of the Notch Peak formation [ Walcott, 1908a, 

p. 9], on the slopes of Notch Peak, 5 miles (8.05 km.) southwest of 

Marjum Pass, House Range, Millard County, Utah. 

OBOLUS WORTHENI, new species 

PLATE 7, FIGURE 17 

General form subcircular, with the ventral valve very obtusely acu- 
minate and the dorsal valve slightly transverse, both valves slightly 

convex ; ventral valve with the beak at the posterior margin, which 

rises slightly from the general plane of the margin of the valve; the 

minute beak of the dorsal valve is at the posterior margin. 
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Surface marked by sharp, fine, concentric striz and fine imbri- 

cating lines of growth; on some shells low, irregular, more or less 

obscure and interrupted radiating ridges occur. Shell of medium 

thickness and built up of several layers or lamellae. The average 

diameter of the valves is 3 mm. 

The interior of the ventral valve shows a short, flat area divided 

midway by a narrow pedicle furrow; the visceral area, which is 

about one-third the length of the valve, is shown only in outline; the 

main vascular sinuses are strong and ‘situated about midway between 

the median line and the lateral margins of the valve; the surface 

outside the visceral area in both valves is marked by fine concentric 

furrows and large scattered puncte, much like those of Obolus 

(Westonia) escasoni (Matthew) [1901, p. 270]. The interior of 

the dorsal valve has a short area with a broad pedicle groove; strong, 

curved main vascular sinuses extend from beneath the area well 

toward the front of the valve; they are subparallel to the margin 

and are situated about one-third the distance from the margin to the 

median line of the valve; the visceral area is outlined in about one- 

half the length of the valve; a narrow deep sinus extends from each 

side of the anterior end and then curves outward to the front margin. 

OBSERVATIONS.—This shell was at first thought to be the young 
of Obolus tetonensis Walcott | 1901, p. 684], but with the finding of 

a good series it was found to have a nearly circular ventral valve 

instead of subacuminate, as in O. tetonensis, and it is less convex in 

the same character of matrix. In form Obolus wortheni resembles 

Obolus discoideus (Hall and Whitfield) [1877, p. 205], but it differs 

in being more circular in outline and in having a thinner shell. 

ForRMATION AND LocaLity.—Upper Cambrian: Limestone of the 

St. Charles formation [ Walcott, 1908a, p. 6] about 250 feet (76.2 m.} 

above the Middle Cambrian, on the north side of Two Mile Canyon, 

near its mouth, 2 miles (3.22 km.) southeast of Malad, Oneida 

County, Idaho. 

FORDINIA, new subgenus of OBOLUS 

This subgenus of Obolus is proposed for species having a Lingu- 

lella-like outline and form with the development of a tendency to 

form a platform or thickening in the valves in connection with the 

attachment of the muscles in the ventral valve, and a thickening in 

the posterior portion of the dorsal valve back of the central muscle 

scars. The type of the subgenus, O. (F.) perfectus (see p. 65), has 

these characters well developed. Another species, O. (F.) bellu- 

lus (Walcott) [1905a, p. 323], has the cardinal area of the ventral 

valve more united with the visceral area than it is in O. (F.) per- 
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fectus and the raised area in the dorsal valve is much smaller. In 

O. (F.) gilberti (see below) the thickened areas are much smaller 

than in the other two species. These three species appear to be 

forms intermediate between Obolus and Elkania. 

Typr.—Obolus (Fordinia) perfectus, new species. 

OBOLUS (FORDINIA) GILBERTI, new species 

PLATE 7, FIGURES I5 AND I5a 

This shell was first thought to belong with Dicellomus politus 

(Hall) [1861, p. 24]. It differs from that species in the character 

of the interior of the dorsal valve and in the narrowing of the umbo 

as it merges into the apex. The nearest related species is Obolus 

(Fordinia) bellulus (Walcott) [1905a, p. 323]. It differs from the 

latter in being more convex and in the narrowing of the umbo toward 

the apex. 

The average size of the ventral valve is from 4 mm. to 5 mm. in 

length by 3 mm to 4 mm. in width. The dorsal valve is a little 

shorter than the ventral. 

The generic reference is based on the interior of the dorsal valve, 

which is similar to that of O. (F.) bellulus. 

FoRMATION AND LocaLity.—Middle Cambrian: About 3,000 fect 

(914.4 m.) above the top of the Lower Cambrian and 1,400 feet 

(526.7 m.) below the Upper Cambrian, in gray, more or less thin- 

bedded limestones of the Marjum formation [ Walcott, 1908a, p. 10], 

south side of Marjum Pass, in cliff southeast of divide, House 

Range, Millard County, Utah. 

OBOLUS (FORDINIA) PERFECTUS, new species 

PLATE 7, FIGURE 16 

General form elongate oval-biconvex; beaks marginal. Surface 

marked by concentric lines and striz of growth that gather irregu- 

larly in small ridges on the anterior two-thirds of adult shells; very 

fine, obscure, radiating lines are preserved on some specimens of the 

outer surface. A shallow, narrow, median sinus occurs on each 

valve on which the striz arch slightly backward. Substance of shell 

apparently calcareo-corneous. The shell is strong and built up of 

numerous layers or lamellz that, except toward the beaks, are oblique 

to the outer layer. 

Ventral valve broad ovate, with a rather blunt subacuminate beak ; 

very young shells are broad oval in outline. Area short, and on the 
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plane of the edges of the valve; it is divided midway by a narrow 

pedicle furrow that interrupts the transverse striz of growth. 

Dorsal valve a little shorter and more rounded at the beak; area 

short and marked by transverse strie of growth; both valves mod- 

erately convex. 

The interior of the ventral valve shows what appears to be a short 

continuation of the cardinal area forward into the valve before the 

slope into. the visceral cavity; it is as though an area with lines of 

growth was added to the reversed area of the ventral valve of 

Elkania desiderata (Billings) [1862, p. 69]. The front margin of 
the area merges in Obolus (Fordinia) perfectus into the thicker shell 

back of the visceral cavity, much as in Obolus (F.) bellulus (Wal- 

cott) [1905a, p. 323]. The pedicle furrow extends forward from the 
posterior margin across the true area and its anterior extension to 

the visceral cavity. The visceral area is bordered by two ridges 

that diverge from the sides of the pedicle furrow and extend forward 

about one-third the length of the valve; these ridges widen toward 

the front, and where they terminate there appear to be two or three 

minute muscle scars corresponding to the outside and middle laterals 

and central scars of Obolus; outside of the ridge there is a furrow 

that was probably occupied by the main vascular canal, and, beyond, 

two narrow elongate spaces in which the transmedian and anterior 

lateral muscle scars appear to be situated; all the furrows head 

back against the thickened shell in front of the cardinal area; the 

surface of the interior of the valve is marked by concentric lines and 

very fine radiating striz. 

The dorsal valve has a short, strong median ridge in front of the 

cardinal area, and well toward the center of the valve a narrow, 

sharp median ridge; on each side of the latter, where it begins pos- 

teriorly, the small, oval, central muscle scar occurs, and, at its an- 

terior end, the two elongate, oval anterior-lateral scars that are 

larger than the centrals; on the thickened postero-lateral portions of 

the valve the transmedian and outside and middle lateral muscle 

scars occur close to the outer margin. The surface of the visceral 

cavity is smooth, but in front of it the minute, irregular vascular 

markings are very ornate; a few radiating strie also occur. 

The two interiors described are unusually distinct; usually the 

various parts and scars are more or less obscure. 

OBSERVATIONS.—This species approaches Obolus (Fordinia) gil- 
berti (see p. 65) more nearly than any other species of the genus. 

It differs in the presence of the sinus in both valves;:in being less 

convex ; in its less pointed beak, and in its strongly marked interior. 
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It occurs over 1,000 feet (304.8 m.) higher up in the section of the 

Middle Cambrian limestones than O. (F.) gilberti. The interior of 
its ventral valve is somewhat like that of O. (F.) bellulus (Walcott) 

[1905, p. 323], but it differs from that and all species of Fordinia 

in having in both valves a cardinal area that has not been merged into 

the reversed area of the ventral valve as in the other species referred 

to Fordinia. 
FoRMATION AND LocaLity.—Middle Cambrian: About 3,750 feet 

(1,143 m.) above the top of the Lower Cambrian and 650 feet 

(198.1 m.) below the Upper Cambrian, in the shaly limestones of 

the Weeks formation [ Walcott, 1908a, p. 10], north side of Weeks 

Canyon, 3.5 miles (5.63 km.) south of Marjum Pass, House Range, 

Millard County, Utah. 

Subgenus WESTONIA Walcott [1901, p. 683] 

OBOLUS (WESTONIA) DARTONI, new species 

PLATE 7, FIGURE 14 

This species has the general form and convexity of Obolus (Wes- 

tonia) euglyphus (Walcott) [1898), p. 402], but it differs in the 
dorsal valve being narrower posteriorly. The surface of the two 

species differs very much, that of O. (W.) dartoni being of the O. 
(Westonia) ella (Hall and Whitfield) [1877, p. 232] type and not 

like that of O. (W.) euglyphus. From O. (W.) ella this species 

differs in being more elongate in outline and in having the surface 

more clearly marked by the crossing of the minute ridges; these 

ridges are slightly irregular and curve from near the umbo obliquely 

across the shell toward the lateral and front margins. The largest 

ventral valve has an indicated length of from 12 to 15 mm.; width, 

g mm. 

The specific name is given for Mr. N. H. Darton, of the U. S. 
Geological Survey, who collected the specimens. 

ForMATION AND LocaLity.—Middle Cambrian: Sandstones just 

above the granite, west of Garfield Peak, 50 miles (80.47 km.) west 
of Casper, Natrona County, Wyoming. 

OBOLUS (WESTONIA) ELLA ONAQUIENSIS, new variety 

This variety is represented by a number of more or less imperfect 

specimens that at first sight might be placed with Obolus (Westonia) 

ella (Hall and Whitfield) [1877, p. 232], but the character of the 

surface clearly distinguishes the two forms. In typical forms of O. 

(WV .) ella the transverse strie are more regular, while in this variety 

FN 
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they are in the form of sharp, finely zigzag, transverse striz much 

like the shells from the Big Horn Mountains of Wyoming. This 

surface is formed by the interruption of very fine, sharp ridges that 

curve from the umbo outward toward the sides and front of the shell 

like engine-turning strize on a watch-case. 

FORMATION AND LocaLIty.—Middle Cambrian: Shales about 400 

feet (122 m.) above the quartzitic sandstones, from high peak south- 

west of Lookout Pass, Onaqui Range, west of Vernon, Tooele 

County, Utah. 

OBOLUS (WESTONIA) ELONGATUS, new species 

PLATE 7, FIGURE I2 

General form elongate oval, with the ventral valve acuminate and 

the dorsal valve elongate oval. Convexity unknown, as the shells 

are all flattened by compression. 

The outer surface is marked by fine concentric lines of growth 

crossed by a series of finely denticulated, imbricating lines that start 

on each cardinal slope and extend obliquely forward across the 

median line, and then curve out toward the sides of the shell; minute 

rhomboidal spaces are formed over the posterior and central portions 

of the shell by the crossing of the oblique lines; the denticulated 

margin faces forward and is seen only on the thin epidermal layer, 

while the general system of oblique lines shows on both the outer 

layer and the next inner layer of the shell. 

The shell is built up of several thin layers or lamellae. The 
largest specimen of the ventral valve has a length of 9 mm.; width, 

5 mm.; a dorsal valve 6 mm. long has a width of 4 mm. Nothing 

is known of the interior of these valves. 

This is a more elongate species than O. (W.) bottnica (Wiman) 

[1902, p. 51] and O. (W.) finlandensis (Walcott) [1902, p. 611]. 

The oblique surface lines have the same general direction as those 

of the latter species, but they are finely denticulated on their front 

margin and cross at the center at a greater angle. 

FoRMATION AND LocaLity.—Middle Ordovician: Gray, siliceous 

shales just below a band of quartzitic sandstones, probably corre- 

sponding in position to the upper part of the Simpson formation of 

the Oklahoma section ; Wasatch Canyon, 5 miles (8.05 km.) north of 

Brigham, Box Elder County, Utah. 
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OBOLUS (WESTONIA) NOTCHENSIS, new species 

PEATS 7, FIGURE 13 

This species is represented by two specimens of the ventral valve 

that have the general outline of Lingulella ampla (Owen) [1852, 

p. 583]. The exterior surface is marked by concentric lines of 

growth and transverse, irregular, imbricating lines much Jike those 

of O. (W.) stoneanus (Whitfield) [1882, p. 344] and O. (W.) iphis 

Walcott [1g05a, p. 336]. The form of the valve differs from that 

of the latter species. 

The largest specimen has a length of 11 mm., with a maximum 

width of 9 mm. 
ForMATION AND LocaLity.—Lower Ordovician: ‘Thin-bedded, 

bluish-gray limestone; at the summit of Notch Peak, House Range, 

Millard County, Utah. 

OBOLUS (WESTONIA) WASATCHENSIS, new species 

PratE 8, FIGURES I AND Ia 

This species is founded on some large shells that differ from 

Obolus (Westonia) ella (Hall and Whitfield) [1877, p. 232] in 

attaining a larger size and greater proportional width and in having 

the surface marked by radiating lines that extend from the umbo 

with a gentle curvature toward the sides and front of the shell, so 

as to terminate at right angles to the margin, very much as in O. 

(W.) finlandensis Walcott [1902, p. 611]. 
In the Blacksmith Fork section of the Middle Cambrian terrane, 

in the Wasatch Mountains of northern Utah, O. (W.) wasatchensis 

occurs 1,590 feet (484.6 m.) higher in the section than O. (W.) ella. 

FoRMATION AND LocaLiry.—Middle Cambrian: (1) Shales about 
g50 feet (289.6 m.) above the Cambrian quartzitic beds, 2 miles 

(3.22 km.) southeast of Muskrat Spring, on the northwest face of 

Grantsville Peak, Stansbury Range, Tooele County; (2) about 1,700 
feet (518.2 m.) above the Cambrian quartzitic beds; (3) about 

2,300 feet (701 m.) above the Cambrian quartzitic beds; and (4) 

a drift block supposed to have come from the horizon of (2); all 

three in Wasatch Canyon, east of Lakeview Ranch, 5 miles (8.05 

km.) north of Brigham, Box Elder County; (5) about 1,500 feet 

(457.2 m.) above the Cambrian quartzitic beds, one mile (1.61 km.) 

northwest of Geneva (Copenhagen), east of Brigham, Box Elder 
County ; (6) about 3,150 feet (960.1 m.) above the top of the Cam- 
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brian quartzitic sandstones and 1,050 feet (320 m.) below the Upper 

Cambrian in thin-bedded limestones of the Bloomington formation 

[ Walcott, 1908a, p. 7]; and (7) about 2,100 feet (640.1 m.) above 
the top of the Cambrian quartzitic sandstones and 2,090 feet (637 m.) 

below the Upper Cambrian in the shales of the Bloomington forma- 
tion; both about 8 miles (12.87 km.) above the mouth of Blacksmith 

Fork, and 15 miles (24.14 km.) east of Hyrum, Cache County; all 
in Utah.” (8) About 2,000 feet (609.6 m.) above the Cambrian 
quartzitic beds and 1,200 feet (365.8 m.) below the Upper Cambrian, 

in the shales of the Bloomington formation, on the south side of 
Two Mile Canyon near its mouth, 2 miles (3.22 km.) southeast of 

Malad, Oneida County, Idaho. 

MICKWITZELLA, new subgenus of OBOLUS 

Obolus (Thysanotos) MicKkwitz, 1896, Mem. Acad. Imp. Sci., St. Péters- 

bourg, 8th ser., IV, No. 2, pp. 194-195. (Characterized in German as 

a new subgenus; see below for translation.) 

Obolus (Thysanotus) Mickwitz, Watcort, 1901, Proc. U. S. National 

Museum, XXIII, p. 683. (Characterized.) 

Not Thysanota Axv., 1860. 

OrrcinaL Drescrrprion By MicKwitrz.—The subgenus Thysa- 
notos, containing a single species, O. siluricus Eichwald, differs from 

the Cambrian subgenera Euobolus and Schmidtia mainly by the 

fringed anterior border of the growth lamellz of its valves and by 

the concentric striation arranged parallel to the posterior edge of 

these lamellae—two features that point to a peculiar organization of 

the edge of the mantle. ‘The last-mentioned peculiarity appears also 

in the subgenus Acritis.” 
TypPrE.—Obolus siluricus Eichwald [1843, p. 7]. 

Genus LINGULELLA Salter [1866), p. 333] 

LINGULELLA BUTTSI, new species 

PLATE 8, FIGURE 6 

General form elongate ovate, with the ventral valve bluntly acu- 
minate and the dorsal valve a little more rounded on the posterior 

margin; both valves rather strongly convex. ‘The greatest convexity 

of the dorsal valve is at the umbo, and of the ventral valve along the 

central section. A ventral valve 12 mm. in length has a convexity 

of 2 mm., and a dorsal valve 8 mm. long arches 1.75 mm. above the 

plane of the margin. A narrow, median, slightly flattened, almost 

concave space, that extends from the apex to the front margin, 

occurs on the dorsal valve. The exterior surface of the shell is dull 
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dark bluish-gray and the inner layers shiny bluish-black. The outer 
surface is marked by concentric striz, and lines of growth with a 

few indistinct radiating strie; the striz on the dorsal valve bend 

slightly backward where they cross the median, flattened space. The 

inner layers have many concentric striz; also numerous fine radi- 

ating strie. The shell is built up of several layers or lamellz, so as 

to be strong in the umbonal region and thin toward the edges. 

The largest ventral valve in the collection has a length of 12 mm. 

and a maximum width of 9.5 mm. at the anterior third of its length; 

a dorsal valve 10 mm. long has a width of 7 mm. 

-A partially exfoliated ventral valve indicates the presence, on 

each side of the visceral area, of a strong ridge somewhat similar to 
that in Lingulella acutangula (Roemer) [1849, p. 20]. 

OssERVATIONS.—This fine shell has the general outline of the 
group of small shells of which Lingulella ferruginea Salter [Salter 
and Hicks, 1867, p. 340] is typical. It differs from them in its large 

size and strong shell. All of the larger species of Lingulella are 

either more acuminate or broader in outline. 

The material was collected by Mr. Charles Butts, of the United 
States Geological Survey, and I take pleasure in naming the species 
after him. 

FoRMATION AND LocaLity.—Upper Cambrian: (1) Limestones in 
cut on Louisville and Nashville Railroad, near Woodstock; and (2) 

limestones near Kimbrel; both in Bibb County, Alabama. 

LINGULELLA TEXANA, new species 

PLATE 8, FIGURE 5 

This is a small but distinctly marked species, represented by two 

dorsal valves occurring in the Middle Cambrian limestones of central 

Texas. The dorsal valves are oval and quite strongly convex. The 
shell appears to have been rather thick, and the outer surface is 

marked by strong, radiating striz, which are characteristic of the 

species. The striz are crossed by fine, concentric striz and lines 

of growth. The position of the muscle scars and the size and char- 

acter of the area are shown by fig. 5. 

ForMATION AND LocaLity—Middle Cambrian: (1) Limestone 
near Honey Creek; and (2) limestone near Morgan Creek; both in 

Burnet County, Texas. (3) Sandstones of Potosi formation, on 
Flat River, Missouri. 
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Subgenus LINGULEPIS Hall [1863, p. 120] 

LINGULELLA (LINGULEPIS) ACUMINATA SEQUENS, new variety 

PLATE 8, FIGURE 4 

Glossina acuminata Hat, and CiarKe [not Conrad], 1892, Eleventh 

Ann. Rept. State Geologist New York for 1891, pl. 1, figs. 10, 11. (No 

text reference. ) 

Lingula (Glossina) acuminata Haty and CrarKe [not (Conrad) ], 1892, 

Nat. Hist. New York, Paleontology, VIII, Pt. 1, pl. 1, figs. 1, 2. (No 

text reference. Figures 1 and 2 are copied from pl. I, figs. Io and 11, 

of the preceding reference. ) 

This variety differs from Lingulella (Lingulepis) acuminata (Con- 

rad) [ 1839, p.64] in being somewhat less attenuate in its ventral valve 

and in having the cardinal slope of the ventral valve straight instead 

of gently incurved. It occurs at a slightly higher geologic horizon © 

than L. (L.) acuminata and appears to be a form derived from that 

species. 

Judging from Messrs. Hall and Clarke’s illustrations [1892a, pl. 1, 

figs. 10 and 11], they had representatives of this variety of L. (L.) 

acuminata and mistook them for the form illustrated by Hall [1847, 

p.9] as Lingula acuminata. ‘That figure represents a typical form of 

L. (L.) acuminata and is not the variety illustrated by Hall and 

Clarke in 1892. 
The specimens illustrated by Messrs. Hall and Clarke are given 

as from the Calciferous sandstone in Saratoga County, New York. 

The specimen which I have taken as the type of this variety is from 

Division A of the Beekmantown formation. 

ForRMATION AND LocaLity.—Ordovician: Beekmantown forma- 

tion, Division A; quarry near the northwest suburb of Ticonderoga, 

Essex County, New York. 

NEOBOLUS Waagen [1885, p. 756] 

Neobolus WAAGEN, 1885, Mem. Geol. Survey India, Paleontologia Indica, 

13th ser., Salt Range Fossils, I, Pt. 4, fas. 5, pp. 756-758. (Described 

and discussed as a new genus.) 

Davidsonella WAAGEN, 1885, idem, pp. 762-764. (Described and discussed 

as a new genus. ) 

Not Davidsonella MUNIER-CHALMAR, I880. 

Lakhmina OE€HLERT, 1887, Manuel de Conchyliologie, by Fischer, p. 1265. 
(Described in French.) 

Lakhmina Oehlert, WAAGEN, 1891, Mem. Geol. Survey India, Paleontologia 

Indica, 13th ser., Salt Range Fossils, IV, Pt. 2; description of plate 

11, figs. 3-4. (No text reference.) 
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Lakhmina Oehlert, Hatt and CrarKe, 1892, Eleventh Ann Rept. State. 

Geologist New York for 1891, pp. 234-235. (Described.) 

Neobolus Waagen, Haut, and CLarKE, 1892, idem, p. 245. (Described. 

Lakhmina Oehlert, Hat, and Crarke, 1892, Nat. Hist. New York;, 

Paleontology, VIII, Pt. 1, pp. 28-30. (Described and discussed.) 

Neobolus Waagen, Hatt and CrarKke, 1892, idem, p. 84. (Described and 

discussed. ) \ 

General outline of shells broad oval to subcircular; nearly equi- 

valve, moderately convex. Shell substance calcareo-corneous and 

probably phosphatic, structure laminated. Surface with concentric 

striation. Shell strong for its size and built up on its anterior and 

lateral margins of several thin layers or lamella. Apex of ventral 

valve small and slightly projecting over a low false area that appears 

to have an open delthyrium. Apex of dorsal valve marginal. 

The interior of the ventral valve has a strong rounded central ridge 

extending from the narrow area about one-third the length of the 
shell, and a strong ridge on each side that extends from the same 

point of origin as the central ridge obliquely forward nearly to the 

frontal margin of the shell.t Between the central ridge and the 

posterior portions of the lateral ridges there are slightly concave 

shelves forming with the central ridge a triangular platform, with 

an open space beneath the concave shelves; numerous radiating striz 

occur on the concave shelves and the inner surface of the shell. 

Of the muscular impressions in the ventral valve, Dr. Waagen 

wrote [1885, p. 762] that “nothing can be observed.” Considered 

from the point of view of the Trimerellide, this may appear to be 

correct; but if we compare the muscle scars of Obolus with what 

appear to me to be points of attachment of muscles, there is no diffi- 

culty in recognizing a few scars. Just beneath the outer extension 

of the narrow area of the ventral valve there is a minute, clearly 

defined elongate oval space that corresponds to the divided umbonal 

muscle scar in Obolus apollinis Eichwald [1829, p. 274]. Near the 

outer margin, on a line with the anterior portion of the central ridge, 

there is a narrow elongate space which, under a strong reflected 

light, is seen to be divided diagonally by a slight, narrow, raised line. 

Compared with Obolus, this space is the point of attachment of the 

transmedian and anterior lateral muscle scars. It is probable that 

the outside and middle lateral muscle scars and the centrals were 

attached to the platform, but there are no defined muscle scars 

upon it. 

*T do not find any indication of the incurving of these ridges as described 

and illustrated by Dr. Waagen [188s5, p. 762, pl. Lxxxv, fig. 6]. 
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The interior of the dorsal valve has several very unusual char- 

acters. There is no true cardinal area, unless the thick margin of 

the shell be considered as such. From the center of the cardinal 

margin a strong flat process, marked by concentric lines of growth, 

projects forward into the valve and rises a little above the plane of 

the margin of the valve. Dr. Waagen [1885, p. 763] calls attention 

to the resemblance between this process and the tooth of Trimerella 

dindstromi. From beneath the median process a short thick plat- 

form projects upward and forward into the valve; it is as wide as 

the process at its base, expanding toward.its front margin. It is 

concave between its lateral crests, and the outer slopes are slightly 

‘concave from the crest to the body of the shell. In front the 

concave space and crests terminate rather abruptly above the front 

face, which in turn is underlain by a transversely hollow space of 

unknown extension beneath the platform. ‘Toward each end of the 

frontal area a minute depression appears to indicate the point of 

attachment of a muscle. A narrow, rounded median septum extends 

from beneath the platform well toward the front of the shell. Two 

more or less interrupted and obscure ridges, indicating the main 

vascular trunks, extend from the front antero-lateral angles at the 

base of and at the side of the platform obliquely outward into the 

valve. The elongate smooth spaces outlined by Dr. Waagen [1885, 
pl. LXxxv, fig. 6] in his illustrations of this valve are too indefinite 

to be given form in the drawing of the only specimen showing the 

interior. What appears to be a small muscle scar occurs at the 

cardinal angle; it corresponds in position to the transmedian scar of 

Obolus. 
Typr.—Neobolus warthi Waagen. 
OpsERVATIONS.—Through the courtesy of Dr. T. H. Holland, 

Director of the Geological Survey of India, I received the type speci- 

mens of Neobolus, Davidsonella, and Lakhmina, studied, described, 

and illustrated by Dr. Waagen. With these before me, I find that 

the elaborate figures of Waagen [1885, pl. LXxxxv] are diagrammatic 

to a considerable extent; also that I cannot clearly recognize some of 

the characters noted by Dr. Waagen. : 
Dr. Waagen’s original description [1885, p. 762] of the genus 

“Davidsonella’ is very full and he also gives a detailed description of 

the type species “D. linguloides.” Dr, Gthlert [1887, p. 1265] evi- 

dently based his description of “Lakhmina”’ on Waagen’s description 

and illustrations, apparently not noting that Waagen stated in his 

text [1885, p. 762] that the elongate areas on the sides of the inte- 
rior of the shell were not muscle scars, but that he considered them 
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as smooth areas outside the crescent. Dr. Cthlert [1887, p. 1265] 

says also that Lakhmuina has “a straight and projecting beak per- 
forated for the passage of the foramen,” and reproduces Dr. 

Waagen’s figures showing a deep pedicle furrow. Only one shell 

shows the apex of the ventral valve and the small false area beneath, 

and one other of the interior shows the true area and a triangular 

depressed spot at the center. A fracture at the center has broken 

out a bit of the shell, which gives rise to the narrow, deep furrow 

described by Waagen. ‘The ventral valve has a false area beneath 

the apex; a true area on a plane with the margins of the valve. 

When looking over the types of Neobolus and Lakhmuina for the 

purpose of having illustrations made of them, I noted that there was 

a strong resemblance between the shells of the two genera; but, 

having the impression that the ventral valve of Lakhmina had a 

pedicle opening at the apex, drawings were arranged on the plates 

under the conception that Lakhmina belonged with the Neotremata. 
Dr. Charles Schuchert noted the same resemblance when looking 

over the plates of this monograph and called my attention to it. I 

then made a careful study of all of the specimens, and by the use 

of acid developed several interiors of dorsal valves. I found that 

the supposed perforation of the apex of the ventral valve of Lakh- 

mina was the result of the breaking out of the minute apex; that 

the dorsal valve of Neobolus warthi was the same as the dorsal valve 

of Lakhmina linguloides, and that two genera and four species had 

been based on specimens of Neobolus wart. 

The external characters of all of the shells referred to Neobolus 

and Lakhmuna are the same. Only one specimen of the interior of 

the ventral valve that shows anything of the platform beneath the 

visceral area occurs in the collections; this was referred to Lakhmina 

by Waagen, but the accompanying dorsal valves were first described 

as Neobolus. By comparing the illustrations of Waagen [1891, 

pl. m], the student will notice that figure 8c of the interior of the 

dorsal valve of Neobolus is essentially the same as the interior of 

the dorsal valve of Lakhmuna, figure 4c, with the exception of the 

thickened platform. 

It may seem as though it were forcing unlike forms into one 

species to place all these specimens together, but with our present 

information it appears to be necessary to do so. 

All authors have classified the shells described as Lakhmina with 

Trimerella linguloides, and Hall and Clarke [18920, p. 29] state that 

in the present condition of knowledge it must be regarded as the 

earliest representative of the Trimerelloid brachiopods. The ex- 
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ternal form is similar to that of Obolus and the interior characters 

might readily have been developed from that genus. 

Genus DICELLOMUS Hall [1873, p. 246] 

DICELLOMUS PARVUS, new species 

PLATE 8, FIGURES 2 AND 2a 

General form ovate, with the ventral valve subacuminate and 

dorsal valve broad oval to subcircular. Valves moderately convex. 

Surface of outer shell dark and polished; it is marked, when not 

abraded, by fine, clearly defined, concentric strize and occasional lines 

of growth. The largest ventral valve has a length of 2.5 mm. and a 

width of 2mm. ‘The shell is strong but not thick. Shell substance 
apparently calcareo-corneous. 

Ventral valve uniformly convex, except that the slopes toward the 

cardinal margins are more abrupt than elsewhere; apex appears to 

be marginal. The interior of the valve shows a short, low median 

ridge in the center of the visceral cavity; on each side and a little 

in front of the end of the median ridge are the trapezoidal areas 

for the attachment of muscle scars; rather small, composite cardinal 

muscle scars occur close to the cardinal margins. 

Dorsal valve somewhat less convex than the ventral; apex mar- 

ginal. The interior of the valve shows well-defined composite car- 

dinal muscle scars, a narrow median septum, and a faintly impressed 

main vascular sinus that curves outward and forward at about one- 

third the distance from the outer margin to the median septum; the 

central muscle scars are small and situated back of the center of the 

valve on each side of a low median swelling on which the median 

septum occurs; the position of the anterior lateral muscle scars is 

indicated at the end of the median septum a little in advance of the 

center of the valve. 

OBSERVATIONS.—This minute shell has the generic characters of 

Dicellomus politus (Hall) [1861, p. 24], but it differs specifically in 

its minute size and in the position of the muscle scars in the dorsal 

valve. 

FoRMATION AND LocaLity.—Middle Cambrian: (1) Ch’ang-hia 
limestone, 2.5 miles (4.02 km.) southwest of Yen-chuang, Sin-t'ai 

District, Shantung, China; and (2) from a fine-grained bluish-black 

limestone river drift block one mile (1.61 km.) south of Ch’6ng-ping- 

hien, on the Nan-kiang River, southern Shensi, China. 
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DICELLOMUS PROLIFICUS, new species 

PLATE 8, FIGURES 3 AND 3a 

This species differs from Dicellomus politus (Hall) [1861, p. 24], 

to which it appears to be most nearly related, by the greater con- 

vexity of the ventral valve, its higher umbo, and, in most shells, a 

greater narrowing toward the apex. The dorsal valve differs from 

that of D. politus in being more rounded on the cardinal margins. 

It is also to be noted that no traces of muscle scars or vascular mark- 

ings have been observed on many interiors and casts of the interior 

of the valves, while in D. politus they are prominent on most casts 

and often on the interior of the valves. “The range of outline of the 

valves of D. politus might include those of D. prolificus, but the con- 

vexity of the ventral valve and the smooth interior seem to dis- 

tinguish the latter species. 

Great numbers of the separated valves occur in several thin layers 

of gray limestone near the summit of the cliffs on the south side of 

Marjum Pass. 

FoRMATION AND LocaLity.—Middle Cambrian: 2,900 feet (883.9 
m.) above the top of the Lower Cambrian and 1,500 feet (457.2 m.) 

below the Upper Cambrian, in gray, thin-bedded limestone of the 

Marjum formation [Walcott, 1g08a, p. 10], south side of Marjum 

Pass, in cliff southeast of the divide, House Range, Millard County, 

Utah. 

Genus BOTSFORDIA Matthew [1801, p. 148] 

BOTSFORDIA ? BARRANDEI, new species 

Brachiopode, nouy. gen., DE VERNEUIL and BaARRANDE, 1860, Bull. Soc. 

Geol. France, 2d ser., XVII, pp. 536-537, pl. vit, figs. 5, 5a-e. (De- 

scribed and discussed in French as a new genus.) 

Acrothele Pomprcky [not Linnarsson], 18995, Jahrb. kais.-k6nig. geol. 

Reichsanstalt, Bd. XLV, Heft 3, p. 603. (Discussed in German; see 

below for translation.) 

Of this species Dr. Pompeckj [1896, p. 603] writes: 

“From Barrande’s description and figure, it is not quite easy to 
interpret this species. I have before me several specimens of a 
brachiopod from Coulouma, in the Department of Herault, which 
Miquel [1893, p. 4] mentioned as ‘la Discina’ I regard this form 
from southern France as belonging to the genus Acrothele, and be- 
lieve that it is probably identical with the species mentioned by 
de Verneuil, Barrande, and Barrois as occurring in Spain.” 

With the specimens collected by M. Miquel before me, and which 

I have named Acrothele bergeroni (see p. 83), I do not think we 



78 SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 53 

can consider them to be the same as the form described by de Ver- 
neuil and Barrande [1860, p. 536]. 

From M. Barrande’s description and illustration, the following 

note is written: The shell is about as wide as long, suboval, with 

pointed beaks; valves moderately convex, with the ventral a little 

more so than the dorsal. There is a small area on each valve, but 

no trace of a triangular false deltidium. Beak of ventral valve with 

a minute pedicle opening. Surface with fine, distinct, concentric 

striz. Substance of shell calcareous. 

A shell 13 mm. in length has the same width, and the thickness 

of the two valves united is 5 mm. 

M. Barrande thought that a new genus was indicated, but in the 

absence of interior characters decided not to name the genus or 

species. The perforate ventral valve and area suggested Siphono- 
treta to him, but the calcareous shell was opposed to it. 

- I have provisionally referred the shell to the genus Botsfordia 

and have named it after M. Barrande, whose memory all paleon- 

tologists take pleasure in recalling. 

The reference to Botsfordia is made on account of (a) the sub- 

acuminate ventral valve with minute pedicle opening above a listrium 

unmarked by a false deltidium ; (b) convex ventral and dorsal valve ; 

(c) the tendency of Botsfordia pulchra (Matthew) [1889, p. 306] 

to have the substance of its rather thick shell replaced by calcareous 
matter. 

I have attempted to secure specimens of this shell, but unsuccess- 

fully. Until further information can be secured, the present refer- 

ence will serve to indicate the probable relationship of the species. 

FoRMATION AND LocaLity.—Middle Cambrian: Red limestone 
which passes north of Adrados and Bonar, near Sabero, Cantabrique 
Range, Province of Leon, Spain. 

DEARBORNIA, new genus 

This genus is based on one species, which is well represented by 

fourteen specimens. ‘The generic description is incorporated with 

the description of the type species. 

Type.—Dearbornia clarki, new species. 

DEARBORNIA CLARKI, new species 

PLATE 8, FIGURE 7 

Shell subequivalve, subcircular in outline, slightly convex. Ven- 
tral valve most elevated at the pedicle aperture, which is circular, 

rather large, and situated from one-fifth to one-sixth the length of 
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the valve from the posterior margin; the slope back of the foramen 
is gently rounded and without a trace of false area or pedicle groove ; 

the position of the beak is not clearly defined, as the margin is 

rounded and the uniform slope of the outer surface is unbroken. 

Dorsal valve uniformly and slightly convex; the position of the beak 

is indicated by a slight projection of the outline of the valve. 

Surface marked by fine concentric lines. The substance of the 

shell is calcareous in an odlitic limestone in which semiphosphatic 

shells of Obolus are preserved. ‘The shell is thick and apparently 

formed of one layer, but this is probably, as in the case of the shells 

of Obolella crassa (Hall) [1847, p. 290], a condition of preserva- 

tion, the original layers or lamellz having been replaced or else 

cemented together. The average size of the valves is from 3 to 5 mm. 

The interior of the ventral valve does not show a true area; there 

is a space between the margin and the end of the median furrow 

into which the foramen opens. The median furrow is rather broad 

and deepest at the foramen; it extends forward beyond the center 

of the valve; the furrow into which the foramen opens is broadest 

at the posterior end and running out to a point a little in advance of 

the opening; from each side of the furrow and opposite the opening 

a furrow extends obliquely outward and then forward subparallel 

to the median furrow. ‘Two large, oval muscle scars occur in the 

space between the outer furrow and the postero-lateral margin of 

the shell; these scars correspond in position to the transmedian and 

anterior lateral muscle scars of Obolus and Trematobolus. Nothing 

is clearly shown of the position of the main vascular canals unless 

the grooves outside of the median depression indicate their position, 

or it may be that they were on the narrow ridges outside of the side 

furrows and inside of the lateral muscle scars. 

The interior of the dorsal valve shows a rudimentary area much 

like that of Rustella edsont Walcott [1905a, p. 311]; the area is a 

smooth space with a slightly defined central depression, from which 

a narrow, low median septum extends forward to about the center 

of the valve; a narrow ridge extends forward from the posterior 

central depression on each side at about the inner third of the dis- 

tance between the median septum and the outer margin; these 

ridges probably marked the position of the main vascular sinuses. 

The central muscle scars occur in the shallow depression on each 

side of the median septum a little back of the transverse center of 

the valve, and the transmedian scars and outside laterals are just 

outside of the narrow ridges on each side of the valve; these scars, 

like those in the ventral valve, are large for so small a shell. 
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OBSERVATIONS.—Dearbornia clarki is one of the simple or rudi- 

mentary forms of the Siphonotretide. It differs from Siphonotreta 
in the absence of an area and a siphonal or pedicle tube, in having 

the pedicle opening on the umbo in advance of the beak, and in its 

calcareous shell. The circular pedicle aperture without an exterior 

furrow, the absence of a well-defined area on the ventral valve, and 

its calcareous shell distinguish it from Trematobolus and Schizam- 
bon. ‘The form and position of the pedicle opening suggest Discin- 

opsis, but the interiors of the valves are very dissimilar in the two 

genera. It may be that with the discovery of good exteriors of the 

ventral valve of Trematobolus excelsis Walcott (see below) that 

species will be found to have a circular pedicle opening of the same 

character as that of Dearbormia clarki, but from the similarity of the 

cast of the interior of the ventral valve of the former species to that 

of Trematobolus kempanum (Matthew) [1897, p. 70] it is referred 

to Trematobolus. 
The generic name is taken from Mount Dearborn, which was 

named after Gen. Henry Dearborn, and the specific name is given 

in recognition of Dr. William B. Clark’s work on the paleontology 

of Maryland. 
ForMATION AND LocaLiry.—Middle Cambrian: Lower portion 

of the Yogo limestone, in the canyon of the north fork of the 
Dearborn River, in the eastern part of the Lewis and Clark Forest 
Reserve, Montana. 

Genus TREMATOBOLUS Matthew [1803, p. 276] 

TREMATOBOLUS EXCELSIS, new species 

PLATE 8, FicuRE 8 

Shell transversely oval in outline, with both valves obtusely acumi- 

nate. Ventral valve strongly convex, with the minute beak at the 

posterior margin above a low area; the slope from the highest 

point of the valve, a little back of the center, is greatest toward the 

beak and nearly uniform to the front and sides of the valve. Pedicle 

opening unknown, as no exterior or cast of the exterior of the valve 

occurs in the material collected; two casts of the interior show the 

cast of the foramen at about the same position as in Trematobolus 

insignis Matthew [1893, p. 276] and other species of the genus. 

Dorsal valve slightly more transverse than the ventral and about two- 

thirds as convex; a very slight median flattening occurs at the ante- 

rior margin that extends back on the valve—nearly to the beak in 

some specimens; otherwise the convexity is distributed as in the 

ventral valve. 
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Surface marked by a few concentric lines of growth. ‘The shell 

is rather thin except over the umbonal and posterior portions of the 

ventral valve, where it is moderately thick. Its substance is now cal- 

careous and appears like that of T. insignis; the original shell may 

have been calcareo-corneous. A ventral valve 18 mm. in length has 

the same width; a large dorsal valve 22 mm. long has a width of 

27 mm. 
The area of the ventral valve is short and divided midway by a 

depressed subtriangular false pedicle furrow; the presence of pits 

on each side of the antero-lateral margins of the false pedicle furrow 

indicates that the area at these places projected in the same manner 

as that of T. insignis and T. kempanum (Matthew) [1897, p. 70]. 

The cast of the interior of the ventral valve shows a median ridge 

with the cast of the pedicle opening at about the posterior sixth of 

the length of the valve; only the imperfect outlines of the splanch- 

noceele are known; the main vascular sinuses are outlined for a 

short distance back of the transverse center sufficiently to indicate 

that their position was about the same as in 7. kempanuin. The 

position of the anterior lateral muscle scar is clearly shown just out- 

side of the main vascular sinuses; it is elongate oval in outline and 

a little in advance of the transmedian scar; the umbonal muscle 

scars are close to the median furrow, as in T. kempanum. Interior 

of dorsal valve unknown. 

OBSERVATIONS.—This fine species differs from all other known 

species of the genus in having the ventral valve more convex than 

the dorsal and in its greater size. It is the oldest species of the 
genus, occurring as it does well down in the section of the Lower 

Cambrian strata in association with Olenellus. There are a large 

number of specimens of the exterior of the dorsal valve, but only 

two interior casts of the ventral valve. The dorsal valves of T. 

pristinus (Matthew) [1895, p. 121] and T. kempanum also greatly 

outnumber the ventral valves in the collections. This circumstance 

may be owing to the presence of the foraminal furrow and interior 

median furrows; these would cause the shell of the ventral valve to 

break more readily than that of the dorsal. 

ForMATION AND LocaLrty.—Lower Cambrian: (1) Shales and 

interbedded limestones at the south end of Deep Spring Valley; (2) 

shales at a higher horizon than (1), but at the same locality; (3) 

sandstone on ridge east of the head of Mazouka Canyon, Inyo 

Range; and (4) arenaceous limestone one mile (1.61 km.) east of 

Saline Valley road, 2 to 3 miles (3.22 to 4.83 km.) east-northeast of 
Waucoba Springs; all in Inyo County, California. 
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Genus ACROTHELE Linnarsson [1876, p. 20] 

ACROTHELE ARTEMIS, new species 

PLATE 8, FIGURE I0 

General form of ventral valve moderately convex; subcircular 

and somewhat obtusely acuminate in outline; apex near the pos- 

terior margin; pedicle opening unknown, but from the occurrence 

of a small boss on the inside of the shell beneath the apex, it was. 

probably of the same character as in closely related species. 

Surface marked by concentric lines and small ridges of growth 

and an irregular system of fine granules on the concentric ridges; 

in the lower interspaces there is an irregular distribution of very 
minute inosculating ridges that, with the tubercles, forms a surface 

independent of the concentric growth lines. The shell is built up of 

numerous lamelle beneath the outer surface layer and appears to 

have been corneous or composed of phosphate of lime and chitin. 

The largest shell has a length and width of 10 mm.; the apex is 

about 2 mm. from the posterior margin; dorsal valve unknown. 

OBSERVATIONS.—This species resembles in form Acrothele prima 

costata (Matthew) [1895, p. 128], and both species have a granular 

surface. The latter species, however, has a thinner shell and its 

surface is marked by much larger granules. I do not know of any 

other closely related species. 

FoRMATION AND LocaLity.—Middle Cambrian: Dark-blue lime- 

stones of the Langston formation just above the Cambrian quartzitic 

sandstone beds on the north side of Two Mile Canyon near its 

mouth, 2 miles (3.22 km.) southeast of Malad, Oneida County,. 

Idaho. 

ACROTHELE BELLAPUNCTATA, new species 

Pate 8, FIGURES 9 AND Q’ 

General form a broad transverse oval, with the posterior side 

slightly flattened and arched upward for a short distance below the 

apex. Ventral valve convex near the umbo and nearly flat over the 

anterior portion of the valve; apex near the posterior margin. 

Foraminal aperture apparently at the apex above a short, not dis- 

tinctly marked false area. Ventral valve nearly flat and with the 

posterior margin curved downward so as to fill the space caused by 

the upward arching of the margin of the ventral valve. Surface of 

shell beautifully ornamented by elevated sharp oblique lines with 

deep interspaces that give a strongly punctate appearance to the 
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shell; concentric undulations and ridges of growth also occur in a 

more or less irregular manner. The inner layers or lamelle are 

marked by fine, concentric, and rather strong radiating lines. The 
shell is built up of numerous thin layers or lamellz of a corneous 

appearance. | 
A slightly compressed ventral valve has a length of 5 mm., with a 

width of 6.5 mm. A ventral valve 4 mm. in length has a width of 
5 mm. 

This is one of the most beautifully ornamented ‘species of. the 

genus. Its surface is not unlike that of some varieties of Micro- 

mitra (Iphidella) pannula (White) [1874, p. 6]: In form it. sug- 

gests Acrothele (Redlichella) granulata (Linnarsson) [1876, p. 24]. 

Nothing is known of the interior character of the valves. » ; 
FoRMATION AND LocaLity.—Lower Cambrian: Shales in upper 

portion of Olenellus kjerulfi zone, Ringsaker, Province of Hede- 
marken, Norway. 

ACROTHELE BERGERONI, new species 

PLATE 8, FIGURE II 

La Discina MigvEt, 1893, Note Sur la Géologie des Terrains Primaires 

du Département de |’Herault, St. Chinian 4 Coulouma, p. 9. (Men- 

tioned in French.) 

La Discina Miguet, 1894, Bull. Soc. d’Etude Sci. Nat. Beziers, for 1893, 

Mém. Compte Rendu des Séances, XVI, 1894, p. 106. (This article is 

a copy of the preceding reference, which was published as a separate.) 

La Discina MigueEt, 1894, Note Sur la Géologie des Terrains Primaires du 

Département de l’Herault, le Cambrien et |’Arenig, p. 10. (Mentioned 

in French.) 

La Discina MiguEt, 1895, Bull. Soc. d’Etude Sci. Nat. , Beziers for. 1894, 

Mém. Compte Rendu des Séances, XVII, 1895, p. 10. (This article is 

a copy of the preceding reference, which was published as a separate.) 

All the specimens representing this species are flattened by com- 

pression in the argillaceous shale; also more or less distorted. A 

ventral valve 6 mm. in length has the apex 1.5 mm. from the pos- 

terior margin. A cast of the interior of a ventral valve indicates a 
relatively large interior opening for the pedicle tube; a short, small 

visceral cavity with the shell thickened so as to form a short ridge. 

and an obscure false area; also that the posterior margin is arched 

slightly above the plane of the margin of the valve. An exterior 

cast shows the impression of a minute elongate tubercle on each - 
side of the apex and a small pedicle opening just back of them. A 

cast of the interior of a dorsal valve shows a short median ridge and 

the posterior portion of the main vascular sinuses. 

poh 
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The exterior cast shows that the surface was marked by small con- 

centric ridges and lines of growth with a few low, obscure, rounded 
radiating ridges and fine granulations or tubercles on the very 

minute, irregular, more or less inosculating concentric ridges, or the 

same type of surface as that of Acrothele coriacea Linnarsson [ 1876, 
p. 21]. If these shells were found at the same horizon in Sweden as 
A. coriacea, [ think they would be referred to that species, except 

that the apex of the ventral valve of the French species is much 

nearer the posterior margin; more perfect specimens would prob- 

ably show other differences. 

This species appears to differ from Acrothele quadrilineata Pom- 

peckj [1896, p. 511] and A. bohemica (Barrande) [1879, pl. -102, 

figs. vit: 1-3] by the more anterior position of the apex of the ven- 

tral valve. 

In response to a request for permission to study the Cambrian 

brachiopods that he had collected from Montagne Noire, M. Miquel 

very courteously sent me a number, and among them I found this 

species, and, with his permission, have described it. 

It gives me pleasure to give the specific name in recognition of 

the discovery by Prof. J. Bergeron of the Middle Cambrian fauna 
of Herault, and of his fine work on the fauna. 

FORMATION AND LocaLity.—Middle Cambrian: Shales, in Mon- 

tagne Noire, Coulouma, Department of Herault, France. 

ACROTHELE BORGHOLMENSIS, new species 

PLatE 8, FIGURE 12 

General form subcircular to broad oval. Ventral valve subcon- 

ical, with the apex a short distance back of the center. A clearly 

defined false area extends from the apex to the margin; it is defined 

by a slight depression and a low ridge at the outer edges; two or 

three longitudinal lines extend to the margin and the concentric 
lines of growth of the shell cross it without interruption. An elon- 

gate, small foraminal aperture occurs just back of and beneath the 

apex. 

The outer surface of the shell is of a dull, dark color and marked 

by slightly undulating, clearly defined, concentric striz; the inner 

layers are marked by fine radiating and concentric lines. The shell is 

built up of thin lamelle arranged in concentric layers that are slightly 

- oblique to the surface layer. Shell substance corneous. Nothing 

is known of the interior of the valves except the sharp median ridge 

of the dorsal valve. | 
The largest specimen has a diameter of 4 mm.; the average size 

is about 3 mm. 
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OBSERVATIONS.—The material representing this species was col- 

lected by M. Schmalensee in the shaly beds of the Ceratopyge zone 

of Oeland. The convexity, position of the apex, and clearness 

of the false area depend upon the degree of compression and dis- 

tortion to which the shells have been subjected. I have described 

what appears to be the uninjured shell. 
The subcentral position of the apex seems to distinguish this spe- 

cies. It is associated with Obolus (Bréggeria) salteri (Holl) [1865, 

p. 102] and Lingulella lepis Salter [1866b, p. 334]. 
FoRMATION AND LocaLity.—Upper Cambrian: Ceratopyge slate 

at Borgholm, Oeland Island, Sweden. 

ACROTHELE LEVISENSIS, new species 

PLATE 8, FIGURE 13 

Outline transversely broad ovate, ventral valve moderately convex 

at the apex, which is at about the posterior fifth of the length of the 

valve; pedicle aperture small and situated on the slope back of and 

near the apex. Dorsal valve depressed convex, with a very gentle 

slope from the umbo to the front margin and a greater slope to the 

marginal beak. 

Surface marked by fine concentric lines and striz that cross the 

space back of the apex without apparent interruption. A com- 

pressed ventral valve 8 mm. in length has a width of Io mm. A 

dorsal valve has a length of 7 mm.; width, 8 mm. 

The cast of the interior of a compressed dorsal valve shows a 

median ridge that expands near the center of the valve, and a main 
vascular sinus on each side that has the same general course as in 

Acrothele coriacea Linnarsson [1876, p. 21]. 

OpsERVATIONS.—In general form this species is much like Acro- 

thele coriacea and related species. It differs from them in having 

a smooth surface except for the concentric lines and strie. 

The four specimens representing this species were attached to a 

block in the collections of the Geological Survey of Canada, with 

specimens of Elkania desiderata (Billings) [1862, p. 69]. 

ForRMATION AND Loca,ity.—lLower Ordovician: Levis shales, 

Point Levis, Province of Quebec, Canada. 
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ACROTHELE SPURRI, new species 

PLATE 8, FIGURE 14 

Acrothele subsidua Watcort (in part) [not White], 1886, Bull. U. S. 

Geol, Survey, No. 30, p. 109, pl. 1x, fig. 4 (not figs. g4a-c). (Locality 

mentioned in discussion of A. subsidua. ‘The specimen represented by 

fig. 4 is redrawn in this paper, pl. 8, fig. 14.) 

Acrothele subsidua Watcorr (in part) [not White], 1801, Tenth Ann. 

Rept.. U. S. Geol. Survey, p. 608, pl. xx, fig. 1 (mot figs. ra-c)-. 

(Mentioned. Fig. 1 is copied from fig. 4 of preceding reference. ) 

General form transversely ovate. Ventral valve depressed, with 

an elevated apex a little in front of the posterior margin, from the 

apex the surface slopes rapidly and then gradually to the front 

margin and quite rapidly to the posterior margin; the posterior 

margin arches up from the plane of the sides of the valves about one- 

half the height of the apex and gives to the valve the appearance of 

being pushed up so as to throw the apex toward the front; a minute 

pedicle opening truncates the apex at its posterior side; a small, sub- 

triangular, convex false area extends from just back of the apex to 

the posterior margin. 

Surface of the epidermal layer marked by fine, concentric striz of 

growth and a very minute granulation; the inner laminations of the 

shell are shiny and marked by numerous radiating striz and a few 

concentric lines. Shell corneous and built up of numerous layers or 

lamellz more or less oblique to the outer layer. 

Dorsal valve and interior of valves unknown. ‘The largest ventral 

valve has a length of 6 mm.; width, 7 mm. 

OssERVATIONS.—This very striking species is associated with 

Acrotreta primeva Walcott [1902, p. 593] and Olenellus gilberti 

Meek in the upper portion of the Olenellus zone of central Nevada. 

Some fragmentary specimens of this species were referred by me 

[1886, p. 109] to Acrothele subsidua White [1874, p. 6], but with 

better material and more thorough study the Lower Cambrian speci- 
mens are referred to A. spurri. A spurri differs from A subsidua 
in the more posterior position of its apex; in its convex, distinctly 

marked false area; in its strongly arched posterior margin, and in 
its more finely granulated surface. The convex false area and 

arched posterior margin are features also seen in A. woodworthi 

(see p. 88) of the Lower Cambrian. 
ForRMATION AND LocaLity.—Lower Cambrian: Associated with 

Olenellus in the shales and thin interbedded layers of limestone of 

the Pioche formation | Walcott, 1908a, p. 11], just above the quarts- 

ite on the east side of the anticline near Pioche, Lincoln County, 

Nevada. 
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Doubtfully: Lower Cambrian sandy shales 2.5 miles (4.02 km.) 

south of Barrel Spring and .5 mile (.80 km.) east of the road, Silver 
Peak quadrangle (U. S. G. $.), Esmeralda County, Nevada. 

ACROTHELE SUBSIDUA HERA, new variety 

PLATE 8, FIGURE I5 

This variety is separated from Acrothele subsidua White [1874, 

p. 6] by the more elongate outline of the ventral valve, and more 

posterior position of the apex, the relative position of the latter being 

between the posterior position of the apex of Acrothele spurri (see 

p. 86) and the more anterior position of the apex of A. subsidua. 

An obscurely defined false area begins at the apical opening and 

diverges toward the margin. It is marked by a slight median ridge. 

The exterior layers of the shell are exfoliated, carrying with them 

the outer portion of the apical opening. ‘The inner portion is rather 

large, and from the presence of an elongate tubercle on each side 

it is apparent that there was a similar tubercle on the exterior sur- 

face on each side of the apex a little in advance of the opening. 
The surface of an interior layer is marked by fine concentric 

lines, numerous very fine radiating lines, and four sharp ridges that 

radiate from the apex to the front margin. 

OBsERVATIONS.—This species is represented by a single specimen 

that occurs in the buff-weathering, gray limestone interbedded in a 
shale carrying fragments of Olenellus. It is quite distinct from A. 

spurri, with which it is associated, and appears to be a progenitor of 

A, subsidua, which occurs so abundantly in the Middle Cambrian 

strata much higher up in the section. 

FoRMATION AND LocaLity.—Lower Cambrian: Associated with 

Olenellus in the shales and thin interbedded layers of limestone of 

the Pioche formation [Walcott, 1908a, p. 11], just above the quartz- 

ite on east side of anticline, near Pioche, Lincoln County, Nevada. 

ACROTHELE TURNERI, new species 

PLATE 9, FIGURE 12 

General outline broad oval, ventral valve slightly conical, with the 

apex at about the posterior third of the length of the valve; apex 

short and perforated on the back side of its point by a minute pedicle 

opening; false area indicated by a slight flattening between the apex 

and posterior margin. Dorsal valve gently convex; beak marginal. 

Surface marked by fine concentric lines and strie of growth. 
Shell corneous and made up of a few very thin lamelle. 
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The largest shell has a length of 2.5 mm.; width, 2.75 mm. 

OBSERVATIONS.—This neat little shell differs from Acrothele sub- 

cidua (White) [1874, p. 6] in the absence of the surface characters 

of that species and from A. spurri (see p. 86) by the more anterior 

position of its beak and smooth surface. It belongs to the group of 

Acrothele represented by A. borgholmensis (see p. 84). 

ForMATION AND LocaLity.—Middle Cambrian: Calcareous shales 

ro miles (16.09 km.) south-southeast of Emigrant Peak, Silver Peak 

quadrangle (U.S. G. S.), Esmeralda County, Nevada. 

Doubtfully: Middle Cambrian shaly limestones about 750 feet 

(228.6 m.) above the top of the Cambrian quartzitic sandstones and 

3,440 feet (1,048.5 m.) below the Upper Cambrian, about 9 miles 

(14.48 km.) above the mouth of Blacksmith Fork and 16 miles 

(25.75 km.) east of Hyrum, Cache County, Utah. 

ACROTHELE WOODWORTHI, new species 

PLATE 9, FIGURE II 

Ventral valve transversely and irregularly oval in outline, convex, 

with the apex a little back of the center of the valve; pedicle open- 

ing, as indicated by the matrix of the exterior, just back of the apex; 

a subtriangular, gently convex false area is obscurely outlined by 

lines radiating from the apex to the posterior margin; the posterior 

margin is arched upward one-third or more of the distance from the 

plane of the margin of the valve to the apex. 

Surface marked by concentric growth lines with fine striz between, 

and a number of. low, rounded, more or less obscure, radiating ribs. 

The shell is relatively thick and replaced by the calcareous matter of 

the matrix. 

OBSERVATIONS.—This species is based on two specimens of the 

ventral valve collected by Prof. J. B. Woodworth. ‘The generic ref- 

erence is not entirely satisfactory, as the pedicle opening has not been 

clearly seen and the convex false area suggests the area of Micromi- 

tra more than that of any Acrothele except A. spurri (see p. 86). 

ForMATION AND LocaLity.—Lower Cambrian: Nahant lime- 

stone, Pulpit Rock, Nahant, Essex County, Massachusetts. 

ACROTHELE YORKENSIS, new species 

PLATE 9, FIGURE 10 

This species is represented in the fine clay shales by casts of the 

exteriors of the valves and a few imperfect casts of the interior. 

The shell is large for a species of this genus. Ventral valve mod- 
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erately convex, with the apex, in a specimen 9 mm. long, 1.5 mm. 

from the posterior margin. The generai outline is subcircular, with 

_ the length and width approximately the same. Dorsal valve with 

the apex marginal. The original convexity of the valves is un- 

known, as all of the specimens are flattened in the shale. 

Surface marked by concentric ridges and striz of growth and a 

few obscure, rounded, radiating ridges. In addition, there is a fine 

granulation of the type of that of A. coriacea Linnarsson [1876, p. 

21], the irregular, more or less inosculating, minute, rounded ridges 

having fine tubercles upon them. 
A large ventral valve has a length and width of 11 mm. Other 

specimens of the same size occur, although the average size is about 

8mm. Substance of the shell is unknown. 
One or two poor interiors of the ventral valve show a small 

visceral cavity and rather slender main vascular sinuses that appear 

to originate beside the pedicle opening. The latter opens on the 

back slope of the apex and enlarges as it passes through the shell. 

The interior of the dorsal valve shows a rather strong central ridge 

that extends beyond the center of the shell; also a rather small car- 

dinal scar on each side of the median ridge close to the posterior 

margin. 

OBsERVATIONS.—This shell is of the general type of Acrothele 
matthew (Hartt) [1868, p. 644]. It differs in its larger size, and it 

is not probable that a species would occur in the inner Appalachian 

trough which is present in the sediments near the margin of the 

Atlantic basin. The fauna associated with A. yorkensis is of the 

Middle Cambrian type of the interior trough and quite unlike that 

of the Paradoxides fauna of the Atlantic Coast Province. In size 
this species approaches A. (Redlichella) granulata (Linnarsson) 

[1876, p. 24], but it differs from that species in its minutely granu- 

lated surface. 

FoRMATION AND Locarity.—Middle Cambrian: Argillaceous 
shales in railroad cut alongside of gas-house, city of York, York 

County, Pennsylvania. 

REDLICHELLA, new subgenus of ACROTHELE 

This subgenus of Acrothele has all the external characters of the 

type species of Acrothele, A. coriacea Linnarsson [1876, p. 21]. It 

differs in the interior markings of the valves. ‘The visceral area of 

the ventral valve is large and clearly defined, as in Botsfordia gran- 
ulata (Redlich) [1899, p. 5], and the main vascular sinuses are very 

strong and close to the pedicle aperture, as in the latter species. In 
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the interior of the dorsal valve the cardinal scars are very large and 
extend forward nearly one-third the length of the valve. 

Type.—Acrothele granulata Linnarsson [1876, p. 24]. ; 
I was at first inclined to place this form under Botsfordia, but the 

advanced position of the apex and pedicle opening of the ventral 

valve indicates a closer affiliation with Acrothele. The short lis- 
trium of Botsfordia has developed in Redlichella to the strong false 
area of Acrothele, but the visceral area and main vascular sinuses of 

Botsfordia remain practically unchanged. I regard Redlichella as 
a form intermediate in development between Botsfordia and Acro- 

thele. 

Genus LINNARSSONELLA Walcott [1902, p. 601]. 

LINNARSSONELLA MODESTA, new species 

PLATE 9, FicurEs 8 AND 8a 

Shell minute; general form subcircular. Ventral valve moder- 

ately convex; beak small and slightly incurved over a very low false 

area; foraminal opening minute exteriorly, with a slightly elevated, 

sharp ridge on each side a little in advance of the point of the beak; 

seen from the back, the minute aperture points backward from the 

bottom of a pit between the two short, sharp ridges. In a specimen 

from a layer of limestone a short distance above in the section the 
aperture is at the point of a small nipple-like projection, apparently 

formed by the union of the ends of the ridges, already described, on 

each side of the aperture. Dorsal valve slightly convex, with a 

minute beak at the posterior margin. 

Surface dull when the outer layer of the shell is preserved; it is 

marked by a few very fine, concentric lines of growth. The inner 

surface is marked by concentric lines and a few fine, radiating lines. 

The shell is formed of several layers or lamelle and is relatively 

thin. 

The average diameter of the adult shell is from 1.75 to 2.25 mm.; 

the dorsal valve is slightly shorter than the ventral. 

The cast of the interior of the ventral valve shows a slight longi- 

tudinal median elevation and two short, not very strongly marked 

main vascular sinuses; several specimens indicate a slight cavity just 

beneath the aperture which probably represents the inner side of the 

foraminal tube. The interior of a dorsal valve shows main vascular 

sinuses quite close to the outer margin; also two small, rounded 

median depressions a short distance in front of the posterior margin. 

OBsERVATIONS.—This shell occurs in great abundance on the sur- 

face of shaly gray limestone about midway of the strata referred to 
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the Upper Cambrian in the House Range Section. It differs from 
L. nitens (see below), which occurs a short distance above it in the 

section, and with which it is also associated, in having a less elevated 

ventral valve and a less convex dorsal valve, and from L. transversa 

(see p. 92) in being more rounded in outline and less convex. It 

appears to be more nearly related in form to L. minuta (Hall and 

Whitfield) [1877, p. 206]; it differs, however, materially in the 

-character of the interior markings of the ventral valve, features 

which also separate it from L. girtyi Walcott [1902, p. 602] and 

L. tennesseensis Walcott [1902, p. 604]. 
FoRMATION AND LocaLity.—Upper Cambrian: 1,160 feet (353.6 

m.) above the Middle Cambrian and 2,155 feet (656.8 m.) below 
the top of the Upper Cambrian, in the arenaceous shales and lime- 
stones of the Orr formation [ Walcott, 1go8a, p. 10], 4 miles (6.44 

km.) south of Marjum Pass, House Range, Millard County, Utah. 

LINNARSSONELLA NITENS, new species 

PLATE 9, FIGURE 7 

The outline of the valves and the exterior appearance of this shell 

are much like those of Linnarssonella modesta (see p.9o). It differs 

in having on the ventral valve a low, distinct area, with the per- 

forated apex directed backward on nearly the same plane as the 
umbo, or most elevated portion of the valve. The dorsal valve is 

more convex and its interior has a strong median ridge extending 

forward from the posterior margin about two-thirds of the distance 
to the front margin, a feature but little developed in L. modesta. 
From L. minuta (Hall and Whitfield) [1877, p. 206] it differs in 

the higher apex of the ventral valve, and from L. transversa (see p. 

92) in the latter character and in the more circular outline of the 
aperture of the valves. 

A single specimen of L. modesta was found associated with this 

species. 

In size L. nitens varies from 1.5 to 2 mm. in diameter. 

FoRMATION AND LocaLity.—Upper Cambrian: (1) 1,160 feet 

(353-6 m.) above the Middle Cambrian and 2,155 feet (656.8 m.) 
below the top of the Upper Cambrian, in the arenaceous shales and 

limestones of the Orr formation [Walcott, t908a, p. 10], 4 miles 

(6.44 km.) south of Marjum Pass, House Range, Millard County, 

Utah. (2) About 2,575 feet (784.9 m.) above the top of the Cam- 

brian quartzitic sandstones, in a blue limestone about 2 miles (3.22 

- km.) southeast of Muskrat Spring, on the northwest face of Grants- 

ville Peak, Stansbury Range, Tooele County, Utah. 
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LINNARSSONELLA TRANSVERSA, new species 

PLATE 9, FIGURE 6 

This is a small shell that at first sight suggests L. modesta; it 

differs from that species in the valves being more convex, transverse 

instead of circular, and in having stronger concentric striz, and, in 

some instances, radiating strie. A few fragments of the interior of 
the dorsal valve indicate that the main vascular sinuses are well out 

toward the outer margin, and that small circular depressions occur 

on each side of the median line, very much as in the dorsal valve of 

LL. girtyi (Walcott) [1902, p. 602], and two small central muscle 
scars midway between the posterior and anterior margins of the 

valve. L. transversa differs from all other species of the genus 

known by its transverse outline. ‘The average shell has a width of 
2mm., with a length of from 1.5 to 1.75 mm. 

FoRMATION AND Loca.ity.—Upper Cambrian: At 930 feet 
(283.5 m.) above the Middle Cambrian and 2,385 feet (726.9 m.} 

below the top of the Upper Cambrian, in.the arenaceous shales and 

limestones of the Orr formation [Walcott, 1908a, p. 10], 4 miles 

(6.44 km.) south of Marjum Pass, House Range, Millard County, 

Utah. 

LINNARSSONELLA URANIA, new specie. 

PLATE 9, FIGURES 9 AND Qa 

Shell minute, general form elongate oval. Ventral valve convex; 

apex minute and curved down nearly to the plane of the margin of 

the valve; false area, if present, must be very narrow. Foraminal 

opening situated on the umbo a short distance above the point of the 

beak; on some shells it opens on the plane of the valve, and on 

others it has a rounded, slightly elevated margin. Dorsal valve 

slightly convex, with a minute beak at the posterior margin. Sur- 

face of the shell glossy, with very fine concentric strize and lines of 

growth. A ventral valve 2.5 mm. in length has a width of 1.75 mm. — 

The dorsal valves are somewhat shorter in proportion to the width. 

A partial cast of the interior of the ventral valve shows a small 

visceral area in front of the foraminal opening. The interior of the 

dorsal valve is marked by a strong central ridge that extends from 

the beak four-fifths of the distance to the front margin; on each side 

of the median ridge, near the posterior margin, there is a rather 

large, clearly defined cardinal muscle scar. 

OBsERVATIONS.—This shell occurs in considerable numbers in a 

compact, hard, dove-colored limestone €o to 75 feet (18.3 to 22.9 m.) 
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above the sandy shales of the Big Cottonwood Canyon Section, Utah. 

The associated fragments of trilobites indicate the Middle Cambrian 

fauna of the Wasatch Range Section. 

This species differs from L. girtyi (Walcott) [1902, p. 602] in 
not having a false area in the ventral valve and also in the position 

of the foraminal opening. The incurved apex is more like L. 

modesta (see p. 90), but the form of the ventral valve and the posi- 

tion of the foraminal aperture are quite different. 

ForMATION AND LocaLity.—Middle Cambrian: Limestones about 

200 feet (61 m.) above the Cambrian quartzitic beds, about .25 mile 
(.40 km.) below the Maxfield Mine, Big Cottonwood Canyon, west 
front of the Wasatch Mountains, southeast of Salt Lake City, Utah. 

Genus ACROTRETA Kutorga [1848, p. 275] 

ACROTRETA BELLATULA, new species 

PLATE 9, FicurRES 4, 4a—b 

General outline subcircular to transversely broad oval, with the 

posterior margin of the ventral valve nearly straight beneath the 

false area. The ventral valve is moderately convex, with the apex a 

little in front of the posterior margin. False area defined by the 

incurving of the cardinal slopes so as to form a somewhat flattened 

triangular space that is divided midway by a narrow and rather 

shallow vertical furrow; pedicle aperture of medium size and open- 

ing slightly backward. Dorsal valve nearly as convex as the ventral, 

except that it curves down in the posterior portion to a minute mar- 

ginal beak. 
Surface of the shell marked by fine, concentric striz and lines of 

growth that show marked variations in their sharpness on different 

specimens, the older shells having a dark, dull surface giving the 

effect of a thin film over the strize; a few traces of radiating stric 

are shown on some shells. 

The average length of the larger shells is about 1.75 mm.; width, 

2 mm. 
The interior of the ventral valve shows a small apical callosity, 

minute pedicle tube, and vascular sinuses originating a little back of 

the apical callosity ; a cast shows that there were medium-sized, ele- 

vated cardinal muscle scars. An interior cast of the dorsal valve 

indicates a median ridge that extended about four-fifths of the dis- 

tance from the area to the front margin. it also indicates medium 

sized, elevated cardinal muscle scars. A second specimen shows a 

shorter median ridge, with small, elevated central muscle scars about 

half way between the posterior and front margins of the shell. 
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OssERVATIONS.—This species belongs to the Acrotreta sagittalis 
(Salter) [1&866a, p. 285] group. The low convexity of the ventral 

valve, posterior position of the apex, the strong cardinal muscle scars, 

and the strong median ridge, cardinal and central muscle scars of 

the dorsal valve are all features common to Acrotreta bellatula and 

A. sagittalis. It differs from A. sagittalis in the more posterior posi- 

tion of the apex and less convexity of the ventral valve, and from 
A. definita Walcott [1902, p. 584] in its much smaller size and less 

elevated ventral valve. 

FoRMATION AND LocaLity.—Middle Cambrian: 2,825 to 3,025 feet 

(861.1 to 922 m.) above the top of the Lower Cambrian and 1,400 to 

1,600 feet (426.7 to 487.7 m.) below the Upper Cambrian, in the gray 

thin-bedded limestone of the Marjum formation [Walcott, 1908a, 

p. 10], south side of Marjum Pass, in cliff southeast of the divide, 

House Range, Millard County, Utah. 

ACROTRETA MARJUMENSIS, new species 

PLATE 9, FIGURES 2 AND 2a 

The general form of this species is much like that of Acrotreta 

idahoensis Walcott [1902, p. 587]. The ventral valve differs in 

having a more strongly marked and broader false area and in the 

greater curvature of the apex over the false area. It is also less ele- 

vated, or convex, in proportion to the size of the shell. It may also 

be compared with A. neboensis Walcott [1905a, p. 300], from which 

it differs in being less elevated and in not having a well-indicated 

false pedicle furrow. ‘The dorsal valve is moderately convex and 

differs little from the dorsal valve of A. idahoensis and A. neboensis. 

The interior of the dorsal valve shows a narrow median ridge 

that, at the center and toward the front of the shell, rises as a sharp, 

rather high, and very narrow ridge. This ridge starts posteriorly 

from a subtriangular, somewhat elevated area which has a longi- 

tudinal furrow crossing it. The cardinal and central muscle scars 

are very clearly defined; in some cases the central scars are slightly 

depressed, and in other shells elevated above the general surface of 

the interior of the shell. 

ForMATION AND Locartrry.—Upper Cambrian: Thin-bedded blue 
limestone at the base of the high point southwest of the J. J. Thomas 

ranch, on the east side of the Fish Spring Range, Juab County, Utah. 

Middle Cambrian: About 3,025 feet (922 m.) above the top of 

the Lower Cambrian and 1,400 feet (426.7 m.) below the Upper 
Cambrian, in the gray, more or less thin-bedded limestone of Marjum 
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formation [Walcott, 1908a, p. 10], south side of Marjum Pass, wn 

cliff southeast of divide, House Range, Millard County, Utah. 

ACROTRETA OPHIRENSIS DESCENDENS, new variety 

PLATE 9, FIGURES I AND Ia 

In the Cambrian Section of the House Range, Utah, the typical 

forms of Acrotreta ophirensis Walcott [1902, p. 591] occur in the 

Marjum formation; 1,550 feet (472.4 m.) higher in the section, in 

the Weeks formation, there are great numbers of a shell identical 

in many respects. This latter shell differs from the typical form in 

being less convex in both the ventral and dorsal valves and in having 

a more pointed, less curved apex on the ventral valve. 

FoRMATION AND Locaity.—Middle Cambrian: About 3,750 feet 
(1,143 m.) above the top of the Lower Cambrian and 650 feet 
(198.1 m.) below the Upper Cambrian, in shaly limestones of the 
Weeks formation [Walcott, 1908a, p. 10], north side of Weeks 

Canyon, 3.5 miles (5.63 km.) south of Marjum Pass, House Range, 

Millard County, Utah. 

ACROTRETA RUDIS, new species 

PLATE 9, FIGURE 5 

Acrotreta kutorgai Watcort (in part), 1902, Proc. U.S. National Museum, 

XXV, pp. 589-590. (Described as a new species, but the description 

included specimens belonging to both A. kutorgai and A. rudis.) 

The specimens illustrating this species are all more or less crushed 

and flattened on the surface of the fine argillaceous shale in which 

they are embedded in large numbers, and they are often in the con- 

dition of casts of the interior of the valves. 
The ventral valve, as far as can now be determined, was elevated, 

conical, and with the apex overhanging the false area, so that when 

the shells were crushed down the posterior side disappeared beneath. 

A few fragmentary specimens show the false area to have been dis- 

tinctly defined, of medium height, and marked by a narrow, shallow 

median furrow extending from the apex to the margin of the valve. 
Dorsal valve subcircular, slightly transverse, gently convex, and with 

a minute beak at the posterior margin. The pedicle opening appears 

to have been of medium size and situated at the apex of the valve. 

Surface marked by lines of growth and very fine concentric striz 
that continue across the false area and furrow. 

The cast of the interior of the ventral valve shows a small but 

well defined visceral area in advance of the apex and a short, strong, 



96 SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 53 

main vascular sinus on each side of the area; one cast shows traces 

of the sinuses nearly to the front margin. The interior of the dorsal 

valve is marked by a strong median septum or ridge that extends 

from the front of a small cardinal area forward to nearly the ante- 

rior margin in some examples. <A large, oval cardinal muscle scar 

occurs on each side of the median ridge near the posterior border of 

the valve; the central muscle scars are small, elongate oval, and 

situated on the sides of the median ridge at about the posterior third 
of the longitudinal axis of the shell; the two antero-lateral muscle 

scars are on the sides of the median ridge a little in advance of the 

central scars. 

This is one of the large species of the genus. A dorsal valve 

4 mm. in length has a width of 4.5 mm. The ventral valves average 

from 4 to 4.5 mm. from the apex to the front margin. 

In size and outline this species may be compared with Acrotreta 

depressa (Walcott) [1889, p. 441] and A. definita Walcott [1902, 
p. 594]. It differs from both in its ventral valve being more elongate. 

All the specimens of A. rudis are so flattened in the shale that com- 

parison with uncompressed specimens is very difficult. 
FoRMATION AND LocaLity.—Middle Cambrian: (1) Rogersville 

shale, just above the road, in the hill west of the school-house, 3.5 

miles (5.63 km.) from Rogersville, on the road to Melindy’s Ferry; 

and (2) Rogersville shale, road just east of Harlan’s Knob, 4 miles 
(6.44 km.) northeast of Rogersville; both in Hawkins County, Ten- 

nessee. 

ACROTRETA ULRICHI, new species 

PLATE 9, FIGURE 3 

This species is founded on a single specimen of a finely preserved 

ventral valve. The outline of the aperture is nearly circular, except 

for a short transverse portion beneath the false area; surface moder- 

ately convex, with the apex curving and ending beyond the posterior 
margin, so that the minute foraminal aperture opens backward; a 

small false area is indicated by a slight incurving at the cardinal 

angles; the area is without traces of a median furrow. 

Surface of shell marked by very fine, concentric striz and lines 

of growth. Length and width of aperture, 2 mm.; convexity of 

ventral valve, I mm. 

OBSERVATIONS.—This species is characterized by its curved umbo 
and apex and overhanging false area. It most nearly resembles 

A. curvata Walcott [1902, p. 584], from which it differs in being 
less convex and in the form of its umbo and curved apex. 
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FoRMATION AND LocaLity.—Middle Cambrian: Reagan forma- 
tion, limestone at northwest extremity of the Arbuckle Mountains, 

about 4 miles (6.44 km.) east of Homer, Woods County, Oklahoma. 

Genus NISUSIA Walcott [1905a, p. 247] 

NISUSIA RARA, new species 

PLATE 9, FIGURES 13 AND 13a 

The ventral valve of this species has the general form of that of 

Nisusia festinata (Billings) [1861}, p. 10], except that it has a very 

strong and deep median sinus and is more transverse; the delthyriurm 

is also larger. NN. rara occurs at the same stratigraphic horizon as 

Nisusia alberta (Walcott) [1889, p. 442], but it differs from the 

latter in having a larger delthyrium and a strong and deep median 

sinus. 

The surface of NV. rara is marked by rounded radiating ribs that 

increase by interpolation and bifurcation; small nodes on some of 

the ribs indicate the presence of spines on the outer surface. A 

portion of a convex deltidium is shown that has the outer portion 
broken away. ‘The specimen represented by figure 13 has a length 

of 8 mm.; width, 16 mm. 

ForMATION AND Locarity.—Middle Cambrian: Spence shale of 
the Ute formation, about 50 feet (15.2 m.) above the Cambrian 

quartzitic sandstones and 2,750 feet (838.2 m.) below the Upper 

Cambrian, in Spence Gulch, a ravine running up into Danish Flat 

from Mill Canyon, about 6 miles (9.65 km.) west-southwest of 

Liberty and 15 miles (24.14 km.) west of Montpelier, Bear Lake 
County, Idaho. 

Subgenus JAMESELLA Walcott [1905a, p. 252] 

NISUSIA ? (JAMESELLA ?) KANABENSIS, new species 

This species is represented by a single broken interior cast of a 

small ventral valve that has a length of 3.5 mm.; width, about 5 mm. 

The cast is convex, with the base of a prominent extension that filled 

the interior of the beak. The surface is finely papillose, indicating 

that the interior surface was finely punctate. The casts of the 

ribs show them to have been rather sharply rounded and to have 

increased by bifurcation and interpolation; the absence of all traces 

of casts of spine bases on the ribs leads me to refer the species to 

the subgenus Jamesella. Area shown only by a narrow rim on one 

side. The delthyrium was probably quite broad. 



98 SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 53 

The reference of this shell to Nisusia is based on the evidence of 

the presence of a prolonged beak and the character of the ribs. The 

genus is doubtful, but I do not know of any other to which a tenta- 

tive reference could be made. 

ForRMATION AND LocaLiry.—Upper Cambrian: Thin-bedded lime- 
stones just below the base of the Ordovician; Lower Kanab Canyon, 

where it enters the Grand Canyon of the Colorado, Northern Ari- 

zona. 

NISUSIA (JAMESELLA) LOWI, new species 

PLATE 9, FIGURE 14 

In form, outline, convexity, and cardinal area of the ventral valve 

this species resembles Nisusia festinata (Billings) [1861b, p. Io]. 

The surface of N. (Jamesella) lowi differs from that of NV. festinata 

in having more and finer radiating ribs, clearly defined, rounded con- 
centric striz and lines of growth, and the absence of all traces of the 

surface spines, so characteristic of N. festinata. ‘The latter is also 

a larger species. N. (J.) low: averages 10 to 12 mm. across the 

hinge line and rarely over 8 mm. in the length of the ventral valve 

of the large shells of the species. ; 

The specific name is in honor of Hon. A. P. Low, Deputy Head 

and Director of the Geological Survey of Canada. 

Nisusia (Jamesella) lowi occurs at horizons 186 to 294 feet (26.7 

to 89.6 m.) above the horizon of Nisusia festinata in the Mount 

Stephen Section. 
FoRMATION AND LocaLity.—Lower Cambrian: (1) About 5 feet 

(1.5 m.) below the top of the Lower Cambrian, in thin-bedded lime- 
stones of Mount Whyte formation; (2) drift block of limestone sup- 

posed to have come from the horizon of (1); and (3) about 50 feet 

(15.2 m.) below the top of the Lower Cambrian, in shales of Mount 
Whyte formation; all three from north shoulder of Mount Stephen, 

just above the tunnel, on the Canadian Pacific Railway, 3 miles 

(4.83 km.) east of Field, British Columbia. (4) About 160 feet 

(48.8 m.) below the top of the Lower Cambrian, in odlitic lime- 

stones of Mount Whyte formation, slopes of Mount Bosworth, a 

little north of the Canadian Pacific Railway track, between Stephen 

and Hector, British Columbia. 

WIMANELLA, new genus 

This genus is proposed for the smooth, non-plicate species that I 

have heretofore referred to the genus Billingsella. Wimanella rep- 

resents the smooth, early stages of development and Billingsella the 
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later, mature plicate stage of development of this section of the 

Billingsellide. 
TypE.—Wimanella simplex, new species. 
It is to be noted that Billingsella plicatella Walcott [1905a, p. 240] 

includes some shells that are nearly smooth, and that. B. highland- 

ensis (Walcott) [1886, p. 119] is very finely costate. The former 
species may be considered as being in part a form intermediate be- 

tween Billingsella coloradoensis (Shumard) [1860, p. 627] and 

Wimanella harlanensis (Walcott) [1905a, p. 236]. I think, how- 

ever, that the species with smooth shells should be grouped under a 

generic head, as they indicate a marked phase in the evolution of the 

forms formerly grouped under Billingsella. 

The generic name is given in recognition of the valuable work of 

Dr. Carl Wiman, of the University of Upsala, on the geology and 
paleontology of the Baltic region. 

WIMANELLA ? INYOENSIS, new species 

PLATE 10, FIGURE 4 

This species is represented by numerous specimens in the form of 

casts in a calcareous sandstone. All of the shells are more or less 

compressed and distorted. Some of those best preserved indicate 

that the general outline was transverse. A specimen 6 mm. in 
length has a width of 7 mm. 

The most striking feature is the presence of two strong fadiatine 

ridges that originate near the beak and extend forward nearly to the 
frontal margin. These ridges may be the casts of the main vascular 
sinuses or it may be that they represent ridges on the exterior of the 
shell, one on each side of the shallow median sinus. At present, 

with the material before me, I am inclined to the view that they rep- 

resent the casts of sinuses, and hence the provisional generic refer- 
ence to Wimanella. 

Nothing is known with certainty of the outer surface or of the 

substance of the shell. The interior casts and the matrices of the 

casts show two strong radiating ridges, the shell substance having 
apparently been removed and its place lost by the compression of the 

sediment before its consolidation. 

ForRMATION AND LocaLiry.—Lower Cambrian: Limestones in 
Toll Gate Canyon, about 15 miles (24.14 km.) east of White Pine, 
White Mountain Range, Inyo County, California. 

4—W 
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WIMANELLA SHELBYENSIS, new species 

PLATE 10, FIGURE 3 

All the specimens representing this species in the collection are 

flattened in the shale to such an extent that very little of the original 

convexity of the shell is left and only the impression of the shell 

remains, as the shell substance has been entirely removed, probably 

by solution. The general form of this species resembles very 

closely that of Billingsella ? appalachia (Walcott) [1905, p. 231]. 
The casts show a high cardinal area on the ventral valve with a broad 

delthyrium, and on the dorsal valve a narrow cardinal area with a 
broad, open delthyrium. 

The exterior surface is marked by fine concentric lines and a few 

stronger varices of growth. A small ventral valve has a length of 
8 mm., with a width of 10 mm. A larger one has a length of 18 

mm.; width, 22 mm. A small dorsal valve has a length of to mm.; 

width, 13 mm.; and the largest dorsal valve in the collection has a 

length of 19 mm.; width, 25 mm. 

The specimens show no traces of vascular or muscular markings, 

in this respect resembling Wimanella anomala (Walcott) [1905a, p. 

230] and Billingsella appalachia. 

This species appears to be the Lower Cambrian representative of 

Wimanella anomala, differing from the latter in having rounded 
cardinal angles instead of the acute projecting angles so character- 
istic of W. anomala. Wiumanella shelbyensis has the same general 
form as B. appalachia, but differs from it in having a smooth sur- 

face and in the absence of all traces of radiating ribs. It more 
nearly resembles Wimanella simplex (see p. 101), but differs from 
the latter in being more transverse, and the cast of the umbonal 

cavity is relatively smaller. 

It is a curious fact that in all the species above mentioned there 

is no trace of a vascular marking or muscle scar. All the species 
occur in argillaceous shale and none of them preserve the shell sub- 

stance. The shells appear to have been macerated and removed by 

solution, leaving only a cast of the compressed inner or outer sur- 

face of the valve. 
The associated fossils are Obolus smithi (see p. 62), Micromitra 

(Paterina) major (Walcott) [1905a, p. 304] Micromitra (Paterina) 

williardi (see p. 60) and numerous fragments of two or three spe- 

cies of Olenellus. 
FoRMATION AND LocaLity.—Lower Cambrian: Montevallo shale, 

4 miles (6.44 km.) south of Helena, Shelby County, Alabama. 
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WIMANELLA SIMPLEX, new species 

PLATE 10, FIGURE 2 

The general form of this species is much like that of Billingsella 

coloradoensis (Shumard) [1860, p. 627], except that the beak of the 

ventral valve rises above the hinge line much as in B. highlandensis 
(Walcott) [1886, p. 119]. The surface of W. simplex appears to 

be smooth, except for a few concentric lines of growth. Nothing is 
known of the interior except what is shown by the cast of the 

umbonal cavity. A crushed specimen with the two valves flattened 

out indicates that the beak of the dorsal valve was slightly elevated 

above the hinge line. All of the specimens are flattened in shale, 

and the shell substance has been removed by solution. The material 

is unsatisfactory, but, as it represents a species of the smooth type 

from a known horizon in the Middle Cambrian, it is illustrated and 

given a specific name. 
ForRMATION AND LocaLiry.—Lower Cambrian: (1) Shales on 

Gordon Creek north of Gordon Mountain, 6 miles (9.65 km.) above 

the South Fork of the Flathead River; and (2) Wolsey shales, 
bulow Gordon Mountain, on Youngs Creek, about 5 miles (8.05 

km.) from its junction with Danaher Creek; both in the Lewis and 

Clark Forest Reserve, Montana. (3) Drift block supposed to have 

come from the Mount Whyte formation, found on the south slope 

of Mount Bosworth, a short distance northwest of the Canadian 

Pacific Railway track, between Stephen and Hector, eastern British 

Columbia, Canada. 

Genus BILLINGSELLA Hall and Clarke [1892), p. 230] 

BILLINGSELLA MAJOR, new species 

PLATE 10, FIGURES I AND Ia 

In general form and convexity this shell is related to Billingsella 

coloradoensis (Shumard) [1860, p. 627]. It differs from it in 

being larger and in having coarser radiating ribs. It is the Upper 

Cambrian representative of the latter species. 

FoRMATION AND LocaLity.—Upper Cambrian: Fine-grained, 

buff-colored sandstone in excavation on Wells’ farm, 2 miles (3.22 

km.) west of Baraboo, Sauk County, Wisconsin. 
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BILLINGSELLA MARION, new species 

PLATE 10, FIGURE 5 

Dorsal valve transverse; beak small, marginal; sides broad, 

rounded, and merging into the broadly round, almost transverse 

frontal margin; cardinal line a little shorter than the greatest width 

of the valve and sloping very slightly from the beak to the outer ex- 

tremities; on one specimen the cardinal angle is extended slightly ; 

greatest width about midway of the length; mesial furrow uarrow 

at the beak and gradually widening to a broad, deep furrow which 

divides the valve into two lobes. 

Surface smooth with the exception of a few (six or seven) 
obscure radiating ribs on each lobe. A specimen 10 mm. in width 

has a length of 6 mm. 

OBSERVATIONS.—This species is represented by three specimens of 

the dorsal valve. They all indicate a thick shell of the Billingsella 

salemensis (Walcott) [1887, p. 190] type. I do not know of a 

similar form in the Cordilleran Cambrian fauna. It is associated 

with Micromitra (Paterina) stissingensis (Dwight) [1889, p. 145], 
a species of Microdiscus, and Ptychoparia, in a compact gray lime- 

stone. 

FoRMATION AND LocaLity.—Middle Cambrian: About 1,750 feet 

(533-4 m.) above the top of the Lower Cambrian, in the oolitic lime- 

stones of the Stephen formation [| Walcott, 1908a, p. 3], below the 

horizon of the Ogygopsis fauna, east side of Mount Stephen, about 

3,000 feet (914.4 m.) above the Canadian Pacific Railway track and 

3.5 miles (5.63 km.) east of Field, British Columbia, Canada. 

EOORTHIS, new genus 

Not Plectorthis Hatt and CLARKE, 1892, Nat. Hist. New York, Paleon- 

tology, VIII, Pt. 1, pp. 194-195. (Characterized as a new genus; see 

below for copy. This genus, as now restricted, is not known to occur 

in the Cambrian.) 

Orthis (Plectorthis) Waxcorr [not (Hall and Clarke) ], 1905, Proc. U. S. 

National Museum, XXVIII, pp. 257-259. (Original characterization 

copied and genus discussed somewhat as below.) 

Plectorthis GRaABAU and SHIMER (in part) [not (Hall and Clarke) ], 1907, 

North American Index Fossils, II, Bryozoa and Brachiopoda, pp. 250 

and 251. (Characterized. ) 

In their subdivision of the genus Orthis Dalman, Messrs. Hall and 

Clarke [1892b, p. 192] restricted the genus Orthis to the group of 

which Orthis callactis Dalman is the type, and, among American 

forms, Orthis tricenaria of the Trenton and Hudson faunas. ‘These 
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forms show the existence of a transverse apical plate in the del- 

thyrium of the ventral valve. The name Plectorthis was proposed 

for a second group, of which Orthis plicatella was made the type, 

and of this the authors [1892), p. 194] say: 

“This is a persistent form, which in American faunas, so far as 
known, is limited to the Trenton and Hudson River torinations. 
While it retains the strong external ribs of the typical Orthis, these 
are not invariably simple (O. fissicosta Hall; O. triplicatella Meek; 
O. equivalvis Hall, not Davidson; O. jamesi Hall), the cardinal area 
of the pedicle valve is comparatively low and the valves are sub- 
equally convex. In the interior, the character of the muscle scars, 
dental lamellz and cardinal process are essentially the same as in 
Group 1 (Orthis), and the minute structure of the shell appears to 
be in precise agreement with that of O. calligramma, though no evi- 
dence of tubulose coste has been observed. In Orthis jamesi, which 
is placed in this association, there is occasionally a deviation toward 
the resupinate contour exemplified in the Groups IV (Orthis sub- 
quadrata) and V (Orthis sinuata).” 

In the Cambrian faunas I find a group of species intermediate 

between the typical forms of Billingsella and of Orthis, as limited 

by Hall and Clarke [1829b, p. 193], which I have referred for a 
long time to Hall and Clarke’s Plectorthis, placing that genus as a 

subgenus of Orthis. This Cambrian group of shells, which I now 

refer to a distinct genus, may be defined as follows, the type of the 

genus being Orthis remmnicha Winchell [1886, p. 317]: 

Dracnosis.—Shells subquadrate to transversely elongate, with or 

without median fold and sinus; valves subequally convex. Hinge 

line straight, usually forming nearly the greatest diameter of the 

shell. Cardinal extremities broadly angular, rarely acuminate; sur- 

face with radiating ribs and striae which may be crossed by concen- 

tric growth lines and striz. The ribs increase as the shell grows, 

by interpolation. 

The ventral valve has the umbo more or less elevated over a hinge 

line, the apex acute and usually incurved. The area is rather broad, 

flat or incurved, and transversely striated. Teeth short and sup- 

ported by dental plates that extend to the bottom of the valve, bound- 

ing a space (pseudospondylium) including the main vascular sinuses 

and area of attachment of the adductor muscle scars. Delthyrium 

open or partially closed by a convex deltidium. The adductor muscle 

scars are included within a narrow median area beneath the umbo 

on each side of the median line, and the diductors in a more or less 

flabelliform area outside of the main vascular sinuses. Pedicle scars 

unknown. 
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Dorsal valve with low umbo and slightly incurved apex; area well 

developed with a broad delthyrium. Deltidial cavity with a straight, 

simple cardinal process. Dental sockets small, with short’ crura. 

The adductor muscle scars are small, the anterior being nearer the 
median ridge, which usually extends forward from the base of the 

cardinal process. 

Shell structure dense, with a minutely granular ground-mass. 

Sections vertical to the outer surface show a few laminations of 

growth, but no fine fibers; sections on the plane of the surface 

show a few coarse irregular fibers resembling matted wood-pulp 

fibers, and a dense granular ground-mass that is penetrated here and 

there by irregular openings of varying size. "The openings or pores 

appear to be confined to one or more lamellz of the shell and not to 

pass through it from inner to outer surface, as in Orthis (Dal- 

manella) parva and allied punctate orthoids; the openings are usu- 

ally indicated by minute scattered dark spots. 

Type oF GENuUS.—Orthis remnicha Winchell [1886, p. 317]. 

OBSERVATIONS.—The Cambrian species referred to Eoorthis have 

relatively thin shells that retain on the interior surfaces but slight 

traces of the muscle scars and vascular markings, except in the 

umbonal cavity. Hoorthis may be distinguished from Orthis (s. s.) 

by (1) its ribs increasing by interpolation; (2) its strongly defined 

pseudospondylium ; (3) relatively thin shell; and (4) its dense, non- 

fibrous shell structure. ‘The last three characters also distinguish 

it from Plectorthis and other subgenera of Orthis. Eoorthis may 

be considered as the possible connecting line between Billingsella and 

the orthoids of the Ordovician. 

The geological range of Eoorthis is from the upper portion of the 

Middle Cambrian through the Upper Cambrian and into the Lower 

portion of the Ordovician. 

Two of the species from strata, referred to the Middle Cambrian 

are represented by material too imperfect for specific description ; 

they occur with Paradoxides in Bohemia, and it is not improbable 
that they will be found to belong to some other genus. ‘The remain- 

ing species referred to the Middle Cambrian are E. wichitensis (Wal- 
cott) [1905a, p. 271], which occurs in the upper portion of the Mid- 

dle Cambrian and base of the Upper Cambrian, and E. hastingsensis 

(Walcott) [1g05a, p. 263], which occurs in the Middle Cambrian 

(Paradoxides zone). 

From the above statements it will be seen that the first representa- 

tives of Hoorthis in the Cambrian appear in the upper portion of 

the Middle Cambrian, and that the greater number of species, 21 out 

of 31, are Upper Cambrian forms. 
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EOORTHIS NEWBERRYYI, new species 

PLATE I0, FIGURES 6 AND 6a 

Shell transversely subelliptical, with the cardinal extremities ob- 

tusely angular; valves moderately convex, with the hinge line a 

little shorter than the greatest width of the valves. The only ventral 

valve in the collection showing a mesial fold is a small exfoliated 

shell that is somewhat doubtfully referred to the species. Two of 

the larger valves in the collection have the posterior margin extended 

beyond the hinge line, with a short incurved beak; a broad, shallow 
median sinus begins in front of the umbo and widens to nearly one- 

third of the width of the valve at the frontal margin. On a shell 

5 mm. in length the sinus is very shallow; area unknown. ‘The 

dorsal valve is almost uniformly convex and without a mesial sinus 

or fold; the front margin arches upward a little to provide for the 
extension of the margin of the ventral valve caused by its broad 

median sinus; beak minute and marginal; area unknown. 

Surface marked by concentric lines and ridges of growth and 

small, rounded, radiating ribs with two or three smaller ribs between 

each two larger ridges. The shell structure is fibrous and im- 

punctate, as far as can be determined from the material available 

for study. The largest ventral valve has a length of 14 mm.; width, 

18mm. A dorsal valve 15 mm. in length has a width of 18 mm. 

OBsERVATIONS.—In form this species resembles some species of 

Eoorthis remnicha (N. H. Winchell) [1886, p. 317], but in surface 

characters it is quite unlike any of them. 

ForMATION AND Locarity.—Upper Cambrian: About 1,100 feet 
(335.3 m.) above the top of the Middle Cambrian and 125 feet 

(38.1 m.) below the Lower Ordovician, in the limestone of the St. 
Charles formation of the Blacksmith Fork Section, about 7 miles 

(11.27 km.) above the mouth of Blacksmith Fork and 14 miles 

(22.54 km.) east of Hyrum, Cache County, Utah.’ 

EOORTHIS THYONE, new species 

PLATE I0, FIGURES 7 AND 7a 

In outline and size this species resembles Eoorthis wichitensis 

(Walcott) [1905a, p. 271], but in its sharp, uniform, radiating ribs 

it differs from that and other species having a somewhat similar 

outline. The ribs radiate from the beak and increase in number by 

interpolation of new ribs at irregular distances from the beak. Noth- 

ing is known of the area of either valve. A cast of the interior of a 

dorsal valve shows rather large muscle scars. 
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A large ventral valve has a length of 8 mm.; width, 9g mm. Sub- 
stance of shell unknown. 

OBSERVATIONS.—This species was at first compared with Nisusia 

(Jamesella) nautes (Walcott) [1905a, p. 283], but the surface ribs 

are more regular and less numerous. It also occurs 1,800 feet 

(548.6 m.) higher in the stratigraphic section than the fauna of JN. 

(J.) nautes. 

ForRMATION AND LocaLity.—Middle Cambrian: (1) About 2,250 

(685.8 m.) above the top of the Lower Cambrian and 2,150 feet 
(655.3 m.) below the Upper Cambrian, in the gray shaly limestones 
of the Marjum formation; and (2) about 2,450 feet (746.8 m.) above 

the top of the Lower Cambrian and 1,950 feet (504.4 m.) below the 

Upper Cambrian, in the thin-bedded limestones of the Marjum for- 

mation, House Range Section; both 2.5 miles (4.02 km.) east of 

Antelope Springs, in ridge surrounding Wheeler Amphitheater, 

House Range, Millard County, Utah. 

EOORTHIS ZENO, new species 

PLATE 10, FIGURE 8 

In outline the ventral valve of this species is somewhat similar to 

that of some forms of Eoorthis remnicha winfieldensis (Walcott) 

[1905a, p. 270], but it differs in having finer radiating ribs and in 

its smaller size. It is also much smaller than Eoorthis newberryit, 

and it occurs 4,400 feet lower in the same stratigraphic section. | 

do not know of any similar form with such regular, fine, sharp, radi- 

ating ribs from the Cambrian terrane. The largest ventral valve in 

the collection has a length of 10 mm.; width, 18 mm. 

FoRMATION AND LocaLity.—Middle Cambrian: About 1,100 feet 

(335.3 m.) above the top of the Lower Cambrian and 3,300 feet 

(1,005.8 m.) below the Upper Cambrian, in the arenaceous lime- 

stone of the Ute formation, in the Blacksmith Fork Section, about 8 

miles (12.87 km.) above the mouth of Blacksmith Fork Canyon and 

15 miles (24.14 km.) east of Hyrum, Cache County, Utah. 

Genus SYNTROPHIA Hall and Clarke [18 92), p. 270] 

SYNTROPHIA CAMBRIA, new species 

PLATE 10, FIGURES II AND Ila 

General form transversely oval, strongly convex, but not rotund. 

Ventral valve moderately convex, with the frontal margin in adult 

shells prolonged; a flattened median sinus begins on the umbo and 
widens to two-thirds the width of the shell in front; area unknown. 
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Dorsal valve moderately convex except on the median fold, which 

is rounded but not unusually prominent; area unknown. 

Surface marked by a few concentric lines of growth. The largest 

dorsal valve has a length of 8 mm.; width, 11 mm. A ventral valve 

g mm. in length has a width of 14 mm. 
Casts of the interior of the valves indicate that there was a low 

spondylium formed by a short ridge rising a little distance from the 
center on each side; this separates an area beneath the umbo not 

unlike that of the ventral valve of Billingsella. ‘There is no trace in 

either valve of a median septum. The spondylium or chamber ap- 

pears to have been attached to the bottom of the valves or to have 

had the shell as its bottom; if this view is correct, a true spondylium 

had not been developed in this species. 
OBSERVATIONS.—In form this species is usually most nearly re- 

lated to Syntrophia calcifera (Billings) [1861a, p. 318]. It differs 

in having a less clearly defined beak and less prominent fold on the 

dorsal, valve. There are many points in common between Syn- 

trophia cambria and S. nundina (Walcott) [1905a, p. 292], but they 

differ in the shorter -beak and sharper median fold of the latter. 
Syntrophia cambria occurs in the Wasatch range about 3,300 feet 

below the base of the Ordovician, while S. califera and S. nundina 

occur in the lower Ordovician. It is the oldest species of the genus 

and is of interest also on account of being closely related in form to 

the Ordovician species mentioned. 
ForMATION AND LocaLrty.—Middle Cambrian: (1) About 1,100 

feet (335.3 m.) above the top of the Lower Cambrian and 3,300 feet 

(1,005.8 m.) below the Upper Cambrian, in the arenaceous lime- 

stones of the Ute formation, Blacksmith Fork Section, about 8 miles 

(12.87 km.) above the mouth of Blacksmith Fork Canyon and 15 
miles (24.14 km.) east of Hyrum; and (2) same horizon as (1) and 

about 10 miles south of that locality, just south of the south fork of 

East Fork, east of Cache Valley; both in Cache County, Utah. (3) 
About 100 feet (30.5 m.) above the Cambrian quartzites, in shales 
of Tintic Range Section, near summit of ridge between Mammoth 

and Eureka, Juab County, Utah. 

SYNTROPHIA CAMPBELLI, new species 

PLATE I0, FIGURES 9, 9a—-c 

General form rotund, unequally biconvex; hinge line short. Ven- 

tral valve moderately convex, exclusive of the prolonged: frontal 

margin; it is depressed toward the front in adult shells by a broad 

median sinus that disappears on the umbo; area short and divided 
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midway by a relatively large, open, triangular delthyrium. Dorsal 

valve convex, with an elevated, relatively narrow median fold that 

does not extend back to the beak; area short and divided by a 

strong, open, triangular delthyrium. 

Surface marked by concentric striz and a few strong lines of 

growth. The largest shell is represented by a dorsal valve that has 
a length of 12 mm.; width, 14 mm. A ventral valve 7 mm. in 
length has a width of 11 mm. 

Casts of the ventral valve show a spondylium supported on a sep- 

tum that extended from the beak about one-third the distance to the 

front margin. The spondylium of the dorsal valve rests directly 

on the interior of the shell without trace of a supporting median 

septum. 

OBSERVATIONS.—The young shells of this species are almost 

evenly convex, the fold of the dorsal valve and the sinus of the 

ventral valve of the adult shell not having developed. The charac- 

teristic spondylium of each valve is shown in the youngest shells 

observed. ‘The general torn of Syntrophia campbelli is auch like 

that of Syntrophia rotundata (Walcott) [1go05a, p. 293], and some- 

what like that of Huenella texana (Walcott) [1g05a, p. 294]. It 

differs from the former in having the spondylium of the dorsal valve 

resting on the interior of the shell and not supported on a septum, 

in this respect resembling the spondylium of H. terana. Some shells 

have a somewhat transverse posterior margin like that of H. texrana, 

but the larger number have the broadly acuminate outline of S. 

rotundata. ‘The muscle scars of the dorsal valve, as far as known, 

are similar to those of Huenella abnormis (Walcott) [1g05a, p. 

289]. 

FORMATION AND LocaLity.—Upper Cambrian: Knox chert, 
Bunker Hill, Greenville quadrangle (U. S. G. S.), 6 miles (9.65 
km.) northeast of Rogersville, Hawkins County, Tennessee. 

SYNTROPHIA ? UNXIA, new species 

PLATE 10, FrcuRE Io 

This species is represented by a single specimen of the ventral 

valve from which the shell has been removed by weathering. The 
cast of the spondylium shows it to have been of the same type as 

that of the ventral valve of Syntrophia primordialis (Whitfield) 

[1878, p. 51] and S. barabuensis (A. Winchell) [1864, p. 228], and 

to have been attached to the interior of the valve without any inter- 

vening septum. The elongate rounded form and scarcely percept- 
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ible median sinus serve to distinguish this species from all described 

forms. 
This is the oldest shell of this type known to me. It occurs 5,465 

feet (1,665.7 m.) below the summit of the Cambrian, in the House 
Range Section. I am not fully satisfied with the generic reference, 
but with the data available it can not well be referred to Billingsella 

or any other known genus of the Cambrian Brachiopoda. 

FoRMATION AND LocaLiry.—Middle Cambrian: About 2,250 feet 

(685.8 m.) above the top of the Lower Cambrian and 2,150 feet 
(655.3 m.) below the Upper Cambrian, in the gray shaly limestones 

of the Marjum formation, House Range Section, 2.5 miles (4.02 

km.) east of Antelope Springs, in ridge surrounding Wheeler Am- 

phitheater, House Range, Millard County, Utah. 

HUENELLA, new genus 

This genus is proposed to include the more or less plicate species 

of the Syntrophiide that have heretofore been referred by me to the 

genus Syntrophia. They differ from Syutrophia in having a more 
or less radially plicate surface and sessile or pseudo spondylia instead 

of free spondylia supported by a median septum. With the possible 

exception of Huenella etheridge: (see below), all of the species are 
from the Upper Cambrian. 

The shell structure is fibrous, with many minute pores. 

Type.—Syntrophia texana Walcott [1g05a, p. 294]. 
The generic name is given in recognition of the thorough and 

valuable work of Dr. F. von Hoyningen-Huene on the “Silurischen 
Craniaden.” 

HUENELLA ETHERIDGEI, new species 

PLATE 10, FIGURES 13 AND 13a 

Orthis (or Orthisina), sp., ETHERIDGE, 1905, Trans. Roy. Soc. South 

Australia, XXIX, p. 250, pl. xxv, figs. 9 and 10. (Described as below 

and discussed. The specimens represented by figures 9 and 10 are 

redrawn in this paper, pl. 10, figs. 13 and 13a.) 

Dr. Etheridge describes the ventral valve as follows: 

“Subquadrilateral, convex, the greatest convexity at about midway 
in the length of the valve, the sinus gradually deepening and widen- 
ing toward the front, and bounded laterally by ill- defined folds, one 
on either side, the surface sloping away on either side rapidly to the 
lateral margins and at a very much less angle within the sulcus; 
there are indicaticns of costz on the divaricating folds and in the 
sulcus. 

“The hinge features are hidden in matrix, nor is the umbo dis- 
tinctly visible.” 
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The dorsal valve is described as follows: 

“Rotundato-quadrate, the cardinal margin as long as the width 
of the valve, the surface convex, except on the dorsolateral alations, 
where it appears to be flattened. There is a central, acute, or 
pinched-up fold, produced forward, and expanding as it advances. 
There are indications of the existence of strong, distinct, subradiat- 
ing coste. 

“Whether or not this is the brachial valve of the species repre- 
sented by the preceding form, it is, at present, impossible to say; 
the two occur in the same bed, however.” 

From the study of the various forms of Huenella described herein, 

I think that the two valves belong to one species, and I take pleasure 
in naming it after Dr. R. Etheridge, Jr. 

ForMATION AND LocaLity.—Middle (?) Cambrian: Archeocya- 
thinze white limestone, near Wirrialpa, in the Flinders Range, South 

Australia. 
HUENELLA LESLEYI, new species 

PLATE 10, FIGURES I2 AND 12a 

Only the exterior of the valves of this species is known. In form 

and outline it is most nearly related to Huenella texana. It dif- 

fers from the latter in being broader in proportion to its length and 

in having narrow, radiating, rounded ribs over the entire surface. 

This is probably the oldest known Huenella. Billingsella colo- 
radoensis (Shumard) [1860, p. 627] and Lingulella manticula 

(White) [1874, p. 9] occur in the same bed of limestone. 
The specific name is given in honor of the late Dr. J. P. Lesley, 

State geologist of Pennsylvania. 
FoRMATION AND LocaLity.—Upper Cambrian: About 200 feet 

(61 m.) above the Middle Cambrian and 1,025 feet (312.4 m.) 

below the top of the Upper Cambrian, in the limestones of the St. 

Charles formation, about 7 miles (11.27 km.) above the mouth of 

Blacksmith Fork Canyon and 14 miles (22.54 km.) east of Hyrum, 

Cache County, Utah. 

CLARKELLA, new genus 

General form rotund, unequally biconvex. Surface smooth or 
marked by concentric strize and lines of, growth. Ventral valve 

convex at the umbo and with a strong, broad median sinus; area 
low and divided by a relatively large delthyrium. Dorsal valve 

convex at the umbo, which is extended forward into a strong, broad 

median fold. Cross sections of the valves near the apex and be- 

neath the umbo show a spondylium supported by four or more septa 

that divide the umbonal cavity into five chambers. 
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Thin sections of the shell of the type species show it to be fibrous 

and with many minute pores arranged in lines radiating from the 

beak to the front and side margins of the valves. 
Typre.—Polytoechia ? montanensis Walcott [1g05a, p. 295]. 

This genus is known only. by the type species from the Lower 

Ordovician of Montana. It is distinguished from Polytoechia Hall 
and Clarke [1892b, p. 239] by an open delthyrium, smooth surface, 

and presence of septa and spondylium in the dorsal valve. It dif- 

fers from Syntrophia and Huenella in having several septa support- 
ing the spondylia, and also from Huenella in having a smooth non- 

plicate surface. . 

The generic name is given in recognition of the work of Prof. 
John M. Clarke, of the Geological Survey of New York, in connec- 

tion with Prof. James Hall, on the fossil Brachiopoda. 
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DESCRIPTION OF PLATE 7 

f.= flexure line of area. 7. =anterior lateral muscle scar. 

h.=central muscle scar. k. = middle lateral muscle scar. 

1. =transmedian muscle scar. /.= outside lateral muscle scar. 

ManPeCUnESt EO CCCU ENS TEMG SPECIES. tices «sa: cig 6 oe sasiciasierncere > aati ee a, 30eleere 

Fic. 1. View of the type specimen from Lower Cambrian shale, 

northeast of Silver Peak Mill, Silver Peak quadrangle, 

Esmeralda County, Nevada, showing the outer and inner 

surface of the outer layer. U.S. National Museum Cata- 

logue No. 51518. 

Pea) 1c  PYeTOSG, NEW SPECIESE 0.6 a is oie alape alee eo en wee wale eee enn 

Fic. 2. Top view of the type specimen from the Lower Cambrian 

Eophyton sandstones at Lugnas, Vestergotland, Sweden. 

U. S. National Museum Catalogue No. 51523. 

Bram) Naydent, NEW SPeGieS; . oo5.5 Sie. eS eA dees cme en eiin ae 

Fic. 3. ‘Top view of type specimen of ventral valve. U. S. National 

Museum Catalogue No. 51437a. 

3a. Posterior view of ventral valve.- U. S. National Museum 

Catalogue No. 51437). . 

The specimens represented by Figs. 3 and 3@ are from 

the Middle Cambrian limestones of the Langston forma- 

tion in Two Mile Canyon, southeast of Malad, Oneida 

County, Idaho. 

Micromitra (Iphidella) lowise, new species.............0.00000- a tabi ; 

Fic. 4. Top view of type specimen of ventral valve from the Lower 

Cambrian shales of the Lake Louise formation, at Lake 

Louise, south of Laggan, Alberta. U. S. National Mu- 

seum Catalogue No. 514014a. 

4a. Side view of associated ventral valve. U. S. National Mu- 

seum Catalogue No. 51401b. 

Micromiira (Iphidella) nyssa, new species. .... 2.0... 052208 ce es aeeeanes 

Fic. 5. Top view of type specimen of ventral valve from Middle 

Cambrian shales between Gordon Mountain and Cardinal 

Peak, Ovando quadrangle, Powell County, Montana. U. S. 

National Museum Catalogue No. 5144I1a. 

Micromira (Paterina) wapta, new Species; ...... 0. ccs vce es net caveanes 

Fic. 6. Top view of type specimen of ventral valve from a drift 

block of Lower Cambrian shale, slope of Mt. Bosworth, 

British Columbia. U. S. National Museum Catalogue No. 

51402a. 

Micromira (Paterina) williardi, new species.........0..sssecss esccaces 

Fic. 7. Top view of type specimen of ventral valve from the Lower 

Cambrian Montevallo shale, .25 mile (.40 km.) northeast 

of Helena, Shelby County, Alabama. U. S. National Mu- 

seum Catalogue No. 51482a. 
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Micromttra (Paterna) stuarlt, new Species... 2200 6.05020 ces be) meee 

Fics. 8 and 8a. Top and posterior views of type specimen of ventral 

valve from the Middle Cambrian limestones of the Ute 

formation, Blacksmith Fork Canyon, Cache County, Utah. 

U. S. National Museum Catalogue No. 51485a. 

Obolus. smith; new -species..«../< (Facets oes ket. ea eee ee ee 

Fic. 9. Exterior of a slightly distorted dorsal valve. U. S. National 

Museum Catalogue No. 51611a. 

ga. Cast of the interior of a dorsal valve. U. S. National Mu- 

seum Catalogue No. 516110. 

The specimens represented by Figs. 9 and ga are from 
Lower Cambrian Montevallo shale, .125 mile (.20 km.) 

northeast of Helena, Shelby County, Alabama. 

Obolus.parvys, NEW SPECIES Sco ote we noe a ladios simi mires tires ee 6 see i 

Fic. 10. Exterior of ventral valve. U. S. National Museum Cata- 

logue No. 5140004. 

10a. Exterior of dorsal valve. U. S. National Museum Cata- 

logue No. 51400b. 

The specimens represented by Figs. 10 and 10a are from 

a drift block of Lower Cambrian shale on the slope of Mt. 

Bosworth, British Columbia. 

Obolus membranaceous, new species......... dilielaie's, se tlepels ah orotate 

Fic. 11. Type specimen showing cast of ventral valve flattened in the 
Middle Cambrian shales of the Eldon formation, north- 

west of Mt. Bosworth, British Columbia. U. S. National 

Museum Catalogue No. 53674a. 

Obolus. (Weestonia) .elongaius, new SPECIES... ..0 665 ..s secs woes oreleene 

Fic.12. Type specimen showing cast of ventral valve from Middle 

Ordovician shales in Wasatch Canyon, north of Brigham, 

Box Elder County, Utah. U.S. National Museum Cata- 

logue No. 51722a. 

Obolus (Westonia) notchensis, new SPeECieS............ cece cece cceacenece 

Fic. 13. Type specimen showing exterior of partially exfoliated ven- 

tral valve from Lower Ordovician limestones on Notch 

Peak, House Range, Millard County, Utah. U. S. Na- 

tional Museum Catalogue No. 51731a. 

Obolus (W estonia) dartont, new: species: ....)./. <0 saa aes ..0tesh es. 2 

Fic. 14. Type specimen showing exterior of ventral valve from Mid- 

dle Cambrian sandstones west of Garfield Peak, Natrona 

County, Wyoming. U. S. National Museum Catalogue 

No. 51683a. 

Obolus(fordisa): eulberti,mew Species ss <b. 5,2 ..004 oom oe nes kee oe 

Fic. 15. Top and side views of a ventral valve. U. S. National Mu- 
seum Catalogue No. 51946a. 

15a. Interior of a ventral valve. U. S. National Museum Cata- 

logue No. 51946b. 

The specimens represented by figures 15 and 15a are 

from Middle Cambrian limestones of the Marjum forma- 

tion, south of Marjum Pass, House Range, Millard County, 

Utah. 
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volss Crordinit iL perpectus, NEW SPECIES... .4 sos... a. de nonccvceesuawe oes 65 

Fic. 16. Type specimen showing interior of ventral valve from Mid- 

dle Cambrian shaly limestones of the Weeks formation, 

south of Marjum Pass, House Range, Millard County, 

Utah. U.S. National Museum Catalogue No. 51947a. 

i OE TGAT LAMA, OW SDCCIGS Sa. 2's" ccs 6 a's ecw vised -laialatwoT uve lo oN Obi ade 63 
Fic.17. Type specimen showing interior of dorsal valve from the 

Upper Cambrian limestones of the St. Charles formation 

in Two Mile Canyon, southeast of Malad, Oneida County, 

Idaho. U.S. National Museum Catalogue No. 51638a. 
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DESCRIPTION OF PLATES 

a. =area. h. =central muscle scar. 

cf. =cardinal muscle scar. 4, ==transmedian muscle scar. 

F, = foramen. j. anterior lateral muscle scar. 

F’,.=cast of foraminal tube. vs. =vascular sinus. 

Obolus (Westoma) wasatchensis, new SpeCieS:.\:.....soacn s+. seen 

Fic. 1. Partially exfoliated ventral valve from a drift block sup- 

posed to have come from a Middle Cambrian horizon 

1,700 feet (518.2 m.) above the Cambrian quartzitic sand- 

stones, Wasatch Canyon, 5 miles (8.05 km.) north of 

Brigham, Box Elder County, Utah. U. S. National Mu- 

seum Catalogue No. 51733. 

ta. Exterior of a dorsal valve from the Middle Cambrian shales 

of the Bloomington formation, Blacksmith Fork Canyon, 

Cache County, Utah. U. S$. National Museum Catalogue 

No. 51734a. 

Dicellomus parvus, new SpeGies., o:...0.-..00s nose es dee ie ee 

Fic. 2. Interior of dorsal valve. U. S. National Museum Catalogue 
No. 52523a. 

2a. Interior of dorsal valve. U.S. National Museum Catalogue 

No. 525230. ' 

The specimens represented by Figs. 2 and 2a are from 

Middle Cambrian limestones 2.5 miles (40.2 km.) south- 

west of Yen-chuang, Sin-t’ai District, Shan-tung, China. 

Dicellomus prolificus, new species... .6...234 0.2220 cent. see ie 

Fic. 3. Exterior of ventral valve. U. S. National Museum Cata- 
logue No. 51925a. 

3a. Exterior of dorsal valve. U. S. National Museum Catalogue 
No. 51925). 

The specimens represented by Figs. 3 and 3a are from 

Middle Cambrian limestones of the Marjum formation, 

south of Marjum Pass, House Range, Millard County, 
Utah. 

LTingulella (Lingulepis) acuminata sequens, new variety... ........ .eeees 

Fic. 4. Exterior of type specimen of ventral valve from Ordovician 
sandstone, near Ticonderoga, Essex County, New York. 

U. S. Naticnal Museum Catalogue No. 53675a. 

Linguielia texana; newospecieSs 2)... 6 nca5 ccc kwunGkan seek le. kee 
Fic. 5. ‘Type specimen showing cast of the interior of a dorsal valve 

from Middle Cambrian limestones on Morgan Creek, Bur- 
net County, Texas. U. S. National Museum Catalogue 
No. 51806. 

Lingulella butisi, new species... :..426 ees sin ds Co eee ee 
Fic. 6. Type specimen showing exterior of a dorsal valve from 

Upper Cambrian limestones, near Kimbrel, Bibb County, 
Alabama. U. S. National Museum Catalogue No. 51779. 
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MeasDormian cians. TW SPECIES a2. o40.,v0\ vic ste olen ueeisics acess Barossa cs 

Fic. 7. Type specimen showing cast of the interior of a ventral valve 

from the Middle Cambrian Yogo limestone on the North 

Fork of the Dearborn River, Lewis and Clark Forest Re- 

serve, Montana. U. S. National Museum Catalogue No. 

52214a. 

EC MULLDUOUES EE CEUSIS ME WaS[EClESe a. 6s ccc srciae nose poste nle gern As oeiem terse he 

Fic. 8. Type specimen showing cast of the interior of a ventral 

valve with posterior and side outlines, from Lower Cam- 

brian limestones 2-3 miles (3.22-4.83 km.) east-northeast 

of Waucoba Springs, Inyo County, California. U.S. Na- 

tional Museum Catalogue No. 52208a. 

SACRO Ler PALLLS UA CIALG, EVO SPECIES = cca ok sic’ ance 2d yee «cis pais olde ov eo bl efe 

Fic. 9. Type specimen showing exterior of a partially exfoliated, 

crushed ventral valve from Lower Cambrian shales at 

Ringsaker, Province of Hedemarken, Norway. U. S. Na- 

tional Museum Catalogue No. 51972a. 

9’. Enlargement of a portion of the surface of Fig. 9. 

Slee MECC ee LE INES. EW SHCGION OEE Uy. sco a's.+ + ada s d Swae cine’ san Setdecese 

Fic. 10. Type specimen showing interior of a crushed ventral valve 

from Middle Cambrian limestones of the Langston forma- 

tion, in Two Mile Canyon, southeast of Malad, Oneida 

County, Idaho. U. S. National Museum Catalogue No. 

519609. 
nie EIEMECTOCHONS, TOW "SPECIES... .. ccc oc occ + sense cscsuucunteeccweun 

Fic. 11. Type specimen showing cast of the interior of a dorsal valve 
from Middle Cambrian shales in Montagne Noire, Cou- 

louma, Department of Herault, France. U. S. National 

Museum Catalogue No. 51975a. 

mcrotnele borsnolmensis, New. SPCCICS). s/o. ccdiece oe oo ad ces owe ces cide loses 

Fic. 12. Top and side views of type specimen of broken ventral valve 

from the Upper Cambrian Ceratopyge slate, at Borgholm, 

Oeland Island, Sweden. U. S. National Museum Cata- 

logue No. 51974a. 

PE PIS PEPER AS OCW SPCCICS. oes sreale cc cre e.s © on fi a’ 0s cias-e ele oe ttle s 

Fic. 13. ‘Top view of type specimen of crushed ventral valve from the 

Lower Ordovician Levis shales, at Point Levis, Quebec, 

Canada. Collections of the Geological Survey of Canada. 

PGR UMRAO DEIR ARE ISHEGIOS: Vo. i. cea acs cad bc el cc bb. cdc coe ecb ee wears: 

Fic. 14. Top view of type specimen of ventral valve from Lower 

Cambrian limestones of the Pioche formation, near Pioche, 

Lincoln County, Nevada. U. S. National Museum Cata- 

logue No. 15344a. 

14’ and 14”. Side and posterior views of an associated ventral 

valve. U. S. National Museum Catalogue No. 15344). 

Heroines subpsdue Bera, new NATICty. 03.62.0656. eee ese ace eaccoucences 

Fic. 15. Top and side views of type specimen of ventral valve from 

Lower Cambrian limestones of the Pioche formation, near 

Pioche, Lincoln County, Nevada. U. S. National Museum 

Catalogue No. 52024. 
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ac. =apical callosity. h. =central muscle scars. 

cl. =cardinal muscle scars. s. =median septum. 

fp. = pseudo pedicle groove. vs. =vascular sinuses. 

Acrotreta ophtrensis descendens, new variety...............-.--++> ode 

Fic. 1. Top, side, and back views of type specimen of ventral valve 

from Middle Cambrian shaly limestones of the Weeks for- 

mation, south of Marjum Pass, House Range, Millard 

County, Utah. U. S. National Museum Catalogue No. 

521434. 

1a. Interior of an associated dorsal valve. U. S. National Mu- 

seum Catalogue No. 52143). 

Acrotreta marjumensis, Mew “SpECI€S... caeiseins ene ae +) 2 a de ee ee 

Fic. 2. Top, side, and back views of a ventral valve. U.S. National 

Museum Catalogue No. 52116a. 

2a. Interior of an associated dorsal valve. U. S. National Mu- 

seum Catalogue No. 52116). 

The specimens represented by Figs. 2 and 2a are from 

the Middle Cambrian limestones of the Marjum formation, 

south of Marjum Pass, House Range, Utah. 

Acrotxeta:ulrichi, néw Species. osc Ab.. os ones coe sna tlhe 

Fic. 3. ‘Top, back, and side views of type specimen of ventral valve 

from the Middle Cambrian limestones of the Reagan for- 

mation, east of Homer, Woods County, Oklahoma. U. S. 

National Museum Catalogue No. 52180. 

Acrotreta béllatula,. new*spectese.) Vo. 0... oes eee. oe ee 

Fic. 4. Top, side, and back views of a ventral valve. U. S. National 

Museum Catalogue No. 52072a. 

4a. Interior of a ventral valve. U. S. National Museum Cata- 

logue No. 52072b. 

4b. Cast of the interior of a dorsal valve. U. S. National Mu- 

seum Catalogue No. 52072¢. 

The specimens represented by Figs. 4, 4a-b are from 

Middle Cambrian limestones of the Marjum formation, 

south of Marjum Pass, House Range, Millard County, 

Utah. 

Acrotreta rudis, new species © ef aie @ 6)u 16 &, 0 © Oe, 0) © ole 6 6 66 ee © 6's els se! © a 8) © a 8) win reee we 

Fic. 5. Type specimen, an exfoliated and crushed ventral valve from 

Middle Cambrian shales, 3.5 miles (5.63 km.) from 

Rogersville, on the road to Melindy’s Ferry, Hawkins 

County, Tennessee. U. S. National Museum Catalogue 
No, 52111. 

Linnarssonella transversa, new species 

Fic. 6. Top and side views of type specimen of ventral valve from 

Upper Cambrian shales of the Orr formation, south of 

Marjum Pass, House Range, Millard County, Utah. U. S. 

National Museum Catalogue No. 52201. 
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Linnarssonella nitens, New SPECieS.......... eee c eee cece eee e ee cee eeees 

Fic. 7. ‘Top and side views of type specimen of ventral valve from 

Upper Cambrian litnestones of the Orr formation, south of 

Marjum Pass, House Range, Millard County, Utah. U.5. 

National Museum Catalogue No. 52198a. 

- Linnarssonella modesta, new SPeCi€S....... 0.2 cee cce secre enter nevncess 

Fic. 8. Top and back view of a ventral valve. U.S. National Mu- 

seum Catalogue No. 53679. 

8a. Interior of a ventral valve. U. S. National Museum Cata- 

logue No. 52197a. 

The specimens represented by Figs. 8 and 8a are from 

Upper Cambrian shales of the Orr formation, south of 

Marjum Pass, House Range, Millard County, Utah. 

TANATSSONELIC- UV AMIE, MEW. SPECLES iia sie e eieiogais 0) sve Rie Bicia ose" syetercieyy O-ei's alae le 

Fic. 9. Exterior of a ventral valve. U. S. National Museum Cata- 

logue No. 52202a. 

oa. Cast of the interior of a dorsal valve. U.S. National Mu- 

seum Catalogue No. 52202b. 

The specimens represented by 9 and oa are from Mid- 

dle Cambrian limestones in Big Cottonwood Canyon, 

southeast of Salt Lake City, Utah. 

IETINEIE. VORRCHSES, TOW: SPECIES s « ccjalon cclo ced slsn <0 Wade crdamieqqes sein ade ne'e 

Fic. 10. Type specimen showing exterior of a crushed ventral valve 
from Middle Cambrian shales at York, York County, 

Pennsylvania. U. S. National Museum Catalogue No. 

520314. 

Alcrainele: WOORWOFENt, NEW SPECIES: ...0 Js.c os ase sess eee npecaaneees oceee 

Fic. 11. Top view and side outline of a cast of the type specimen of a 

ventral valve from the Lower Cambrian Nahant limestone, 

at Nahant, Essex County, Massachusetts. U. S. National 

Museum Catalogue No. 52030 (cast). 

PAUETO TMELCL UIE IIe ACW) “SPCCIESH nar ietelaye ce Mela cre cere citiths, « be eiceahs oheee: alone 

Fic. 12. Top and side views of type specimen of ventral valve from 

Middle Cambrian shales south of Emigrant Peak, Esme- 

ralda County, Nevada. U.S. National Museum Catalogue 

No. 520282. 

AEA EY CSPECIES ha, 5) ar eae ate 4 oat ae es ae Shee Satteninis ch aewiey 

Fic. 13. Exterior of a ventral valve. U. S. National Museum Cata- 

logue No. 52295a. 

13a. Cast of the interior of a dorsal valve. U.S. National Mu- 

seum Catalogue No. 52295). . 

The specimens represented by Figs. 13 and 13a are from 

the Middle Cambrian Spence shales in Spence Gulch, west 

of Montpelier, Bear Lake County, Idaho. 

MUM) GMeSclia) lows, new. SPECIES \.:,. oi) 25k « avis. eam wos townted viele «chee 

Fic. 14. Top and side views of type specimen of ventral valve from 

Lower Cambrian limestones 5 feet (1.5 m.) below the 

top of the Mt. Whyte formation, just above the tunnel, 

north shoulder of Mt. Stephen, 3 miles (4.83 km.) east of 

Field, British Columbia. U. S. National Museum Cata- 
logue No. 53677a. 
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a. =cardinal area. 

a’.=cast of umbonal cavity. 

Billingsella major, new iSPeCies. >. Fsees Gee ees 1 ee ee ee Pee IOI 

Fic. 1. Cast of the interior of a broken ventral valve. U. S. Na- 
tional Museum Catalogue No. 52256a. 

1a. Cast of a dorsal valve. U. S. National Museum Catalogue 

No. 52256b. 

The specimens represented by Figs. 1 and ta are from 

Upper Cambrian sandstones 2 miles (3.22 km.) west of 

Baraboo, Sauk County, Wisconsin. 

Wimanella simplex, New. SPECIES. ). o.oo tse caee aes cles. nee 101 

Fic. 2. Type specimen showing exterior of ventral valve from Lower 

Cambrian shales, 6 miles (9.66 km.) up Gordon Creek 

from South Fork of Flathead River, Lewis and Clark 

Forest Reserve, Montana. U. S. National Museum Cata- 

logue No. 52278a. 

Wimanella shelbyewsis, mew. SPeCieS.;. ... s.s)20 4552 «+ ase ob ops oe ee 100 

Fic. 3. Type specimen showing exterior of compressed ventral valve 

from Lower Cambrian Montevallo shale, 4 miles (6.44 

km.) south of Helena, Shelby County, Alabama. U. S. 

National Museum Catalogue No. 52272a. 

Wimanella .? wmyoensis, new) SPEGIESs,. as <5 sso! aeieniafdsic sss de gee 102 

Fic. 4. Type specimen showing cast of the interior of ventral valve 

from Lower Cambrian limestone in Toll Gate Canyon, 

White Mountain Range, Inyo County, California. U. S. 

National Museum Catalogue No. 52255a. 

Dillingselia Marion, NEWSPECHES sss. ocle vides Moke ss wlan dasa 99 

Fic. 5. Type specimen showing cast of the interior of ventral valve 

from Middle Cambrian limestones of Stephen formation 

on Mount Stephen, British Columbia. U.S. National Mu- 

seum Catalogue No. 53676a. 

Loorthas*newberryt, new Species. <4 02 13. 8i kc On ls svn ce ee ee 105 

Itc. 6. Exterior of ventral valve. U.S. National Museum Catalogue 
No. 523504. 

6a. Exterior of dorsal valve. U.S. National Museum Catalogue 

No. 52350b. 

The specimens represented by Figs. 6 and 6a are from 

Upper Cambrian limestones of the St. Charles formation, 

in Blacksmith Fork Canyon, east of Hyrum, Cache 

County, Utah. 

Loortins thyone,. tew' Species! i. cou ee we ss oe ea sn a 105 
Fics. 7 and 7a. Exterior of dorsal valves. U. S. National Museum 

Catalogue Nos. 52377a and 52377. 

The specimens represented by Figs. 7 and 7a are from 

Middle Cambrian limestones of the Marjum formation, 

east of Antelope Springs, House Range, Millard County, 
Utah. 
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PAOD THUS SEMA MPC SPECIES. %. occ s «a sir hbapeai sae) oe Keane d we wcote wpe e's rae cee os 

Fic. 8. Exterior view and side outline of type specimen of ventral 
valve from Middle Cambrian limestones of the Ute forma- 

tion, in Blacksmith Fork Canyon, east of Hyrum, Cache 

County, Utah. U. S. National Museum Catalogue No. 

523974. 

Sia prel campDelll,, NEW SPECIES e055 icici v oainp tine pa cele eras een wines nies 

Fic. 9. Cast of interior of ventral valve. U.S. National Museum 

Catalogue No. 52480a. 

ga. Cast of the interior of a dorsal valve. U. S. National Mu- 

seum Catalogue No. 52480b. 

gb. Section of the beak of a ventral valve, showing septum and 

spondylium. U. S. National Museum Catalogue No. 

52480c. 

gc. Cast of the interior of the posterior portion of the dorsal 

valve, showing the cast of a section of the spondylium. 

U. S. National Museum Catalogue No. 5248o0d. 

The specimens represented by Figs. 9, 9a-c are from the 

Upper Cambrian Knox chert at Bunker Hill, northeast of 

Rogersville, Tennessee. 

PMID TMN EE o METERS” ATIC WSO CIOS Gas wtb cline) niciet sng Sele aleinle Gale's WSeNyeie are 

Fic. 10. Type specimen showing an imperfect cast of the interior of a 

ventral valve from Middle Cambrian shaly limestones of 

the Marjum formation, east of Antelope Springs, House 

Range, Millard County, Utah. U. §S. National Museum 

Catalogue No. 52499. 

ANTE Pt COMOUTIG, MEW SPECIES 2. os acca asa Sect pre de eve ainic ape o hw sacs 

Fic. 11. Exterior of ventral valve. U. S. National Museum Cata- 

logue No. 524774. 

Ila. Exterior of dorsal valve. U.S. National Museum Catalogue 

No. 52478. 

The specimens represented by Figs. 11 and 11a are from 

Middle Cambrian limestones of the Ute formation in East 

Fork Canyon, east of Cache Valley, Utah. 

ITAL Res Ee ME IIE WW SEGIEG 1s. Aa dae «ota ress aieliss Mik de OMG E bwalile vba see oes 

Fic. 12. Exterior of ventral valve. U. S. National Museum Cata- 

logue No. 52481a. 

12a. Exterior of dcrsal valve. U. S. National Museum Catalogue 

No. 52481b. 

The specimens represented by Figs. 12 and 12a are from 

Upper Cambrian limestones of the St. Charles formation 

in Blacksmith Fork Canyon, east of Hyrum. Cache County, 

Utah. 

PIMPRClg CINCHAG Cel, MEW. SPECIES... 20,4. ski ees dynieieda wakicae ds Qodauceus 

Fic. 13. Partial cast of interior of ventral valve. 

13a. Partial cast of interior of dorsal valve. 

The specimens represented by Figs. 13 and 13a are from 

Middle Cambrian limestones near Wirrialpa, in the Flin- 

ders Range, South Australia. Collections of the Univer- 

sity of Adelaide, South Australia. Casts in U. S. National 

Museum, Catalogue Nos. 53678a and 53678). 
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abnormis, see Huenella. 
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acuminata, see Glossina, Lingula, Lingula (Glossina), and Lingulella 

(Lingulepis). 

* Brackets are used in this connection to indicate that while the author, whose 

name is thus bracketed, described a fossil under the name which precedes his 

own,*he was not the first to describe a fossil under that name. 

* The number in heavy-faced type refers to the page upon which the species 
is described. 
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acuminata sequens, see Lingulella (Lingulepis). 

acutangula, see Lingulella. 

equivalvis, see Orthis. 

alberta, see Nisusia. 
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ampla, see Lingulella. 

anomala, see Wimanella. 

apollinis, see Obolus. 
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INTRODUCTION 

My study of the Cambrian Brachiopoda has advanced so far that 

it is decided to publish, in advance of the monograph,” a brief out- 

line of the classification, accompanied by (a) a schematic diagram 

of evolution and scheme of classification ; (b) a note, with a diagram, 

on the development in Cambrian time; (c) a note on the structural 
characters of the shell, as this profoundly affects the classification ; 
and (d) a section on the terminology used in the monograph. The 

monograph, illustrated by 104 quarto plates and numerous text fig- 

ures, should be ready for distribution in the year 1909. 

SCHEMATIC DIAGRAM OF EVOLUTION 

In order to formulate, as far as possible, in a graphic manner a 

conception of the evolution and lines of descent of the Cambrian 

Brachiopoda, a schematic diagram (see plate 11) has been prepared 

for reference. It is necessarily tentative and incomplete, but it will 
serve to point out my present conceptions of the lines of evolution of 

the various genera, and it shows clearly the very rapid development 

of the primitive Atrematous genera in early Cambrian time. 

1 Published by permission of the Director of the U. S. Geological Survey. 

* Monograph LI, U. S. Geological Survey. 
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CLASSIFICATION CAMBRIAN BRACHIOPODA—WALCOTY I4I 

DEVELOPMENT IN CAMBRIAN TIME 

We do not know of any brachiopoda in strata older than that con- 

taining the Olenellus or Lower Cambrian fauna. ‘That such existed 
in pre-Cambrian time seems almost certain when the advanced stage 

of development of some of the earliest known forms is considered. 

In the preceding diagram the known occurrence of the families of 

brachiopoda in strata of Cambrian age is graphically shown. ‘The 
diagram is based on the data contained in tables prepared for the 

monograph giving a summary by families. The Obolidz, with 7 gen- 
era, 9 subgenera, 183 species, and 17 varieties, has the greatest devel- 
opment, and the family continues into the base of the Ordovician 

with 2 genera, 7 subgenera, and 36 species. ‘The Acrotretidz has 

6 genera, I subgenus, 93 species, and 19 varieties, with the greatest 

development in the Middle Cambrian and with a smaller representa- 

tion in the Lower Ordovician. The Billingsellide, with 9 genera, 
2 subgenera, 95 species, and 12 varieties, has a strong develop- 
ment in the upper Middle Cambrian and passes into the Ordovician, 

where it disappears. ‘The three families mentioned include about 48 

per cent of the genera, 80 per cent of the subgenera, 81 per cent of 

the species, and 81 per cent of the varieties included in the Cambrian 

brachiopoda. The development of genera of the remaining families 

containing 3 genera or more is as follows: Paterinide, 4; Obolel- 

lide, 4; Siphonotretidz, 6; Syntrophiide, 3; or 17 genera of the 24 

outside of the Obolidz, Acrotretide, and Billingsellide, which con- 

tain 23 genera. The remaining 7 families include 7 genera. 

Of the 46 genera from the Cambrian, 20 occur in the Lower 

Cambrian, 31 in the Middle Cambrian, and 23 in the Upper Cambrian. 

SCHEME OF CLASSIFICATION 

In order that we may have a graphic illustration to aid in de- 
scription, the following table is inserted. The ordinal classification 

of Beecher [1891], with emendations, is taken as the basis for the 
orders, while the arrangement of superfamilies is practically that of 

Schuchert [1897], with such emendations and additions as greater 
information has rendered necessary. Dr. Charles Schuchert has 
been most helpful in discussion and criticism of this scheme of classi- 

fication, and I am also indebted to Mr. E. O. Ulrich for a discussion 

. of the classification of the Protremata. Due acknowledgment will 

be made in the monograph to many persons who have aided in 

various ways in making the monograph much more complete and 

useful than it otherwise would have been. 



ATREMATA 

142 

Ae 

Rustellacea 

SS 

Obolacea 

Kutorginacea 

SMITHSONIAN MISCELLANEOUS COLLECTIONS 

Rustellidee 

Paterinid 

Curticiidze 

Obolinze 

Obolidze 
Elkaniince 

Neobolinz 

Kutorginide 

Schuchertinidze 

{ 
{ 

| 
| 
L 

{ 

( 

| 
| 

| 
{ 

| 
| 
| 
L 

{ 

! 

oe 

( 
( 

TABLE OF CLASSIFICATION. 

Rustella 

Mickwitzia 
Micromitra 
(Paterina) 
(Iphidella) 

Volborthia 
(?)Helmersenia 

Curticia 

Obolus 
(Broggeria) 
(Palzeobolus) 
(Fordinia) 
(Lingulobolus) 
(Mickwitzella) 
(Acritis) 
(Sch midtia) 
(Westonia) 

Lingulella 
(Leptembolon) 
(Lingulepis) 

Delgadella 

Elkania 

Neobolus 

Bicia 
Dicellomus 

Kutorgina 

+ Schuchertina 

NEOTREMATA 

PROTREMATA 

cece ee 

Siphonotretacea 

Discinacea 

Craniacea 

Acrotretacea 

Orthacea 

Stropho- 

Pentameracea 

f 

; 
| 

| 
f 

| 
i 

| 
L 

ee ———— —— 

menacea 

oa ee 

Obolellidze 

Siphonotretidze 

Acrothelinz 

Acrotretidze 
Acrotretine 

[ 
| 
} 
| 
t 

Discinideze 

Craniide 

Nisusiine 

linc 

Billingsellidz 

Billingsel- 

L 
Eoorthine 

Rafines- 
quince 

————— 
Stropho- menidce 

\ atom! 

Syntrophiidee 

VOL. 53 

{ Obolella 
| | (Glyptias) 
4 Botsfordia 
| Schizopholis 
L @)Quebecia 

{ Yorkia 
Dearbornia 
‘Yrematobolus 
Schizambon 

; Siphonotreta 
| Keyserlingia 

Acrothele 
5 (Redlichella) 
« Discinolepis 

( Linnarssonella 
j Acrotreta 
| Acrothyra 
| Discinupsis 

{ Orbiculoidea 

{ Philhedra 

{ Nisusia 
J — (Jamesella) 
, Protorthis 
Ll (Leperia) 

if 
| 
J 4 

Wimanella 
Billingsella 
Orusia 

! Otusia 
| Wynnia 

§ Eoorthis 
| Finkelnburgia 

if 
( 
Eostrophomena 

{ @)Swantonia 
J Syntrophia 
} Huenella 
l Clarkella 

Order ATREMATA Beecher, 1891 (emend) 

Primitive inarticulate, corneous or calcareo-phosphatic Brachio- 

poda with the pedicle emerging more or less freely between the two 

valves. 

lateral margins. 

mentary articulation. 

Growth takes place in general around the anterior and 

Specialized forms show tendency to develop rudi- 

Delthyrium originally unmodified, in later 

genera modified by pseudodeltidia and pseudochilidia, or by thick- 
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ened, striated, and more or less furrowed or even cleft vertical car- 

dinal margins, the ventral cleft in most specialized forms tending to 
enclose the pedicle and finally restrict it to the ventral valve; when 
completely so the genera are referred to the order Neotremata. 

Superfamily RUSTELLACEA Walcott, new 

Primitive, thick-shelled, corneous or calcareo-phosphatic Atremata 

developing more or less of pseudodeltidia and pseudochilidia. 

Family RUSTELLIDA Walcott, new 

Primitive Rustellacea with the delthyrium small, open, and not 
much modified by pseudodeltidia or pseudochilidia. Muscle scars 

and vascular sinuses not well defined in the shell. 

Rustella 

Family PATERINIDA® Schuchert, 1893 (emend) 

Progressive Rustellacea with the delthyrium more or less closed 

by pseudodeltidia or pseudochilidia. 

Mickwitzia 
Micromutra 

(Paterina) 

([phidella) 

V olborthia 
(?) Helmersenia 

Superfamily OBOLACEA Schuchert, 1896 (emend) 

Derived (in Rustellacea), progressive, thick-shelled, calcareo- 

phosphatic or corneous Atremata without pseudodeltidia and pseudo- 

chilidia. Rounded or linguloid in outline, more or less lens-shaped 

and fixed by a short pedicle throughout life to extraneous objects. 

Family CURTICIIDA, Walcott and Schuchert, new 

Primitive Obolacea with a high, well-defined delthyrium. Interior 

characters much as in Obolide. 

Curticia 

Family OBOLIDAS King, 1846 (emend) 

Derived, progressive Obolacea with thickened, striated, vertical 
cardinal areas traversed by pedicle grooves. Muscles and vascular 

trunks strongly impressed in the valves. 

Subfamily OBOLIN AX Dall, 1870 (emend) 

Primitive Obolidz with the pedicle grooves more or less shallow 
or deeply rounded, but never tending to form a sheath or to com- 
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pletely restrict the pedicle opening to the ventral valve. The radicle 
of the Trimerellidz, by way of the Neobolinz, appears to be in this 
subfamily in the thick-shelled Middle Cambrian forms of Obolus 
(s. s.) 

Obolus 
(Broggeria) 

(Paleobolus) 

(Fordinia) 
(Lingulobolus ) 
(Mickwitzella) 

(Acritis) 
(Schmidtia) 
(Westonia) 

Lingulella 
(Leptembolon) 
(Lingulepis) 

Delgadella 

Subfamily ELKANIINA® Walcott and Schuchert, new 

Divergent Obolidz with posterior or marginal (not central) plat- 

forms, to which are attached the central and outside and middle 

lateral muscles. 

Elkania 

Subfamily NEOBOLINA® Walcott and Schuchert, new 

Progressive Obolidze with posterior platforms, to which were 

probably attached the central and outside and middle lateral muscles. 
Subfamily apparently progressive from the Obolinz to the Trimerel- 

lide, though the platform is posterior and not subcentral as in the 

Trimerelloids. 
Neobolus 

Subfamily BICIINA, Walcott and Schuchert, new 

Progressive Obolidz with the pedicle restricted to the ventral 

valve and more or less enclosed by a pedicle tube, and with rudi- 

mentary articulation. The transgressing stock from the Atremata 

to the Neotremata (Obolellidz). 

Bicia 

Dicellomus 

Superfamily KUTORGINACEA Walcott and Schuchert, new 

Progressive, thick-shelled, almost calcareous Atrematous-like 

shells, tending to be transverse and developing rudimentary articula- 

tion, more or less rudimentary cardinal areas, pseudodeltidia, and 
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muscle scars prophetic of the Protremata. Derived out of Rus- 

tellacea. 
Family KUTORGINID: Schuchert, 1893 

Progressive transverse Kutorginacea with rudimentary cardinal 

areas, great delthyrial opening, rudimentary articulation, and imma- 

ture pseudodeltidia. Muscle scars prophetic of the Strophomenacea. 

Kutorgina 

Family SCHUCHERTINID Walcott, new 

Primitive round Kutorginacea with small cardinal areas. Exter- 

nally like Obolus, with an open subtriangular delthyrium which 

apparently is without a pseudodeltidium. Muscle scars and vascular 

markings prophetic, through the Billingsellide, of the Stropho- 

menacea. 
Schuchertina 

Order NEOTREMATA Beecher, 1891 (emend) 

Derived and specialized inarticulate Brachiopoda (through the 
Obolidz of the Atremata), as a rule more phosphatic than calcareous, 

more or less cone-shaped, with the pedicle emerging during life 
through a perforation or sheath in the ventral valve, or a triangular, 

more or less open cleft, or only’so in the youngest shelled stage, after 

which the ventral valve becomes attached by a pedicle to foreign ob- 

jects. Pedicle cleft in derived forms modified by a listrium. Pseudo- 

deltidia and pseudochilidia as a rule not well developed. 

Superfamily SIPHONOTRETACEA Walcott and Schuchert, new 

Primitive, thick-shelled, calcareous or corneous, oboloid Neotre- 

mata, with the pedicle passing through a ventral sheath, the aperture 

of which may remain apical and circular in outline, or it may become 

elongate through resorption by passing anteriorly through the pro- 

tegulum and umbo of the shell. A listrium is not developed. Dor- 
sal protegulum marginal. 

Family OBOLELLIDA® Walcott and Schuchert, new 

Primitive Siphonotretacea with the pedicle emerging through a 

small circular perforation in the apex of the ventral valve, posterior 

to the protegulum. Derived out of the Obolide. 
Obolella 

(Glyptias ) 
Botsfordia 

Schizopholis 
(?) Quebecia 
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Family SIPHONOTRETID Kutorga, 1848 (emend) 

Progressive Siphonotretacea with the circular or elongate pedicle 

opening at the apex or passing by resorption anteriorly through the 

protegulum and the umbo of the shell. 

Yorkia 

Dearbornia 

Trematobolus 

Schizambon 

Siphonotreta 

Keyserlingia 

Superfamily ACROTRETACEA Schuchert, 1896 (emend) 

Progressive Neotremata with corneous or calcareo-corneous shells. 

The pedicle opening is a simple, circular, more or less conspicuous 

perforation through the apex of the ventral valve. Dorsal protegu- 

lum marginal. 

Family ACROTRETID Schuchert, 1893 

Same characters as superfamily. 

Subfamily ACROTHELINA® Walcott and Schuchert, new 

Depressed, large Acrotretide. 

Acrothele 
(Redlichella) 

Discinolepsis 

Subfamily ACROTRETINA® Walcott and Schuchert, new 

Small Acrotretide with more or less high ventral valves. 

Linnarssonella 
Acrotreta 

Acrothyra 

Discinopsis 

Superfamily DISCINACEA Waagen, 1885 

Derived Neotremata with phosphatic shells, a listrium modifying 
the pedicle slit, and without pseudodeltidia and false cardinal areas. 
Dorsal protegulum usually subcentral. 

Family DISCINID/A Gray, 1840 

Discinacea with an open pedicle notch in early life in the pos- 

terior margin of the ventral valve, which is closed posteriorly during 
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neanic growth, leaving a more or less long, narrow slit partially 

closed by the listrium. 
Orbiculoidea 

Superfamily CRANIACEA Waagen, 1885 

Cemented calcareous specialized Neotremata without pedicle or 
anal openings at maturity. 

Family CRANIID/ King, 1846 

Craniacea with the pedicle functional probably only during nepi- 

onic growth. 

Philhedra 

Order PROTREMATA Beecher, 1891 (emend) 

Progressive (though atrematous Kutorginacea), articulate cal- 

careous Brachiopoda with well-developed cardinal areas. ‘The 

pedicle opening is restricted to the ventral valve throughout life or 

during early growth and is often modified and more or less closed 

by a deltidium. Often there is a chilidum. Brachia unsupported 
by a calcareous skeleton other than crura. 

Superfamily ORTHACEA Walcott and Schuchert, new 

Derived, progressive Protemata. Cruralia and rudimentary spon- 

dylia (pseudospondylia) free or cemented (through sessility) directly 

to the valves. Sometimes without deltidia and chilidia. Cardinal 

process more or less well-developed except in the most primitive 

genera. 

Family BILLINGSELLID Schuchert, 1893 

Primitive Orthacea with an open or more or less closed delthyrium. 
Cardinal process well developed, rudimentary, or absent. Usually 

with a clearly defined pseudospondylium, to which the muscles of 

the ventral valve were attached. Shell structure dense, granular, 
lamellar, non-fibrous. 

Subfamily NISUSIINA® Walcott and Schuchert, new 

Primitive Orthacea with more or less well-developed deltidia and 

with or without rudimentary chilidia. Spondylia and cruralia rudi- 

mentary or small and not supported by septa. Cardinal process 

rudimentary or absent. 

Nisusia 

(Jamesella) 
Protorthis 

(Loperia) 
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Subfamily BILLINGSELLIN Schuchert, 1893 

Primitive Orthacea very much like Nisusiine but without true 

spondylia and cruralia. There is a more or less well-developed car- 

dinal process except in Lower Cambrian forms. 

Wimanella 

Billingsella 

Orusia 

Otusia 

Wynnia 

Subfamily KOORTHINA® Walcott, new 

Derived Orthacea nearly always with large open delthyria; del- 

tidia and chilidia occasionally retained throughout life, but more 

often only in the younger growth stages. Cardinal process well de- 
veloped. Shell structure dense, granular, and with punctate lamelle. 

Eoorthis 
Finkelnburgia 

Superfamily STROPHOMENACEA Schuchert, 1896 

Derived, progressive, terminal Protremata, out of Orthacea (Bil- 

lingsellide). Deltidia and chilidia nearly always well developed. 

Cardinal process always well developed. 

Family STROPHOMENID/A, King, 1846 

Subfamily RAFINESQUINAE Schuchert, 1893 

Strophomenoids having generally a convex ventral and a concave 

or nearly flat dorsal valve. 

Eostrophomena 

Superfamily PENTAMERACEA Schuchert, 1896 (emend) 

Specialized Protremata with well-developed free or supported 

spondylia and cruralia. Deltidia and chilidia usually absent. 

Family SYNTROPHIID/ Schuchert, 1896 

Primitive Pentameracea with long, straight cardinal areas. 

(?) Swantonia 
Syntrophia 
Huenella 

Clarkella 
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STRUCTURE OF THE SHELL 

The classification of the Protrematous genera is so profoundly 

influenced by the structure of the shell that it was decided to include 

the following notes: 

The general structural characters of the shell of the Ordovician 

and later brachiopoda have been so fully described by authors that 

it does not appear to be necessary or desirable to repeat them. The 

student will find a full description given by Messrs. Hall and Clarke 

in their “Introduction to the Study of the Brachiopoda” [1892, pp. 

150-225]. 
Some of the more important works that contain data on the struc- 

ture of the shell are Hancock, “On the Organization of the Brachio- 

poda” [1859, pp. 791-869] ; King, “On Some Characters of Lingula 

anatina” [1873, pp. I-17] ; Carpenter, “On the Intimate Structure of 
the Shells of Brachiopods” [1853, pp. 23-45]; Davidson, “On the 
Classification of the Brachiopoda” [1853, pp. 41-136] ; and Mickwitz, 
“Ueber die Brachiopodengattung Obolus’ [1806]. 

The greater proportion of the Cambrian brachiopoda is largely 

corneous or chitinous. ‘These brachiopoda are restricted to the in- 

articulates, but the inarticulates of the Cambrian do not all possess 

corneous shells. Dr. Mickwitz has shown [1896, pp. 102-142] that 

the shells of Obolus and its subgenera are essentially the same as 
those of Lingula in composition and structure. In both the shells 
are composed of successive calcareous and corneous lamellz that 

vary in thickness and structure. The calcareous lamelle are pris- 

matic and penetrated by minute tubules; the corneous lamellz are 

compact and imperforate. 
Messrs. Hall and Clarke, in speaking of the shells of the articu- 

late brachiopoda, say: “Among the articulate genera, under favor- 

able preservation, there may be distinguished three distinct calcareous 

shell layers: an inner prismatic or fibrous layer, which constitutes 
the greater portion of the shell; above this is a thin lamellar layer, 

and the outer surface of the shell is covered by a tenuous epidermal 

film or periostracum. When the shell is punctate the tubules open 

on the inner surface in narrow apertures, whence they widen up- 

wards, abruptly expanding in the lamellar layer, at whose upper 
margin they terminate. They do not pierce the periostracum.” 
[1892, p. 175.] 

Among the calcareous, inarticulate brachiopoda the shell of the 

Cambrian genus Obolella shows a dense, compact, slightly lamellated 
structure made up of a granular ground-mass pierced by extremely 

small tubules or pores. The substance of the shell of Rustella and 
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Yorkia is unknown, but from the character of the casts and the fact 

that the shells of Micromitra in the same matrix are preserved, it is 
probable that it was calcareous. The shells of Quebecia, Trematobo- 

lus, and Dearbornia are also calcareous. 

In Kutorgina and Schuchertina, forms that may be referred to 
either the Atremata or the Protremata, the shells appear to be cal- 

careous, compact, and without fibrous structure. Messrs. Hall and 

Clarke, when speaking [1892, p. 174] of the composition of the 

shell of fossil linguloids, said: “In the group of fossil linguloids, 

beginning with Lingula, passing through Lingulops and Lingulasma 

to Trimerella and its allies, there is a regular increase in the relative 

amount of calcareous matter in the shell, so that the 7rimerellas, 

which are large and ponderous shells, seem to have wholly lost their 

corneous matter.” 
The predominance of corneous or calcareous shell matter does not 

appear to be of more than generic importance in the classification 

of the brachiopoda. It is true that the known articulate genera are 

all calcareous, but it is equally true that among the inarticulate group 

calcareous shells occur. Alteration, replacement, and removement 

of original shell substance have changed the shell of so many species 

that other characters must be depended upon for classification. 

Microscopic STRUCTURE OF THE CAMBRIAN Bracuiopopa.-—In 
previous work on the Cambrian Brachiopoda, except in the cases 

above cited, practically no attention has been paid to their micro- 

scopic shell structure. ‘The importance of this feature in the classi- 

fication of later species suggested the possible value of a microscopic 

study of the earlier forms, and at my request Mr. R. S. Bassler, of 
the United States National Museum, prepared thin-sections and also 

assisted in the preparation of the accompanying illustrations and in 

the preliminary study of the sections. 

The preparation of thin-sections of these be brachiopoda is 

accompanied with difficulties which, together with the lack of sufh- 
ciently extensive collections, have undoubtedly prevented previous 

study along the same line. Specimens suitable for sectioning, espe- 

cially of the calcareous forms, are not at all common, and when they 

do occur they are almost invariably buried in the rock, and are so 
thin that the parting of the enclosing matrix does not leave sufficient 

shell substance for the preparation of sections. In the present work 

the specific identity of a shell was first determined by uncovering 

about one-half the valve, and the other half, still embedded in the 

matrix, was then used in making the section. The structural fea- 

tures are often restricted to individual lamellz, and the right zone 
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for microscopic examination was determined simply by close observa- 

tion as grinding proceeded. Both vertical and tangential sections 

were prepared, the former cutting the shell at right angles and the 

latter cutting the shell in planes more or less parallel to the layers 

or lamelle of which it is composed. ‘The most interesting results 

were obtained from the tangential sections, as the thin shells showed 

little decided structure in vertical sections. 

2 5 io») 

Fic. 2. Billingsella plicatella Walcott [1905, p. 240]. Upper Cambrian, Gal- 

latin Valley, Montana. 

Diagrammatic sketch of a small portion of a tangential section, X 

200. The granular ground-mass, with small pores and tubules 4 or 

5 times their own diameter distant from each other, is also typical 

of other members of the Billingsellide. 

Fic. 3. Dalmanella subequata (Conrad) [1843, p. 333]. Ordovician (Stones 

River), St. Paul, Minnesota. 

Photograph of a tangential section, X 35, showing the fibrous struc- 

ture and comparatively large pores. 

Fic. 4. Kutorgina cingulata (Billings) [1861, p. 8]. Lower Cambrian, Swan- 

ton, Vermont. 

A small portion of the tangential section figured on Plate 12, fig. 4, 

X 200. The minute structure of this and the following species is 

essentially the same as that shown in fig. 1, the only difference be- 

ing the closer arrangement of the pores. 

Fic. 5. Obolus apollinis Eichwald [1829, p. 274]. Upper Cambrian Obolus 

sandstone, Esthonia, Russia. 

Small portion of tangential section X 200. The minutely porous 

granular structure is beautifully shown in this species, in which the 

pores are arranged more closely than in any other observed. 

The general resemblance of the Cambrian eoorthoids to certain 

Ordovician Protremata is so striking and the lines of descent so 

suggestive that particular attention was devoted to this group, and 

the examination brought out the fact that this apparent relationship 

disappears when the shell structure of the two groups is compared. 

Sections of the shells of members of the Billingsellidzee, of which 
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figure 2 is typical, all show a lamellar structure with indications of 

more or less numerous and scattered, very minute pores or tubules. 

passing without interruption through one lamella. In some sections 

the spots indicating the tubules are arranged in rows radiating from 

the beak of the shell to the margins, but no other regular arrange- 

ment can be seen. ‘Ihe great mass of the shell is made up of a com- 

pact, finely granular base with dark spots and occasional minute 

crystals of calcite—a ground-mass which, under the microscope, 

appears very much like that of a fine argillaceous shale. 

The Ordovician Protremata have a clearer, more crystalline aspect 

or color than the Cambrian Billingsellidae—a difference which prob- 
ably indicates either a purer lime composition for the former or 

more probably a higher percentage of calcium phosphate for the 

latter. In chemical aspect the shells of the Billingsellide appear to 

resemble those of the Atremata and Neotremata more closely than 

do the Orthide. Analyses of the respective shells would be neces- 

sary to prove these relations, but to note them is interesting in view 

of the possible derivation of the Billingsellide from the Atremata. 

In the Cambrian articulate genera, with the possible exception of 

Syntrophia and Huenella, there is an entire absence of the minute, 

fibrous structure so characteristic of most, if not all, orthoids. But 

these two representatives of the Pentameracea greatly resemble each 

other. ‘Thus sections of the shell of Huenella abnormis (Walcott) 

of the Upper Cambrian (see pl. 12, fig. 9) and Syntrophia lateralis 
(Whitfield) of the Lower Ordovician (see pl. 12, fig. 7) show the 

same radial arrangement of the pores seen in the Billingsellide, 

but the shell structure is fibrous and the rows are coincident in direc- 

tion with the fibers. Upon closer study this apparent fibrous struc- 

ture can be resolved into more or less parallel bands or walls of shell 

substance separating rows of closely arranged, rectangular, pore-like 

spaces. ‘These spaces may be seen distinctly in thick sections, but 

when the section is made sufficiently thin to give a clear image under 

very high power, the pore structure disappears. 

Sections of the linguloid genera were also prepared and studied, 
but the thinness of the shells and their phosphatic character prevented 

very satisfactory results. The irregular large tubules mentioned by 

Dr. Mickwitz [1896] are beautifully shown in the sections of Obolus 

apollinis before me. Some of the tubules penetrate several lamellz 

of the shell and suggest the tubules of some of the orthoids. (See 

figures 11 and 12, pl. 12.) ‘The same general structure, with the 

exception of the larger tubules, appears to be characteristic of all of 
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the corneous shells of the Atremata and Neotremata, and, as far as 

known to me, all of the Cambrian corneous shells are of this type. 
The figures on the accompanying plate, with the exception of 

figures I1 and 12, are from photographs which have not been re- 

touched. Unfortunately higher magnifications could not be used 

without a loss of clearness; but, even at the present magnification, 

these views show a decided difference in structure. 

In conclusion, it appears that the Cambrian Billingsellide are 

further removed from the Ordovician and later Protremata than 

hitherto suspected, the microscopic shell structure in the former 

being of granular material pierced by small pores and in the latter of 

fibrous material. On the other hand, the microscopic structure of 

the Cambrian and later Pentameracea is so similar that an unbroken 

line of descent is indicated. 

TERMINOLOGY RELATING TO THE SHELL 

The definitions given in the following pages are largely those of 

Schuchert [1897, pp. 73-75], with the exception of the muscle scars 
of the inarticulate brachiopods. For the Atremata and Neotremata 

the terminology proposed by Professor William King [1873, pp. 5, 6] 

is adopted, and for the Protremata that used by Messrs. Hall and 
Clarke [1892, pp. 183-188] and given under the terminology of 
Schuchert [1897, pp. 73-77]. I agree with Messrs. Hall and Clarke 

that Professor King’s terminology has claims for its adoption, owing 

to its simplicity. Dr. F. Blochmann has proposed [1900, p. 108] a 
set of terms for the muscles of the inarticulate brachiopods that has 

much to commend it. The terminology of Mr. Albany Hancock 
[1859, p. 800] has been extensively used by authors. The numbers 

below correspond to the numbers given the terminology of King, 

Schuchert, and Blochmann. 

Hancock, 1859 

Inarticulates Articulates 

. Anterior occlusors. 

. Posterior occlusors. 

. Accessory divaricators. 

. Anterior occlusors. 

. Posterior occlusors. 

. Divaricator. 

Central adjustors. 

. External adjustors. 

. Posterior adjustors. 

. Peduncular. 

Ventral adjustors. 

. Dorsal adjustors. 

. Peduncular. NAN BW ND H NAURWHHA 

2—W 
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KING, 1873 SCHUCHERT, 1897 

1. Anterior laterals. 1. Retractors. 

2. Centrals. 2. Adductors. 

3. Umbonal. 3. Pedicle. 

4. Transmedians. 4. Rotators. 

5. Outside laterals. 5. Protractors (externals). 

6. Middle laterals. 6. Protractors (middles). 

7 . Diductors. 

BLOCHMANN, 1900 

. Lateralis. 

. Occlusor anterior. 

. Occlusor posterior. 

. Obliquus internus. 

. Obliquus externus. 

. Obliquus medius. Aw BW N 

DEFINITIONS 

Appuctor Musci&s.—(See Central muscles.) The term adductor 

is used for the central muscles of the Protremata. 

ANTERIOR LATERAL (RETRACTOR) Muscies.—In the Atremata 
these extend from the outer lateral margins of the visceral area 

in the ventral valve to its anterior extremity in the dorsal valve and 
serve to readjust the dorsal shell. 

ANTERIOR REcIon.—That portion of the shell in front of the 

transverse axis and opposite the pedicle opening. 

ApEex.—The place of initial shell growth. It may be the most 
posterior portion of the valve or it may be situated near the trans- 

verse axis. 

Arica, Cat.Losiry.—The thickened boss at the inner side of the 

apex of the ventral valve of Acrotreta and other Neotrematous 

genera through which the pedicle tube or foramen passes. 

AREA.—See Cardinal area. 

ARTICULATE BRACHIOPODA.—In the orders Protremata and Telo- 

tremata the valves articulate by means of teeth and sockets. In 

some Atremata rudimentary articulation is also developed. 

ATREMATA.—Primitive inarticulate, calcareo-phosphatic or cor- 

neous brachiopods with the pedicle emerging more or less freely 

between the two valves. (For a more detailed description see page 

142.) 

BracutA.—The fleshy, coiled or spiral, ciliated appendages of 

brachiopods serving in water circulation and respiration. 

BracHioceLé.—AIl of the anterior half of the valves outside of 

the anterior portion of the parietal band. (After King.) 
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CARDINAL AREA.—A more or less well-developed triangular area 

on each side of the delthyrium, distinctly set off from the general 

surface of the shell. It is best developed on the ventral valve of 

articulate brachiopods, but is also present on the dorsal valve, and 

generally in a rudimentary condition in many inarticulate species. 

When the area is rudimentary it is often called a false or pseudo- 
area. The area of some of the inarticulate genera is frequently 

divided by a line between the delthyrium and the outer margin. In 

such areas the line is called the flexure line, owing to the slight inter- 
ruption in the striz of growth, and the spaces separated by the flex- 

ure line are called the inner and outer lateral spaces of the area. 

(See Deltidium and Foramen. ) 

CARDINAL EXTREMITIES.—The terminations of the hinge line. 
CARDINAL MusciE Scar—A large scar within which the pos- 

terior and anterior lateral and transmedian muscle scars were at- 

tached. 

CARDINAL ProcEss.—A variously modified apophysis, situated pos- 

teriorly at the center of the hinge of the dorsal valve in articulate 
brachiopoda. To it are attached the diductor muscles, which by 

their contraction serve to open the valves anteriorly. 

CaRDINAL SLopEs.—The inclined surfaces extending from the 

-umbonal slopes to the hinge margins. 
CENTRAL (Appucror) Muscires.—In the Protremata and Telo- 

tremata these muscles have their ventral insertion one on either side 

of the central axis, between the diductors. In passing to the dorsal 

valve they divide into four and produce in that shell the two pairs of 

principal scars known as the anterior and posterior centrals. By 

contraction these muscles close the shell. In the Neotremata they 

are the essential muscles, the anterior centrals closing the valves, 

while the posterior pair serves to open the valves. In the Atremata 

there is a simple pair of centrals placed near the anterior extremity 

of the visceral area. 

CuiLipium.—A dorsal plate, in appearance similar to the del- 
tidium, covering the exterior portion of the cardinal process in many 

Protremata. Its development does not begin until early neanic or 

later growth and it is probably secreted by the dorsal mantle lobe. 

In the Atremata and Neotremata there is a similar plate continuous 

with the dorsal cardinal region of the shell, and it is named the 
pseudochilidium. 

Crura.—Processes on the dorsal hinge plate of the Telotremata 
and some Protremata, to which are attached the fleshy brachia and 

brachidia. ‘These usually form the inner walls of the dental sockets 
and may be supported by septal plates. 
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CruRALIUM.—The dorsal equivalent of the ventral spondylium. 

DELTHYRIUM.—The triangular aperture transecting medially the 

ventral cardinal area, or the posterior surface from the apex to the 
posterior margin of the ventral valve, through some portion of 
which the pedicle passes. It has also been termed the fissure or 

foramen. ‘The delthyrium may or may not be closed either by a 

calcareous deltidium or a phosphatic pseudodeltidium. 

DELTIDIUM.—A plate more or less continuous with the cardinal 

margin on the ventral valve covering the delthyrium in Atremata, 

Neotremata, and Protremata. When present in inarticulate brach- 

iopods it is called the pseudodeltidium, and in the Protremata, where 

it is always more calcareous, thicker, and more sharply defined, the 

deltidium and pseudochilidium. 

DENTAL PLATES.—Vertical plates supporting the teeth of the ven- 

tral valve in articulate brachiopods. 

DenTAL SocKETS.—Excavations in the dorsal cardinal margin of 

articulate brachiopods in which the teeth of the ventral valve articu- 

late. ‘The inner wall of the socket is elevated and forms the base of 

the crural plate. 

Dipuctor Muscirs.—In the Protremata and Telotremata the 
principal pair of diductor muscles has the larger end attached to the 

ventral valve near the anterior edge of the visceral area, while the. 

other end has its insertion on the anterior portion of the cardinal 

process. By contraction these muscles open the valves. 

Dorsal, VALVE.—Usually the smaller and imperforate valve and 
the one to which the brachia are always attached. Brachial, hemal, 
socket, and entering valves are other terms more rarely employed. 

EpHEBIC.—Designating the mature shell. 
Fats— AREA.—See Cardinal area. 
FLEXURE Linr.—See Cardinal area. 
ForaAMEN.—A small circular passage through the deltidium, either 

below or at the apex of the ventral valve. Sometimes the foramen 

encroaches by pedicle abrasion upon the umbo of the ventral valve. 

ForRAMINAL ‘TuBE.—The pedicle opening through the ventral 
valve of Neotrematous genera. 

GentraL, Marxkrncs.—Radial markings or pits within the pos- 
terior portion of the visceral space, indicating the position and ex- 

tent of the genitals. 
Grronvtic.—Designating old age. It is indicated in the ontogeny 

of many species of brachiopods by extreme thickness of the valves, 

obesity, or by numerous, crowded growth lines near the anterior 

margin—a condition which sometimes produces truncation and ab- 

sence of striz at the margin. 
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HEART-SHAPED CAvity.—Central depressed portion of visceral 

area (Mickwitz). 
Hrnce Linet.—The line along which articulation takes place; also 

sometimes developed among inarticulate brachiopoda. 

INARTICULATE BRACHIOPODA.—In the orders Atremata and Neo- 

tremata the valves do not, as a rule, articulate by means of teeth 

and sockets, as is the case in the articulate orders Protremata and 

Telotremata. 
LATERAL AREAS.—That portion of the shell on each side of the 

longitudinal axis. 

ListriuM.—In some Neotremata a plate closing the progressive 

track of the pedicle opening or pedicle cleft, posterior to the apex of 

the ventral valve. 

LONGITUDINAL Axis.—A median line through the shell from the 
beak to the anterior margin. 

MeEpDIAN SEPTUM.—An internal vertical plate commonly developed 

along the longitudinal axis and between the muscles of the ventral 
valve. Sometimes there is also a dorsal median septum. Lateral 
septa are rarely developed. 

Mippir LATERAL Muscle Scar.—See Outside lateral. 
Neanic.—Designating youthfulness, or the stage in which specific 

characters begin to develop. 

NEoTREMATA.—Circular or oval, more or less cone-shaped, inar- 

ticulate calcareo-phosphatic brachiopods with the pedicle opening 

restricted throughout life to the ventral valve. (For a more de- 
tailed description see page 145.) 

Nepionic.—Designating the smooth shell stage succeeding the 
protegulum. 

OuTsIDE AND Mippi§ LATERAL (Protractor) Muscrirs.—In the 
Obolidz one pair has the ventral ends fastened at the anterior ex- 

tremity of the visceral area, extending backward and inserted near 

the lateral margin of the dorsal valve, outside the transmedians. A 
second pair originates just behind the centrals of the ventral valve 
and is inserted posterior to the first pair. ‘These muscles draw the 

dorsal valve forward. 

PaRIETAL BAND.—The point of attachment of the muscular wall 
‘surrounding the visceral area. 

PrpicLE.—The flexible muscular organ of the ventral valve by 
means of which brachiopods may be attached to extraneous objects. 

PrpIcLE Furrow.—The external furrow adjoining the foramen 
or pedicle opening in certain Neotrematous genera. 



158 SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 53 

PrepicLe Groove.—The median groove on the cardinal areas of the 

valves formed by the pedicle extending through the posterior mar- 

gin of the valves when they were closed. 
PepicLe Muscies.—In the Protremata and Telotremata one pair 

originates on the ventral valve at points just outside and behind the 

diductors, and another on the dorsal valve behind the posterior 

centrals, while the opposite ends of both are attached to the pedicle. 

Besides these, there is an unpaired muscle lying at the base of the 

pedicle, attaching it closely to the ventral valve. 
PEDICLE OPENING.—See Delthyrium. 

PrpicLé Tusr.—See Foraminal tube. 
PLATFORM.—An internal median thickening of the shell elevating 

the muscles. Seen in certain families of the Atremata and more 

rarely in the Neotremata. (See Spondylium.) 
PLEUROCELES.—Areas between the parietal band and the outer 

postero-lateral margins. (After King.) 

PosteERtorR Recion.—That portion of the shell back of the trans- 

verse axis and toward the beak, or apex. 

ProrEGuLUM.—The initial shell of brachiopoda. It is smooth and 

of microscopic size, in outline being semicircular or arcuate and 

without cardinal areas. Rarely seen in adult shells. 

Prorracror Muscies.—See Outside and middle lateral muscles. 

PROTREMATA.—Articulate, calcareous brachiopods, with the ped- 

icle opening restricted to the ventral valve throughout life or during 

early growth. Pedicle aperture modified by the deltidium. Brachia 

unsupported by a calcareous skeleton, but nearly always by a more 

or less long crura. (For a more detailed description, see page 147.) 

PsEUDO-AREA.—See Cardinal area. 

PSEUDOCHILIDIUM.—See Chilidium. 

PSEUDOCRURALIUM.—Dorsal equivalent of pseudospondylium. 

PskUDODELTIDIUM.—The convex medial portion continuous with 

the ventral cardinal areas in Atremata and Neotremata. (See Del- 

tidium. ) 

PSEUDO-PEDICLE GROOVE.—See Pedicle groove. 
PsrUDOSPONDYLIUM.—See Spondylium. 

Rerracror Musci&es.—See Anterior lateral muscles. 

SEPTAL PLATEs.—Plates supporting the crural processes; also 

known as crural plates. 

SESSILE SPONDYLIUM == Pseudospondylium. 
SPLANCHNOCG:LE.—The area within the parietal band. (After 

King. ) 
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SPpoNnpyLIuM.—A plate in some articulate brachiopoda, mainly the 

Pentameracea, formed by the union of converging dental plates, to 

the upper surface of which are attached the adductor, diductor, and 

pedicle muscles. The spondylium may rest upon the ventral valve 

or may be supported by a median septum. The spondylium appears 

to be first indicated in the articulates by a thickening of the shell of 

the ventral valve beneath the umbonal region so as to form an area 

upon which all the muscles of the valve have their points of attach- 

ment. In Billingsella this is beautifully illustrated by B. exrporecta 

and B. plicatella. In its development the spondylium is foreshad- 

owed in the Atremata by the so-called platform of Fordinia and the 

still more primitive form in Obolus. For the purpose of reference, 
the rudimentary spondylia attached directly to the inner surface of 

the valve, as in Billingsella, may be called pseudospondylia (sessile 

spondylia, Ulrich), and those free or supported by a septum or 

septa, spondylia. In the Cambrian Atremata the homologous equiv- 
alent has been known as the platform. In Obolus, etc., there is 

sometimes developed in the dorsal valve a plate similar in appear- 

ance to the spondylium, but different in origin and known as the 

cruralium. 
TrErH.—Two processes of the ventral valve of articulate brachio- 

poda, serving for articulation. 
TRANSMEDIAN (Rotator) Muscies.—In Obolacea these are sit- 

uated posteriorly just in advance of the umbonal muscle, two on one 

side and one on the other. By their contraction the dorsal valve 

turns alternately first in one direction and then in the other. 

TRANSVERSE Axis.—A line through the shell from right to left, 

midway between the beak and anterior region. (See Longitudinal 

axis. ) 
TRAPEZOIDAL AREA.—The area on each side of the heart-shaped 

cavity in Obolus in which the outside and middle lateral scars and 

central muscle scars are attached. 

Umso.—The elevated or prominent portion of the valve anterior 

to the apex. 

Umeonat Cavity.—The hollow space in the interior of the shell 

beneath the umbo. 

Umponart, Muscr&é.—A single muscle situated in the umbonal 

region of most Atremata. By its contraction the valves are opened 

anteriorly. In Obolus this muscle divides toward the ventral valve. 

Umeponat, SLoprs.—The inclined surfaces about the umbo and 
opposite the cardinal slopes. 

VENTRAL VALVE.—Usually the larger valve situated on the ventral 
side of the animal. Among articulate brachiopoda the valve is usu- 
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ally easily distinguished by the presence of a delthyrium or pedicle 

opening through which the pedicle is protruded. In many Atrema- 

tous genera the ventral valve is not readily distinguished. When the 

shell is cemented to foreign bodies it is always by the ventral valve. 

It is usually the larger and deeper of the two valves. Pedicle, 

larger, dental, neural, and receiving valves are synonymous terms. 

VASCULAR (PALLIAL) SINUSES.—Two convergent or divergent 
primary sinuses of the circulatory system, traversing the mantle and 
originating in the posterior medial region. They usually have 

numerous secondary (lateral and peripheral) branches and both 

often leave impressions in the shell. 

VISCERAL AREA.—The posterior region of the interior of the 

valves between the pallial sinuses; in general, the immediate area of 

the median muscle tracks. 

VISCERAL CAvity = Visceral area. 
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DESCRIPTION OF PLATE 12 

Billingsella coloradoensis (Shumard) [1860, p. 627]: 

Fic. 1. Photograph of horizontal thin-section enlarged fifty diameters. 

This shows the characteristic granular ground-mass of the Cam- 

brian Billingsellide. Upper Cambrian, Morgan Creek, Burnet 

County, Texas. 

Nisusia festinata (Billings) [1861, p. 10]: 

Fic. 2. Photograph of horizontal thin-section enlarged ‘fifty diameters. 
This section shows a granular ground-mass in which there are 

faint indications of small pores or tubule which may be seen 

with a high power. Lower Cambrian, 2 miles east of Swanton, 

Vermont. 

Eoorthis remnicha (N. H. Winchell) [1886, p. 317]: 

Fic. 3. Photograph of horizontal thin-section enlarged fifty diameters. 

This section shows the same type of ground-mass as that illus- 

trated by fig. 2. Upper Cambrian, Cold Creek Canyon, Burnet 

County, Texas. 

Kutorgina cingulata (Billings) [1861, p. 8]: 

Fic. 4.:Photograph of horizontal thin-section showing granular shell sub- 

stance. ‘There are few slight indications of pores. Lower 

Cambrian, Swanton, Vermont. 

Dalmanella multisecta (Meek) [1873, p. 112]: 

Fic. 5. Horizontal thin-section enlarged fifty diameters. This shows the 

fibrous structure of the shell penetrated by numerous fine 

tubules. Ordovician Eden formation, Cincinnati, Ohio. 

Dalmanella parva (de Verneuil) [1845, p. 188]: 

Fic. 6. Horizontal thin-section showing fibrous structure; also section of 
the tubules that penetrate through the shell. Middle Ordovi- 

cian of Russia. 

Syntrophia lateralis (Whitfield) [1886, p. 303]: 

Fic. 7. Horizontal thin-section enlarged fifty diameters, showing the ar- 

rangement of the pores in lines that radiate from the apex 

toward the margin. Lower Ordovician Cassin limestone, Fort 

Cassin, Vermont. 

Plectorthis plicatella (Hall) [1847, p. 122]: 

Fic. 8. Horizontal thin-section enlarged fifty diameters. This section 

shows the fibrous structure so characteristic of the Ordovician 

orthoids. Ordovician Lorraine shaly limestones, Cincinnati, 

Ohio. 
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Huenella abnormis (Walcott) [1905, p. 289] : 

Fic. 9. Horizontal thin-section enlarged fifty diameters. The pores in 
this genus are smaller than in Syntrophia, but their arrange- 

ment is essentially the same and shows the line effect char- 

acteristic of the Pentameracea. Upper Cambrian, Gallatin Val- 

ley, Montana. 

Obolella crassa (Hall) [1847, p. 290]: 

Fic. 10. Horizontal thin-section enlarged fifty diameters. This shows the 

fine granular ground-mass, with an indication in the upper left 

side of the section that a surface ornamentation has been cut 

across. Lower Cambrian, Bic, Canada. 

Obolus apollinis Eichwald [1829, p. 274]: 

Fics. 11 and 12. Transverse, vertical thin-section enlarged so to to show 
the lamellz and the presence of a large tubule that appears to 

have more or less imperfectly penetrated through the shell. 

Upper Cambrian Obolus sandstone, Russia, 
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INTRODUCTION 

My first study of a great section of Paleozoic rocks of the western 

side of North America was that of the Grand Canyon of the Colo- 

rado River, Arizona. In this section the Cambrian strata extend 

down to the horizon of the central portion of the Middle Cambrian 

(Acadian) where the Cambrian rests unconformably on the pre- 

Cambrian formations.* 

*See American Jour. Sci., 3d ser., xxv, 1883, pp. 437-442. 
167 
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The second section studied was that of the Eureka District of 

central Nevada in 1880-1881, the results of which were incorporated 

in Monographs VIII and XX of the U. S. Geological Survey. This 

section includes the upper portion of the Lower Cambrian 

(Georgian), the Middle Cambrian (Acadian), and the Upper Cam- 

brian (Saratogan). ‘The studies of the Cambrian strata were after- 

ward continued in the Cordilleran area from time to time as oppor- 

tunity offered. ‘These included the Highland Range section of 

Nevada and the Big Cottonwood section of the Wasatch Mountains 

(see Bulletin U. S. Geol. Survey, No. 30, 1886, pp. 33 and 38). 
The great House Range section of central western Utah was studied 

and measured in 1905, the Blacksmith Fork section of the Wasatch 

Mountains in 1906, and the Mount Bosworth section of British 

Columbia in 1907. The last three sections are included in this 
paper. 

The strata of the Lower Cambrian (Georgian) are apparently well 

developed in the Big Cottonwood section of Utah, and the upper 

portion in the House Range, Eureka, and Highland Range sections, 
but it was not until the sections of the Lower Cambrian (Georgian) 

formations of western Nevada and southeastern California were 

examined that the fauna was found well developed. These sections 

are incorporated in this paper. 

ILLUSTRATIONS.—In order that geologists and paleontologists who 

have not had an opportunity to see the sections may get an idea of 

the completeness of the exposures of the strata in the Cordilleran 

area, photographs are introduced in connection with the House 

Range and Mount Bosworth sections. 

The map of the House Range gives the localities and names used 

in the section. 

CORRELATION OF SECTIONS 

The object of this preliminary correlation is to show in a broad 

way the interrelations of the strata and faunas in the North Ameri- 

can Cordilleran area west of the great continental land area of 

Lower and much of Middle Cambrian time. The margin of this 

area was as far westward as the present position of the main range 

of the Wasatch Mountains in the vicinity of Salt Lake, Utah; from 
this point the shoreline trended gradually south-southwest to south- 

western Utah and into southeastern Nevada. ‘To the north of Salt 

Lake the trend of the early Cambrian shoreline was north-northeast 

to western Wyoming, and thence north into Montana (see Dear- 

born River section). It passed westward of the Belt Mountain 
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uplift, and thence north into Alberta, east of the Rocky Mountain 

front, where all traces of it are lost beneath the covering of Tertiary 

and Cretaceous rocks. In the vicinity of the international boundary 
(49th parallel) an uplift of pre-Cambrian (Beltian) strata appears 

to have largely prevented Cambrian sedimentation in northwestern 

Montana and northern Idaho. The faunas of the sections to the 

north in British Columbia and to the south in Utah clearly prove 

that the seas in which they lived were connected, but how or where 

we do not know. 

In the following diagram the general relations of the sections are 

shown: 

Table Showing Stratigraphic Position in the Cambrian System of Five of the 
Sections Described 
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The House Range section, supplemented by the Lower Cambrian § 

sections of western Nevada and southeastern California, 230 miles 

(370.07 km.) west-southwest, gives a total of over 13,000 feet 

(3962 m.) of strata with Cambrian faunas throughout. If the Big 

Cottonwood section, 140 miles (225.26 km.) to the northeast of the 
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House Range, is found to have Cambrian fossils to its base, there 
will be over 19,000 feet of Cambrian strata in Utah. I think it 
quite probable that the quartzitic sandstones and siliceous shales of 
the Big Cottonwood section were being deposited as near-shore sedi- 
ments while the calcareous, argillaceous, and arenaceous muds were 

accumulating at the same time 350 miles (563.15 km.) to the 

southwest. 
The Upper and Middle Cambrian formations of the House Range 

section are much like those of the Blacksmith Fork and Mount Bos- 

worth sections. From the top down the correlation of the various 

sections is as follows: 
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There are many partial sections that supplement various portions 

of the three great sections. These I wish to utilize in connection 

with the study of the Cambrian trilobites of the Cordilleran area, as 

our present knowledge of the vertical range and distribution of the 

trilobites is too limited and inaccurate to be more than of value in 

general and broad correlations. It is also true that many of the 
great limestone beds now considered as almost without fossils will 
be found in their extension-away from the three great sections to 

contain a well-marked fauna. 

In closing this brief review, I wish to call attention to the close 

relationship between the great Cambrian section of the Province of 

Shantung, China, and the Cordilleran sections. The thickness of 
the strata is very much less, but the general character and strati- 
graphic succession of the Cambrian faunas is very much the same. 
This will be discussed in the introduction to a paper on the Cambrian 

faunas of China, upon which I am now at work. 





p84 apne Guoy 

£L
 

“I
d 

‘8
9 

“1
0A
 

S
N
O
I
L
9
3
7
1
1
0
9
 

S
N
O
S
N
V
1
1
3
9
0
S
I
N
 

N
V
I
N
O
S
H
.
L
I
W
S
 



LO
6L

 
‘
N
O
S
N
H
O
P
 

‘d
 

*
M
 

A
S
 

A
H
d
V
Y
D
O
d
O
L
 

a
P
u
o
4
1
 

a
y
)
 

s
o
 

2
9
9
5
9
1
7
 

OF
 

2
I
P
I
a
t
t
o
 

P
U
D
 

Y
O
9
d
_
 

Y
W
2
7
F
O
N
 

J
O
 

S
U
O
T
P
I
I
A
L
 

P
J
O
U
T
X
O
I
A
A
D
 

A
O
S
 

02
 

A
N
N
O
]
 

P
A
P
P
O
 

Uu
s2
a_
q 

P
A
O
U
,
 

J
k
 

A
 

O
s
a
 

F
A
N
O
Z
U
O
D
 

[
P
A
O
 

Va
s 

u
v
2
i
U
 

st
 

1
a
Z
O
 

V
O
0
2
 

(
0
A
4
I
A
}
 

U
I
 

I
N
O
J
U
O
D
 

‘
S
t
o
q
e
u
t
o
r
y
 

& 
>
 

e 
2 

T
t
 

CS,
 

S
P
I
N
S
 

c
d
 

= 
2 

T 
ae

 
|
 

t 

e
I
e
o
y
 

N
O
I
L
Y
O
d
 
I
W
H
Y
L
N
I
O
 

HV
.L
A 

“A
LN

AO
D 

GU
Y 

TI
IN
 

“
S
O
N
Y
 

SS
NO

H 

252m 
2pn7Bu07 

40 Sousa uD 



fu re ao 

es eae 
a 7 amtel) NN, 



LO
6L
 

‘
N
O
S
N
H
O
F
 

‘G
 

“
M
 

A
S
 

A
H
d
V
Y
D
O
d
O
L
 

e
w
e
r
 

a
7
 

7
0
 

2
9
9
1
2
1
7
7
 

03
 

2
8
0
 

P
U
P
 

Y
O
R
 

Y
2
7
0
4
/
 

F
o
 

P
U
O
T
I
I
I
2
1
 

2
7
0
 

U
M
X
O
I
A
S
A
D
 

A
4
O
U
S
 

OJ
 

A
I
O
}
 

P
a
P
P
O
 

u
s
z
I
q
 

2
0
 

Y
K
 

A 
O
f
e
g
 

S
4
a
n
o
z
U
u
e
D
 

P
A
G
]
 

Va
s 

u
p
s
 

st
 

1
a
n
N
z
o
g
 

W
0
0
2
 

[
P
A
T
2
}
 

UI
 

I
N
O
Z
U
O
D
 

wa
s 

q
e
u
o
r
y
 

S 
e
e
 

= 
T 

o
e
 

t 

F
e
I
I
N
S
 

+ 
= 

T 
eas

 
Sn: 

a
t
e
s
 

N
O
I
L
Y
O
d
 

W
W
Y
L
N
3
O
 

HV
.L
A 

"A
LN
AO
SD
 

GY
UY
TI
IN
 

“
S
O
N
Y
 

S
N
O
W
 

40
 

S
I
D
 

S
N
O
I
L
I
Z
1
1
I
0
9
 
S
N
O
I
N
V
I
I
Z
I
S
I
N
 

N
V
I
N
O
S
H
L
I
N
G
 

£1 
“Id 

“es 
“
O
A
 







I
 

E
E
 

e
a
e
 

on 
7 

“— 
= 

—
 

- 
\ 

>
 

7 
—
 

C
3
V
I
q
 

Y
O
I
O
N
 

JO
 

ap
ts
 

aj
ts

od
do

 
10
% 

‘1
 

a
i
n
B
i
g
 

‘S
i 

aj
e[
q 

9e
S)

 
‘y
eo
d 

ay
} 

yJ
EQ

UA
qG

 
ys
nf
 

u
o
f
u
e
d
 

Ai
ep
 

ay
} 

ul
 

p
a
s
o
d
x
a
 

Yr
[9
 

jO
Oj
-o
oh
‘1
 

94
} 

UL
 

U
M
O
Y
S
 

AT
[N

}I
Ne

va
q 

SI
 

UO
T}
EU
II
Oy
 

Y
e
a
q
 

Y
O
O
N
 

a
y
,
 

“(
ap

is
 

1J
9[

) 
ye
ed
 

ay
} 

yo
 

ad
oj
s 

yJ
10
u 

ay
y 

UO
 

sp
eq
 

U
e
l
i
q
u
i
e
)
 

92
4}
 

OJ
UL
 

p
e
p
n
a
y
u
r
 

st
 

A
r
A
y
d
s
o
d
 

o
y
u
e
I
S
 

Jo
 

ss
eu
l 

OA
IS
NA
ZU
T 

Ue
 

pu
Ue

 
‘a

UO
Js

eU
IT

] 
U
L
T
O
I
A
O
P
I
Q
 

Y
I
M
 

p
o
d
d
e
d
 

st
 

y
e
a
g
 

Yy
oI

ON
 

Jo
 

p
u
r
u
s
 

oy
J,
 

H
V
.
L
N
 

‘
s
S
v
d
 

W
A
P
Y
V
W
 

4
O
 

H
L
N
O
S
 

‘
S
D
N
V
Y
 

A
S
N
O
H
 

‘
M
V
a
d
 

H
O
L
O
N
 

J
O
 

3
0
V
4
 

L
S
a
M
 

N
w
i
D
I
A
Q
a
g
H
o
 

M
v
V
a
d
 
H
D
L
O
N
 

tl
 

“I
d 

‘8
S 

“
1
0
A
 

S
N
O
I
L
O
3
1
1
0
9
 

S
N
O
A
N
V
W
1
1
3
9
S
I
N
 

N
V
I
N
O
S
H
L
I
W
S
 



CAMBRIAN CORDILLERAN SECTIONS—WALCOTT 173 

HOUSE RANGE SECTION 

In order to locate the various points referred to, the accompanying 

map has been prepared, under the direction of Mr. L. D. Burling, 

from a manuscript topographic map made by Mr. W. D. Johnson of 

the U. S. Geological Survey (see plate 13). 

LocaLity.—West and east of Antelope Springs and east-southeast 

and south of Marjum Pass, House Range, Millard County, Utah. 

Sawtooth Range is a name given locally to the House Range south 

of Marjum Pass. 

The section begins at the top, 285 feet below the summit of Notch 
Peak, the highest point (8,828 feet) on the House Range south of 

Marjum Pass. 

The top of the peak is formed of 285 feet of Ordovician lime- 

stone, which is a banded, thin-bedded, bluish gray and purplish lime- 

stone containing near the top a distinct fauna: 

Obolus (Westonia) notchensis Walcott [1908d, p. 69]. 

Eoorthis coloradoensis (Meek) [1870, p. 425]. 
Raphistoma sp., etc. 

The strike of the upper beds is north 20° east (magnetic) ; dip, 

12° south. 

The line of the section extends down the northeast slope of Notch 

Peak and thence to a high ridge east of the area of eruptive granite 

on the northwest slope of Notch Peak; thence north to Marjum 

Pass. It is then carried on the line of the upper beds of the 

Wheeler formation to a point southeast of Antelope Springs; thence 

west to Dome Pass and (on the north side of Dome Canyon) to the 

Lower Cambrian quartzitic sandstones that pass beneath the quater- 

nary of the White Valley at the western foot of the House Range. 

ORDOVICIAN 

Limestone resting conformably on the Cambrian..................... 285 

UPPER CAMBRIAN 

NOTCH PEAK FORMATION: 

The Notch Peak formation [Walcott, 1908a, p. 9] is exposed on the east and 

southeast slopes and ridges of Notch Peak. Feet 

1a. Gray, arenaceous limestone in thick layers and bands of thin 

layers. Irregular nodules and thin layers of dark gray chert, 

weathering dark brown, occur at irregular intervals for 350 

feet below the summit. Thin, cherty layers, one-half to one- 

eighth inch thick, also occur occasionally below............. 640 
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Upper Cambrian 
| 

| 

Notch Peak lime- 
stone 

Orr limestones and 
shale 

Weeks limestone 

Marjum limestone 

Middle Cambrian 
Wheeler shales 

Swasey limestone 

Dome limestone 

Howell limestone 

Spence shale > 
Langston (?) limestone 

Pioche shale 

Lower Cambrian 

~ | 

Prospect Mountain 
sandstones 

VOL. 53 

Me-) 
Feet tere | 

250 76 Thin-bedded limestone 

| 

Massive bedded, arenaceous 
1490 | 45+ | limestone with a few thin 

beds 

375 | 114 

84 26 ; 2 F 
Thin bedded limestones with 

206 63 two bands of arenaceous 
shale 

235 7 

925 | 282 

| 

3 Thin bedded and shaly lime- 
13908 | 4 2c stones 

| 

1102 | 336 Thin bedded limestones 

| 

| * = he 

570 | 174 Calcareous shales } 

Tee | ie Arenaceous limestone above, 
with thin bedded limestone 

188 | 57 below 

Ne 8 Massive bedded, arenaceous 
355} 10 limestone. 
— —- 

435 | 133 Thick and thin bedded limestone 
| 
| 

<20|\006 Argillaceous shale 

205 62 | Bluish gray arenaceous limestone 

125 | 38 | Arenaceous shale wr 

1375 | 419 Brown quartzitic sandstone 

Fic. 6.—House Range Section. 
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NOTCH PEAK FORMATION (continued): 

Ia (continued) : Feet 

Fauna: 
Lingulella isse (Walcott) [1905, p. 330]. 

Dicellocephalus ? sp. ? 

A drift boulder found 2.5 miles from the peak, and on its east- 

ern drainage slope, and similar in its lithological appearance 

to the gray, arenaceous limestone of this horizon, contained 

the following fossils: 

Eoorthis coloradoensis (Meek) [1870, p. 425]. 

Schizambon typicalis Walcott [1884, p. 70]. 

Agraulos. 

Solenopleura. 
Illenurus. 

Another drift boulder was found near this with slightly differ- 

ent fauna. 

Crepicephalus. 
Ptychoparia. 

1b. Shaly, dark gray to bluish gray, arenaceous limestone, with 

small dark concretions in some layers.............0seeseec- QO» 

No fossils observed. 

1c. Gray, siliceous limestone in layers of varying thickness, 4 inches 

to 2 feet, banded with dark cherty layers and purer arena- 

ceous limestone. ‘The chert takes the form of flattened 

nodules and very thin irregular layers. ........0.....6508000 340: 

1d. Shaly and thin-bedded, bluish gray, arenaceous limestone..... 65. 

te. Gray, siliceous limestone in layers 2 inches to 2 feet thick. In 

the lower part of this limestone, where it is not metamor- 

phosed, it is dove-colored and in layers 6 inches to 3 feet 

thick. There are occasional occurrences of gray, cherty mat- 

ter, as flattened nodules, and thin layers that weather a 

PER TEER eR BR ORES Rae irs bea ane Se RS es eee a 355: 

Fauna (about 120 to 150 feet from the base) : 

Obolus tetonensis leda Walcott [1908d, p. 63]. 

Fragments of the free cheek of a trilobite. 

Total of Notch Peak formation. ..5.....-...c6.5 6s 1,490 

ORR FORMATION: 

The section is carried along the strike of the exposed strata two miles east 

to the west side of Orr Ridge, where the rocks of the Orr formation [Walcott, 

1908a, p. 10] are unmetamorphosed and present the following characters: 
Feet- 

1a. Bluish gray to gray, compact limestone in layers 1 inch to 2 feet 

thick. On weathering the thicker layers break down into 

thin, irregular layers, which form a talus of angular frag- 

SAG SUES Oieetearatetle tate tetate, ac etsincr er etevctcragaioty vie Sit iwler sche c.6 So ca,3.6 4 oe alarm 375- 
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ORR FORMATION (continued) : 

Ia (continued) : Feet 

Fauna: 

Fragments of trilobites. 

tb. Sandy and siliceous, bluish and drab-colored shales, with inter- 

bedded bands of dark, bluish gray limestone 6 inches to 2 

FEEL THICK ealets. cute asin ie is a suede ew oreo el ont snelore sien eee ageless ee eae 84 

Fauna: 

Section of crinoid column. 

Lingulella manticula (White) [1874, p. 9]. 

Lingulella isse (Walcott) [1905, p. 330]. 

Obolus rotundatus (Walcott) [1808, p. 415]. 

Ptychaspis. 

Anomocare. 

Ic. Lead-colored, finely odlitic, and arenaceous limestone in layers 

4 inches to 2 feet thick that are obscurely banded by thin 

Sie Cue Iirelteehaval vélenels geneenie (COMOIC. Gogooosnsadnsadabedoass> QI 

Fauna: 

Fragments of trilobites. 

Id. Bluish gray, compact limestone in layers 2 inches to 4 feet thick 

that break down into irregular, thin layers on weathering... II5 

Fauna (near base) : 

Fragments of trilobites. 

Linnarssonella modesta Walcott [1908d, p. 90]. 

Linnarssonella nitens Walcott [1908d, p. 91]. 

Solenopleura. 

te. Dirty brown and bluish black, arenaceous shales, with thin 

nodules of gray, fossiliferous limestone in some horizons; 

also a few layers of bluish gray limestone 4 inches to 8 

inches thick Na ticcrsguerseescireioars thie cana snl tintin ee eee 235 

Fauna (near the top) : 

Linnarssonella modesta Walcott [1908d, p. 90]. 

Lingulella isse (Walcott) [1905, p. 330]. 

Ptychoparia? 

Solenopleura. 

Fauna (near the base) : 

Micromitra (Paterina) crenistria ? (Walcott) [1897, p. 713]. 

Obolus mcconnelli pelias (Walcott) [1905, p. 330]. 

Lingulella desiderata (Waicott) [1808, p. 390]. 

Lingulella isse (Walcott) [1905, p. 330]. 

Linnarsonella transversa Walcott [1908d, p. 92]. 

Agnostus. 

Crepicephalus. 

2a. Gray, slightly arenaceous limestone in layers 2 to 6 feet thick, 

weathering lead gray. (Cliff-forming beds.).............. 590 
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ORR FORMATION (continued): 

2a (continued) : : Feet 

Fauna (at base) : 

Lingulella desiderata (Walcott) [1808, p. 399]. 

Acrotreta idahoensis Walcott [1902, p. 587]. 

Crepicephalus texanus (Shumard) [1861, p. 218]. 

Bathyuriscus. 
Tilenurus ?? 

Fauna (275 feet above base) : 

Agraulos. 

Crepicephalus texanus (Shumard) [1861, p. 218]. 

Illenurus. 

2b. Gray limestone and dark gray chert in alternating layers, one- 

half to 2 inches thick. The irregular cherty layers weather 

in relief as dark brown bands and the limestone as lead- 

colored bands, which give a very characteristic banded ap- 

PEALAICOM OMGMerG kee ters AEA eile ete Sercti «icles ets ae tre oie shone bcs 170 

2c. Gray, arenaceous limestone in massive beds that usually break 
up, on weathering, into irregular layers one-fourth to 4 

inches thick. The upper 20 feet form a more massive, solid 

Dama aN eh Se NC UINN 2) si tiaras Waving Ss vd srclgjnt/i + <n b 4 165 

Fauna: 

Traces of trilobites and brachiopods. 

Aoi one ©. org inchs) ee er ee 2a. 

eat amel pypiecnG Ath DElatl.. so \ee Ge ak nee see hss oo re 

MIDDLE CAMBRIAN 
WEEKS FORMATION: 

The Weeks formation [Walcott, 1908a, p. 10] is exposed at Weeks Canyon 

(see pl. 13) from beneath the massive limestone on the south side of the 

canyon to the top of the cliffs on the south side of Marjum Pass. Average 

dip, 12°; strike, north 20° east (magnetic). 
Feet 

ta. Thin-bedded limestones in layers 1 to 4 inches thick. The lime- 

stone is mainly fine-grained, dark gray, weathering lead- 

colored, except on bedding planes, where it is usually more 

Gimless apis nMCOlOLeU ase sae. eiia ear: <coscwre los oo se wa wee 245 

Fauna: 

Fragments of trilobites and brachiopods of the fauna in 

shaly limestone in 1b. 

1b. Shaly limestone, usually dark gray, with pinkish tinge in some 

layers and on the surfaces; sometimes buff yellow on weath- 

ering. The shales vary from one-eighth to 1 inch thick. 

This is a marked band in some sections and is arbitrarily 

separated from the shaly beds below.................00000: 285 
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WEEKS FORMATION (continued): 

1b (continued) : : Feet 

Fauna: 
The fauna ranges through about 100 feet of the lower por- 

tion of this division. 
Obolus (Fordinia) perfectus Walcott [1908d, p. 65]. 

Agnostus (2 species). 

Ptychoparia. 
Crepicephalus texanus (Shumard) [1861, p. 218]. 

Anomocare. 

Bathyuriscus. 

Asaphiscus minor, new species. 

-The fauna is much like that of Ic. Its most characteristic trilo- 

bite is Asaphiscus minor, new species. 
1c. Shaly, bluish gray to dark gray limestone in layers one-eighth 

to 1 inch thick, with occasional layers 2 to 6 inches thick; 25 

feet from the top a band of layers of arenaceous, dirty gray, 

finely odlitic limestone, 3 feet thick, occurs, and a second 

Sittilar band (so meet DElOW:. x. «|. s <wsierulsmns oalo ae ae eee 170 

Fauna: 
The fauna is rich in numbers of specimens and quite 

varied. The best specimens occur on the surface of the 

shaly layers in the lower portion of the division. 

Lingulella isse (Walcott) [1905, p. 330]. 

Obolus (Fordinia) perfectus Walcott [1908d, p. 65]. 

Acrotreta ophirensis Walcott [1902, p. 591]. 

Acrotreta ophirensis descendens Walcott [1908d, p. 94]. 

Hyolithes. 

Agnostus (several species). 

Ptychoparia (several species). 

Crepicephalus texanus (Shumard) [1861, p. 218]. 

Solenopleura. 

Asaphiscus minor, new species. 

td. Reddish tinted, more or less arenaceous, shaly limestone...... 30 

Fauna: 

Same as Ic, but not abundant. 

te. Shaly, bluish gray to dark gray limestone, similar to Ic........ 270 

Fauna: 

Same as that of Ic. 

If. Evenly bedded, bluish gray to dark gray, fine-grained lime- 

stone, in layers 2 to 16 inches thick, with shaly limestone 

DAMES eae Weide a ales ceAtlsco ee ME Lees eee 330 

Fauna: 

A few traces of Agnostus and Ptychoparia similar to those 
above. 

1g. Calcareous shales with thin layers of limestone............... 60 

Total thickness of Weeks formation....:............ 1,390 

EEE 
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SMITHSONIAN MISCELLANEOUS COLLECTIONS 

Fig. 1. VIEW FROM THE NORTHEAST OF THE EAS 

The rounded hills of the foreground are eroded in the Wheeler § 
Cambrian limestones of the Weeks, Orr, and Notch Peak formations, 
by 285 feet of Ordovician limestone. 

MITHSONIAN MISCELLANEOUS COLLECTIONS 

Fig. 2. PANORAMIC VIEW OF RIDG 

Looking across Wheeler Amphitheater, House Range. The Wheeler shale extends to the base ot the low f 
e on the slopes of the mountain on the left side of the illustration. 
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HOUSE RANGE SOUTH OF MARJUM PASS, UTAH 

1 limestone forms the long horizontal cliff, and back of this the 
ntinue on up to near the summit of Notch Peak, which is capped 

VOL. 53, PL. 15—CONTINUED 

=AST OF ANTELOPE SPRINGS 

rjum formation to the summit of the ridge. The best known fossil localities in the Marjum formation 





VOL. 63, PL. 15 
SMITHSONIAN MISCELLANEOUS COLLECTIONS 

Fig. 1. VIEW FROM THE NORTHEAST OF THE EASTERMROFTHE HOUSE RANGE SOUTH OF MARJUM PASS, UTAH 

The rounded hills of the foreground are eroded in the Wheeler stil Mlirjum limestone forms the long horizontal cliff, and back of this the 
Cambrian limestones of the Weeks, Orr, and Notch Peak formations, «/@@tsh continze on up to near the summit of Notch Peak, which is capped 
by 285 feet of Ordovician limestone. 

SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL, 53, PL, 15~CONTINUED 

Fig. 2. po Ry, ELOPE SPRINGS 
¢ base of the 

arjum formation 
Looking across Wheeler A hi ends to th ee formation 

are on th mphitheater, House Range. The Wheeler shale extends to the summit of the ridge. The best known fossil localities in the M ¢ slopes of the mountain on the left side of the illustration. 
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MARJUM FORMATION: 

The Marjum formation [Walcott, 1908a, p. I0] is exposed in the cliffs 

southeast of Marjum Pass and in the ridge east of Wheeler Amphitheater. 
Feet 

1a. Gray, more or less thin-bedded limestone that weathers to a 

dark lead-gray color and breaks down into angular frag- 

ments one-half to 2 inches thick. 

Flattened cherty nodules and thin, irregular cherty layers occur 

Oar ES Ae gh a en ee 305 

Fauna (in upper too feet) : 

Obolus mcconnelli pelias (Walcott) [1905, p. 330]. 

Obolus (Fordinia) gilberti Walcott [1908d, p. 65} 

Obolus (Fordinia) perfectus Walcott [1908d, p. 65]. 

Acrotreta bellatula Walcott [1908d, p. 93). 

Acrotreta marjumensis Walcott [1908d, p. 94]. 

Acrotreta cf. sagittalis Salter [1866, p. 285]. 

Agnostus (4 species). 

Fauna (central portion) : 

Micromitra sculptilis Meek [1873, p. 479]. 

Lingulella arguta (Walcott) [1808, p. 396]. 

Dicellomus prolificus Walcott [1908d, p. 77]. 

Acrotreta attenuata Meek [1873, p. 463]. 

Acrotreta bellatula Walcott [1908d, p. 93]. 

A gnostus. 

Ptychoparia. 

Anomocare. 

Fauna (near base): 

Micromitra (Iphidella) pannula ophirensis (Walcott) 

[1905, p. 306]. 
Obolus mcconnelli pelias (Walcott) [1905, p. 330]. 

Obolus rotundatus (Walcctt) [1808, p. 415]. 

.Hyolithes. 
Ptychoparia. 

Anomocare. 

1b. Alternating bands of dark, blue-gray, compact limestone in 

massive layers that break up into thin irregular layers; and 

gray arenaceous limestone in layers 1 to 8 inches thick. 
Feet 

Ea eeav al MaestOmen a2). tes bets eer ete bs 35 

2) Bhoe-aray Inapestone: cis eis dee ndact eee eicwa oe Ff 

Z.Gray, arehaceousilimestoné<:.:wes vee ca vs oe e's 95 

ee Pane tty MIEREGHE I 5 eerste one. Ax cic doe 12 

Se Gray atenaceaus limestones... 8d .telvac. Sos ba. fore) 

; OP MEHC-STay AMESLONE |:.<)08 . vb RMON a are th Oba slade es 8 

Se a BAF. 
Fauna: 

Ptychoparia, sp. undt. 

tc. Dark and light-gray, thin-bedded limestone, more or less 

Sia aed CT a ote ran Ac eiv ns Oe Wiese ir a nice etn wd ed aes 250 
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MARJUM FORMATION (continued) : 

Ic (continued) : Feet 

Fauna (near top): 

Acrotreta pyxidicula White [1874, p. 9]. 

Agnostus. 

Ptychoparia like P. kingi (Meek) [1870, p. 63]. 

Fauna (in central portion, though ranging through 100 to 

150 feet of the thin-bedded shaly limestone) : 

Obolus mcconnelli pelias (Walcott) [1905, p. 330]. 

Lingulella arguta (Walcott) [1808, p. 396]. 

Acrothele subsidua (White) [1874, p. 6]. 

Acrotreta ophirensis ? Walcott [1902, p. 59r]. 

Eoorthis thyone Walcott [1908d, p. 105]. 
Nisusia (Jamesella) nautes (Walcott) [1905, p. 283]. 

Nisusia (Jamesella) spencei (Walcott) [1905, p. 285]. 

Hyolithes. 

- Agnostus (2 species). 

Ptychoparia (3 species). 

Solenopleura. 

Owenella typa, new genus and new species. 

Neolenus inflatus Walcott [1908b, p. 30]. 

Neolenus intermedius Walcott [1908), p. 34]. 

Neolenus intermedius pugio Walcott [1908), p. 35]. 

Neolenus superbus Walcott [1908), p. 36]. 

Ogygopsis? 

1d. Gray, shaly limestone, passing below into shales, interbedded in 

the shaly limestone, and at 75 feet from the top into drab 

arodllaceous: shales tsps sc: ovis ohne nie ae een eee 105 

Fauna: 

Micromitra (Iphidella) pannula ophirensis (Walcott) 

[1905, p. 306]. 
Micromitra sculptilis Meek [1873, p. 479]. 

Obolus meconnelli pelias (Walcott) [1905, p. 330]. 

Obolus rotundatus (Walcott) [1808, p. 415]. 

Lingulella arguta (Walcott) [1808, p. 306]. 

Acrotreta attenuata Meek [1873, p. 463]. 

Acrotreta ophirensis Walcott [1902, p. 591]. 

Acrothele subsidua (White) [1874, p. 6]. 

Acrothele subsidua levis, new variety. 

Eoorthis remnicha (N. H. Winchell) [1886, p. 317]. 

Eoorthis thyone Walcott [1908d, p. 105]. 
Syntrophia unxia Walcott [1908d, p. 105]. 
Agnostus (3 species). 

Ptychoparia. 

Owenella typa, new genus and new species. 

Neolenus inflatus Walcott [1908b, p. 30]. 

Neolenus intermedius Walcott [1908b, p. 34]. 

Neolenus superbus Walcott [1908b, p. 36]. 
Ogygopsis? 
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MARJUM FORMATION (continued): 

Feet 

te. Dark, bluish gray limestone in thick beds that break up on 

weathering into thin, irregular layers one-half to 2 inches 

CONTE, Sage Gres BO fle page Ie SUS Si re i 195 

Fauna: 
Linnarssonella sp. 

Agnostus. 

Ptychoparia. 

Ogygopsis. 

Total thickness of Marjum formation................ 1,102 

WHEELER FORMATION: 

The Wheeler formation [Walcott, 1908a, p. 10] is exposed at Marjum Pass, 

byit the type locality is in Wheeler Amphitheater, southeast of Antelope 

Springs. The section was measured south from the ridge south of the lower 

springs of Antelope Springs. Feet 
1. Alternating bands of thin, shaly limestone and calcareous 

shale, with shale gradually increasing and predominating 

toward the lower portion. At 405 feet from top a band of 

blue-gray, hard limestone, in layers one-eighth to 2 inches 

thick, occurs. At 473 feet another band, and below an occa- 

STON alert Mil aue ly eetems.cistaye cleystecieasoiere| oe aaa saves auste onF aks ak bmieve 570 

Fauna: 

Acrothele subsidua (White) [1874, p. 6]. 
Agnostus bidens Meek [1873, p. 463]. 

Asaphiscus wheeleri Meek [1873, p. 485]. 

Ptychoparia kingt (Meek) [1870, p. 63]. 

These species occur in great numbers at 230 feet to 350 feet 

from the base. et hundred trilobites, entire and backed 

by “cone-in-cone,” have been picked up on the surface of the 

clay, resulting from the disintegration of the shales. 

Obolus mcconnelli pelias Walcott and Acrotreta attenuata 

Meek occur more rarely. 

SWASEY FORMATION: 

The section of the Swasey formation [Walcott, 1908a, p. 11] is exposed on 

the southwest ridge of Swasey Peak. Feet 

ta. Odlitic and arenaceous limestone in massive layers near the 
top. Below, dark bluish gray limestone is occasionally inter- 

bedded, and gradually it becomes the principal rock; it 

breaks up on weathering into irregular, shaly layers one-half 

HOES INCHES eUTC KM aa va choe Seite See cc Lae ae fete altel sig ele Gc a 152 

Fauna (near the top) : 

Platyceras. 

Zacanthoides. 

Fauna (near the base) : 

Scenella. 

Zacanthoides. 

Ptychoparia. 

Dorypyge. 

2—W 
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SWASEY FORMATION (continued): 

Feet 

1b, Drab and reddish argillaceous shales, with interbedded, thin 
layers of fossiliterous limestone.ii sai v2-€ Gece eee 63 

1c. Dark, bluish gray limestone in massive layers that break up 

into irregular, shaly layers one-fourth to 2 inches thick.... 17 

1d. Calcareous and argillaceous shales with thin layers of gray 

TMESHORIE “5 55. s.2c mic ef eer cle orate Ones Cee yt a 102 

Fauna: 

Micromitra (Paterina) labradorica utahensis (Walcott) 

[1905, p. 306]. . 
Lingulella arguta (Walcott) [1808, p. 306]. 
Ptychoparia (2 species). 

te. Bluish gray limestone in layers 4 to 10 inches thick, with 

numerous concretions from one-eighth to I inch in diameter, 

jar ar stew: laversS!.5 vcs oimtawttse se eee alten. eeenee cot eee eee 6 

Fauna: 

Obolus (Westonia) ella (Hall and Whitfield) [1877, p. 232]. 

Ptychoparia (3 species). 

Total ‘of ‘Swaseys formation. sees... ke clue 340 

DOME LIMESTONE: 

The section of the Dome limestone [Walcott, 1908, p. 11] is exposed in the 

central portion of Dome Canyon and adjoining cliffs. Feet 

Massive bedded, cliff-forming, gray, siliceous limestone, with 

small specks of calcite. One hundred feet from the top, and 

for 50 feet below, occasional layers 15 inches to 2 feet thick, 

of brownish yellow, arenaceous limestone, occur............ 355 

HOWELL FORMATION: 

The section of the Howell formation [Walcott, 1908a, p. 11] is exposed on 

the west face of the House Range at Howell Mountain. Feet 

1a. Bluish black limestone in massive layers that break up on 

weathering into irregular, thin’ layers. 2 |. -..ne: voces 50 

Fauna (in shaly bed at top of ta): 

Micromitra (I[phidella) pannula (White) [1874, p. 6]. 

Acrotreta cf. ophirensis Walcott [1902, p. 591]. 

Ptychoparia. 

rb. ‘Gray, “siliceous tamestamere 7 . as cosy. ae oe eee es ck era 8 

ic. Bluish: black “imestome, isimilarvtowtay..Gae.seue es «eee ee 105 

td. Pinkish colored, argillaceous shale with interbedded, thin 

layersor) limestone se ats, g ao Nomen eee erecta eee 10 

Fauna: 

Micromitra (Iphidella) pannula (White) [1874, p. 6]. 

Obolus (Westonia) ella (Hall and Whitfield) [1877, p. 232]. 

Acrotreta cf. ophirensis Walcott [1902, p. 591]. 

Scenella, 

Hyolithes. 

Zacanthoides. 

Bathyuriscus. 



S
M
I
T
H
S
O
N
I
A
N
 

M
I
S
C
E
L
L
A
N
E
O
U
S
 

C
U
L
L
E
C
T
I
O
N
S
 

VO
L.
 

53
, 

PL
. 

16
 

ne 

S
W
A
S
E
Y
 

T
H
E
 

D
O
M
E
 

pate 

Yow! 

V
I
E
W
 

O
F
 

T
H
E
 

N
O
R
T
H
 

S
I
D
E
 

O
F
 

D
O
M
E
 

C
A
N
Y
O
N
 

B
E
L
O
W
 

D
O
M
E
 

PA
SS
, 

H
O
U
S
E
 

R
A
N
G
E
 

T
h
e
 

da
rk
 

S
w
a
s
e
y
 

li
me
st
on
e 

fo
rm
s 

th
e 

da
rk
 

pe
ak
 

at
 

th
e 

le
ft
. 

Th
is
 

re
st
s 

on
 

th
e 

li
 

f
o
r
m
a
t
i
o
n
 

br
ea
ks
 

d
o
w
n
.
 

A
 

m
a
s
s
 

of
 

th
e 

D
o
m
e
 

l
i
m
e
s
t
o
n
e
 

ha
s 

be
en
 

d
i
s
p
 

la
ce

d 
in
 

th
e 

f 
f
r
o
m
 

w
h
i
c
h
 

th
e 

c
a
n
y
o
n
 

f
o
r
m
a
t
i
o
n
 

ta
ke
s 

it
s 

n
a
m
e
 

is
 

s
h
o
w
n
 

at
 

th
e 

ri
gh

t.
 

gh
t 

gr
ay
 

cl
if
f 

of
 

D
o
m
e
 

li
me
st
on
e,
 

b
e
l
o
w
 

wh
ic
h 

th
e 

H
o
w
e
l
l
 

o
r
e
g
r
o
u
n
d
 

b
y
 

a 
fa
ul
t 

b
e
t
w
e
e
n
 

it
 

an
d 

th
e 

cl
if
f.
 

T
h
e
 

d
o
m
e
 





CAMBRIAN CORDILLERAN SECTIONS—WALCOLT 183 

HOWELL FORMATION (continued): 

Feet 

te. Gray, siliceous limestone in layers 2 to 10 inches thick........ 70 

1f. Bluish black limestone in massive layers, breaking up into thin 

Da VENI Cr EMELINE ws Ve or. Pcre R Ke ae giels dows Zouk ween o's 102 

Fauna: 
Ptychoparia. 

Bathyuriscus. 

bey Gray, suuceous lamestone im thick-bedsz..).o.3-...825 ooce es cc cees 90 

otalpot Mowellotormtation. oo. 0 ccs cade eek ee 435 
Spence shale: 

The Spence shale [Walcott, 1908a, p. 8] is exposed on the east side of Dome 

Canyon a little above where it bends to the westward. Feet 

ee ME NIRASH ea P EE UACEOUS) SEALs aise fs aseisreleis ore" thaw Sikiejuiains va taew swe é 20 

Fauna: 

Micromitra (Iphidella) pannula (White) [1874, p. 6]. 

Obolus (Westonia) ella (Hall and Whitfield) [1877, p. 232]. 

Lingulella dubia (Walcott) [1898, p. 4or]. 

Acrothele subsidua (White) [1874, p. 6]. 

HA yolithes billingsi Walcott [1886, p. 134]. 

Ptychoparia piochensis Walcott [1886, p. 201]. 

Ptychoparia sp. 

Zacanthoides typicalis (Walcott) [1886, p. 183]. 

Bathyuriscus productus (Hall and Whitfield) [1877, p. nah. 

LANGSTON (?) FORMATION: 

The section of the beds which are doubtfully placed in the Langston forma- 

tion [Walcott, 1908a, p. 8] was measured at the same locality as the Spence 

shale. Feet 
1a. Massive bedded, bluish gray, arenaceous limestone, with irregu- 

lar partings of buff-colored arenaceous limestone. The latter 

penetrates the layers of limestone in the most irregular 

manner and frequently surrounds small, irregular nodules 

of the bluish gray limestone 

Fauna: 
Billingsella, sp. undt. 

Platyceras. 

Hyolithes. 

Leperditia. 
Ptychoparia. 
Zacanthoides. 

Dorypyge? 

1b. Brown, buff weathering, arenaceous limestone in thick layers; 

AMOSEMSATIGSEOME Mtl (DlACES cence serie ee visieiays.» os aye maiel ai wlatel oni 35 

oatiaae Laneston(r) formation. s... sada ecees 205 

SEEN WUTC NS ATENSE TA sc bcos! sis; 0,..d sores s aichesrgubaee’s 4,417 
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LOWER CAMBRIAN 

‘PIOCHE FORMATION: 

The Pioche formation [Walcott, 1908a, p. 11] is exposed at the westward 

bend of Dome Canyon. Feet 
1. Arenaceous and siliceous shaly layers, with some thicker 

layetsof qtantzitic:sandstonesncs seis o-mor rete Enea etre 125 

Fauna: 
Annelid trails. 

Trilobite tracks (Cruziana). 

Southwest of Pioche, Nevada, on the Panaca Road, this formation contains 

the following fauna: 

Eocystites ? longidactylus Walcott [1886, p. 94]. 
Obolus' (Westonia) ella (Hall and Whitefield) [1877, 

222i 

Micromitra (Iphidella) pannula (White) [1874, p. 6]. 

Acrothele subsidua (White) [1874, p. 6]. 

Acrothele subsidua hera Walcott [1908d, p. 87]. 

Acrothele spurri Walcott [1908d, p. 86]. 

Acrotreta primeva Walcott [1902, p. 503]. 

Billingsella highlandensis (Walcott) [1886, p. 119]. 

‘ _ Hyolithes billingst Walcott [1886, p. 134]. 

Olenellus gilberti Meek [1874, p. 7]. 

Zacanthoides levis (Walcott) [1886, p. 187]. 

Crepicephalus augusta Walcott [1886, p. 208]. 

Crepicephalus liiana Walcott [1886, p. 207]. 

PROSPECT MOUNTAIN FORMATION:? 

The Prospect Mountain formation [see Walcott, 1908a, p. 12] is exposed on 

the west slope and foothills of the House Range north and south of Dome 

Canyon. Feet 
1. Gray and brownish quartzitic sandstone in layers 4 inches to 

three feetiin thickness 73:4 924: 2S. Rak oe eee eee 1,375 + 

Total ‘Lower (Cambrianves 2201: eee eee eee 1,500+ 

RESUME, HOUSE RANGE SECTION 

Uprrr CAMBRIAN: Feet Feet 
Notch Reak formationsese. secu ia et eee 1,490 

Or topmatloneccnce es a Ara sctectie ic ST i ekae haat i et 1,825 

"Eta io sicca eve sw Bia tre eret « Bae cathe Ag eee hc eR a ea 3,315 

* As the result of conference with Mr. Arnold Hague, the following forma- 

tion names are given for formations in the Eureka section (see Walcott, 1884,. 

p. 284): Eldorado limestone replaces Prospect Mountain limestone; Dunder- 

berg shale replaces Hamburgh shale, the name Hamburgh being retained for 

the Hamburgh limestone. 
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RESUME, HOUSE RANGE SECTION (continued) : 

MippLE CAMBRIAN : Feet 

WiGGKS Portia tter son os SO vie aip snore ee tes eee a ee meee 1,390 

WEST FORIRAEON 0S os NAR ae a RET A COON da etu s 1,102 

Wheeler formation ....... sb Selene star ecag sy Baus wae 570 

SWRsey TORIIEIOIL ir es bee Ci epee Shed Behe enn ees 340 

Lyre TOVMisHoi orcs ew 5 i eee eva few ee work aes eet 355 

PIOWELE FORMATION slo OL Re aa ica op RRR ee ED 435 

Spence Sialic cs vee aus wed eee oe PE Gener: 20 

Langston Py ChOriation: fs5 be eae o cy es eeies acre oe 205 

PP OtBL re ae a CEU oka MU Ore ae ree pes 4,417 

LowER CAMBRIAN : 

PAIOCHE IOMMAUON Hoe cen estes el eae de eae Gs eee eee 125 

Prospect Mountain formation (estimated)............ Ea75+ 

SOUGE Sis alias noe ea bales Pee uy aa ere 1,500-+ 

POE SeCH OR Sees i Os rec eee 9,232+ 

WAUCOBA SPRINGS SECTION 

LocaLity.—East of Waucoba Springs, on the Saline Valley road, 
east of the Inyo Range, Inyo County, California. 

LOWER CAMBRIAN 

SILVER PEAK GROUP:! 

Feet 

1a. Bluish gray, compact limestone with irregular, inosculating 

threads and stringers of yellowish to buff magnesian lime- 

stone. Immense numbers of dark concretions one-fourth to 

one inch in diameter occur in the greater proportion of the _ 

layers. The latter vary from 6 inches to 2 feet in thickness. . 525 

Fauna: 

Sections of a calcareous brachiopod and a large Ortho- 

theca-like shell occur about 50 feet from the base. 

tb. Tight: blush: eray limestone. s se ee a 115 

1c. Massive bedded, dark Diuush gray limestone... i. s1.4. 0.52... 60 

1d. Lead-colored, arenaceous limestone, with layers of sandstone I 

to 2 inches thick in bands in lower portion, with a band of 

cross-bedded buff calcareous sandstone about 50 feet from 

the base. Layers of bluish gray limestone, banded dark and 

light gray limestone, and a few layers of brown, quartzitic 

sandstone: occir abirregular witervals. 2.4 5 ae 340 

* The name Silver Peak was first used by Mr. H. W. Turner in describing 
the Cambrian rocks of Esmeralda County, Nevada. American Geologist, 

XXIX, 1902, pp. 264-265. . 



186 SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 53 

SILVER PEAK GROUP (continued): 

1d (continued) : 

Fauna (105 feet from the base) : 

Salterella. 
Holmia weeksi, new species. 

Total Of (1. os Fao hed cane stan 4 aes ole eee with 

2a. Dark, siliceous, indurated shales, shaly sandstone and quartzitic 

sandstone in alternating layers 6 60 00 6 © 0 06,6 0 fe ose eis els 0 00 ln wimae ee 

Fauna: 

Annelid trails. 

Cruziana. 

2b. Buff, drab, and bluish gray arenaceous limestone alternating in 

layers-andbands 2...).6..5 «-deteloceie esielsiee ns ee eee eee 

2c. Gray and dirty brown sandstones, with bands of light gray 

quartzitiervsandstomes: 07 o).A cede. a -idetetec oe ee ee eee 

2d. Gray limestone, becoming arenaceous and passing into gray and 

dirty brown sandstone 

Fauna: 

Traces of fragments of trilobites on the surface of the 

sandstone. 

2e. Gray and dirty brown, compact sandstone in layers from 2 

inches to 2 or 3 feet in thickness. In the lower portion of 

the strata are layers of massive bedded, gray quartzitic sand- 

stone. Small concretions 1 to 2 millimeters in diameter are 

very abundant in many of the upper layers................. 

2f. Hard, brown and gray, shaly sandstones, with an occasional 

irregular, thin layer of bluish gray limestone............. ax 

2g. Bluish gray arenaceous limestone in thick layers.............. 

2h. Greenish-colored arenaceous. shale. .....2.... 2.0025 ssaasenben 

2i. Alternating bands of arenaceous shale and massive bedded, 

gray, quartzitic sandstones 

Fauna: 

Scolithus occurs abundantly in many of the quartzitic sand- 
stones. 

Fauna (50 feet from the top) : 

Salterella. 

Olenellus (fragments). 

2j. Gray quartzitic sandstones in layers 8 inches to 3 feet in thick- 

ness, passing below 35 feet into buff to yellowish shale with 

greenish buff bands, with some interbedded, gray, quartzitic 
sandstones 

Fauna (in quartzitic layers) : 

Scolithus like S. linearis Haldeman [see Walcott, 1891, 

p. 603]. 

Fauna (in lower portion) : 

Obolella, sp. undt. 

Holmia rowei, new species. 

Feet 

120 

125 

105 

365 

155 
25 

I20 

430 

485 
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SILVER PEAK GROUP Cconitinned) = 

2j (continued) : 

Near Resting Springs, in the Kingston Range, and at about 

this horizon, Mr. R. B. Rowe collected the following: 

Billingsella highlandensis (Walcott) [1886, p. 119]. 

Holmia weeksi, new species. 

Olenellus fremonti, new species. 

2k. Gray and brownish gray quartzitic sandstones in layers 6 inches 

to 3 feet in thickness ale) 6 ¢ Mis \ 0) a 8 0 6 isis ole C06 6 get wp > ela wee as 5 0 6 BO 

Fauna: 
Annelid trails on the surface of the layers. 

Total of 2 

3a. At summit a band of bluish gray limestone, with sandstones 

and occasional layers of thin-bedded limestone below. At 

290 feet down a band of arenaceous limestone 50 feet thick 

‘occurs. Below this, brown sandstone and sandy shales, 

with interbedded thin layers of limestone in the lower 100 

feet CC ee ey 

Fauna (430 feet from the base) : 

Numerous fragments of Olenellus. 

3b. Argillaceous and sandy shale, with a few thin beds of limestone 

Fauna (160 feet from base) : 

Obolella, sp. undt. 

Trematobolus excelsis Walcott [1908d, p. 80]. 

3c. Alternating arenaceous limestones, shales, and dirty brown 

sandstones that break into angular blocks and fragments... 

Fauna (275 feet from base) : 

Arche@ocyathus is very abundant. 

3d. Shaly indurated sandstones, with a few thicker layers of 

almost quartzitic sandstone Sela mis whale ied ele is aleie 6 6.0.6). 6.6/0.0 6, 4)s 80 © 

Fauna (on west slope of hill just east of the summit, where 

the Saline Valley wagon road passes down the slope 

toward Waucoba Springs) : 

Annelid trails. 

Cruziana. 
Trematobolus excelsis Walcott [1908d, p. 80]. 

Holmia rowei, new species. 

Fauna (on the east side of the hill and in lower portion 

of 3d): 

Archeocyathus. 
Ethmophyllum gracile Meek [1868, p. 62]. 

Mickwitzia occidens Walcott [1908d, p. 54]. 

Obolella, sp. undt. 

187 

Feet 

790 

2,755 

650 

200 

575 

450-7 
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SILVER PEAK GROUP (continued): 

3d (continued) : Feet 

Trematobolus excelsis Walcott [1908d, p. 80]. 
Hyolithes sp. 

Holmia rowet, new species. 

Matall O8. 330ccit ah ae Us Rao elie SO 1,875+ 

‘tal (ols SECtON..:.< is sek ard ace ee 5,670 + 

In this section the genus Olenellus is found extending through 4,900 feet of 
strata and its lower limit is unknown. 

RESUME, WAUCOBA SPRINGS SECTION 
Feet Feet 

fo. SM imestoue °c Pts cUOSE eee ota: cae ere ee ee 525 
Wi: MSTMIEStONE. ck. arts dana’ Goes cette PE eee 115 

HC A ATMESIONE ovis ote vile oo cin eae ee Sh eee 60 

EG, ATeNACeOUS INIMESEOME., a0 «06 4/4 ances eioslae eee 340 

1,040 
PE AONES arn cece Rnd see cites, AS ea ee 35 

2D. Arenaceots: limestones, «tiles: sehacie o4 cn Ueittne ee eee 120 

BES SATGSCOME Ia Lo prt iN Coke vino vis Wis AUD Oe ee ee 125 

ad. -Agenaceous’ limestone wicaen. ci s.ohee oeee coe ee 105 

Zee OANGSCONG. 5)... <td neering eae ete On a ee 365 

Of NSAMaStOMEG vic shes SoG uAM ahs ak eins See ac eee Tiss 

DE IATEMACEOUS MITMESTOIIE oipik.s «tris ssi « hisses eaeoicote Eee 25 

PI OUALG, One os Saye, Sas ke Sees aga ee RAN ee 120 
‘2. Shale and “sandstone: ¢ /A5.405 - ose | fees te Re 430 

BiH ipanastone and yshiale. gevia es cidciacak -hate ewe 485 

22 Otartzic’ Sandstoites) ices & ssi tis oe Sees none 790 

2,755 
2a onaless limestone: and, Ssamdstonenne scare dee dee see 650 

aba Shalyisandstones. inode ps wdc eee ee ee eee 200 

3c. Arenaceous limestone and shaly sandstone......... 575 

ZOE ard esa GStoOmesant strc lyean chev crane ea ee eee 450+ 

1,875+ 

MEGUAL os ce-ctste a toucc Select, <o6 hescv bred Ser 5,070-+ 

BARREL SPRING SECTION } 

A section of Lower Cambrian strata studied by Mr. F. B. Weeks 
near Barrel Spring, 16 miles south of the town of Silver Peak, 

Nevada, is much like that east of Waucoba Springs, and has about 

the same fauna at varioushorizons in it. 
Feet 

1. Massive blue mottled limestone, with 50 feet of sandy limestone 

ifithe amiddle .ofvthe sseriess..3.0.0.. see ee rare 737 

Fauna: 

Archeocyathus and allied forms occur throughout this 
limestone. ; 
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Feet 

2. Sandy shales succeeded by coarse, thin, fine sandstone, with 

Fig Mpa SEM SATE LO) whet. ancrsts & afciccnye <qalare Feelin efaictetaie a's oa die 206 

Fauna (in limestone) : 

Micromitra (Paterina) prospectensis (Walcott) [1884, 

p. 19]. 
Nisusia (Jamesella) amii Walcott [1905, p. 252]. 

Scenella, sp. 

A graulos? 

Olenellus gilberti Meek [1874, p. 7]. 

a. Green ealcareots. shale, aretiiaceous: at top! 20iN e626. 22. eo 390 

Fauna: 

Archeocyathus ? 

Kutorgina cingulata (Billings) [1861, p. 8]. 

Kutorgina perugata Walcott [1905, p. 310]. 

Siphonotreta ? dubia, new species. 

Acrotreta claytont Walcott [1902, p. 583]. 

Acrothele spurri ? Walcott [1908d, p. 86]. 

Swantonia weeksi Walcott [1905, p. 297]. 

Swantonia ? sp. 

Stenotheca cf. elongata Walcott [1884, p. 23]. 

Stenotheca cf. rugosa (Hall) [1847, p. 306]. 

Salterella. 

Ptychoparia sp. 

Holmia rowet, new species. 

Holmia weeksi, new species. 

Moe Massive Die mottled: dimestamen cc). )ls candice acs cree s eles elee's 49 

5. Mainly green shales, some quartzitic shale, bands of limestone 

pee ge AR SPOT I een Sng Se fier ce Cee a 580 

6. Green calcareous shale, with bands of limestone at top........ 564 

Fauna: 
Salterella sp. 

Holmia weeksi, new species. 

Olenellus claytoni, new species. 

AURA TIGESILE. TASS! os ays eleracate ores Sap auals RESON TUP Eh nine’ « Sevais ataldls Ss 750 

Bo iviassive Dine! mottled limestOnOiwd scaay cle esd secu. a cee eee de 81 

OMG Ceei cal CAateOtisus males. synths ioauyatars) arsenate clas © stasvhonsa ie eave 238 

10. Mostly thin-bedded blue and gray shaly quartzites............ 904 

11. Siliceous limestones at base, then blue coral limestones....... 1,349 

Holmia weeksi, new species. 

Olenellus, sp. 

Dee Massive: Gila LUAItES, 1 SMALG> Its PIAGES. | ofca elon Fs 0.c0eraciad's)0 wioynieis eevee 222 

Fauna: 

Holmia rowet, new species. 

Holmia weeksi, new species. 

Pee Ce PUSL HU cIMECSTOMES' nc Viv. sacs te) k ae dunehe eae a sacle es 180 

Total 

Base unknown. 
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Arenaceous limestone | 
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with a few bands of shale 

Thin bedded limestone and shale 

Argillaceous shale 

Thick bedded limestone 

Brown quartzitic sandstone 

.—Blacksmith Fork Section 
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BLACKSMITH FORK SECTION 

LocaLity.—Wasatch Mountains, between Ute and Logan Peaks, 

in Blacksmith Fork Canyon, east side of Cache Valley, and 12 to 16 

miles east of Hyrum, in northern Utah. 

This section is 230 miles northeast of the House Range section 

and north of the greater effect of the pre-Cambrian Uinta Mountain 

uplift and island. The character of the sediments derived from 

the Uinta area is shown by the continuation of the arenaceous 

deposits up to the middle of the Middle Cambrian (Acadian) time, 
whereas in the House Range section the arenaceous deposits cease 
before the Middle Cambrian fauna appears. It is not until after the 
Belt Mountain and Kintla (of the 49th parallel) uplifts to the north 

are passed that the order of sedimentation, as shown in the Mount 
Bosworth section, is again of the type of that of the House Range 

section. 

ORDOVICIAN 
Feet 

1. Dark, bluish black and gray limestone. In the basal bed imme- 

diately above the Cambrian a fine fauna occurs. ‘The lime- 

stone is of the same character as that of the Upper Cambrian 

for 190 feet below and, except for the change in the fauna, 

there is no break in the section. One of the characters 

common to the Cambrian and the superjacent Ordovician is 

the presence in most layers of flattened concretionary nodules 

and stringers from a minute size up to 6 or 8 cm. or more 

in diameter; the large ones rarely exceed 3 to IO mm. in 

thickness. 

Fauna: 

Eoorthis coloradoensis (Meek) [1870, p. 425]. 

Syntrophia nundina Walcott [1905, p. 292]. 

Orthoceras. 

Endoceras. 
Fragments of trilobites. 

UPPER CAMBRIAN 

ST. CHARLES FORMATION [Walcott, 1908a, p. 6]: 

1. Dark bluish gray and gray limestone in layers varying from 1 

to 20 inches in thickness. Many of the layers are almost 

made up of flattened concretions varying from a minute size 

PT SER ei 07 A Apa ee a ee ee ga 190 

Fauna (25 feet below the top): 

Lingulella manticula (White) [1874, p. 9]. 

Eoorthis coloradoensis (Meek) [1870, p. 425]. 

Syntrophia nundina Walcott [1905, p. 202]. 
Dicellocephaius. 
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ST. CHARLES FORMATION (continued) : 

I (continued) : Feet 

Fauna (105 to 125 feet below the top) : 

Schizambon typicalis Walcott [1884, p. 70]. 

Eoorthis coloradoensis (Meek) [1870, p. 425]. 

Eoorthis newberryt Walcott [1908d, p. 105]. 

Syntrophia nundina Walcott [1905, p. 292]. 

Solenopleura. 
Menocephalus. 

Illenurus. 

Fauna (20 to 30 feet above base) : 
Lingulella (Lingulepis) acuminata (Conrad) [1839, p. 64]. 

Eoorthis coloradoensis (Meek) [1870, p. 425]. 

Eoorthis newberryt Walcott [1908d, p. 105]. 
Agnostus. 

Solenopleura. 

Menocephalus. 

Asaphus ? 

Fragments of fossils occur throughout. 

2a. Massive bedded, dark lead-gray, arenaceous, cliff-forming lime- 

stone, becoming thinner bedded in the lower 50 feet......... 195 

2b. Massive bedded, gray, arenaceous limestone with occasional 

irregular cherty layers which extend down 85 feet, and just 

below this the dark, arenaceous limestone is almost made up 

of round concretions 2 to 4 mm. in diameter for a thickness 

OL AbOMtMES MEET He pao setae ck onal Saris oe uate ae 100 

2c. Gray, siliceous, and arenaceous limestone in layers one-half 

inch to 6 inches thick, occurring in massive bands. Light 

gray chert fills large and small annelid borings, and it also 

occurs as flattened stringers in the line of the bedding and 

int the lawers. uta nities chee ote ae seats ita os ole eo 85 

Fauna (34 feet from the base) : 

Obolus (Westonia) iphis, new species. 

Lingulella desiderata (Walcott) [1808, p. 3990]. 

2d. Massive bedded, arenaceous limestone, forming broken cliffs. 

A few cherty nodules occur near the top and the lower 50 

feet has many irregular, oval cherty nodules and stringers of 

chert coincident “with ther bedding jiu: 3. i. des oe ose eee 307 

OCA AOE Bais ute va Pins he so tS aah RL Toe 5 PA ROS Le 777 

3. Bedded, bluish gray fossilferous limestone. ..........22.-o00e8 04 

Fauna (upper part) : 

Acrotreta sp. 

Anomocare. 

Fauna (near base) : 

Obolus, sp. undt. 

Lingulella manticula (White) [1874, p. 9]. 

Billingsella coloradoensis (Shumard) [1860, p. 627]. 
A gnostus. 

Ptychoparia. 
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ST, CHARLES FORMATION (continued) : 

3 (continued) : 

4. 

Fauna (a mixture of the faunas at the base and at the top) : 

Obolus discoideus (Hall and Whitfield) [1877, p. 205]. 

Obolus ? sp. undt. 

Lingulella manticula (White) [1874, p. 9]. 

Billingsella coloradoensis (Shumard) [1860, p. 627]. 

Huenella lesleyi Walcott [1908d, p. 110]. 

Hyolithes. 

Cyrtolites. 
Agnostus. 

Ptychoparia. 

Anomocare. 

Bedded, light gray sandstone, followed below by dirty brown 

sandstone, and toward the base shaly and thin-bedded sand- 

SIGUE yard 4ieig Seceus oto cholo ChSIENE Eagan SiC CIO Eig OA a Ic CoCr In ee a aCRERO Dt RENE 

Strike, north 20° east (magnetic) ; dip, 25° west. 

Fauna (in upper 20 feet) : 

Obolus discoideus (Hall and Whitfield) [1877, p. 205]. 

Obolus (Fordinia) bellulus (Walcott) [1905, p. 323]. 

Acrotreta idahoensis alta Walcott [1902, p. 588]. 

Billingsella coloradoensis (Shumard) [1860, p. 627]. 

Fauna (near the base) : 

Lingulella (Lingulepis) acuminata (Conrad) [18309, p. 64]. 

a ale agen” Carb tic ave cveresi « Grin Rowe kite wales as cee’ 

MIDDLE OAMBRIAN 

NOUNAN FORMATION [Walcott, 1908a, p. 6]: 

Ta. 

1b. 

Te 

1d, 

Te. 

If. 

Ig. 

th. 

It. 

Ij. 

tk. 

Pigiteonay, arenaceous limestone! .2F..00 6s ves ceee la tase bees 

Lead-colored, arenaceous limestone..........00.00. 0000 eee eee 

Hiane-crays arenaceous limestone... 0. .fvcss aaecre vee eeans 

Dati, lead-gray, arenaceous) limestone. :;...<.. ¢¢le.. os... 000 

Shaly and thin-bedded arenaceous limestone with intercalated 

PeCMNGnNTO WI SANE NEES) cies. sls fund achs epee Res Bc ws arses ws 

iignt-eray, stenaceous limestone vic. «aioe due dase asa ewes setts 

Dark lead-gray, arenaceous limestone: 3. o6 ce. oe oe ea eee 

iieht-eray. arenaccous, limestone... ct sai since GE ch dahon es 

Dark lead-gray, arenaceous limestone, with numerous irregular 

annelid borings filled with light-gray, arenaceous limestone. . 

Massive bedded, arenaceous, cherty limestone................. 

Bluish gray, cherty, more or less arenaceous limestone in thick 

bands that break up into thin layers on weathering......... 

Pvchired be BVEG Te 4a 7s 8 205 Sela ate PS cake ao ee Se 

Fauna: 

A few traces of fossils occur in the lower 28 feet and large 

annelid borings occur in many of the arenaceous limestones. 

If in a dark rock, the irregular borings are filled with 

lighter-colored rock, and in the light-gray rock by darker 
rock. 

193 

Feet 

I2 

40 

85 
87 

15 
18 

198 
494 

56 

1,041 
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BLOOMINGTON FORMATION [Walcott, 1908a, p. 7]: 
Feet 

1a. Thin-bedded, bluish gray, compact limestone with interbedded 

thick dayersiof /eray limestone 20216 3s <a. og 5e0 oe ‘sfaeeede Se 22 

Fauna: 
Protospongia (spicules). 

Obolus mcconnelli pelias (Walcott) [1905, p. 330]. 

Obolus (Westonia) wasatchensis Walcott [1908d, p. 69]. 
Lingulella desiderata (Walcott) [1808, p. 399]. 

Hyolithes. 

Agnostus. 

Ptychoparia. 

rb: Greenishtarellaceousishales see sicus cesta vice) -taleic ie eletetetoroleretenereciae 12 

rc, Gray; coarse-prained limestones. jars, 1 hc «ao win «tts oe eee 13 

Strike, north 20° east; dip, 20° west (magnetic). 

Fauna: 

Ayolithes. 

Ptychoparia. 

td. Greenish aroillaceousrand sandy, Shales... 14 26 0 sanieeeeeaers 147 

Fauna (at base) : 

Hyolithes (fragments). 

Agnostus. 

Ptychoparia. 

te: (Gray, coarse-srained limestone seas escnc acess eee eer eee 4 

Fauna: 

Micromitra sculptilis (Meek) [1873, p. 479]. 

Hyolithes (abundant). 

Ptychoparia. 
Agraulos. 

rf. Greenish afgillaceous and sandy shale..............<csseceues 22 

otal Gls. eek os des fhe eee eee ee eee 220 
2a. Bluish gray limestones, with small concretions and small 

nodules of calcite scattered through the layers, which range 

from an inch to 6 inches or more in thickness.............. 380 

Fauna: 

Fragments of fossils. 

2b. Massive bedded, gray limestone that forms a low cliff and 

breaks down readily on gentle slopes. ..............0.e000: 132 

Fauna: 

Ptychoparia. 

Agraulos. t Same as in Ie. 

2c. Bluish gray limestone, with small concretions and small 

nodules of calcite scattered through the layers; a limestone 

Sittitlar tOncas settee men eee cee etntecte at otetenens cars & Sota Rao 290 
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BLOOMINGTON FORMATION (continued): 

2c (continued) : Feet 

Fauna: 

Hyolithes. 

Agraulos. 

Peer mint ar etuaceGts Sales an. adc cs Soca ae Nein tebe d seme ce 39 

Fauna: 

Obolus (Westonia) wasatchensis Walcott [1908d, p. 60]. 
Agraulos. 

Ptychoparia, 

At this horizon in Wasatch Canyon, 5 miles north of Brigham, 

Acrothele subsidua (White) [1874, p. 6] occurs. 

Se ebimish etay, thin-bedded limestone... <4. %<«s<ec.eccsacideuceec 182 

2f. Arenaceous, steel-gray limestone........... Sst ch Cece bead 22 

2g. Bluish gray limestone, with small concretions and small 

nodules of calcite scattered irregularly through the layers... 55 

Fauna: 

Micromitra sculptilis (Meek) [1873, p. 479]. 
Ptychoparia. 
Dorypyge. 

hii MOUT Go Ak tet Cn er aa a aa aE ag RS Nee 1,100 

Totaly of Bloominpton TOLmation... o.. 5.0... cess wesc 1,320 

BLACKSMITH FORMATION [Walcott, 1908a, p. 7]: 

fo Dark lead-gray, anenaceous, limestone... 2... wads os dis ovine s 195 

1b. Arenaceous, steel gray, cliff-forming limestone, in the lower 

portion passing gradually into a dove-gray, compact lime- 

stone that weathers to a light-gray color. The layers vary 

i thickness from 4) imehes to. 2.5 PeGbe <:./c<c0 ssc cs.scss a ceie 375 

Fauna: 
Fragments of a small trilobite (Ptychoparia ?). 

Annelid borings. 

Totaleof Blacksmith, formation: ...50.%. 6 ofr. ioc. vie Sones 570 

UTE FORMATION [Walcott, 1908a, p. 7]: 

1a. Bluish gray, compact, thin-bedded limestone, with large irregu- 

lar annelid borings in the upper part filled with steel-gray, 

arenaceous limestone similar to the beds above. Below the 

limestone is purer and more uniformly gray and in layers 

that tend to form low cliffs on the steeper slopes.......... 290 

Fauna (in upper part): 

Micromitra (Paterina) labradorica utahensis (Walcott) 

[1905, p. 306]. 
Billingsella, sp. undt. 

Hyolithes. 

Agraulos. 
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UTE FORMATION (continued): 

Ia (continued) : Feet 

Ptychoparia subcoronata (Hall and Whitfield) [1877, 

p. 237]. 
Dorypyge ? quadriceps (Hall and Whitfield) [1877, p. 240]. 

130 feet below the top of Ia a large trilobite is indicated by a 

head and tail. 

1b. Gray, arenaceous limestone in thin layers, with occasional 

bands of layers 4 to 10 inches thick, often odlitic, and with 

interformational conglomerate and flattened concretions. . ore 135 

Fauna (in the upper 5 feet) : 

Scenella, 

Ptychoparia subcoronata (Hall and Whitfield) [1877, 

p. 237]. 
Dorypyge ? quadriceps (Hall and Whitfield) [1877, p. 240]. 

Fauna (in layers 70 to 80 feet below the top) : 

Micromitra (Paterina) labradorica utahensis (Walcott) 

[1905, p. 306]. 

Obolus mcconnelli (Walcott) [1880, p. 441]. 

Billingsella coloradoensis (Shumard) [1860, p. 627]. 

Nisusia (Jamesella) nautes (Walcott) [1905, p. 283]. 

Eoorthis zeno Walcott [1908d, p. 106]. 
Syntrophia cambria Walcott [1908d, p. 106]. 

Ayolithes. 

Scenella, 

Zacanthoides. 

Ptychoparia subcoronata (Hall and Whitfield) [1877, ~ 

p. 237]. 
Dorypyge ? quadriceps (Hall and Whitfield) [1877, p. 240]. 

1c. Gray limestone, with numerous concretions one-fourth to one- 

half inches in diameter. A few thin layers of interforma- 

tional conglomerate and some shaly limestone.............. 58 

Eta Pods ntl’ ote vls sok, sm agate cies Stier eee 483 

2a. Gray, fine-grained, calcareous and argillaceous shaly beds..... 38 

Fauna: 

Micromitra (Paterina) labradorica utahensis (Walcott) 

[1905, p. 306]. 

Obolus (Westonia) ella (Hall and Whitfield) [1877, p. 232]. 

Acrothele cf. turneri Walcott [1908d, p. 87]. 

Tsoxys cf. argentea (Walcott) [1886, p. 146]. 

Ptychoparia. 

2b. Bluish gray to blue-black, fine-grained, thin-bedded limestone. 57 

Fauna: 

Obolus ? 

Ptychoparia. 
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UTE FORMATION (continued) : Feet 

2c. Greenish argillaceous and calcareous shale, weathering buff. .. 51 

2d. Thin-bedded, grayish-blue limestone.....................0005 36 

2e. Gray, odlitic limestone in layers 3 to 14 inches thick.......... 24 

Fauna: 

Micromitra (Paterina) stuarti Walcott [1908d, p. 58]. 

Micromitra (Paterina) superba (Walcott) [1807, p. 711]. 

Hyolithes. 

Ptychoparia a. 

Ptychoparia b. 

Dorypyge (fragment). 

Si reemish aroilaceows ald Satidy Shale. . <5... fe ca. Jddsad ow owe 18 

Fauna: 

Obolus mcconnelli (Walcott) [1889, p. 441]. 

Micromitra (Paterina) superba (Walcott) [1897, p. 711]. 

Ptychoparia, sp. undt. 

2 bigish eray, thin-bedded limestones..o0: i.) 66. c see ke ces vee 22 

Strike, north 30° (magnetic) ; dip, 12° northwest. 

Fauna (near base) : 

Micromitra (Paterina) superba (Walcott) [1807, p. 711]. 

Hyolithes. 

Ptychoparia (small heads). 

Ca alee eee OMI cra EN N IG O Se os a Hew Meeks otal Pe eck 246 

Spence shale [Walcott, 1908a, p. 8]: 

t) Greenish ateiliaceous: and sandy shale. . 2.0... .9.v.0. 1.6... 30 

Tauna: 

Micromitra (Iphidella) pannula (White) [1874, D. 6]. 

Obolus (Westonia) ella (Hall and Whitfield) [1877, p. 232]. 

Ayolithes. 

Orthotheca major Walcott [1908c, p. 246, pl. I, fig. 11]. 

Leperditia. 
Ptychoparia. 

Bathyuriscus productus (Hall and Whitfield) [1877, p. 

244]. 

At Wasatch Canyon, 5 miles north of Brigham, Utah, the fol- 

lowing were found at this horizon: 

Eocystites ? longidactylus Walcott [1886, p. 94]. 

Micromitra (Iphidella) pannula (White) [1874, p. 6]. 

Obolus (Westonia) ella (Hall and Whitfield) [1877, p. 232]. 

Lingulella desiderata (Walcott) [1808, p. 390]. 

Acrothele subsidua (White) [1874, p. 6]. 
Agnostus. 

Ptychoparia piochensis Walcott [1886, p. 201]. 

Zacanthoides idahoensis Walcott [1908), p. 26]. 

3—wW 
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Spence shale (continued) : 

I (continued) : 

Neolenus a. 

Neolenus b. 
Bathyuriscus howelli Walcott [1886, p. 216]. 

Bathyuriscus productus (Hall and Whitfield) [1877, p. 

244]. 
Ogygopsis. 

LANGSTON FORMATION [Walcott, 1908a, p. 8]: 
Peet 

1a. Massive bedded, bluish gray limestone, passing downward into 

gray, arenaceous limestone with many round concretions, 

one-fourth to three-fourths of an inch in diameter.......... 64 

Fauna: 

Obolus (Westonia) ella (Hall and Whitfield) [1877, p. 

282). 

Zacanthoides sp. 

Bathyuriscus productus (Hall and Whitfield) [1877, p. 

244]? 

Neolenus ? 

1b. Massive bedded, bluish gray limestone that breaks up into lay- 

ers 2 to 8 inches thick on weathering and with many round 

CONCTEHIONS) <6... <vccrevele cenrerese u sceietacciarereys @ slats sistelo sianeterete taieheeeleaeets 44 

Fauna: 

Ptychoparia. 
Bathyuriscus productus (Hall and Whitfield) [1877, p. 

244]. 

In the section two miles southeast of Malade, Idaho, a section 

which is 60 miles northwest of Blacksmith Fork, the fauna at this 

horizon is large and finely preserved in compact, bluish gray lime- 

stones. It includes: 

Micromitra haydeni Walcott [1908d, p. 55]. 

Micromitra (Iphidella) pannula (White) [1874, p. 6]. 

Micromitra (Iphidelia) pannula ophirensis (Walcott) 

[1905, p. 306]. 

Lingulella desiderata (Walcott) [1898, p. 399]. 

Lingulella helena (Walcott) [1808, p. 406]. 

Lingulella isse (Walcott) [1005, p. 330]. 

Acrotreta idahoensis sulcata Walcott [1902, p. 588]. 

Acrotreta pyxidicula White [1874, p. 9]. 

Acrotreta ? 

Acrothele artemis Walcott [1908d, p. 82]. 

Acrothele subsidua (White) [1874, p. 6]. 

Acrothele subsidua, var. 

Acrothyra minor Walcott [1905, p. 303]. 

Billingsella coloradoensis (Shumard) [1860, p. 627]. 

Fyolithes. 
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LANGSTON FORMATION (continued): Feet 

Orthotheca. 

Stenotheca. 

Platyceras. 

Agnostus. 

’ Microdiscus. 

Solenopleura. 
Ptychoparia (2 species). 

Oryctocephalus. 

Dorypyge (2 species). 

Neolenus (2 species). 

Asaphiscus. 

Ogygopsis? . 

2. Massive bedded, dark, arenaceous limestone, passing at about 

150 feet down into a calcareous sandstone, and then a gray 

SANTA SHO TIGRE aN rece est saci otele ai tvau shar ete ie Reciale ore eee CHOOT vase rer eretere 390 

Ghotal GE AnestOn, TOLINAMOM: 2 akc owed e face ele sic a6 498 

BRIGHAM FORMATION [Walcott, 1908a, p. 8]: 

Ia. Quartzitic sandstone, gray, greenish, gray brownish, dirty gray, 

all weathering reddish dirty brown in layers 3 inches to 3 

FCC CRICMT NAC KTIESS 5s cist cye hvala cn Delve atte Nese onus een eee 28 

ie Sorecicn.. aed, Sandy Shale... dic... e ccc acre nce es cSenles idee 4 

Fauna: 

Annelid trails. 

Trilobite tracks. 

neamees ent eAG TP CEREMITALE(I Ie a, onic c:s cies aisle eed lo kid's e:a'v'v on Sided clase boy 1,200-++ 

Wotal or. Brisham format . 9. 1... . qoescee she. ce: 1,232 

otalsor Miacdle Cambtiat rs Mosc oo dence tite so hute hie 5,420-+ 

RESUME, BLACKSMITH FORK SECTION 

UPPER CAMBRIAN: 
ST. CHARLES FORMATION: Feet Feet 

Heap sssiiperowa. limestone. oie ces clea 2 oa oie 190 

Ze ALCMACEOUS, IMESEOMES «vac aioderr ence nc re eee a ca cutee e 777 

Jap Possiiierousy limestone (0. s. ook. ek sd welds ee 94 

4. Shaly and thin-bedded sandstones................. 166 

—__1,227 
MIDDLE CAMBRIAN: 

NOUNAN FORMATION: 
EUG SES ego Ee gM thor! 3°15 68 ~ ee Ree ar cal pA a a 1,041 

BLOOMINGTON FORMATION: 

Sie ees tONe SAM SNAICS se ic oats Leg aie BRS bes ed a da 220 

Pare iit DEUGedes ltgTTeStOUE. = ¢ 2<0=\ore laren aieeawicters o2re\k'eh,. 1,100 

1,320 

*The line of separation between the Middle and Lower Cambrian occurs 
somewhere in the Brigham formation, and this thickness (5,420 feet) likely 
includes several hundred feet of Lower Cambrian beds. 
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RESUME, BLACKSMITH FORK SECTION (continued) : 
BLACKSMITH FORMATION: Feet 

I Nrenaceous limestone... cs since uke soe siete o meme a setinieet a 570 

UTE FORMATION: 

Zr. Ehincbedded. limestone’ sick. ee ean os ee de eee 483 

2» <ahamestone vandeshales ss). cricate ci earet cleus che eateries ete 246 

ree 729 
SPENCE SUGIO cad... bn ew Le hea isa nee eee 30 

LANGSTON FORMATION: 

Tey Massive? lamestoner satacacvonscners tree crise: canes ’ 108 

2 SATenaceo tis «limestone, sane saccmiee = eae ee eee 390 

: —— | 493 
BRIGHAM FORMATION: 

1:5 Ouartzitie ‘sandstones: (estimated). 02. aves ee. ase ees 

Total “Middle Cambrian a: ..2 5.0. aed oe ee ee eee 5,420-+ 

Metal SECON 2 pk ks Ie oko eee 6,647-+ 

DEARBORN RIVER SECTION 

Locatity.—North fork of the Dearborn River, south-southeast 

and south of Mount Dearborn, Lewis and Clark Forest Reserve, 

Montana. 

The base of the section is 4 miles above Walker’s ranch at the 

mouth of the canyon. The summit is the top of Mount Dearborn. 

CARBONIFEROUS 
Feet 

I cBrowilestiin-pedded «said Stone: .crentere siete are aie cia orate nee 135 

2a. Massive bedded, light gray, siliceous limestone, forming a high 

cliff and breaking into talus slopes of small angular frag- 

TILE TUES Gt Oe Naat ee Ree Od cas /ol Secs antes cave a radsi te | azarae suet fecde ketone eno eee 1,970 

Fossils: Noted Zaphrentis and Syringopora in abundance. 

2b. Massive bedded dark gray, siliceous limestone breaking into 

fragments; 275 feet from the top there is a thin bed of shaly 

MMEStONE EL ote re cco cod 0 Nb Tee AOE eee 425 

2c. Thin-bedded, steel-gray, buff, and gray weathering limestone. . 725, 

Very few fossils were observed. A large Spirifer and speci- 

mens of a large Productus were noted about 400 feet from 

the top. 

oral Cashemiterous «25. ci oi Gy) vile ee 3,255 

SILURIAN (?) 

The strata referred to the Silurian are arenaceous limestones in 

which no fossils were observed. It is not improbable that the upper 

portion of them may be of Devonian age, or possibly Lower Car- 
boniferous. 

*See footnote on page 199. 
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Feet 

3a. Massive bedded, gray, arenaceous cliff-forming limestones..... 675 

3b. Thin-bedded, gray limestone and sandstone, with small lentiles 

of light-gray limestone. The irregular arenaceous portions 

weather buff and form a buff band where the rock is in the 

PEE Se iat Ms oP is aes aI eee wha uatarinn 9 5 0a MOONE & Shiny ok 75 

3c. Massive bedded, light gray, arenaceous limestone, with thinner 

bedded, purer limestones at intervals. On the mountain 

slopes the massive beds form cliffs, and the thin-bedded more 

Shelve pOnitOom cOnmlsn SIOPES s aststic sieve Ne re cts Paetse cepa shetnitat aches 245 

3d. Massive bedded, light gray, arenaceous limestone, with some- 

what purer, slightly banded limestones toward the top...... 175 

3e. Massive bedded light gray, banded limestones, that break up 

into thin and often shaly layers on exposure to the weather. 51 

3f. Massive bedded, light gray, arenaceous limestones............ 164 

PERI Cri aUL CEE PAID Be sas sca ial s Qiang ied ss Re a eh nee head 1,385 

The line drawn between the Cambrian and the Silurian is based 
largely on the change in the character of the limestone, from the 

coarse, gray, arenaceous limestone to a much purer, gray limestone, 

and the occurrence, about 150 feet from the top, of fragments of a 

species of Ptychoparia. 

CAMBRIAN 
LIMESTONE: 

ta. Massive bedded, hard, gray and bluish gray limestones that 

break up into thin, irregular layers on exposure to the 

weather. The color of many thin layers and the thick layers 

on their bedding planes is yellow to buff. The upper 100 feet 

contain massive dove-colored limestones and near the top a 

few feet: Of Siliceons limMeStOMes 6. .in..cive's eben aslo tere sated 

Fragments of a species of Ptychoparia were noted about 150 

feet below the summit. 

1b. Greenish and gray, thin-bedded limestone, with some arena- 

ceous shale and thin layers of greenish sandstone in the shale 

Numerous annelid trails and fragments of trilobites occur 

throughout. 

Ic. Massive bedded, gray limestone that breaks up into thin, 

irregular layers, in very much the same manner as the Pil- 

grim limestone, but is usually more massive. It is quite 

arenaceous near the central portions, where it is more mas- 

SivemcddedmMonmarshort distagice sm jhokde heise «cies Oe ce 

One hundred and seventy feet from the top there is a band of 

thin-bedded odlitic limestone, in which fragments of trilo- 

bites are numerous; also a small Obolus-like shell. Odlitic 

limestone, interbedded with irregular, thin-bedded, bluish 

gray limestones, occurs in the lower 170 feet. 

[Meyeclit tone bhaatect ost '= eet Sm cea ney ae IANO MEE Emo eI 

Feet 

550 
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SHALE: 

Feet 

2. ‘Thin-bedded limestones, with partings of greenish, argillaceous, 

and arenaceous shale. Sometimes the shale and at other 

times the limestone predominates.............02..000es00ce 150 

LIMESTONE: 

3. Massive bedded, gray limestone, similar to the Meagher lime- 

stone, except that it is of a lighter gray color near the top.. 130 

Annelid trails are abundant and fragments of tribolites. 

SHALE: 

4. Thin-bedded limestones, with partings of greenish, argillaceous, 

and arenaceous shale, the limestones predominating. It 

breaks down readily on the slopes and forms a sloping 

1th ig: cl Ine ene ce Hh em as iorigan ncn oe Cobian ooa00 210 

LIMESTONE: 

5. Massive bedded, fine-grained, gray limestone that breaks up on 

weathering into thin layers from a quarter of an inch to two 

inches in thickness. They have a very irregular surface, 

marked by a thin, buff-colored deposit that fills the annelid 

burrows and trails, and also occurs as irregular blotches on 

the surface. 

This belt of limestone is divided into five thick beds that may 

be distinguished for miles in the cliffs. The two lower are 

wUsttally soem dows, hs an Gh wee Gerd Fk tye. stad sl erearal tee 55 

Annelid trails are abundant and numerous fragments of trilo- 

bites. 

SHALE: 

6. Greenish purple and dark gray, argillaceous shales, with thin 

layers of sandstone and arenaceous shale at irregular 

LETT VU LS ls Seta cictetcta arcs co ose toreiato aha poe aici anata one ae eee 190 

Shale No. 6 is in the same stratigraphic position as the Wolsey 
shale [Weed, 1900, p. 285] of the Little Belt Mountains section, 
and the sandstone beneath corresponds stratigraphically to the Flat- 

head sandstone [ Peale, 1893, p. 20] in the same section. The fauna 
of shale No. 6 on Scapegoat and Gordon mountains, localities west 

of the Dearborn River section, is, however, entirely unlike that of 

the Middle Cambrian Wolsey shale, and includes the following 

species : 
Micromitra (Iphidella) pannula (White) [1874, p. 6]. 

Obolus (Westonia) ella (Hall and Whitfield) [1877, p. 232]. 
Acrothele colleni, new species. 

Acrothele panderi, new species. 

Wimanella simplex Walcott [1908d, p, ror]. 

Olenopsis ? sp. 

Ptychoparia, sp. 

Albertella helena Walcott [1908), p. 19]. 
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Vanuxemella contracta, new genus and new species. 

Bathyuriscus productus ? (Hall and Whitfield) [1877, p. 

244]. 
Bathyuriscus ? , 

This fauna is strikingly similar to that occurring in the drift 

blocks which are believed to have come from the lower portion of 
the Mount Whyte formation of the Mount Bosworth section [see 
page 214]. At the localities in question neither fauna contains Olen- 
ellus, but that genus occurs so generally in the Mount Whyte forma- 

tion, both above and below the Albertella horizon, that the entire 

formation is placed in the Lower Cambrian. This correlation places 

shale No. 6 and sandstone No. 7 in the Lower Cambrian. 

SANDSTONE: 
Feet 

7a. Thin-bedded sandstones, with partings of dark arenaceous shale 70 

Many varieties of annelid trails and tracks of trilobites occur 

on the surface of the sandstone. 

7b. Massive bedded, coarse, more or less cross-bedded, light gray 

sandstone, with a few thin layers of fine quartzitic con- 

Pec PRRON ITE ie Ren et Her oa She sale bd a adam anigd cewek wn 80 

CEMA CMG ATI GLG TEN aries ohu,s.di:0, 01K: evi Secy 8 ee anhoww aly e's 150 

RESUME, DEARBORN RIVER SECTION 
Feet 

MIRE E OIG Na ceie crarantitere wnretatd cts & oe eels teed wa hueb Oars Gilled 1,320 
ME ae Aor. tals scioticte tee ale eschs o ue Peres aes aioe cee AU aR St iea wa 150 

SRM RHRIARE CUlesEeE Sretceaty cists iaoicit ier erclase.c ose as ervsioe eas Sere ene 130 

SCRE Par ara g aos hres create ie cia's Gs Ca dnc ba awa aka sa 210 

MCSE RIG aR chia ain lea cone ie Sek oes a ee eek aed ae WE 55 

CDSS SS 8 at ot ee Nel ee OS we a ae ee 190 
Gh SSEUBLEISWONMAS G5 RS eee Oe OSES Oot te Sed Oa eee 150 

SEE AMC CMM AGRIOEUAED, Gee cS as en's << Soke part cbee na ee 2,205 

Beneath the Cambrian sandstone the Empire shales of the Belt 

Terrane of the Algonkian occur with apparently the same strike and 
dip as the base of the sandstone. Traced on the strike, however, 

they appear to be unconformably beneath the sandstone. 
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MOUNT BOSWORTH SECTION 

Mount Bosworth section, north of Hector, British Columbia, on 

the Continental Divide, north of the Canadian Pacific Railway. 
The summit of the section is on the west spur (Sherbrooke ridge) 

of Mount Bosworth overlooking Sherbrooke Lake. The highest 
beds are on the south summit of the ridge, and from their lithologic 

character and the finding of obscure fossils that suggest Ophileta 

of the Lower Ordovician the upper 110 feet of strata are tentatively 

referred to the Ordovician system. ‘The strata near the summit are 

much broken up owing to a fault line that crosses the ridge. 

ORDOVICIAN 
Feet 

1. Massive bedded gray and bluish gray arenaceous limestone, 

with thin layers, irregular stringers, and nodules of dark 

Che rt mikes Reine nie Se ne RS, ane ees Be eta oe ee eee 110 

UPPER CAMBRIAN 

SHERBROOKE FORMATION [Walcott, 1908a, p. 2]: 

1. Massive bedded, bluish gray limestone, with some cherty matter 

in the form of small nodules and stringers; also irregular 

partings and fillings of annelid borings by gray dolomitic 

limestones weathering: b(t... -.ne- ase ee eee eee 175 

Fauna: 

Annelid borings and trails. 

Fragments of undeterminable trilobites. 

2a. Gray oOlitic limestone in thick layers, with bluish banded lime- 

stone intercalated at irregular intervals. The banded ap- 

pearance of the nonodlitic layers is owing to the buff weath- 

ering of the -thin. dolomitic layers... 0d see ee 190 

Fauna (Upper Cambrian facies) : 

Crepicephalus. 

Pterocephalus ? 

Ptychoparia. 

2b. Greenish drab and gray siliceous shales with interbedded oolitic 

limestone in bands of layers from 6 inches to 4 feet thick; 

also a few bands of thick-bedded, bluish gray limestone that 

breaks up into shaly limestone on weathering.............. 335 

Fauna (in green shales near summit) : 

Lingulella isse (Walcott) [1905, p. 330]. 

Fauna (in o6litic layers) : 

Agnostus, sp. undt. 

Illenurus. 

Ptychoparia. 
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SHERBROOKE FORMATION (continued) : 

2c. Gray odlitic limestone, with thin bands of interbedded shaly, 

blue gray limestone. Gray, dolomitic, buff-weathering, flat- 

tened nodules, stringers, and thin layers of limestone occur 

in a very irregular manner ay @ri@iie! 6 aim)» V0he se 6) ae) = =: 8,\e\6)e a etelelereye 6 (se 'e 

Fauna: 

Illenurus. 

Agnostus. 

Ptychoparia. 

Bathyurus-like pygidia. 

Total of 2 = @ 0) See @ O:e Seles B06 2 6 0) 0:0 @ ela mn 6.6 €0 ec ele et cusve nese 

3. Arenaceous, dolomitic, steel gray limestone weathering light 

SAV MAN Ce DU aay eater eke tes ote aie ie ache hooey 

The line of demarcation between 3 and the bluish gray lime- 

stones below is irregular. The gray beds of 3 extend along 

the cliff and abruptly change to bluish gray. In the upper 

100 feet of 3 irregular masses of bluish gray limestone occur 

like great lentiles, as though they were cores left in the 

general alteration (dolomitization) of the strata. 

Total of Sherbrooke formation 

PAGET FORMATION [Walcott, 1908a, p.3]: 

1. Massive bedded, dark bluish gray limestone forming base of 

cliff on the west side of the amphitheater on the west slope 

of Mount Bosworth and, with 3 of Sherbrooke formation, 

the upper cliffs of Paget Peak and Mount Daly............ 

2. Massive beds of odlitic limestone, with irregular, interbedded 

bands of green siliceous shale. Thin layers, irregular string- 

ers, and nodules of gray buff weathering dolomite occur in 

the odlitic limestones 

The base of 2 is covered by talus slope on line of the section. 

It is well exposed on the southeast face of Mount Daly and 

Paget Peak. The thickness is placed at 300 feet, which I 

think is less than the total thickness. Over 200 feet was 

measured. 

Fauna: 

Hyolithes. 

Agnostus. 

Crepicephalus. 

Total of Paget formation 

BOSWORTH FORMATION [Walcott, 1908a, p.3]: 

1. Massive bedded, gray, and bluish gray arenaceous dolomitic 

limestone. Several bands of steel gray, yellowish buff 

weathering bands of strata occur in the lower half of 1 see ee 

205 

Feet 

65 

590 

610 

1,375 

60 

300+ 

360+ 
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Shaly and thin bedded limestone 

Gray and bluish gray limestone 
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Fic. 8.—Mt. Bosworth Section (continued on following page) 





*j
90
3 

OO
S 

y
n
o
g
e
 

d
n
 

u
o
l
j
e
u
i
0
y
 

J
a
3
e
q
 

oY
} 

JO
 

as
eq
 

oy
} 

sB
ul
Iq
 

Y
N
e
y
 

VW
 

“S
UO
IS
OU
NT
] 

SH
OS
OI
TI
S 

U
O
P
[
T
 

¥
2
1
3
 

94
} 

0}
 

U
M
O
P
 

A
j
I
v
A
U
 

U
O
T
}
e
W
I
O
Z
 

Y
I
I
O
M
S
O
G
 

OY
} 

a
S
o
d
x
a
 

q
o
u
y
]
 

p
o
y
 

p
u
e
 

j
u
t
o
g
 

a
e
 

o
t
e
 

24
} 

JO
 

JO
O}
 

OY
} 

0}
 

U
M
O
P
 

P
U
d
}
X
o
 

S
U
O
T
J
V
U
I
O
Z
 

J
o
s
e
 

P
U
e
 

B
Y
O
O
I
G
I
O
Y
S
 

9Y
} 

‘
M
O
T
E
G
 

‘U
LI
OI
AO
PI
G,
 

9Y
} 

0}
 

p
a
s
s
e
j
o
1
 

A[
@A
I}
e}
U9
} 

b}
e1
3s
 

JO
 

Pe
ul
1o
y 

SI
 

(D
) 

38
 

aB
pl
iI
 

ay
} 

Jo
 

jr
uI
UI
Ns
 

o
y
]
 

39
d0
!I
Y 

S
M
O
O
Y
X
S
Y
R
H
S
 

J
O
 

AG
IS
 

N
Y
S
L
S
V
4
a
 

iN
(o
d 

4
4
n
e
 

D
O
n
N
y
H
 

O
3
4
 

61
 

“I
d 

‘8
S 

“
1
0
A
 

S
N
O
I
L
9
0
3
1
1
0
0
 

S
N
O
A
N
V
1
1
3
9
0
S
I
N
 

N
V
I
N
O
S
H
L
I
W
S
 



CAMBRIAN CORDILLERAN SECTIONS—WALCOTT 207 

£ Me- 

Peet | ters 

| Section continned | | 
from preceding 

| 

- 150 me Ogygopsis shale (lentile) 

=| Shaly limest 5 315 96 y stone 

"5 Stephen 2-oa aes 

Fs 325 99 Alternating shales and limestone 

5 a : = ease 
Ee 

x ae 
uo) 

S eee ERE HES: 
a PEC ASR Pd 

GEESE EA 
REA es 

Epa Oa RR : 
Cathedral Ec Tsd rs95 | 486 Arenaceous limestone 

[ieee 
oe 

[ets e'e* oJ 

Ea 
Eien Rar 

[J = ee A . eS 
aa Hl) webod amie GS es bedded limestone 

= . 9 Sandstone 
Mt. Whyte eae ee 

20 6 Limestone 

St. Piran 2705 | 824 Quartzitic sandstone 

Lower Cambrian 

___Lake Louise > =e ios) 32 _|_Siliceous shale 
Bie ah alacavial Sie awe Bie 
ese Apap ont cee som 

Fairview 600 | 183 Quartzitic sandstone 

Fic. 9.—Mt. Bosworth Section (continued) 

Notr.—The thickness of the St. Piran, Lake Louise, and Fairview formations is taken from the Lake 
Louise section. 

‘ 
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BOSWORTH FORMATION (continued): 

I (continued) : 

This formation forms the base of the high cliffs on the south- 

east face of Mount Daly and Paget Peak. 

The lower portion of I was measured and the upper parts esti- 

mated. The thickness given is probably too feet 01 more 

less than the actual thickness, 

2a. Shaly and thin-bedded, gray and dove-colored, compact fine- 

grained dolomitic limestone weathering buff and light gray. 

Thicker layers occur in bands from 1 to 6 feet thick........ 

2b. Greenish siliceous shale with thin interbedded layers of sili- 

CGeous compact, gray limestones secs «ccm eyeeeci oeaceon 

Fauna: 

At about this horizon in the Castle Mountain section 20 

miles southeast of Mount Bosworth small trilobite 

heads of the genera Ptychoparia and Solenopleura 

occur in a band of gray and bluish black limestone, ana 

just below fragments of a species of Obolus. 

2C: LAMeStONes Similar, tO22G sackienioe cae Oe cee 

TOtal Of 2 et ee cc ce ee ee rel Shar aie ae 

3. Variable arenaceous shales with alternating bands of color— 

greenish, deep red, buff, yellow, and gray. 

Numerous mud cracks and ripple-marks occur on many of 

IE MANNS retorts cies tare cters Reatone ais ote ee ate Ebert. tee ene I ea eee 

Feet 

422 

48 

517 

987 

Total. of -Bosworth formation. o.2...2.00 ustee seal cone 1,855 

‘Lotal, “Upper. Camuniattaas..o8 sc Stacie he ieee eee eee 3,500 

Nore.—The 1,855 feet of strata included in 1, 2, and 3 

remind me, in lithologic character and appearance, of strata 

of the upper portions of the Cambrian Belt Terrane of 

Montana. No traces of life were observed and the shaly, 

banded character of the beds is very striking. 

MIDDLE CAMBRIAN 

ELDON FORMATION [Walcott, 1908a, p.3]: 

1a. Irregularly bedded, gray, siliceous and arenaceous limestone in 

thick layers above and thin layers below; at 192 feet from 

the base a bed of bluish black limestone is fossiliferous. 

Above the fossiliferous bed the strata become more massive, 

arenaceous, steel gray in color, weathering to a light gray... 

Fauna (192 feet above the base) : 

Agnostus, sp. 

Ptychoparia, 2 species. 

Bathyuriscus-like pygidium. 

1b. Light and dark gray, thin-bedded, arenaceous limestone, weath- 

eng to.a-light-eray color. .i. chess oss bo b6 eee tere re te 

1c. Massive bedded, siliceous, fine-grained, compact, dark bluish 

etay limestones. chicas ossde cet etre eieers ore ay termierere renee onan 

410 



4,6. 
ae : By 

= “i ae 



SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 53, PL. 20 

Fig. 1. NORTH RIDGE OF CASTLE MOUNTAIN 

Showing the Eldon formation in the cliffs above the lake and the Bosworth formation 
in the snow-covered points above the cliff line. 

Fig. 2. PROFILE OF SOUTHEAST FRONT OF CASTLE MOUNTAIN, OPPOSITE ELDON 

The upper cliff is formed of the siliceous limestone of the Eldon formation; the ter- 
race with snow on it the Stephen formation, and the lower cliff and slope the Cathedral 
formation. ‘These formations are finely exposed on Mount Bosworth, but not so as to get 
good photographs of them. 
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ELDON FORMATION (continued) : 

Ic (continued) : Feet 

Two yellowish buff weathering bands of limestone 2 to 3 feet 

thick stand out in color on the face of cliffs. 

Fauna (near the summit) : 

Billingsella ? 

Neolenus-like pygidium. 

1d. Massive bedded limestone much like that of Ic............... 71 

RMN TeE Re: hE Rem foes Ohis \e coTisd cet wieie ae oleae 3s 788 

2. Thin-bedded, bluish gray limestone with irregular layers and 

stringers of gray, buff weathering, dolomitic limestone...... 95 

At 24 feet from the base a shaly, bluish gray, siliceous lime- 

stone about two feet thick is interbedded. 

Fauna (in shaly limestone) : 

Obolus membranaceous Walcott [1908d, p. 61]. 

Lingulella sp. 
Isoxys argentea (Walcott) [1886, p. 146]. 

Ptychoparia, 2 species. 

3. Massive bedded dark gray arenaceous limestone.............. 190 

4. Massive bedded, cliff-forming, light gray arenaceous lime- 

stone. At several horizons bands of thinner layers from a 

few feet up to 30 feet in thickness occur. One of these 480 

feet from the base forms a slight terrace................... 1,655 

Fauna: 

In the Mount Stephen section seven miles southwest of 

Mount Bosworth, at a horizon about 700 feet above the 

base of this limestone, the following fossils have been 

recognized : 

Protospongia (spicules). 

Lingulella cf. isse (Walcott) [1905, p. 330]. 

Hyolithes sp. 

Agnostus cf. montis Matthew [1899, p. 43]. 

Zacanthoides spinosus Walcott [1884, p. 63]. 

Ptychoparia sp. 

Bathyuriscus sp. 

Ogygopsis sp. 

TE EALECE SG WioiEd TOMA ION: << eho aats ton co) 3 coe a 3 vine. whens 2,728 

STEPHEN FORMATION [Walcott, 1908a, p.3]: 

1. Thin-bedded, dark gray and bluish black limestone............ 315 

Fauna: 

Micromitra (Paterina) stissingensis (Dwight) [1880, p. 

145]. 
Obolus mcconnelli (Walcott) [1889, p. 441]. 
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STEPHEN FORMATION (continued): 

I (continued) : 

Nisusia alberta (Walcott) [1889, p. 442], var. 

Hyolithes carinatus Matthew [1899, p. 42]. 

Agnostus sp. 

Agraulos sp. 

Menocephalus sp. 

Ptychoparia, 3 species. 

Neolenus sp. 

Bathyuriscus sp. 

At Mount Stephen, about seven miles southwest of Mount Bosworth, a 

siliceous shale occurs at the summit of the Stephen formation in which an 

unusually rich fauna occurs. ‘This shale is not well developed on Mount 

Bosworth. 

Ocycorsis SHALE.—This term is applied to the local development of arena- 

ceous and calcareous shale at the summit of the Stephen formation on the 

northwest slope of Mount Stephen. The shale band (lentile) has a maximum 

thickness of about 150 feet. It thins out to the northeast and is faulted out to 

the southwest. At its maximum thickness, 2,800 feet above Field, it carries 

immense numbers of trilobites, especially Ogygopsis klotzi (Rominger), 

Bathyuriscus rotundatus (Rominger), Neolenus serratus (Rominger), Zacan- 

thoides spinosus (Walcott), and, in addition, sponges, cystids, brachiopods, 

pteropods, and gasteropods. ‘The shale is less rich in fossils one-fourth of a 

mile northeast on the strike; also to the northwest. Lentiles of gray quartzitic 

sandstone and siliceous, gray limestone occur in the shale, and the entire shale 

band appears to be a lentile between the thin-bedded blue limestones and the 

superjacent massive, arenaceous limestone formation. ‘There is no trace of 

the Ogygopsis shale on Mount Bosworth 6 miles northeast, at the same 

horizon, or at Castle Mountain, 20 miles east-southeast. 

There is a sharp anticline, with a northeast-southwest axis, in the shale and 
the thin-bedded limestones beneath, on the northwest slope of Mount Stephen. 

The southeast limb is crushed and the beds are largely faulted out against the 

massive arenaceous limestone before reaching the amphitheater at the head of 

Field Brook. On the northwest limb the shales are unaltered and slope down 

the side of the mountain for 1,800 feet, thus affording a great exposure of the 
shale and contained fossils. 

Fauna: 

1. Hyolithellus flagellum (Matthew) [1899, p. 40]. 

2. Hyolithellus annulatus (Matthew) [1899, p. 42]. 

3. Orthotheca corrugata Matthew [1899, p. 42]. 

4. Orthotheca major Walcott [1908c, p. 246, pl. I, fig. 11]. 

5. Hyolithes, sp. 

6. Hyolithes carinatus Matthew [1899, p. 42]. 

7. Stenotheca wheeleri Walcott [1908c, p. 245, pl I, fig. 7]. 

8. Platyceras romingeri Walcott [1889, p. 442]. 

9. Platyceras bellianus Walcott [1908c, p. 246, pl. I, fig. 13]. 
0. Acrotreta depressa (Walcott) [1880, p. 441]. 

1. Micromitra (Iphidella) pannula (White) [1874, p. 6]. 

12. Obolus mcconnelli (Walcott) [1880, p. 441]. 

13. Nisusia alberta Walcott [1880, p. 442]. 
14. Philhedra columbiana (Walcott) [1880, p. 441]. 
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CAMBRIAN CORDILLERAN SECTIONS—WALCOTT 

STEPHEN FORMATION (continued): 

Ogygopsis shale (continued) : 
15. Scenella varians Walcott [1886, p. 127]. 

16. Anomalocaris canadensis Whiteaves [1892, p. 207]. 

17. Anomalocaris ? whiteavesi Walcott [1908c, p. 246, pl. 
II, figs. 2, 2a, 4, 6, and 6a[. 

18. Anomalocaris ?? acutangula Walcott [1908c, p. 247, pl. 

Ty figs; 
19. Agnostus montis Matthew [1899, p. 43]. 

20. Dorypyge (Kootenia) dawsoni (Walcott) [1880, p. 446]. 

21. Bathyuriscus rotundatus (Rominger) [1887, p. 16]. 

22. Bathyuriscus pupa Matthew [1899, p. 51] probably = 23. 

23. Bathyuriscus occidentalis (Matthew) [1899, p. 49]. 

24. Bathyuriscus ornatus Walcott [1908), p. 39]. 

25. Karlia stephenensis Walcott [1889, p. 445]. 

Corynexochus romingeri Matthew [1809, p. 47] = 25. 

26. Neolenus serratus (Rominger) [1887, p. 13]. 

Neolenus granulatus Matthew [1899, p. 55]=26. 

27. Ogygopsis klotzsi (Rominger) [1887, p. 12]. 

28. Oryctocephalus reynoldsi Reed [1899, p. 359]. 

Oryctocephalus walkeri Matthew [1899] = 28. 

29. Burlingia hectori Walcott [19080, p. 15]. 

30. Ptychoparia cordillere (Rominger) [1887, p. 17]. 

Feet 

Conocephalites cf. perseus Hall, Matthew [1899, p. 46] = 30. 

31. Ptychoparia palliseri Walcott [1908c, p. 247, pl. III, fig. 6]. 

32. Zacanthoides spinosus (Walcott) [1884, p. 63]. 

ARLES hi StHCCOUS Siidlem sucess Aue e cece Gs ace wie iaiss AOR 23 

Fauna: 

Obolus (Westonia) ella ? (Hall and Whitfield) [1877, 

p. 232]. 

2b. Thick-bedded, bluish gray limestone, breaking up into thin 

layers one-half to 3 inches thick on weathering............. 22 

Fauna: 

Micromitra (Paterina) stissingensis (Dwight) [1880, p. 

145]. 
Nisusia alberta Walcott [1880, p. 442], var. 

Be mG Lee sheSUiceOMsnsiialecmticiet cram fine aaicld siete ae speimeiael ers « 70 

2d. Alternating bluish gray, bedded, compact limestone, siliceous 

and arenaceous shale, mostly shale below................... 210 

Total: 2.20.3 ge EET OL | ar a TE ee 325 

Fauna: 

Cruziana, 
Micromitra (Iphidella) pannula (White) [1874, p. 6]. 

Obolus (Westonia) ella (Hall and Whitfield) [1877, p. 232]. 

Hyolithes. 

Leperditia. 
Ptychoparia. 

Bathyuriscus. 
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STEPHEN FORMATION (continued): 

2d (continued) : 

On Mount Stephen, at a horizon 150 feet from the base of 

this limestone, the fauna includes: 

Micromitra (Iphidella) pannula (White) [1874, p. 6]. 

Billingsella marion Walcott [1908d, p. 102]. 

Hyolithes. 

Microdiscus, 

Ptychoparia. 

CATHEDRAL FORMATION [Walcott, 1908a, p. 4]: 

Ia. Thin-bedded gray to lead-gray, arenaceous limestones, weather- 

ing buff gray to dull light gray 

1b. Massive bedded, steel-gray weathering, light gray, arenaceous 

limestone. In some localities thinner layers appear at 

various horizons and large lentiles of dark lead-gray-colored 

beds*octar*véery trréstlarty.. 2. Wot. o<.cciedics fury os ae 

Ic. Similar to ta. Annelid borings and trails occur in and on 

some of the layers 

rel, Simattar, SAGs os vals cence eats coe oe, ce 8 ae mie eee ee 

te. Thin-bedded, lead-gray to blue-gray, thin-bedded (layers 1 

inch to 4 inches thick) arenaceous limestone............... 

1f. Alternating thin and massive bedded, arenaceous, steel-gray 

limestone weathering light gray 

©, e%e fo 2 6 (es) ©, 6) ee © 8) 60 0) s ve, 04s = \s\e ele oye sce s 6) ole uiuanae 

S (¢\ 0») «se, mate! eye @ o's) su cee = is sie aie 

Total of 1 me ele ss oe 6 ée« © ova ss e.s) = elu wvelulass) emis) sie © ela) = (elel@aeia ie 

LOWER CAMBRIAN 

MOUNT WHYTE FORMATION [Walcott, 1908a, p. 4]: 

The line between the Middle and Lower Cambrian is placed at 

this horizon on account of the presence in the Mount Stephen 

section of Olenellus in the limestone 116 feet below the mas- 

sive arenaceous limestone belt represented by If in the 

Cathedral formation of the Mount Bosworth section. 

ta. Thin-bedded, bluish gray, slightly arenaceous limestone 

Fauna: 

Numerous annelid trails and borings. 

1b. Gray odlitic limestone in layers 3 to 6 inches thick Pa wy py nc 

Fauna (4 feet from base) : 

Nisusia (Jamesella) lowi Walcott [1908d, p. 98]. 

Microdiscus, sp. undt. 

Agraulos sp. 

Ptychoparia sp. 

At Castle Mountain fragments of a species of Bornemannia 

(new genus allied to Zacanthoides) occur at about this 

horizon. 

Feet 

404 

682 

126 

83 

25 

275 

1,595 

120 
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MOUNT WHYTE FORMATION (continued): 

1b (continued) : Feet 

In the Mount Stephen section the following species occur at a 
horizon near the top of this limestone: 

Nisusia (Jamesella) lowi Walcott [1908d, p. 98]. 

Stenotheca elongata Walcott [1884, p. 23], var. 

Scenella varians Walcott [1886, p. 127]. 
Platyceras, new species. 

Hyolithes billingsi Walcott [1886, p. 134]. 

Ptychoparia sp. 

Crepicephalus, new species. 
Protypus, new species. 

Albertella, sp. undt. 

About 50 feet down in the Mount Stephen section in a gray, 
siliceous shale the following species occur: 

Cystid plates. 

Micromitra (Paterina), sp. undt. 

Acrotreta sagittalis taconica (Walcott) [1887, p. 180]. 

Nisusia (Jamesella) lowi Walcott [1908d, p. 98]. 

Hyolithes (fragment). 

Hyolithellus cf. micans Billings [1872, p. 215]. 

Scenella varians Walcott [1886, p. 127]. 

Olenellus (fragments of thoracic segments). 

1c. Massive layers made up of banded bluish gray limestone and _ 

sandstone in layers one-half inch to 2 inches thick.......... 60 

Fauna: 

Agraulos, sp. undt. 

BET AMI Ne at cro ied Ra Om Yaa: OTe bn oN 224 

On Mount Stephen, at a horizon near the top of this bed of 

limestone, there was found: 

Acrothele colleni, new species. 

Acrotreta sagittalis taconica (Walcott) [1887, p. 189]. 

Scenella varians Walcott [1886, p. 127]. 

Stenotheca elongata Walcott [1884, p. 23], var. 

Albertella, sp. undt. 

Olenellus (fragments). 
Bathyuriscus, sp. undt. 

Near the base on Mount Stephen: 

Micromitra (Paterina) labradorica (Billings) [1861, p. 
6], var. 

Micromitra (Iphidella) pannula (White) [1874, p. 6]. 
Acrotreta sagittalis taconica (Walcott) [1887, p. 189]. 

Bornemannia prima, new genus and new species. 

Ptychoparia, 3 species. 

2. Gray and brownish gray sandstone in thin and massive layers. 31 

4—w 
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MOUNT WHYTE FORMATION (continued): 

2 (continued) : Feet 

Fauna: 

Hyolithes. 

Agraulos. 

On Mount Stephen, at this horizon, there were found: 

Microdiscus, sp. undt. 

Olenellus, sp. undt. (fragments). 

Ptychoparia, sp. undt. 

Protypus, sp. undt. 

3. Siliceous shale with a few interbedded thin layers of compact, 

hard, gray sandstone... c.. «cates ox lates eee eee II5 

In the Lake Agnes section 5 miles southeast of Mount Bos- 

worth, the fauna of about this horizon includes: 

Micromitra (Paterina) wapta Walcott [1908d, p. 59]. 

Obolus parvus Walcott [1908d, p. 61]. 

Hyolithes billingsi Walcott [1886, p. 134]. 

Olenopsis agnes, new species. 

Ptychoparia, 3 species. 

Albertella, sp. undt. 

Bathyuriscus. 

On the south slope of Mount Bosworth two drift blocks of 

siliceous shale, supposed to be from this horizon, were found, 

from which the following species were collected: 

Micromitra (Paterina) wapta Walcott [1908d, p. 59]. 

Obolus parvus Walcott [1908d, p. 61]. 

Acrothele colleni, new species. 

Wimanella simplex Walcott [1908d, p. ror]. 

. Agraulos, sp. 

Ptychoparia, sp. 

Bornemannia, sp. 

Albertella boswortht Walcott [1908b, p. 22]. 

Albertella helena Walcott [1908b, p. 19]. 

Vanusxemella contracta, new genus and new species. 

Bathyuriscus, sp. a. 

On Mount Stephen, at about the same horizon, the following 

were found: 

Hyolithes billingst Walcott [1886, p. 134]. 

Scenella varians Walcott [1886, p. 127]. 

Olenopsis agnes, new species. 

Bornemannia prima, new genus and new species. 

4. Interbedded layers of gray fossiliferous limestone and greenish 

chav. Siliceaus: Shale. 2... soc. ¢ icc soy or. ee nae eee 20 

Fauna: 

Nisusia festinata (Billings) [1861, p. to]. 

Scenella varians Walcott [1886, p. 127]. 

HTyolithellus. 
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MOUNT WHYTE FORMATION (continued): 
Feet 

4 (continued) : 
Ptychoparia. 

Agraulos. 

Protypus fieldensis, new species. 

Olenellus canadensis, new species. 

At this horizon on Mount Stephen the following were found: 

Micromitra (Iphidella) pannula (White) [1874, p. 6]. 

Acrotreta sagittalis taconica (Walcott) [1887, p. 189]. 

Kutorgina cingulata (Billings) [1861, p. 8]. 

Kutorgina, sp. undt. 

Nisusia festinata (Billings) [1861, p. Io]. 

Hyolithes billingsi Walcott [1886, p. 134]. 

Scenella varians Walcott [1886, p. 127]. 

Protypus, new species. 

Agraulos, sp. undt. 

Ptychoparia, 3 sp. undt. 

Olenellus canadensis, new species. 

Bow River GRouP 

‘ST. PIRAN FORMATION [Walcott, 1908a, p. 4]: 

1a. Siliceous and arenaceous greenish-colored shales in layers I to 

3 inches in thickness, interbedded in shaly and thin-bedded 

gray and brownish gray sandstone, with a thick layer of 

compact, eray sanostone near the tOp. «<...c.ca s 2 sle cle clelsieteisieie's 68 

1b. Irregularly bedded brownish, dirty gray, and occasionally pur- 

plish-colored sandstones, more or less compact and quartzitic 

and ‘in massive and thin layers that break down readily on 

Sl Ginsu rete A cea a Rictetete: cis Weave siaieis + =) aifaie) Sisyere yes a save 310 

Fauna: 

Annelid trails and borings (Scolithus). 

Hyolithes. 

Olenellus canadensis ?, new species. 

Ptychoparia (2 species). 

tc. Massive bedded, compact, light gray and pinkish quartzitic 

SEL SUCRE Saal Se gh aS Sa eee Oe Re Ar ee ee 125 

Fauna: 

Annelid trails and borings (Scolithus). 
Hyolithes. 

Olenellus canadensis ?, new species (fragments). 

The general dip of the strata is to the northwest 20°; strike, north 30° east. 

The section is continuous, with the exception of the displacement between 

the Paget and Bosworth formations of the Upper Cambrian. ‘This does not 

-cut out any considerable thickness of strata, as is proven by the unbroken 

‘section in the cliffs of Mount Daly three miles to the north. 

In the Lakes Louise and Agnes section, about five miles southeast of Mount 
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Bosworth, the total thickness of the St. Piran formation is 2,705 feet. Below 

the St. Piran the following section occurs: 

LAKE LOUISE FORMATION [Walcott, 1908a, p. 5]: 
Feet. 

1. - Compact, eray, siliceous, shale 7.55.5.4 4-5 sane eet ae 105. 

Fauna: 

Annelid trails. 

Cruziana. 

Micromitira (Iphidella) lowise Walcott [1908d, p. 56]. 

FAIRVIEW FORMATION [Walcott, 1908a, p. 5]: 

1. Thin and thick layers of gray, quartzitic, brownish weathering, 

compact sandstones i(estimated)..:.i.48 seine: aoe eee 600+ 

This formation is much thicker to the southeast. 

RESUME, MOUNT BOSWORTH SECTION 

UPPER CAMBRIAN. 

SHERBROOKE FORMATION: 
Feet Feet. 

t.. Gray, partly chenty limestoness- 4. secs eee 175 

2. ‘Oolitic limestones and shalyabandss.eass ene 590 

3) Arenaceous dolomitic limestone... sees oe 610 

Total sc. 5 saw. ote cavem alee Oe ee een eee 1,375 

PAGET FORMATION: 

1. Massive bedded bluish gray limestone............. 60 

2. Olitic limestone with bands of shale.............. 300-+ 

Total anos ee ee ee eee 360+ 

BOSWORTH FORMATION: 

1. Gray, arenaceous, dolomitic limestone............. 600-++ 

2. Shaly and thin-bedded, dolomitic limestones with 

two' bands“ot ‘shales. 42).0.ec ieee ee eee 987 

3. Solbae!s 2 cass s.+ ciao oie meta dee Meare ere ee 268 

Total +... d..cches PER ese ae ea ee eee 1,855+ 

Total“Upper. Camibriams < das 0204.2 ae en eee 3,590-+ 

MIDDLE CAMBRIAN. 

ELDON FORMATION: 

1. Siliceous and arenaceous limestone.............-+. 788 

2., Bluish gray limestones. i anh. es eae oe eee 05 

3 and 4.< Arenateous limestone. .5..% «cic... dteeioeeerte 1,845 
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CAMBRIAN CORDILLERAN SECTIONS—WALCOTT 

RESUME, MOUNT BOSWORTH SECTION (continued) : 

STEPHEN FORMATION: 
Feet 

1. Thin-bedded, dark and bluish gray limestone...... 315 
2. Alternating limestones and shales................ 325 

Pier a Uae ee Ne Mtr de etpe a in Zc ateheipY sve Wialoe pists 

CATHEDRAL FORMATION: 

Tee ACTeNAccOUSGOLOMILIC. IMMEStOME. pci ncicic cle sje e+ aicle wre 

Seta leu ladelle: Gam briatl s ccta sve neclole oiefe Wie 6 ow autlets ia 

LOWER CAMBRIAN. 

MOUNT WHYTE FORMATION: 

Eeecbrin-hpeaded limeStONes va ie. cs sede se we cece s vende 224 
STS EES ate di ian a, Scuve B GAS eie O.ovaT sista Bib aie arma se alee 31 

Feed CE ACRES ULE D855, 050 sean slats oie mise = «88S cared os Sein 115 

MNCS ale STOTLCT uimeeelareiccel late e skevarcraxcicesnsiel sis ecsueis) oneieselt 20 

ST. PIRAN FORMATION: 

I. Sandy shales and quartzitic sandstones as exposed at 

Mea Nee TAC ante 0 each ceca) aie diaval axshia a wie elo) tinsel « cishes exajaeerele 

LAKE LOUISE FORMATION: 

1. Compact siliceous shale as exposed at Lake Louise..... 

FAIRVIEW FORMATION: 

I. Quartzitic sandstones as exposed at Lake Louise....... 

hotalibowern Cambniatine jae neae rt eae wee. 

eMC IE CAMEL te ees aie te ore Ss igicle Se whales RS PES Aaa ele Naso e Kaba 

IML a kali: (Cra ey ETSI gaat chs Mere agi ane ein Nl Be eA A i at ea 

lGcratae Ga tib i atinee: ess Sores eontedeon Ghee sine uaicecaike tel oncom ca Lees 

Total thickness of sections examined. .............cecccceees 

217 

Feet 

390 

2,705 

Below the section of the quartzitic sandstones on Fairview Moun- 
tain there is, in the Bow River valley, a considerable, but unknown, 

thickness of sandstones and siliceous shales that have not been 

examined or measured. 
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INTRODUCTION 

This paper was first planned to include the descriptions of the new 

genera and species of the Mesonacidz that had been collected by me 
or under my direction since the publication of the memoir on the 

Olenellus fauna in 1891 [ Walcott, 1891]. When the material was 

assembled, I wrote to my friend, Prof. Atreus Wanner, of York, 

Pennsylvania, asking if he had any new material. In response he 

sent me a beautiful series of specimens showing the growth of the 

dorsal shield of Pedeumtas transitans and specimens of Wanneria 

qwalcottanus with a large spine on the fifteenth segment. I also found 

in the collections from central Alabama a very interesting series of 

specimens of the young cephalons of Pedeumias and Wanneria. 

The result has been that I have reviewed and discussed the family 

Mesonacide and illustrated the known genera and species more or 

less fully. 

When in 1891 I proposed to use the term Mesonacide [ Walcott, 

1891, p. 635] I thought it a better selection than to propose Olenel- 

lidz and so stated. Vogdes [1893, p. 254] evidently misunderstood 

my intention and used the term Olenellide. Later Moberg [ 1899, 

p. 316], evidently without knowing of Vogdes’ use of the term, pro- 

posed to use Olenellidz, as he thought it did not conflict with Oleni- 

de. Lindstrom [1901, p. 12] simply followed Moberg. The term 

Olenellidz is a good one, but Mesonacidz has priority, and also the 

genus Mesonacis is much more typical of the family than the genus 

Olenellus; the latter is the last phase of the evolution of one branch 

of the family, while Mesonacts illustrates the stage in which the 

marked characteristics of most if not all of the genera are present. 

Mesonacis vermontana (Hall) was founded ona specimen preserv- 

ing the cephalon and a portion of the thorax [ Hall, 18509, fig. 2, p. 60]. 

In 1886 I found this form was essentially similar to Olenellus thomp- 

som | Walcott, 1886, pl. 24, fig. 1a] back to the fourteenth segment, 

but that the fifteenth segment instead of being a telson was a thoracic 

segment with a long median spine. Posterior to the fifteenth seg- 

ment there were ten segments with short pleural lobes and a plate- 

like pygidium [pl. 26, figs. 1 and 2]. For this strange form the 

genus Mesonacis was proposed [ Walcott, 1885, p: 328], and I [ Wal- 

cott, 1886, p. 166] concluded that the telson of Olenellus thompsoni 

was represented in M/esonacis by the fifteenth segment and the pos- 

terior segments and pygidium. Subsequently other specimens were 

found with segments posterior to the fifteenth [pl. 26, fig. 3], and 

one large specimen [see pl. 33, fig. 1, and pl. 24, fig. 12] that had 
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three very short rudimentary segments and a plate-like pygidium 

beneath the great spine on the fifteenth segment." These specimens 

convinced me that Olenellus thompsoni passed through a Mesonacis 

stage before becoming a typical Olenellus. I put the specimens away 

in hopes that others would be found throwing more light on the 

problem. In the collection made by Dr. Charles Schuchert at York 

in 1896 an otherwise typical form of Olenellus thompsom 40 mm. 

in length was found to have four rudimentary segments and a py- 

gidium beneath the spine on the fifteenth segment, but it was not 
until 1909 when Prof. Atreus Wanner sent me a large series of . 

specimens showing young stages of growth, also adults with from 

two to four rudimentary segments posterior to the fifteenth spine 

bearing segment that sufficient material was available to definitely 

conclude that Olenellus thompsoni passed through a Holima, a Mes- 

onacis, and a Pedeumias stage of development, and later became a 

typical O. thompsoni with a terminal telson by the absorption of 

certain rudimentary segments and a plate-like pygidium. 

FUTURE WORK 

It is exceedingly desirable that more collecting should be done 

in the Lower Cambrian formations of the Reval region of Russia ; 

in Finland; and in the various localities in Sweden, Norway, and 

England. I am sure that important information in relation to the 

Mesonacidz would be secured by a systematic search for more and 

better material. In America we will continue the work in 1910 in 
western Newfoundland and the Straits of Belle Isle, and in British 

Columbia and Alberta, and another season will be spent in Nevada 

and California. 

ACKNOWLEDGMENTS 

I am greatly indebted to Prof. Atreus Wanner, Superintendent 

of Public Schools at York, Pennsylvania, for very generously per- 

mitting me to study and illustrate the material in his collection.’ 

Prof. H. Justin Roddy, of the State Normal School at Lancaster, 

Pennsylvania, permitted me to examine the collection he had made 

in Lancaster County, and loaned me specimens, and both he and 

Professor Wanner took me over the areas from which they collected 

specimens in central Pennsylvania. Dr. Joh. Chr. Moberg, of the 

1 This form is now included in Pedeumias transitans. 

2 Professor Wanner has since presented to the United States National 

Museum the specimens illustrated and described in this paper. 
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University of Lund, Sweden, sent me casts and specimens of the 

species described by him. Dr. B. N. Peach most kindly guided me 

to the Loch Maree localities in northwest Scotland and, by the per- 
mission of the Director of the Geological Survey of Great Britain, 
Dr. J. Horne, in charge of the Scottish Survey, sent me the material 

_ in the collections of the Geological Survey and the Royal Scottish 

Museum at Edinburgh. Mr. Frank Raw of the University of Birm- 

ingham sent me photographs and plaster casts of the specimens de- 

scribed by him from the Comley sandstone of Shropshire, England. 

Dr. John M. Clarke, of the New York State Survey, loaned me 

the Ford specimens of Elliptocephala asaphoides, and Prof. George 

H. Perkins, State Geologist of Vermont, sent me the material in 

the State Survey collections from western Vermont. The Director 

of the Geological Survey of Canada kindly loaned the specimens 
in the Survey Museum. 

Among the collectors who have assisted in obtaining the material 

studied I wish to mention Mr. William P. Rust, of Trenton Falls, 

New York, and Dr. Cooper Curtice, of Moravia, New York, both of 

whom worked in the town of Georgia, Vermont, and in Washington 

County, New York. Also Mr. F. B. Weeks, Mr. Henry Dickhaut, 

and Mr. T. E. Williard, of the U. S. Geological Survey. 

The material of value from Alberta and British Columbia was 

principally collected by Mrs. Walcott and myself during the summer 
of 1909. 

To all I return my sincere thanks, and if I have omitted to men- 

tion any who may have given assistance I[ trust that they will accept 
an apology for my unintentional neglect. 

Order OPISTHOPARIA Beecher 

Order Opisthoparia BreEcuer, 1897, American Journ. Sci., 4th ser., Vol. 3, 

p. 187. (Defined as below.) 

“Free cheeks generally separate [but not in the Mesonacidz], 
always bearing the genal angles. Facial sutures [when not in a 

state of synthesis] extending forwards from the posterior part of 

the cephalon within the genal angles, and cutting the anterior margin 

separately, or rarely uniting in front of the glabella. Compound, 
paired holochroal [?] eyes on free cheeks [or corresponding portion 

of cephalon], and well developed in all but the most primitive 
family.” 

The words enclosed in brackets I have added to Dr. Beecher’s 

definition of the order. 
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Family MESONACIDAE* Walcott 

Mesonacide Watcortt, 1891, Tenth Ann. Rept. U. S. Geol. Survey, p. 635. 

(Cites Olenellus (Mesonacis) vermontana as typical of the family. 

Declines to propose term Olenellid@ as it was too much like the family 

name Olenida.) 

Olenellide VocpvrEs, 1893, Occasional Papers California Acad. Sci., 4, p. 

254. (Cites Olenellus thompsoni Hall as the type.) 

Olenellide Moserc, 1899, Geol. Féren. i Stockholm Fé6rhandl., Bd. 21, 

Hafte 4, p. 316. (The author includes under this family name the 

following species: Georgiellus (Elliptocephala) asaphoides (Em- 

mons), Olenellus thompsoni Hall, Holmia kjerulfii (Linnarsson), 

Mesonacis vermontana (Hall), Mesonacis mickwitzi (Schmidt), and 

Olenelloides armatus Peach.) 

Olenellide LinpstROM, 1901, Kongl. Svenska Vet.-Akad. Handlingar, Vol. 

34, No. 8, p. 12. (Uses Olenellide as a group name for the “ Olenellide 
”? proper” and the Paradovine.) 

Description.—Cephalon very large, wider than long, genal angles 

with spines ; intergenal spines developed in young and may be pres- 

ent in adult. Facial suture rudimentary, or in a condition of syn- 

thesis. Eyes crescentic or semicircular and attached more or less 

closely to the anterior lobe of the glabella by a rounded ridge; visual 

surface of eyes with facets arranged in quincunx order. Hypostoma 

usually with more or less spinose posterior margin. Thorax long, 

composed of from 13 to 27 free segments. Pygidium small, margin 

usually entire but may have from one to three spines. Surface of 

test in adult specimens granular and usually with network of very 

fine thread-like raised inosculating ridges. 
The genera included are Nevadia, Mesonacis, Elliptocephala, Cal- 

lavia, Holmia, Wanneria, Pedeumias, Olenellus, Peachella, and 

Olenelloides. 

OBSERVATIONS—DEVELOPMENT 

Cephalon.—The youngest stage of growth known to me is the 

Protaspis stage of Elliptocephala asaphoides |pl. 25, fig. 9]. In this 

the palpebral ridges are continuous with the transversely elongated 

anterior lobe of the glabella and arch about the spaces between the 

glabella and the eye lobe, and continue back across the posterior 

border of the cephalon. The segmentation of the cephalon is beauti- 

fully shown by figs. 9, 10, and 22, pl. 25. In figs. 9 and 10 the 

occipital segment merges into the strong ridge and spine formed by 

the next two anterior segments; the fourth anterior segment curves 

*The genus Mesonacis is more typical of the family than the genus Olenellus 

and as Mesonacide was first used, I shall continue it in this paper. 
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back against the palpebral ridge, and the latter, with the occular 

segment, terminates against the large intergenal spine formed by the 

prolongation of the glabellar segments. The pygidium is a simple 

plate without axis or traces of segmentation. The young of Pe- 

deumias transitans [pl. 25, fig. 22] of a little later stage of growth 

has the segmentation of the cephalon finely shown, also remarkably 

long, intergenal spines. | 
The progressive changes of the cephalon result in the gradual 

separation of the intergenal and genal spines and the straightening 

out of the posterior margin. This occurs in Pedeumias [pl. 25, 

figs. 20-22], Elliptocephala [pl. 25, figs. 9-12], and Wanneria [pl. 

31, figs. 8, 7, 5, and 6]. A curious phase in the later development 

of the cephalon is the advancing of the genal angles from the line 

of the occipital segment until they are forward of the anterior mar- 

gin of the glabella. [See pl. 32 for Pedeuwmuas, pl. 25 for Ellipto- 

cephala, pl. 31 for Wanneria, and pl. 37 for Olenellus.| 

The genal, intergenal, and antero-lateral spines of the cephalon 

undoubtedly represent the pleural ends of segments that have been 

fused together and greatly modified in the process. The genal 

spines persist in the adult of the Mesonacidz and often the inter- 

genal spines, but only in a modified manner. The intergenal spines 

are seen in a later geological period in the adult Bronteus,’ where 

they might be considered as a reversion to a character of their Cam- 

brian ancestors. Hydrocephalus* appears to have an intergenal spine 

and in all of the Proparia [ Beecher, 1897, p. 198] the “ genal spine”’ 

is attached to the space within the facial sutures, and is in fact the 
prolongation of one of the fused segments of the cephalon, and 

corresponds in this respect to the intergenal spine of the Mesonacide. 

Some of the species of the genus Agnostus also show spines that 

suggest the intergenal spine, notably 4d. granulatus Barrande and 

A. rex Barrande.” 
Number of segments in the cephalon.—The question of the num- 

ber of segments represented in the cephalon is one that cannot be 

fully discussed here.* The presence of a palpebral segment that 

appears to also form the larger part of the anterior glabellar lobe 

* Barrande, 1872, pl. 9, figs. 12 and 13; and pl. 11, figs. 13 and 14. 

” Barrande, 1852, pl. 40. 

* Barrande, 1852, pl. 49. 
“The student is referred to a paper by H. M. Bernard on the “ Systematic 

Position of the Trilobites,’ Quart. Journ. Geol. Soc., London, Vol. 50, 1804. 

pp. 411-432; also to C. E. Beecher’s paper on the “ Larval Stages of Trilobites,” 

American Geologist, Vol. 16, 1895, pp. 166-197. 
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in the young of Elliptocephala [pl. 25, figs. 9 and 10], Pedeumias 

[pl. 25, fig. 22], and Olenellus [pl. 36, figs. 11-14], and the posterior 

portion of the same lobe in Olenellus logani [pl. 41, fig. 6], is evi- 

dence that there are six, if not seven, clearly defined segments in 

the cephalon ; these include the occipital ring, the four segments rep- 
resented by the glabellar lobes, and the occular or eye-bearing seg- 

ment; the expansion of the latter may form the anterior portion 

of the first glabellar lobe as indicated in Olenellus logan [pl. 41, 

fig. 6], where the furrows on the glabella in advance of the palpebral 

segment apparently outline the segment. In all trilobites where the 

cheeks carry the visual surface of the eye, the cheeks may be con- 

sidered as an expansion of the occular segment, and probably of a 

segment in advance of it, and the genal spines are the outward ter- 
mination of the occular segment. The anterior and second segments 

of the glabella do not appear to terminate in spines, but the third 

or fourth segment may be extended into the intergenal spines [pl. 

2e Mics o; Stosand! 22). pir 30); ie O, 
It is not improbable that a seventh segment more anterior than 

the occular segment existed in the primitive cephalon of the Mes- 

onacidze ; this is indicated by the antero-lateral spines of the young 

of Olenellus gilberti [pl. 36, figs. 11-14] and the larval-like cephalon 

of Olenelloides [pl. 40, figs. 2 and 3] and by the cephalon of Cal- 

lavia bicensis [pl. 41, fig. 9] where there are two pairs of furrows 

in front of the palpebral ridge. 

The preceding brief outline of the segments included in the ceph- 

alon may be tabulated as follows: 

1. Anterior border segment, the reflected margin of which sup- 

ports the hypostoma. 

2. Occular segment carrying the visual surface of the eye. 

3. Palpebral or first glabellar segment from which the large an- 

terior lobe of the glabella was largely developed, also the so-called 

“oecular” ridge, and the palpebral lobe. 

4. Second glabellar segment which is usually extended beyond the 

end of the third glabellar segment in the adult cephalon. 

5. Third glabellar segment which may or may not be extended so 

as to appear in the interpalpebral space. 

6. Fourth glabellar segment. This segment in the young [pl. 25, 

figs. 9, 10, 13, and 22; pl. 36, fig. 12] may be continued as an inter- 

genal spine. 

7. Occipital segment, the extensions of which terminate against 

the intergenal spines [pl. 25, figs. 9, 10, and 22]. 
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Eye.—tThe changes in the eye lobes vary in different genera. All 

agree in having a proportionally very long eye lobe in the youngest 

stages, such as those represented by figs. 9 and Io, pl. 25, of Ellipto- 

cephala; figs. 20-22, pl. 25, of Pedewmuias, and figs. 5-8, pl. 31, of 

Wanneria. The elongated eye lobes remain during life in most of 

the species of all of the genera, excepting Wanneria. In this latter 

genus the eye lobe is very long in the young [pl. 31, figs. 8, 7, 5, 

and 4] and short in the adult [pl. 31, figs. 1, 3; pl. 30, figs. 1 and 2]. 

Two species of the genus Olenellus have short eye lobes: O. fre- 

monti [pl. 37] and O. canadensis [pl. 38]. The eye of O. fremonti 

is unique in that it is larger in the adult [pl. 37, figs. 1, 2, 3, and 6] 

than in the young stages of growth [figs. 8-12]. This is one of the 

characters that leads me to consider that the species is one that is 

descendent from a species that had attained, as far as the eye was 

concerned, the most advanced stage of development of any species 

of the Mesonacidz, and then through reversion developed the long 

eye lobe in the adult. This stage might be represented by the small- 

eyed O. canadensis. 

In one species I have been so fortunate as to find the outer faceted 

surface preserved [pl. 43, figs. 5 and 6]. This surface is perforated 

by minute rounded, hexagonal openings arranged in oblique trans- 

verse rows which gives them a more or less quincunx order. The 

interstitial spaces between the openings are narrow, rounded ridges. 

There is no trace of a corneal covering, and the surface is so much 

like that of the outer surface of the eye of Limulus that I cannot 

avoid the conclusion that they are of the same type [compare figs. 

4 and 5, pl. 43], and “inward projections of the outer cuticle” 

[ Bernard, 1894, p. 422]. Bernard concludes that the eye of Limulus 

is more primitive than that of Apus. This may be a correct view, 

but I strongly suspect that the primitive phylopods of the type of 

Apus will be found to have developed earlier than the trilobites. 

Dr. A. S. Packard [1880, p. 508], after comparing the eye of 

Limulus with the sections of the eye of some Ordovician trilobites, 

notably Asaphus and Bathywrus, came to the conclusion that the 

hard parts of the eye of the trilobites and of Limulus were through- 

out identical, and that the trilobite’s eye was organized on the same 

plan as that of Limulus. Dr. G. Lindstrém, in his Researches on the 

Visual Organs of the Trilobites [1901, pp. 26-27], found that there 

were several types of eyes among the trilobites : 
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I. Genera with compound eyes having: 

(a) prismatic plano-convex cornea facets ; 

(b) round or bi-convex transversely elongate lenses ; 

II. Genera with aggregate eyes of bi-convex lenses; and 

III. Genera with isolated eyes, one or several stemmata at the extremity ofa 

straight facial ridge. 

He says [1901, p. 27] of the statement of Packard: “ This state- 

ment is altogether wrong, and as I hope to show the trilobites have 

had eyes entirely different from those of Limulus, and instead agree 

with those of the /sopoda and perhaps also with a few other 

Crustacea.” 

At the time Dr. Lindstr6m wrote he was unacquainted with the 

visual surface of the eye of Olenellus and contended [1901, p. 9] 

that all Cambrian trilobites were blind in not having eyes on the 

upper surface of the cephalon. He thought that they might have 

been provided with visual organs on the hypostoma. The dis- 

covery of the faceted surface of the eye of Olenellus gilberti clearly 

negatives the broad conclusion of the absence of a visual organ on 

the upper surface of the cephalon and indicates that with sufficiently 

well-preserved specimens the visual surface will be found on all 

Cambrian trilobites with eyes. That it has not been found long ago 

is probably due to the fact that the roughened visual surface without 

a corneal covering adheres to the matrix and is broken off with it. 

I do not wish to assert that the eyes of Olenellus and Limulus are 

constructed on the same plan, but I do think that the outward ap- 

pearance of the surface of the eye of the young specimens aps 

that they were similar [pl. 43, figs. 4 and 5]. 

Dr. Lindstr6m [1901, p. 71] found maculz on the hypostoma of 

136 species of 39 genera of trilobites, on 36 species of which it was 

possible to study the structure of the macule through sections. He 

states that while the structure that often characterizes the maculz as 

a visual organ is very rudimentary, there is no doubt that it sub- 

served the purpose of the visual organ, even where there is no trace 

of any definite structure that is preserved in the fossil state. In final 

conclusion he says [1901, p. 74]: 

We find the macule of the trilobites present from the oldest Cambrian times 

and we find also in them a progressive evolution, in some to a high degree, 

lenses and facets, perfectly identical with those of the eyes on the head shield, 

converting them into true eyes..... But there are, no doubt, still more facts to 

adduce for filling up extant lacunz in the knowledge of these matters. 
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1 have not been able to find maculz showing any definite structure 

on the hypostoma of any species of the Mesonacidz. I see, however, 

no «@ priori reason why such structures should not be present. 

From the structure and probable habits of the trilobite, as a mud- 

burrowing animal more or less allied to Limulus, it does not at first 

appear what special purpose was subserved by having visual organs 

on the hypostoma. While thinking of this, I was led to revert to 

observations that I made when collecting trilobites showing ventral 

appendages. These notes [ Walcott, 1875, p. 159] state that of 1,160 

specimens of Ceraurus noted on the under surface of a thin layer of 

limestone, 1,110 were lying on their backs when buried in the sedi- 

ment and but 50 presented the dorsal surface upward. Prof. Alex- 

ander Agassiz in describing the habits of young Limulus says [1878, 

pp. 75-76]: 

Mr. C. D. Walcott has called attention to the fact that when collecting fossils 

he finds large numbers of trilobites on their back*; from this he argues that 

they died in their natural position, and that when living they probably swam 

on their backs. He mentions, in support of his view, the well-known fact that 

very young Limulus and other crustacea frequently swim in that position. I 

have for several summers kept young horse-shoe crabs in my jars, and have 

noticed that besides thus often swimming on their backs, they will remain in a 

similar position for hours, perfectly quiet, on the bottom of the jars where they 

are kept. When they cast their skin it invariably keeps the same attitude on the 

bottom of the jar. It is not an uncammon thing to find on beaches, where ‘ 

Limulus is common, hundreds of skins thrown up and left dry by the tide, 

the greater part of which are turned on their backs. An additional point to be 

brought forward to show that the trilobites probably pass the greater part of 

their life on their back, and die in that attitude, is that the young Limulus 

generally feed while turned on their back; moving at an angle with the bottom, 

the hind extremity raised, they throw out their feet beyond the anterior edge of 

carapace, browsing, as it were, upon what they find in their road, and washing 

away what they do not need by means of a powerful current produced by their 

abdominal appendages. 

My object in calling attention to the above facts in relation to the 

habit of trilobites and Limulus is to suggest that in all probability 

the eyes of the hypostoma were of service when the trilobite was 

lying on its back on the sand or mud, and it was on this account that 

they were thus developed. It is highly probable that the adult trilo- 

bite crawled about the bottom and did not swim freely in the water 

to the extent that it would be necessary for it to be able to see the 

bottom. Its habits must have been very much like those of Limulus 

when in search of food. That the trilobite burrowed and pushed 

* Ann. Lyceum Nat. Hist. New York, Vol. 11, 1875, pp. 155-159. 
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its way through the mud and soft sands in a manner similar to that 

of Limulus is proven by the trails and burrows left by it which we 

now designate as Cruziana [ Walcott, 1891, pls. 64-66]. 

Facial sutures—The facial sutures are rarely represented, even 

by elevated lines on the exterior surface or depressed lines on the 

interior surface of the cephalon. If we accept Beecher’s view that 

the sutures are in a condition of symphysis [ Beecher, 1897, p. 191], 
and that the elevated and depressed lines represent the suture be- 

tween the cranidium and free cheeks, the latter bear the visual 

surface of the eye. In my hurried study of the Olenellus fauna in 

1886 and 1891 I permitted facial suture lines to be represented in 
front of the eye in a specimen referred to Olenellus gilberti [Wal- 

cott, 1886, pl. 20, fig. 11; 1891, pl. 86, fig. 1%] on evidence that now 

appears to me to be insufficient, as the line may have been formed 

by a fracture in the test. 

In one specimen of Pedeumias transitans [pl. 33, fig. 1] an ele- 

vated line having the usual curvature of the posterior facial suture 

starts from the base of the eye at its posterior third and extends 

with a gentle sigmoid curve outward and backward to the postero- 

lateral angle of the cheek where it fades away. It is not probable 

that this line represents the facial suture that has been lost in the 

development of the cephalon, but it suggests that conclusion. 

Prof. R. P. Whitfield [1884, p. 151, pl. 15, fig. 1] describes and 
illustrates the curve of facial sutures in Olenellus thompsoni.. The 

curve assigned to the sutures back of the eye is certainly incorrect, 

as, from many specimens, we know that the elevated lines run to 

the intergenal angles, and I strongly suspect that the suture as out- 

lined in front of the eye is based on a crack in the test, as the speci- 

men is flattened in the arenaceous shale. 

Anterior glabellar lobe.—The anterior or first lobe of the glabella 

in the young stages of growth is small and a part of the palpebral 

segment of the cephalon [pl. 25, figs. 9, 10, and 22]. In what I con- 

sider to be the most primitive genus of the Mesonacide, Nevadia 

[pl. 23], the first lobe is small and not at all expanded as in Olenellus 

[pl. 37]. In Callavia [pls. 27 and 28] the first lobe is also small, 

although the genus occurs at a much higher horizon than Nevadia. 

We find that Holmia weeksi [pl. 29] which is associated with 

Nevadia has an expanded first glabellar lobe. That the small, 

contracted first lobe of Nevadia is a primitive character is shown by 
its occurring in the youngest stages of growth of all the genera of 

* Referred in this paper to Pedeumias transitans. 
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the Mesonacidz of which we have the young cephalon. The small 

first glabellar lobe of Callavia is an illustration of the survival of 

a primitive character in the adult of a later genus or it may be an 

instance of reversion to a primitive character. The anterior glabellar 

lobe of Pedeumias [pl. 34] and Olenellus [pls. 34-39] is expanded 

and convex when found in a matrix favorable to preserving the con- 
vexitv. Most specimens have been found in shales which accounts 

for the flattening of the lobe and the fracturing of the test not only 
of the lobe but of the adjoining parts of the cephalon. The expan- 

sion of the anterior lobe of the glabella in the genera Mesonacis, 

Elliptocephala, Holmia, Wanneria, Pedeumias, and Olenellus indi- 

cates that these genera are of later origin than Nevadia, and this 

conclusion is strengthened by the evidence afforded by a comparison 

of the thorax of the genera. Callavia has the primitive glabella, 

but its thorax indicates a later origin than the genera Nevadia, 
Mesonacis, and Elliptocephala. 

Another interesting character of the anterior lobe is the presence 

in O. logani [pl. 41, fig. 9] of a faint furrow that extends inward a 

short distance from the point where the anterior margin of the pal- 

pebral ridges joins the anterior glabellar lobe; this pair of furrows 

indicates that the lobe is formed of two segments of the original 

primitive cephalon.* The palpebral segment is beautifully shown by 

the young of Elliptecephala asaphoides [pl. 25, figs. 9 and Io]. 

Hypostoma.—The hypostoma has a convex central body that is 

narrowed posteriorly by grooves that separate the body from a trans- 

verse posterior portion on which maculz may be present. It may 

be attached directly to the anterior doublure of the cephalon or by 

a narrow process |[pl. 34, figs. 5-7]. Minute specimens of the hy- 

postoma of Wanneria halli [pl. 31, fig. 9] show a perforated, 

flattened marginal border on the posterior and postero-lateral sides. 

As the hypostoma increases in size the outer rim disappears and the 
test between the lobes forms a denticulated margin as in Pedeumiuas 

transitans [pl. 34, fig. 7]. The next development is the absorption 

of the thickened points and the formation of true spines [pl. 34, 

fig. 5]. This type of hypostoma is found in Elliptocephala asaphoides 

[pl. 24, fig. 8], Holmia kjerulfi [pl. 27, fig. 7], Wanneria halli [pl. 

31, fig. 9], Pedeumias transitans [pl. 34, figs. 5 and 6], Olenellus 

gilberti [pl. 36, fig. 5], Olenellus fremonti [pl. 37, figs. 21 and 22], 

*This anterior pair of furrows is: shown for Paradoxides by Barrande’s 

illustrations of P. spinosus |Barrande, 1852, pl. 12, figs. 2, 3, and 6; and pl. 13, 

fig. 1] and P. pusillus [Barrande, 1872, pl. 9, fig. 23]. 
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Olenellus lapworthi [pl. 39, fig. 7], and Olenellus claytomi [pl. 40, 

fig. |. 

The absorption of the spines and the resultant smooth margin 

appears to have been accomplished in Callavia broggeri [pl. 27, fig. 

2], C. crosbyi [pl. 28, fig. 6], Olenellus canadensis [pl. 38, figs. 2 

and 3], Holmua lundgreni [pl. 40, fig. 6], and Mesonacis torrelh 

[pl. 26, figs. 9 and Io]. 
The hypostoma of Olenellus has the maculz clearly indicated, but 

none of the specimens are sufficiently well preserved to permit of 

making thin sections to determine its structure. 

Thorax.—As shown by adult specimens, the development of the 

thorax from Nevadia to Olenellus, inclusive, may be divided into 

six stages. 

1. Nevadia stage: In Nevadia the thoracic segments of a uniform 

character follow each other from the first to the seventeenth. At 

the eighteenth segment an abrupt change occurs [pl. 23, figs. I, 2, 

and 4]. The grooved pleural lobe disappears and a spinose exten- 

sion of the same general character as that attached to the anterior 

pleural lobes is attached directly to the side of the axial lobe of the 

posterior eleven segments. The dorsal shield is terminated by a very 

small and simple pygidium. 

2. Mesonacis stage: In Mesonacis [pl. 26, fig. 1] the thoracic 

segments are fully developed from the first to the fourteenth. The 

third segment is enlarged and the fifteenth segment has a large 

median spine and the ten posterior segments form a distinct sub- 

ordinate series of small but typical segments. The smaller posterior 

segments are more advanced in development than the posterior seg- 

ments of Nevadia, but not as much so as the anterior segments an- 

terior to the fifteenth segment. 

3. Elliptocephala stage: In Elhiptocephala the third segment is 

relatively larger during the earlier stages of growth in which it 

has been observed [pl. 24, figs. 3-5], but this disappears in the adult 

[pl. 24, fig. 1], leaving the segments of a uniform character back 

to the fourteenth where there is a series of five short segments with 

long median spines. Most of the series of small segments of Nevadia 

and Mesonacis have disappeared. 

4. Holmia stage: In Holmia the 16 segments are in orderly suc- 

cession and of a similar character; the pygidium remains relatively 

small and more or less rudimentary. This is best shown by Holmia 

kjerulfi [pl. 27, fig. 7] and H. rowe: [pl. 20, figs. 3 and 4]. In 

Wanneria walcottanus a short, slender spine appears on the four- 



OLENELLUS AND OTHER GENERA OF MESONACIDA 245 

teenth segment in fully matured dorsal shields [pl. 30, figs. 10-12] ; 

otherwise the segments are of the same character, except as they 

decrease uniformly in size to the pygidium. In Callavia brég- 

geri [pl. 27, fig. 1] the seventeenth and eighteenth segments are rela- 

tively smaller, in this respect resembling the shorter posterior seg- 

ments of Mesonacis and Elliptocephala. 

5. Pedeunuas stage: In Pedeumias transitans [pl. 33] we find 

the transition stage between the stages represented by Mesonacis 

[pl. 26], Ellptocephala |pl. 24], and Olenellus thompsoni [pl. 35]. 
There are fourteen fully developed segments with the third segment 

enlarged and the fifteenth segment developed into a strong, long 
spine with the pleural lobes of the segment absent. Beneath and 

back of the large spine there are from two to six rudimentary seg- 

ments without pleural lobes, and a simple plate-like pygidium. 

6. Olenellus stage: Fourteen fully developed segments, a large 

third segment, and the fifteenth segment a strong terminal telson ; 

posterior rudimentary segments and true pygidium of the Pedeuwmias 

stage absorbed [pl. 35, fig. 1] or the rudimentary segments and 

pygidium have disappeared and the large median spine of Pedeumias 

has become the telson of Olenellus. 

Oienellus is the last genus of the Olenellus branch of the Mesona- 

cide to develop, and from Pedeumias transitans we find evidence 

that it has passed through the Holmia stage [pl. 32, figs. 2 and 3] 

and the Pedeumias stage [pl. 33] before becoming a true Olenellus. 

The enlarged third segment of Olenellus [pl. 35, fig. 1] also occurs 

in Mesonacis [pl. 26, fig. 1] and in the younger stages of growth of 

Elliptocephala [pl. 24, figs. 3-5]. In Olenelloides [pl. 40, fig. 3] 

both the third and sixth segments are enlarged. The catise of the 

enlargement and prolongation of the third segment is unknown. In 

Parado.xides the pleurz of the second segment are elongated in small 

specimens of several species [Barrande, 1852, pl. Io, fig. 25; pl. 12, 

figs. 5-7; and pl. 13, fig. 16]. 

Peachella—We know nothing of the thorax of Peachella |pl. 40, 

figs. 17-19], but from the cephalon it is probable that it was of the 

Olenellus type. 

Olenelloides.—The thorax and large cephalon of Olenelloides [pl. 

40, fig. 3] indicates a degenerate type and a stage of growth beyond 

which the animal could not develop. For the present it may be 

placed as a degenerate of the Olenellus stage of development. 

Pygidium.—The pygidium is a simple transverse plate in the 

protaspis stage and it is not strongly developed in any genus and 

PN 
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species of the Mesonacidz. It is very small, essentially rudimentary, 

and its segmentation is limited to one transverse ring on the median 

lobe [pl. 290, fig. 11]. 

The telson of Olenellus is not considered to be a true pygidium. 

It resembles the telson of Limulus, but this resemblance does not 

necessarily indicate that Olenellus was the ancestor of Limulus; its 

origin does, however, indicate the manner in which the telson of 

Limulus may have originated. 

DELIMITATION OF “GENERA 

The cephalon in all genera of the Mesonacidze is so nearly similar 

that only specific differences appear to be present, except in Newadia 

and Callavia, which have a small anterior glabellar lobe. The modi- 

fications of the thorax are largely taken as the basis for generic 

separation. The pygidium is essentially the same in all of the genera. 

Nevadia.—Nevadia [pl. 23] is characterized by the presence of 

small, simple segments (primitive segments) on the posterior portion 

of the thorax that have not been developed to the same degree as 

the segments anterior to them. In the type Nevadia weeksi the 

posterior eleven primitive segments have cnly the axial lobe and a 

spinose continuation on each side [pl. 23, figs. 1, 2, and 4]; the 

grooved pleural lobe of the seventeen more specialized anterior seg- 

ments is not present. The spinose extensions of the posterior seg- 

ments are proportionally much rounder and smaller than those of 

the anterior seventeen segments. As far as known the posterior 

thoracic spines of Elliptocephala [pl. 24, figs. 1 and 9] and the great 

spine of the fifteenth segment of Wanneria [pl. 30, fig. 11] and 

Mesonacis [pl. 26, fig. 1] were not developed in Nevadia. 

The only species referred to Nevadia is N. weeksi Walcott. 

Mesonacis.—This form [pl. 26, fig. 1] is essentially the same as 

Elliptocephala, but it has an enlarged third segment in the adult and 

a strong spine on the fifteenth segment. The posterior contracted 

segments are also of a different character. In Mesonacis they are 

similar to those anterior to the fifteenth segment, while in E/lipto- 

cephala asaphoides they lose the long-curved pleura so characteristic 

of the anterior thirteen segments. 

The posterior ten segments may be said to be [pl. 26, figs. 1, 2, 

and 3] less developed, proportionally than the anterior segments, 

although possessing a well-defined furrowed pleural lobe. A trace 

of this character is also preserved in Callavia bréggeri [pl. 27, fig. 1] 

where the two posterior thoracic segments are proportionally smaller 

than the anterior segments. 
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The species referred to Mesonacis are: M. vermontana (Hall), 

M. mickwitzt (Schmidt), and WW. torrelli (Moberg). 

Elliptocephala.—In Elliptocephala [pl. 24, figs. 1, 2, and g] the 

posterior five segments are more highly developed than the primitive 

segments of Nevadia, but not as much so as the segments anterior 

to them. The abrupt narrowing of the thorax of Elliptocephala is 

of the same type as that shown by Mesonacis [pl. 26, fig. 1], but it 

does not have the large third segment in the adult stage or the great 

Spine on the fifteenth segment. 

The one species referred to Elliptocephala is E. asaphoides 

Emmons. 

Callavia.—Callavia [ pl. 27, fig. 1; pl. 28, figs. 4 and 8] has a trace 

of the constricted pleurze of the posterior portion of the thorax in 

the two last segments; these are of the same type as the anterior 

segments. The broad thorax of Callavia with the falcate extensions 

of the pleurz are quite unlike the narrow thorax of Holmia [pl. 27, 

fig. 7] with its spinose pleural extensions. There are differences of 

importance in the cephalon as compared with Holmia. The glabella 

of Callavia is narrower and more primitive and its intergenal spine 

is less primitive. The pleural furrow of Callavia is narrow and 

oblique like that of Paradoxides, while the pleural furrow of Holmia 

and Wanneria [pl. 30] is broad and straight like that of all other 

known genera of the Mesonacidee. It is doubtful if Callavia should 

precede Holmua, but from its primitive glabella and the retaining of 

two shortened thoracic segments it appears to be nearer Elliptoce ph- 

ala than does Holmia. . 

The species referred: to Callavia are: C. bicensis Walcott, C. 

broggert (Walcott), C. burri Walcott, C. callaver (Lapworth), C. 

cartlandi (Raw), C. crosbyi Walcott, and C. nevadensis Walcott. 

Holmia.—olnua [pl. 27, fig. 7] with its uniform series of seg- 

ments and simple plate-like pygidium appears to represent a stage 

in the development of the Mesonacide that followed the Ellipto- 

cephala-Mesonacis stages. It has lost the rudimentary thoracic seg- 

ments of Nevadia, it is without the large third segment of the adult 

Olenellus and Mesonacis, and it is not known to have had an en- 

larged third segment at any stage of growth. The posterior segments 

do not show the restricted character of those posterior to the fif- 
teenth spine bearing segment of Mesonacis, or the rudimentary form 

of the posterior segments of Pedcumias. 

The species referred to Holmia are: H. kjerulfi (Linnarsson), 

H. lundgrent (Moberg), and H. rowet Walcott. 
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Wanneria—Wanneria [pl. 30] has a uniform series of thoracic 

segments with the pleure terminating in broad falcate extensions 

beyond the body line [pl. 30, fig. 1] instead of spinose ends as in 

Holmia [pl. 27, fig. 7]. It has a great median spine on the fifteenth 

segment, much like that of Mesonactis [pl. 26, fig. 1] and Pedewmias 

transitans [pl. 33]. The posterior segments are not rudimentary as 

in the latter species. For comparison with Callavia see above. 

The species referred to Wanneria are: W. walcottanus (Wanner), 

W. gracile Walcott, and W. halli Walcott. 

Pedeumias.—The posterior rudimentary thoracic segments of Pe- 

deumias transitans [pl. 33] appear to be the result of the absorption 

of the posterior segments of a many segmented ancestor and are 

unlike the rudimentary posterior segments of Nevadia, which I 

think are the originally less developed segments and which re- 

cord a stage in the early evolution of the Mesonacidz that has not 

been found in any other known species. The pygidium is also rudi- 

mentary. The distinctive characters of the genus are in the presence 

of the rudimentary segments and pygidium. 

The only species referred to Pedeumias is P. transitans Walcott. 

Olenellus—That Olenellus [pls. 37-39] should result from the 

great development of the median spine on the fifteenth segment and 

the absorption of the posterior rudimentary segments and pygidium 

of its Mesonacis stage of development [pl. 33] is of great interest, 

as it proves it to be the last phase of development of this line of 

the Mesonacide. Olenellus thompsoni passes through a Holmuia 

[pl. 32, figs. 1-3] and Pedeunuas stage [pl. 33] before bécoming a 

true Olenellus. 

The American species referred to Olenellus are: O. thompsom 

Hall and its variety crassimarginatus Walcott, O. gilberti Meek and 

an undetermined variety, O. fremonti Walcott, O. canadensis Wal- 

cott. O. claytoni Walcott, O. argentus Walcott, and O. walcotti 

(Shaler and Foerste). 

The European species are: O. gigas Peach, O. lapworthi Peach, 

O. reticulatus Peach, and Olenellus 2 sp. undt. 

Peachella.—Peachella |p\. 40, figs. 17-19] is known only by its 

cephalon. This indicates a type related to Wanneria gracile [pl. 38, 

figs. 21 and 22] or the younger stages of growth of Olenellus 

canadensis [pl. 38, fig. 6]. It is probable that the thorax and py- 

gidium will be found to be much like that of Olenellus. 

The only species known 1s P. iddingsi (Walcott). 

Olenelloides.—Olenelloides is clearly defined by its large cephalon 

and primitive thorax and pygidium. 
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DEVELOPMENT OF MESONACID/© 

The development of the Mesonacide from some annelidian-like 

ancestor by the gradual combination of segments to form the cepha- 

lon and pygidium is indicated by the examples cited of Nevadia, 

Elliptocephala, Holmia, and Pedeumias. The cephalon, as we know 
it, was developed in pre-Cambrian time, also the pleural lobes of the 

thorax. The compact, strong pygidium, made up of many seg- 

ments, does not occur in the Mesonacide, and is unknown in any 

trilobite from the beds of the Lower Cambrian in which the simplest 

form of the Lower Cambrian trilobites (Nevadia weeksi) occurs. 

With my present information I am inclined to think that Parado.x- 

ides descended through the Callavia-Wanneria line, rather than the 

Mesonacis-Olenellus line. The latter line expended its force and 

became extinct in Lower Cambrian time, leaving no descendant to 
pass into the Middle Cambrian. 

Diagrammatically represented my present conclusion as to the 

development of the known genera of the Mesonacidz is as follows, 
beginning with Nevadia at the base. 

MIpDLE CAMBRIAN PARADOXIDES 

ate er. Ollenelloides 

| | Holmia Olenellus 

et 
Callavia Peedeumias 

\ 
\ 

LOWER CAMBRIAN| \ Elliptocephala 

Mesonacis 

‘Nevadia 

| 

PRE-CAMBRIAN | r 

The presence of a Holmia-like species (H. rowet) with Nevadia in 

the oldest known horizon of the Mesonacidz indicates that more 

primitive forms of the Nevadia type existed at an earlier epoch 

before Holmia was developed by the absorption of the simple pos- 

terior segments of its Nevadian progenitor. 
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Mesonacis occurs in association with Olenellus, but I think that 

Mesonacis-like forms developed at an early epoch and that Mesonacis 

vermontana 1s a survival of a stage in the evolution of Olenellus 

that preceded Elliptocephala and Pedeunuas. One of the conclusions 

resulting from this study of the Mesonacide is that we know only 

a few of the representatives of the family, and of these only a very 

few showing the younger stages of growth, and the entire dorsal 

shield. 

MESONACIDA. AND PARADOXIN/Z# 

The family Mesonacide is distinguished from the Paradoxine 

mainly by the presence in the latter of free cheeks separable on the 

line of the facial sutures from the cranidium. In the Mesonacidee 

the facial sutures are in a state of symphysis and the free cheeks 

and cranidium are frequently not to be distinguished. 

STRATIGRAPHIC POSITION OF THE GENE Re. 

AND SPECIES 

All of the known species of the Mesonacidz occur in the Lower 

Cambrian or Georgian terrane. At the type locality in the town of 

Georgia, Vermont, Olenellus and Mesonacis occur in the same 

beds, and as far as known to me all known species of Olenellus, as 

restricted, are from the upper zones of the Georgian terrane. 

In the accompanying table of genera and species the Lower Cam- 

brian is arbitrarily divided into four divisions or zones, as follows: 

D=Olenellus, or upper zone. 

C=Callavia zone. 

B=Elliptocephala zone. 

A= Nevadia, or lower zone. 

In the Nevadia zone (A) we find the genus Nevadia [pl. 23] with 

one species, also a species that is referred to Holmia, H. rowet 

[pl. 29]. . 
In zone “B” which is above zone “A” Elliptocephala occurs, 

also, doubtfully, Wanneria and Olenellus. 

In zone “C” which is high up in the Lower Cambrian, but not 

the upper zone, Callavia is represented by five species, Mesonacis by 

two, Holmia by two, Olenellus by one, and two are doubtfully re- 

ferred to this horizon. 

In zone “D” Olenellus is represented by eleven species, Pe- 

deumias by one, Wanneria by two, Callavia by one, and Mesonacis 

by one. 
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ABRUPT APPEARANCE OF THE MESONACID/= 

I will not discuss at length the question of the abrupt appearance 

of the Mesonacidz fauna’ in this paper as it will be the subject of a 

paper on the Abrupt Appearance of the Cambrian Fauna of North 

America, to be read before the International Geological Congress 

at Stockholm in August, I9g10. 

I have been gradually coming to the conclusion that the most 

natural explanation of the absence of the traces of a distinct pre- 

Cambrian fauna is that the North American continent in pre-Cam- 

brian time was at such an elevation above the sea that there is 

now no record of the sediments deposited about the continental area 

at that time. This presupposes that the great series of pre-Cambrian 

Algonkian sediments in the Rocky Mountain region were deposited 

in an inland mediterranean, or a series of great lakes and flood plains 

such as existed in Tertiary times.* The same applies to the Lake 

Superior, Texas, Arizona, and all of the later pre-Cambrian Algon- 

kian formations. 

On this hypothesis the evolution of the pre-Cambrian fauna was 

taking place in waters contiguous to the continental area, and their 

remains, buried in the sediments then accumulating, have not been 

found, owing to the fact that those sediments are now probably off 

the coast lines of the continent buried beneath the sea. That such 

a condition existed is suggested by the almost total absence of any 

traces of life in the pre-Cambrian sediments now existing on the 

continent. 

GEOGRAPHIC DISTRIBUTION 

Olenellus, as now restricted, has been found on both the western 

and eastern sides of North America and the northwest of Scot- 

land. Olenellus canadensis, O. gilberti, and O. fremonti occur in 

the northern section of the Cordilleran Province in Alberta and 

British Columbia, and the two latter extend far to the south in 

Nevada and California. In the Appalachian Province O. thompsom 

* This name will be used by me in the future as the genus Olenellus is now 

limited to the upper zone of my Olenellus Fauna of 1891 [ Walcott, 1801, pp. 

515-597]. 
* This will be published as No. 1 of Vol. 57 of the Smithsonian Miscellaneous 

Collections. 

°* The crustacean and annelid fossils described [Walcott, 1899, p. 238] might 

quite as well have been fresh water as marine forms. There is nothing as far 

as known to indicate that they were necessarily limited to a marine habitat. 
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and the closely related Pedewmias transitans range from Alabama 

to Lake Champlain and down the St. Lawrence valley to the south- 

eastern end of Labrador in the Atlantic Province. On the eastern 

side of the Atlantic Olenellus lapworthi is abundant in northwest 
Scotland on Loch Maree. 

Olenellus has a wide distribution, and it may in the future be 

found in Siberia and far to the north within the Arctic Circle on 

both North America and Asia and adjacent islands. 

Holmia has both an extended geographic and stratigraphic range, 

especially if we consider with it the closely related Callavia and 

Wanneria. Holmia rowei in the lower portion of the known Lower 

Cambrian horizon of Nevada is unknown elsewhere, and H. kjerulfi 
is limited to the Scandinavian area, but probably will be found to 

extend eastward into Russia and possibly Siberia. Callavia is essen- 

tially an Atlantic Province genus as the one species from Nevada, C. 
? nevadensis, is a more or less doubtful reference. 

Elliptocephala and Nevadia are each limited to a single species 

and a narrow distribution and stratigraphic range. Mesonacis ver- 

montana occurs in western Vermont on Lake Champlain, and it will 

probably be found in the St. Lawrence River area. Mesonacis ? 

mickwitzt is probably a Mesonacis, but this awaits further proof. 

Nothing is known of the Mesonacidz on the Asiatic continent, and 

the evidence for the presence of any of its forms in Australia or 

elsewhere than as described in this paper is not sufficiently con- 

clusive to justify my accepting it. I am prepared to learn that un- 

doubted specimens have been found in Siberia and Australia, and 

possibly Sardinia and to the north in Spain and France. 

With our present information, the Mesonacide is confined to 

western Europe and North America. The immediate descendants 

of the family are probably Paradoxides about the Atlantic Basin, and 

Redlichia [Walcott, 1905, p. 25] in eastern Asia, northern India, 

and Australia. 

TRANSITION FROM THE MESONACID2 TO THE 

PARADOXINZE 

The question of the transition from the Lower Cambrian fauna to 

the Middle Cambrian fauna is one that has not been fully worked 

out. That all of the genera of the Mesonacidz should disappear be- 
fore the undoubted appearance of Paradoxides is a very significant 

fact and to me indicates that there was a transition fauna in the 

Atlantic Province, and that in most instances owing to shifting shore 
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lines and irregular deposition of sediments the record is incom- 

plete. Both in England [Cobbold, 1910, pp. 19, 42, and 47] and 

New Brunswick [Walcott, 1900, pp. 302 and 320-322] the Proto- 

lenus fauna [Matthew, 1895, pp. 101-153] has been found beneath 

the horizon of the Parado.vides fauna and above the horizon of the 

Lower Cambrian fauna. The Protolenus fauna has a commingling 

of generic types common to both the Lower and Middle Cambrian 

faunas, but as yet nothing has been found that could be construed 

to be a connecting link between the Mesonacidz and Paradoxinee. 

In the western Pacific Province fauna of China, India, and Australia 

the genus Redlichia | Walcott, 1905, pp. 24-25] appears to be a form 

that combines characteristics of both families, and it may be that 

Albertella | Walcott, 1908a, pls. 1 and 2] may be found to have re- 

tained some of the characters of the Mesonacide ; also Zacanthoides 

[ Walcott, 1908a, pl. 3]. The genus Albertella occurs in the passage 

beds between the Lower and Middle Cambrian or in beds at the 

top of the Lower Cambrian above Olenellus canadensis. 

A specimen of the cephalon of Paradoxides was found by Mr. 

George Edson [1907, p. 209], of St. Albans, Vermont, in the St. 

Albans shales just west of the City of St. Albans. The St. Albans 

shales are argillaceo-arenaceous and carry lentiles of limestone that 

are more or less fossiliferous. The Paradoxides occurs in the shale 

and in a limestone lentile. Fig. 10 is taken from a compressed ceph- 

alon in the shale, and fig. 11 from a cephalon occurring in the lime- 

stone lentile along with Agraulos. As far as can be determined 

from the specimens of the cephalon the species is identical with 

Paradoxides harlani Green from the Braintree quarries near Boston, 

Massachusetts. 

Mr. H. W. Shimer * identified under the name “Olenellus (Holmia) 

bréggeri (Shimer)” a crushed cephalon found in association with 

Paradoxides harlam Green. Through the courtesy of Dr. T. A. 

Jaggar, of the Massachusetts Institute of Technology at Boston, I 

have been able to study and photograph the specimen identified by 

Mr. Shimer and it is here reproduced as fig. 12. Beside it [fig. 13] 

is an undoubted cephalon of P. harlani from the same quarry. The 

Shimer specimen is compressed laterally so as to narrow the glabella 

and crowd the palpebral lobe inward and out of shape. I find among 

specimens of the cephalon of P. harlani considerable variation in the 

length of the palpebral lobe. In some it continues up to the side 

* American Journ. Sci., 4th ser., Vol. 24, 1907, p. 177. 
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of the anterior lobe of the glabella and in others there is scarcely 

a trace of the ridges connecting the lobe above the eye, and the 

anterior glabellar lobe. There is no special reason why Holmia 

should not have continued on into Paradoxides time, but I do not 

think it is proven to have done so by the specimen described by Mr. 

Shimer. 

Fic. 13. 

Fic. to. Cephalon of Paradoxides compressed in the St. Albans shale just west 

of the city of St. Albans, Franklin County, Vermont. U. S. National 

Museum, 

11. Cephalon of Paradoxides from lentile of limestone in the St. Albans 

shale, at the same locality as fig. to. U. S. National Museum. 

12. Specimen identined by H. W. Shimer [1907, p. 177] as “ Olenellus 

(Holmia) bréggeri.’ It should be compared with fig. 13. 

13. Cephalon of Paradoxides harlani Green from the Middle Cambrian at 

Braintree, Massachusetts. U. S. National Museum. 
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DESCRIPTION OF GENERA AND SPECIES 

NEVADIA, new genus 

Dorsal shield broad, ovate. Cephalon large, semicircular in out- 

line, about one-third the length of the dorsal shield; genal angles 

extended into spines; facial sutures rudimentary or in a condition 

of symphysis; eyes crescentic, with ridges uniting them with the 

anterior lobe of the glabella ; glabella elongate, with a relatively small 

anterior lobe and three posterior transverse lobes; strong occipital 

ring. 

Thorax with twenty-eight segments; body of pleure nearly 

straight ; pleural furrow broad and parallel to the transverse axis of 

the pleure ; pleurze terminating in long, curved spines that are much 

shorter on the posterior eleven segments in the type species which 

are without a distinct, furrowed pleural lobe. 

Pygidium small, without pleural lobes and transverse furrows. 

Surface minutely granular and with irregular network of fine, 

irregular, anastomosing ridges. 

Genotype.—Nevadia weeksi, new species. 

The generic name is given after the State of Nevada, in which the 

specimens were found. 

Stratigraphic range-—Lower Cambrian: Silver Peak group where 
the type species ranges through a band of arenaceous shale and 

quartzitic sandstone 222 feet in thickness. In the Barrel Spring 
section | Walcott, 1908, p. 189, 12 of section] the species was placed 

under the genus Holmia. 

Geographic distribution.—Sixteen miles south and to miles north- 

west of Silver Peak, Esmeralda County, southwestern Nevada. 

Observations.—N evadia is probably the most primitive form of the 
Mesonacide. The strong ridge uniting the eye lobe and the frontal 

lobe of the glabella in the adult is a marked feature of the young 

of Elliptocephala asaphoides [pl. 24, figs. 3, 6, 7; pl. 25, figs. 9, 10, 

11]; Olenellus fremonti [pl. 37, figs. 9, 10, 11] ; and, as a case of 

reversion, in Olenellus thompsoni [pls. 34, 35] and similar forms of 

Olenellus from the upper portion of the Lower Cambrian terrane. 

Nevadia appears to be the more primitive type and it occurs much 

deeper down in the Cambrian section than MWesonacis vermontana 

and Elliptocephala asaphoides. 

The elongate thorax of many segments ; spinose extensions of the 

pleurz ; narrowing of the pleural lobes and their absence on the ten 

posterior segments; and the very small, simple pygidium without 
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pleural lobes are all primitive characters indicating a nearer approach 

to an annelidian ancestor than any other form of the Mesonacide. 

Nevadia differs from Elliptocephala Emmons [pl. 24] in the more 

primitive character of the eye lobe in the adult and in the character 
of the posterior rudimentary segments. 

Nevadia differs from Mesonacis Walcott [pl. 26] in the absence 

of an enlarged third thoracic segment in the adult and in the char- 

acter of the ten posterior rudimentary thoracic segments. 

NEVADIA WEEKSI, new species 

PLATE 23, Fics. 1-7, TExT Fics. 14 AND I5 

Holmia weeksi Watcort, 1908, Smithsonian Misc. Coll., Vol. 53, No. 5, 

p. 189. (Name given in list of fossils occurring in 12 of the section; 

the species does not occur in 3, 6, or 11 of the same section, nor in 2) 

of the Waucoba section [p. 187]. The specimens identified with this 

species from 3 of the section are referred in this paper to Wanneria 

gracile; those from 6 are referred to Olenellus fremonti; those from 

II are not specifically identified; and those from 2j of the Waucoba 

section are referred to Olenellus fremonti. ) 

Fic. 15. 

Nevadia weeksi, new species. 

Fic. 14. Posterior portion of the dorsal shield preserving 18 rudimentary 

segments and the pygidium. Locality No. 1f, south of Silver 

Peak, Esmeralda County, Nevada. U. S. National Museum, 

Catalogue No. 567921. 

15. Anterior portion of dorsal shield associated with the specimen rep- 

resented by fig. 14. U. S. National Museum, Catalogue No. 

56792). 
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Dorsal shield large ; gently convex as preserved in the arenaceous 

shales ; broadly ovate in outline. Cephalon transversely semicircular 

in outline, one-third the length of the adult dorsal shield; bordered 

by a narrow, wire-like rim that is extended at the genal angles into 

a slender spine ; intergenal angles distinctly shown in adult specimens 

[fig. 3, pl. 23]. Glabella about four-fifths of the length of the 

cephalon ; it narrows from the occipital segment towards the frontal 

lobe, as shown by figs. 2 and 3; in a small specimen of the cephalon 

3.75 mm. in length it is almost cylindrical, with the sides converging 

slightly toward the front; the anterior lobe is about two-fifths the 

length of the glabella and narrower than the lobes posterior to it; 

it was evidently convex before being flattened in the shale, and nar- 

rowed toward the front; the three posterior transverse lobes de- 

crease in size from the front to the posterior lobe, and slope from 

each side gently backwards toward the center; the glabellar furrows 

are narrow and in the specimens available for study are united at the 

center by a shallow groove. Occipital segment transverse, stronger 

than the posterior segment of the glabella and separated from it by 

a narrow, clearly defined furrow. 

Eye lobe long, crescentiform, broad at the base and extending 

from opposite the back portion of the anterior lobe of the glabella 

back to nearly opposite the occipital furrow; it is united, even in 

large adult specimens, by a strong ridge to the frontal lobe of the 

glabella [fig. 3], very much in the same manner as in small cephalons 

of Elliptocephala asaphoides [pl. 24, figs. 3, 4, 6, and 7]; the pos- 

terior end of the eye lobe is rather close to the dorsal furrow be- 

tween it and the glabella. Cheeks broad, large, and beautifully 

marked on the interior surface by a system of irregular canals ex- 

tending from the base of the eye lobe toward the outer margin 

[fig. 6]. 

Thorax elongate, tapering gently from the cephalon to the py- 

gidium. It has twenty-eight segments, the anterior seventeen of 

which are progressively smaller, but otherwise uniform in character ; 

these may be designated as the normal segments of this species; the 

posterior eleven segments have only the curved spinose extension of 

the segment beyond the axial lobe, the body portion of the pleural 

lobe not appearing back of the seventeenth segment. In a small 

dorsal shield with a cephalon 3.75 mm. in length the pleural lobes 

disappear beside the axial lobe at about the tenth segment from the 

cephalon. Unfortunately, the posterior segments are broken off. 

The axial lobe is convex; less than one-half the width of the pleural 
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lobes with their spinose extensions. On large specimens an elongate 

node occurs at the posterior center of each segment; it is not known 

if the posterior eleven segments had median spines of the type occur- 

ring on Elliptocephala asaphoides [pl. 24, fig. 1]. The pleural lobes 

of the anterior’ seventeen segments gradually become shorter until 

at the seventeenth there is only a trace of the lobe and its median 

furrow; each pleura has a broad, strong furrow that is nearly the 

full width of the segment at its union with the axial lobe, from 

whence it narrows gradually to the base of the spinose extension 

of the pleura; the latter are elongate and gently curved backward 

near the cephalon; from whence they increase in length and curva- 

ture to the seventeenth segment, where their length and backward 

curvature are so great that they extend a considerable distance back 

of the posterior eleven segments and pygidium; the posterior eleven 

segments of the axial lobe have a backward extending lateral spine 

attached directly to them [pl. 23, fig. 4] without any intervening 

grooved pleural lobe. 

Pygidium apparently a continuation of the axial lobe without 

pleural lobes or spines; it is small and, as far as can be determined 

from compressed specimens, it is a simple plate of about equal length 

and breadth that narrows toward the posterior margin. 

Surface minutely granular and with very narrow raised lines 

or ridges that unite to form an irregular network over glabella and 

the central portions of the thoracic segments. On the broad cheeks 

the ridges radiate more or less irregularly from the base of the eye 

toward the margins of the cephalon. 

Dimensions.—A dorsal shield 41 mm. in length that is flattened 

in arenaceous shale has the following dimensions. (Two thoracic 

segments are crowded up beneath the cephalon) : 

Cephalon: mim. 

IL QHiNSesl oh Ta9S Bh aie tek oe Oe Oe BER ie esata ib ac ce ore OPER Sac CRO Tey. 

VAVSglitaY BDI: pes cos in chcleueericinea ite (Ce OCICID: arch o eaoete nine art Re Rey aes 

SINS EE OIs: GV.Call Ou ne austere craps Or ane UR cachea 2 ay Cade: Loar dele eielse sian Ge 

Pecieniae OUP IAC ae wer tN se hat ac Bis tier eia Khe viele e eres reek maeraie ett 9. 

Widtieotrelapellaratybasese sestac ities ace ctetescie aetna ec "rareterets 6 \m Fi 

Witdthroteolabellarndtabnombin aan eee ce ace eee Sige tains evstiareycioieh A. 

Thorax: 

Tey 2 Pape el a SSS gent eS a Oe arctan gs 

Width at anterior segment, including spinose extension of the 

PLLC Ue OMe EEN Roost. ecto Sects ee eee ETA. Ses sPokcie. ahetsi vs aeatate aNebesetene eee 

Width at seventeenth segment, including spinose extension..... 30. 

Width at twenty-eighth segment, including spinose extension.... 24. 
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Widthiomaxtalylobesantentonsseoment cra ternseicitee eae 6.5 

Width of axial lobe, seventeenth segment....................- 2% 

Width of axial lobe, twenty-seventh segment.................. 15 

Width of pleural lobe; anterior “segments...........-...4..00- 6.5 

Width of pleural lobe, seventeenth segment............. weet es ite 

Pygidium: 

Wen ath rasan) apa ctw rr oer cine ROM eR ee Cats Smee Eee eT aOR about 1.75 

Wart ln fants Ghent: 7a ihe ate oso oie ne etd ee heehee ene 15 

The preceding description is based on specimens compressed in 

an arenaceous shale that has had sufficient distortion to flatten the 

dorsal shield and widen it. The normal form of the cephalon is 

probably nearest to that of the cephalon represented by fig. 5. The 

largest dorsal shield found indicates a total length of 126 mm. 

Observations.—This species is one of the most primitive known 

to me. The form of the anterior lobe of the glabella is primitive, 

and its twenty-eight segments with posterior eleven so very simple 

indicate a closer approach to annelidian progenitors than any of its 

associates in the Lower Cambrian, Georgian, fauna; it has three 

more thoracic segments than Mesonacis vermontana (Hall) [pl. 26, 

fig. 1] and the posterior eleven are more primitive in form. 

Nevadia weeksi differs from Elliptocephala asaphoides [pl. 24] 

in so many ways that it is not necessary to describe them. The 

points of generic similarity are in the cephalon where the general 

characters are similar ; in the thorax where the segments are of the 

same type back to the rudimentary segments; and the pygidium ap- 

pears to be similar, although relatively much smaller in N. weeks. 

This species was identified and named Holmia weeksi, new species, 

and the name used in the Barrel Spring geological section [ Walcott, 

1908, pp. 188-189], and in the Waucoba Springs section [/dem, 

pp. 186-187]. 

The specific name is in recognition of the excellent work of Mr. 

F. B. Weeks, formerly of the United States Geological Survey. 

FoRMATION AND Locaity.—Lower Cambrian: Silver Peak 

Group in hard arenaceous shales at the following localities: (1f) 

in No. 12 of the Barrel Spring section |Walcott, roo8c, p. 180], 3 

miles (4.8 km.) northeast of Barrel Spring, which is 10 miles (16 

kin.) south of the town of Silver Peak; and (174b) 10 miles (16 

km.) northwest of Silver Peak on ridge north of Red Mountain; 
both in Esmeralda County, Nevada. 

‘The type locality is given in italics, when there is more than one locality. 

The locality numbers in heavy-face type are the numbers assigned to the speci- 

mens in the collections of the United States National Museum. 
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Genus MESONACIS Walcott 

Barrandia Hatt (in part), 1860, Thirteenth Ann. Rept. New York State 

Cab. Nat. Hist., p. 115. (Described and discussed. As described the 

genus includes forms now referred to both Mesonacis and Olenellus. 

Beginning with the 5th paragraph the text is a description of “ Bar- 

randia thompsoni.” ) 

Barrandia HA (in part), 1861, Report on the Geology of Vermont, Vol. 

I, p. 369. (Copy of Hall, 1860, p. 115; the reference includes species 

referred to both Mesonacis and Olenellus. Beginning with the 5th 

paragraph the text is a description of the species “ Barrandia thomp- 

soni”; this is also copied from the preceding reference. ) 

Olenellus Forp (in part), 1881, American Journ. Sci., 3d ser., Vol. 22, p. 

251. (As discussed in this paper the genus Olenellus includes forms 

now referred to Elliptocephala, Mcsonacis, and Olenellus.) 

Mesonacis Watcortt, 1885, American Journ. Sci., 3d ser., Vol. 20, pp. 328- 

330. (Discussed as a new genus.) 

Mesonacis WAtcortt, 1886, Bull. U. S. Geol. Survey, No. 30, p. 158. (Merely 

gives its position in the classification of the trilobites.) 

Olenellus Hotm (in part), 1887, Geol. Foren. i Stockholm Fé6rhandl., Bd. 

9, Hafte 7, pp. 408-499. (Described in Swedish. As described and 

discussed throughout the paper, the genus includes many of the forms 

now placed in the family Mesonacidae. ) 

Elliptocephalus (Schinidtia) Marcow (in part), 1890, American Geologist, 

Vol. 5, p. 363. (Schmidtia is proposed as a new subgenus to include 

forms that are now referred to Mesonacis mickwitzi, Mesonacis 

vermontana, and Zacanthoides typicalis.) 

Not Schmidtia VotzortH [1860] = Brachiopod. 

Not Schmidtia Bavs-Criv. = Protozoan. 

Olenellus (Mesonacis) Watcott, 1891, Tenth Ann. Rept. U. S. Geol. 

Survey, p. 637. (Mesonacis is here placed as a subgenus of Olenellus. 

The forms referred to the subgenus are now placed under both Meso- 

nacis and Elliptocephala. 

Mesonacis Core, 1892, Natural Science, Vol. 1, pp. 342 and 344. (Discussed. 

In the legend of figure 2, p. 343, Mesonacis is placed as a subgenus of 

Olenellus.) 

Mesonacis PEacH and Horne (in part), 1892, Quart. Journ. Geol. Soc. 

London, Vol. 48, p. 236. (As defined this genus includes forms now 

referred to both Elliptocephala and MJesonacis.) 

Mesonacis (Olenellus) Pracu, 1894, Idem, Vol. 50, pp. 671-674. (As 

discussed in these pages this genus includes forms now referred to 

both Elliptocephala and Mesonacis. ) 

Elliptocephala (Mesonacis) BrecHeEr, 1897, American Journ. Sci., 4th ser., 

Vol. 3, p. 192. (Mesonacis is stated to be probably of only subgeneric 

value under Elliptocephala.) 

Mesonacis Moserc, 1899, Geol. Foren. i Stockholm Forhandl., Bd. 21, 

Hafte 4, p. 318. (Described in Swedish. The genus is discussed 

frequently on pages 309-320 of the paper.) 

Schmidtia Mosere, 1899, Idem, p. 319 and footnote. (Discussed in Swed- 

ish.) 

3—w 
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Mesonacis WELLER, 1900, Ann. Rept. Geol. Survey, New Jersey, for 1890, 

pp. 50-51. (Discussed. ) 

Schmidtiellus Moxserc, in Moberg and Segerberg, 1906, Meddelande fran 

Lunds Geologiska Faltklubb, Ser. B, No. 2 (Aftryck ur Kongl. 

Fysiografiska Sallskapets Handlingar, N. F., Bd. 17), p. 35, footnote. 

(Proposed as a new genus by Moberg for Schmidtia Marcou, pre- 

occupied. ) 

Type of the genus Mesonacis vermontana Hall. The description 

of the genus is incorporated with that of the type species [ Walcott, 

1886, pp. 158-162], and its relations are discussed in this paper under 
observations on the Mesonacide (pp. 244, 246, and 250). 

MESONACIS MICKWITZI (Schmidt) 

PLATE 26, Fic. 4, Text Fics. 16 AND 17. 

Olenellus mickwitzi ScHmipt, 1888, Mém. Acad. Imp. Sci. St.-Pétersbourg, 

7th ser., Vol. 36, No. 2, pp. 13-19, pl. 1, figs. 1-25. (Described and 

discussed. Figure 1, with the exception of the cephalon which was 

added from other specimens, is copied in his paper, pl. 26, fig. 4.) 

Olenellus mickwitzi Scumint, 1889, Mélanges Géol. et Paléontol. tirés du 

Bull. Acad. Imp. Sci. St.-Pétersbourg, N. S., Vol. 1 (33), pp. 191-195, 

1o text figures on page 193. (Described and discussed, giving addi- 

tional details. Figures 1 and 9 are copied in this paper as text figures 

16 and 17, p. 263.) 

Elliptocephalus (Schmidtia) mickwitzi (Schmidt), Marcou, 1890, Amer- 

ican Geologist, Vol. 5, p. 363. (The subgenus Schmidtia is proposed 

for this and other species.) 

Olenellus (Mesonacis) mickwitzi (Schmidt), Watcorr, 1891, Tenth Ann. 

Rept. U. S. Geol. Survey, p. 634, pl. 93, fig. 1. (Merely refers the 

species to Mesonacis and copies Schmidt’s restoration [1888, pl. 1, fig. 

tll) 

Mesonacis mickwitzie@ PEACH, 1894, Quart. Journ. Geol. Soc. London, 

Vol. 50, p. 672, text fig. B, p. 673. (Mentioned. The text figure is 

copied from a part of one of Schmidt’s figures. ) 

Olenellus (Mesonacis) mickwitzi Frecu, 1897, Additional plates inserted 

in 1897 in Lethza geognostica, Pt. 1, Lethzea paleozoica, Atlas, pl. 1a, 

fig. 8. (Figure 8 is copied from Schmidt, 1888, pl. 1, fig. 1.) 

Schmidtia mickwitsi (Schmidt), Moperc, 1899, Geol. Foren. 1 Stockholm 

Forhandl., Bd. 21, Hafte 4, pp. 319-320, pl. 13, figs. Va-c. (Described 

and discussed; figure Va is copied from Schmidt [1888, pl. 1, fig. 1] 

and figures Vb and Ve are copied from Schmidt [1880, figs. 1 and 9, 

p. 1931.) 
Schmidtiellus mickwitzi Moperc, in Moberg and Segerberg, 1906, Medde- 

lande fran Lunds Geologiska Faltklubb, Ser. B, No. 2 (Aftryck ur 

Kongl. Fysiografiska Sallskapets Handlingar, N. F., Bd. 17), p. 35, 

footnote. (Merely proposes the new generic name Schmidtiellus for 

this species, Schmidtia Marcou being preoccupied. ) 
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Fic. 16. 

Mesonacis mickwitzi (Schmidt). 

Fic. 16. Cephalon, copied from Schmidt, 1880, fig. I, p. 193. 

17. Pygidium, copied from Schmidt, 1889, fig. 9, p. 193. 

This species is known only by fragments that have been most 

fully described and illustrated by Schmidt [1888 and 1889]. Dr. 

Schmidt’s restoration of the posterior portions of the thorax is copied 

on pl. 26, fig. 4. The similarity to Mesonacis vermontana is shown 

by figs. 1 and 2, pl. 26. Schmidt [1889] says that the pygidium 

shows a slight notch on the back edge. He also observed traces of 

transverse furrows on the axis and very faintly on the lateral lobes. 

The fragments of the hypostoma indicate that the general form is 

similar to that of Olenellus. 

The cephalon of M. mickwitzi is much like that of M. vermontana, 

and the pygidium, posterior thoracic segments, and the great spine 

on the sixth (?) segment from the pygidium are also of the same 

type. Dr. Moberg [1899, footnote, p. 319] thinks that as the generic 

name Schmidtia is already in existence, and that as the type species 

is so imperfectly known it would be well to retain Schmidtia for it, 

and not refer it to Mesonacis. These reasons do not appeal strongly 

to me, and as Schmidtia was preoccupied by Volborth in 1860, I 

think it is best to refer the species to Mesonacis and retain it there 

until further information of it is obtained. Dr. Moberg [1906] 

proposed Schmidtiellus to take the place of Schmuidtia, but, as stated 

above, I think it best to retain the species under Mesonacis until 

more is known of it. 

FoRMATION AND LocaLity.—Lower Cambrian: The following 

localities are given by Schmidt, 1888, p. 19: (1) lower layers of the 

Fucoid sandstone* on Jaggowal Brook; (2) at the same horizon 

near the cement works on Kunda Brook; and (3) glauconitic sand- 

stone at the base of the section in Streitberg ; all near Reval, Govern- 

ment of Esthonia, Russia. 

*Esthonia formation of Marcou [1890, pp. 360-361]. 
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MESONACIS TORELLI (Moberg) 

PLATE 26, Fics. 5-18 

Olenellus torelli Movrrc, 1892, Om Olenellusledet 1 sydliga Skandinavien, 

p. 3. (Specimens exhibited at 14th meeting of Scandinavian natural- 

ists at Copenhagen discussed. ) 

Schmidtia ? torelli Moperc, 1899, Geol. Foren. 1 Stockholm Forhandl., Bd. 

21, Hafte 4, pp. 330-338, pl. 15, figs. 1-17. (Described and discussed in 

Swedish. Figures rb, 4, 6, 7, 8, 10, 12, 15, and 16 of Moberg are copied 

in this paper, pl. 26, figs. 5a, 7, 9, 17, 16, 18, 14, I1, and 15 respectively. 

Plaster casts of the specimens represented by figures ta, 6, and 14 of 

Moberg are figured in this paper, pl. 26, figs. 5, 10, and 10a, and 8 

respectively. ) 

Dr. Joh. Chr. Moberg gives a very full description of this inter- 

esting species as represented by numerous fragments of the cephalon 

and thorax and entire specimens of the pygidium. Dr. Moberg very 

kindly sent me casts of the specimens he used for illustration, also 

a few natural specimens. From the casts and specimens a few fig- 

ures have been made that wiil serve to indicate the principal char- 

acters of the species. 

The generic reference is based on the general similarity of the 

cephalon and pygidium to that of Mesonacis vermontana [pl. 26, 

fig. 1], the presence of a thoracic segment bearing a large spine, and 

the fact so well stated by Dr. Moberg that the central lobe of the 

thorax was about as wide as half the width of the thorax, this indi- 

cates a slender thorax similar to that of M. vermontana. 
Obolella lindstrémi Walcott, O. mobergi Walcott, and a Hyolithes 

like H. degeerit Holm occur with fragments of M. torrelli. 
FoRMATION AND LocaLity.—Lower Cambrian: (312v) bluish- 

gray sandstone, along the coast near Bjéorkelunda, south from Sim- 

rishamn, Province of Kristianstad, Sweden [Moberg, 1899, p. 337]- 

The species is doubtfully identified by Moberg [1899, p. 337] in 

sandstone occurring between Sularp and Norrtorp, near Fogelsang, 

Province of Malmohus, Sweden. 

MESONACIS VERMONTANA (Hall) 

PLATE 26, Fics. 1-3 

Olenus vermontana HAtt, 1859, Twelfth Ann. Rept. New York State Cab. 

Nat. Hist., pp. 60-61, fig. 2, p. 60. (Described and discussed as a new 

species. ) ’ 

Olenus vermontana HALL, 1850, Nat. Hist. New York, Paleontology, Vol. 3, 

pt. I, p. 527, text figure. (Copy of the preceding reference. ) 



OLENELLUS AND OTHER GENERA OF MESONACIDA: 265 

Barrandia vermontana HAtt, 1860, Thirteenth Ann. Rept. New York State 

Cab. Nat. Hist., p. 117, text figure. (Discussed. The figure is copied 

from Hall, 18509, fig. 2, p. 60.) 

Paradoxides vermonti Emmons, 1860, Manual of Geology, 2d ed., p. 280, 

note A. (Note on the stratigraphic position of the species. ) 

Paradoxides vermontana BARRANDE, 1861, Bull. Soc. Géol. de France, 2d 

ser., Vol. 18, pp. 277-278, pl. 5, fig. 8. (Translates into French the 

description given by Hall [1859, pp. 60-61] and copies Hall’s outline 

figure [1859, fig. 2, p. 60].) 

? Paradoxides vermontana (Hall), Brrirnes, 1861, Geol. Survey Canada, 

Paleozoic Fossils, p. 11. (Mentions presence of heads representing 

this species at Anse au Loup. In view of the close similarity between 

the heads of several of the forms now referred to the different genera 

of the Mesonacide the occurrence of this species at the locality men- 

tioned must be regarded as doubtful.) 

Barrandia vermontana Hau (in part), 1861, Report on the Geology ot 

Vermont, Vol. I, p. 370, first 6 paragraphs. (Copies the paragraph 

given by Hall [1860, p. 117] and describes the species. The text 

includes reference to figures given by Hall [1862, pl. 13] which are 

referred in this paper to Paedeuntvias transitans.) 

Barrandia vermontana Hau (in part), 1862, Report on the Geology of 

Vermont, Vol. 2, pl. 13, fig. 2 (mot figs. 4 and 5, referred in this paper 

to Paedeumias transitans). (Figure 2 is copied from Hall, 1860, text 

figure, p. 117; figures 4 and 5 appear to represent forms more like 

Paedeumias transitans than Mesonacis vermontana). 

Olenellus vermontana Hatt, 1862, Fifteenth Ann. Rept. New York State 

Cab. Nat. Hist., p. 114. (Generic name Olenellus proposed.) 

Olenellus vermontana Bittincs, 1865, Geol. Survey Canada, Paleozoic 

Fossils, Vol. 1, p. 11. (Reprinted from Billings, 1861a, p. 11, substi-_ 

tuting Olenellus for Paradoxides.) 

Olenellus vermontanus Forp, 1881, American Journ. Sci., 3d ser., Vol. 22, 

fig. 13, p. 258. (Figure 13 is copied from Hall, 1859, fig. 2, p. 60.) 

Not Olenelius vermontana WHITFIELD, 1884, Bull. American Mus. Nat. 

Hist., Vol. 1, No. 5, pp. 152-153, pl. 15, figs. 2-4. (Referred in this 

paper to Paedeumias transitans. ) 

Mesonacis vermontana Watcortt, 1885, American Journ. Sci., 3d ser., Vol. 

29, pp. 328-330, figs. I and 2, p. 329. (Discussed. Figures I and 2 are 

outline drawings of the specimen figured in this paper, pl. 26, figs. I 

and 2.) 

Mesonacis vermontana (Hall), Watcort, 1886, Bull. U. S. Geol. Survey, 

No. 30, pp. 158-162, pl. 24, figs. 1, Ia-b. (Copies the original description 

given by Hall, 1850, pp. 60-61, and describes and discusses the species. 

Figure 1 is copied from Hall, 1859, fig. 2, p. 60; and figures Ia and Ib 

are drawn from the specimen figured by Walcott, 1885, text figs. 1 and 

2, p. 329. This specimen is the one illustrated in this paper, pl. 26, 

figs. I and 2.) 
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Olenellus vermontana (Hall), Hoitm, 1887, Geol. Foren. i Stockholm 

Forhandl., Bd. 9, Hafte 7, pp. 515-516. (Described in Swedish. The 

species is frequently mentioned also in the discussion of “ Olenellus 

kjerulft.” ) 

Elliptocephalus (Schmidtia) vermontana Marcou, 1890, American Ge- 

ologist, Vol. 5, p. 363. (The subgenus Schmidtia is proposed for this 

and other species. ) 

Olenellus (Mesonacis) vermontana (Hall), Watcorr, 1891, Tenth Ann. 

Rept. U. S. Geol. Survey, p. 637, pl. 87, figs. 1, Ia-b. (No text reference. 

Figure 1 is copied from Hall, 1859, fig. 2, p. 60; and figures 1a and Ib 

are copied from Walcott, 1886, pl. 24, figs. Ta and rb.) 

Olenellus (Mesonacis) vermontana (Hall), Cons, 1892, Natural Science, 

Vol. I, pp. 340 and 341, fig. 2, p. 343. (Discussed. The figure is an 

outline drawing of the figure given by Walcott, 1886, pl. 24, fig. 1a.) 

Mesonacis vermontana Moserc, 1899, Geol. Foren. i Stockholm F6érhandl., 

Bd. 21, Hafte 4, p. 318, pl. 13, fig. 4. (Mentioned at several places in 

the text. The figure is copied from Walcott, 1886, pl. 24, fig. ra.) 

A detailed description of this species was given in 1886 [ Wal- 

cott, 1886, p. 158]. Nothing has been added to our information of 

it since that date and no additional specimens have been discovered. 

The finding of a specimen of Pedewmias transitans in association 

with Mesonacis vermontana at Georgia, Vermont, in which three 

rudimentary segments and a Mesonacis-like pygidium occur beneath 

the telson [pl. 33, fig. 1] corroborated the view held in 1886 [ Wal- 

cott, 1886, p. 166] that the body of Mesonacis was shortened by the 

absorption of the posterior segments and the spine on the fifteenth 

segment became the elongate telson of Olenellus. At first 1 was 

inclined to refer the form with the three rudimentary segments to 

Mesonacis, but with the discovery at York, Pennsylvania, by Prof. 

Atreus Wanner, of numerous specimens with from two to six rudi- 

mentary segments, and that all the rudimentary segments were un- 

like those of Mcesonacis vermontana, I decided finally to include such 

specimens in a new genus Pedeumias, and to retain in Mesonacts 

only those specimens that have only normal thoracic segments pos- 

terior to the fifteenth spine-bearing segment. 

FORMATION AND LocaLity.—Lower Cambrian: (25) siliceous 

shale just above Parkers quarry, near Georgia, Frankiin County, 

Vermont. 

Specimens corresponding to the cephalon of this species occur at 

Bonne Bay, Newfoundland, and L’Anse au Loup, on the north side 

of the straits of Belle Isle, Labrador. 
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Genus ELLIPTOCEPHALA Emmons 

Elliptocephala Emmons, 1844, Taconic System, p. 21, legend of fig. 1. 

(Characterized. ) 

Elliptocephala Emmons, 1846, Nat. Hist. New York, Agriculture, Vol. 1, 

pt. 5, p. 65, legend of fig. 1. (Copy of preceding reference.) 

Olenus Hatt, 1847, Nat. Hist. New York, Paleontolgy, Vol. 1, p. 256, 

feotnote. (Places “ Elliptocephalus” as a synonym of Olenus.) 

Eliptocephalus Emmons, 1849, Proc. American Assoc. Adv. Sci., First 

meeting, p. 18. (Notes on the genus as distinct from Olenus and 

Paradoxides.) 

Eliptocephalus Emmons, 1855, American Geology, Vol. 1, pt. 2, pp. 114- 

115. (Discussed. ) 

Eliptocephalus (Emmons), Marcou, 1860, Proc. Boston Soc. Nat. Hist., 

p. 371. (Considers “ Eliptocephalus” to be a true Paradovides. ) 

Olenellus (Elliptocephalus) Forp, 1877, American Journ. Sci., 3d ser., 

Vol. 13, pp. 265-272. (A very full description of the type species O. 

(E.) asaphoides.) 

Olenellus Forp, 1878, American Journ. Sci., 3d ser., Vol. 15, p. 130, footnote. 

(Discusses the generic relations of Olenellus, as represented by O. 

asaphoides, and Paradoxides as represented by P. aculeatus and P. 

kjerulfi. ) 

Olenellus Forp (in part), 1881, American Journ. Sci., 3d ser., Vol. 22, pp. 

250-259. (As discussed throughout the paper the genus Olenellus 

includes forms now referred to Elliptocephala, Mesonacis, and Ole- 

nellus. ) 

Olenellus Watcotr (in part) [not Hat], 1886, Bull. U. S. Geol. Survey, 

No. 30, pp. 162-166. (Described and discussed. As discussed the 

genus includes forms now referred not only to Olenellus but to 

Elliptocephala, Callavia, and Peachella. On pages 622-623 are given 

reasons for rejecting Elliptocephala as a generic name.) 

Olenellus Hotm (in part), 1887, Geol. Foren. i Stockholm Forhandl., Bd. 9, 

Hafte 7, p. 498-499. (Described in Swedish. As described and dis- 

cussed throughout the paper this genus includes many of the forms 

now placed in the family Mesonacidae. ) 

Ebenezeria Marcou, 1888, Mem. Boston Soc. Nat. Hist., Vol. 4, p. 123. 

(Proposed as a new genus to replace “ Elliptocephalus” because of 

the similarity of the latter genus to Ellipsocephalus Zenker.) 

Elliptocephalus (Emmons), MaArcou, r890, American Geologist, Vol. 5, 

p. 362. (Argues that “ EAlliptoccphalus” has right of priority over 

Olenellus.) 

Olenelus (Mesonacis) Watcotr (in part), 1891, Tenth Ann. Rept. U. S. 

Geol. Survey, p. 637. (Merely uses Mesonacis as a subgenus; the 

forms referred to the subgenus are now placed with Elliptocephala and 

Mesonacis.) 

Elliptocephala Corr, 1892, Natural Science, Vol. 1, p. 340. (Discussed. ) 

Mesonacis Peach and Horne (in part), 1892, Quart. Journ. Geol. Soc. 

London, Vol. 48, p. 236. (As defined this genus includes forms now 

referred to both Elliptocephala and Mesonacts.) 
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Olenellus BERNARD, 1894, Quart. Journ. Geol. Soc. London, Vol. 50, pp. 

415-416. (Discusses evidence afforded by this genus as to the sys- 

tematic position of the trilobites.) 

Mesonacis (Olenellus) Peacu (in part), 1894, Idem, pp. 671-674. (As 

discussed in these pages this genus includes forms now referred to 

both Elliptocephala and Mesonacis.) 

Elliptocephala (Emmons), BEEcHER, 1897, American Journ. Sci., 4th ser., 

Vol. 3, pp. 191 and 192. (Name used in discussion of genera of the 

Olenidae.) 

Georgiellus Moxserc, 1899, Geol. Foren. i Stockholm Forhandl., Bd. 21, 

Hafte 4, p. 317. (Proposed as a new genus to replace Elliptocephala.) 

Elliptocephala (Emmons), MAttrHew, 1899, American Geologist, Vol. 24, 

p. 59. (In review of Moberg’s paper [1899] considers that Ellipto- 

cephala should be retained.) 

Olenellus (Georgiellus) PomMprcKj, 1901, Zeitschr. Deutschen geol. Ge- 

sellsch., Vol. 53, Heft 2, p. 16. (Emmons’ species is merely mentioned 

as “O. (Georgiellus) asaphoides” in the discussion of the relations 

-between Olenopsis and various genera of the Mesonacide.) 

Olenellus LinpstroM, 1901, Kongl. Svenska Vet.-Akad. Handlingar, Vol. 

34, No. 8, pp. 12-18, and 24. (A discussion of the development of the 

Olenellidae is almost entirely based upon features exhibited by the 

type species of the genus Elliptocephala.) 

The characters of the genus are outlined in the description of the 
genotype, E. asaphoides, which is the only known species. Observa- 

tions on Elliptocephala are also made in the section on Mesonacidz 

(pp. 244 and 247). 

Genotype.—Elliptoce phala asaphoides Emmons. 

Stratigraphic range.-—Lower Cambrian: Greenwich formation’ in 
shales and interbedded limestones and sandstones of unknown thick- 

ness, but as far as known not over 300 feet. 

Geographic distribution.—On the eastern side of the Hudson River 

valley, in Washington and Rensselaer counties, New York. 

Young stages.—Reference is made to the younger stages of growth 

of this genus in the description of the development of the individual 

of the family Mesonacide, p. 236. This, with the illustrations on 

plates 24 and 25, will give the student the means of comparison 

with the young stages of other genera. The specimens in the Ford 

collection are now in the New York State Museum at Albany, New 

York. 

*Mr. T. Nelson Dale [1904, p. 29] gives a section of the Lower Cambrian 

series exposed in Rensselaer County, and part of Columbia County, New York. 

On pages 43 and so he states that this series is regarded as equivalent to the 

Greenwich formation of Washington County, New York, and Rutland County, 

Vermont. The series is also regarded as equivalent to the Vermont formation 

and is mapped on plate 1 of the same paper under the heading “ Greenwich slate, 



OLENELLUS AND OTHER GENERA OF MESONACID 269 

Observations —Elliptocephala appears to be a more advanced form 

of the Mesonacide than Mesonacis. It has seven less segments in 

the thorax and the stage of large third segment is passed in the 

young and is lost in the adult. The five small posterior segments 
of Elliptocephala suggest that they are rudimentary segments by 

reversion, as in Pedeuwmias [pl. 33], and not rudimentary as the 

result of non-development, as in Nevadia [pl. 23]. From its strati- 

graphic position and associated fossils it is probably somewhat older 

than Mesonacis vermontana Hall. 

ELLIPTOCEPHALA ASAPHOIDES Emmons 

PLATE 24, Fics. 1-10; PLATE 25, Fics. 1-18 

Elliptocephala asaphoides Emmons, 1844, Taconic System, p. 21, figs. 1, 2, 

and 3. (Characterized in description of figure 1.) 

Elliptocephala asaphoides Emmons, 1846, Nat. Hist. New York, Agricul- 

ture, Vol. I, p. 65, figs. I, 2, and 3. (Copy of preceding reference. ) 

Olenus asaphoides (Emmons), HAtt, 1847, Nat. Hist. New York, Paleon- 

tology, Vol. 1, pp. 256-257, pl. 67, figs. 2a-c. (Describes species and 

redraws the three specimens illustrated by Emmons [1844, p. 21, figs. 

Ts 2;-anid’3 1.) Z 

Olenus asaphoides (Emmons), Fitcu, 1849, Trans. New York State Agric. 

Soc. for 1849, p. 865. (Occurrence mentioned. ) 

Eliptocephalus asaphoides Emmons, 1849, Proc. American Assoc. Adv. 

Sci., First Meeting, p. 18. (Discussed with particular reference to the 

generic distinction between Eliptocephalus, Paradoxides, and Olenus.) 

Eliptocephalus asaphoides EmMMowns, 1855, American Geology, Vol. I, pt. 2, 

p. 114, figs. 1, 2, and 3; and pl. 1, fig. 18. (Described. Figures 1, 2, 

and 3 are copied from Emmons, 1844, figs. I, 2, and 3, p. 21.) 

Not Paradoxides asaphoides EMMons, 1860, p. 87 = Olenellus thompsoni. 

Not Paradoxides macrocephalus EMMowns, 1860, fig. 70, p. 88, and p. 280 = 

Olenellus thompsoni. (In the first edition of the Manual of Geology 

this figure was labeled Paradoxides brachycephalus.) 

Not Eliptocephalus (Paradoxides) asaphoides Emmons, 1860, p. 280 = 

Olenellus thompsoni. 

Paradoxides asaphoides (Emmons), BArrANpDE, 1861, Bull. Soc. Géol. de 

France, 2d ser., Vol. 18, pp. 273-276, pl. 5, figs. 4 and 5. (Translates 

into French the legend of figures 1 and 2 of Emmons [1844, p. 21] and 

copies figure I of the same paper in fig. 4, pl. 5. Figure 5 of Barrande’s 

paper is copied from Emmons [1855, pl. 1, fig. 18]. Barrande also 

translates into French the description and discussion given by Hall 

[1847, p. 256].) 
Not Paradoxides macrocephalus BARRANDE, 1861, Idem, pl. 5, fig. 7 = 

Olenellus thompsoni. 

” Vermont formation.” This is apparently the first use of the term “ Greenwich 

slate,” the previous mention of the series, to which Mr. Dale refers on page 50 

being the table opposite page 178 of his paper in the 19th Annual Report of the 

U. S. Geological Survey [1899] where no formation names are used. 
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Olenellus (Olenus) asaphoides (Emmons), Forp, 1871, American Journ. 

Sci., 2d ser., Vol. 2, p. 33. (Gives name in list of species from rocks 

ats lenoye Ni) 

Olenellus (Olenus) asaphoides (Emmons), Forp, 1871, Canadian Natu- 

ralist, new ser., Vol. 6, p. 210. (Copy of preceding reference.) 

Olenellus (Elliptocephalus) asaphoides (Emmons), Forp, 1877, American 

Journ. Sci., 3d ser., Vol. 13, pp. 265-272, pl. 4, figs. 1-10. (Described 

and discussed in detail, both young and adult specimens being illus- 

trated. ) 

Olenellus asaphoides (Emmons), Forp, 1878, American Journ. Sci., 3d ser., 

Vol. 15, pp. 129-130. (Note on the development of the young and on 

the generic relations of the species.) 

Olenellus asaphoides (Emmons), Forp, 1881, American Journ. Sci., 3d ser., 

Vol. 22, pp. 250-250, figs. 1, 2, and 3, p. 251. (Observations on the 

generic relations and larval stages of the species. Figure 3 is an outline 

drawing of the figure given by Ford [1877, pl. 4, fig. 5].) 

Olenellus asaphoides (Emmons), Watcott, 1884, Monogr. U. S. Geol. 

Survey, Vol. 8, pp. 36-37, pl. 21, figs. 10, 11, and 12. (Young stages 

of growth referred to. Figure 10 is an outline drawing based on Ford’s 

figure [1877, pl. 4, fig. 2b], and figures 11 and 12 are similar drawings 

based on the cephalons of the figures given by Ford [1881, figs. 1 and 

2ep: 250 le) 

Olenellus asaphoides (Emmons), Watcortt, 1886, Bull. U. S. Geol. Survey, 

No. 30, pp. 168-170, pl. 17, figs. 3-8 and 10; pl. 20, figs. 3, 3a-b; and pl 

25, fig. 8. (Described and discussed. The specimen represented by 

fig. 3, pl. 17, is redrawn in this paper, pl. 25, fig. 18; figures 5 and 6, pl. 

17, are copied in this paper, pl. 25, figs. 9 and 10; fig. 7, pl. 17, is copied 

from Ford, 1877, pl. 4, fig. 5; fig. 8, pl. 17, is copied from Ford, 1881, 

fig. I, p. 251; figs. 3a-b, pl. 20, are copied from Walcott, 1884, pl. 21, 

figs. 10, II, and 12, respectively; and fig. 8, pl. 25, is copied in this 

paper pl. 24, fig. 10.) 

Olenellus asaphoides (Emmons), Hoitm, 1887, Geol. Foren. i Stockholm 

Forhandl., Bd. 9, Hafte 7, p. 515. (Described in Swedish. The species 

is frequently mentioned also in the discussion of “ Olenellus kjerulf.’’) 

Elliptocephalus asaphoides (Emmons), Marcou, 1888, American Geologist, 

Vol. 2, p. 12. (Discussed.) 

Ebenezeria asaphoides Marcou, 1888, Mem. Boston Soc. Nat. Hist., Vol. 4, 

p. 123. (Merely proposes the new generic name for the species because 

of the close similarity between “ Elliptocephalus” Emmons and Ellip- 

socephalus Zenker. ) 

Olenellus asaphoides (Emmons), Lestey, 1889, Geol. Survey Pennsyl- 

vania, Report P4, Vol. 2, p. 489, 1o text figures. (Figures 3, 5, 6, 7, 8, 

and 10 are copied without change in number from Walcott, 1886, pl. 17; 

and figs. 3, 3a, and 3b are copied in the same manner from Walcott. 

1886, pl. 20.) 

Olenellus (Mesonacis) asaphoides (Emmons), WaAtcort, 1890, Proc. U. S. 

National Museum, Vol. 12, p. 41. (Mentions discovery of entire speci- 

mens of the dorsal shield.) 



OLENELLUS AND OTHER GENERA OF MESONACIDZ& 271 

Olenellus asaphoides (Emmons), MattHew, 1891, American Geologist, 

Vol. 8, p. 289 and footnote. (Suggests that the species is from a 

different horizon from that of “ Olenellus thompsoni” and “ Olenellus 

(Mesonacis) vermontana,” and believes that Elliptocephala should be 

retained as the generic reference. ) 

Olenellus (Mesonacis) asaphoides (Emmons), Watcort, 1891, Tenth Ann. 

Rept. U. S. Geol. Survey, pp. 637-638, pl. 86, figs. 3, 3a-b; pl. 88, figs. 

I, Ia-g; pl. 80, figs. 1, 1a; and pl. 90, figs. 1, 1a. (Discussed. Figures 3, 

3a-b, pl. 86, are copied from Walcott, 1884, pl. 21, figs. 10, 11, and 12 

respectively ; figs. I and 1a, pl. 88, are copied from Walcott, 1886, pl. 17. 

figs. 5 and 6; fig. 1d, pl. 88, is redrawn from the specimen illustrated by 

Ford, 1877, pl. 4, fig. 5; figs. tb, 1c, td, and tre, pl. 88, are copied in this 

paper, pl. 24, figs. 3, 4, 5, and 10 respectively ; the specimen represented 

by figure rf, pl. 88, is redrawn in this paper, pl. 24, fig. 6; fig. 1g, pl. 

88, is redrawn in this paper, pl. 24, fig. 8; figs. 1 and ta, pl. 890, are 

copied in this paper, pl. 24, figs. 1 and 2 respectively; and fig. fa, pl. 90, 

is copied in this paper, pl. 24, fig. 9.) 

Elliptocephala asaphoides (Emmons), Coz, 1892, Natural Science, Vol. 1, 

pp. 340-341. (Notes on use of name.) 

Olenellus asaphoides (Emmons), BERNARD, 1894, Quart. Journ. Geol. Soc. 

London, Vol. 50, pp. 415-416 and 423-424; fig. 3, p. 415; figs. 4a-c and 

5, p. 416; and fig. 9, p. 423. (Discusses evidence afforded by this 

species as to the systematic position of the trilobites. Figure 3 is 

copied from Walcott, 1886, pl. 17, fig. 5; figures 4a-c are copied from 

Walcott, 1884, pl. 21, figs. 10, 11, and 12, outline drawings which were 

based on Ford’s figures [1877, pl. 4, figs. 2, 3, and 4]. Figure 5 is 

copied from Walcott, r8or, pl. 88, fig. rb; and figure 9 is a diagrammatic 

restoration of the cephalon figured by Walcott, 1801, pl. 90, fig. I.) 

Mesonacis (Olenellus) asaphoides PEacu, 1894, Idem, p. 671; text fig. c, 

p. 673; and pl. 32, fg. 11. (Mentioned. The figures are copied from 

drawings or parts of drawings given by Walcott [1891, pls. 88 and 89].) 

Olenellus (Mesonacis) asaphoides (Emmons), BEECHER, 1895, American 

Geologist, Vol. 16, p. 176, figs. 6, 7, and 8, p. 175. (Larval stages dis- 

cussed. Figure 7 is copied from Walcott, 1884, pl. 21, fig. 10, an outline 

drawing which was based on Ford’s figure [1877, pl. 4, fig. 2b] and 

figure 8 is an outline drawing of the figure given by Walcott [1886, pl. 

EZ He Sl.) 

Georgiellus asaphoides (Emmons), Mosere, 1809, Geol. Foren. i Stockholm 

Forhandl., Bd. 21, Hafte 4, p. 316, pl. 13, figs. 1a and tb. (The species 

is referred to Georgiellus, a new genus replacing Elliptocephala and 

the figures are copied from Walcott, 1891, figs. I and Ia, pl. 89.) 

Not Olenellus (Mesonacis) asaphoides ? GRABAU, 1900, Occasional papers, 

Boston Soc. Nat. Hist., No. 4, Vol. 1, pt. 3, pp. 667-669, pl. 34, figs. 

2a-b. (Referred in this paper to Callavia crosbyt.) 

Not Olenellus (Mesonacis) asaphoides Burr, 1900, American Geologist, 

Vol. 25, p. 45. (Referred in this paper to Callavia crosbyt.) 

Olenellus (Georgiellus) asaphoides (Emmons), Pompecky, 1901, Zeitschr. 

Deutschen geol. Gesellsch., Vol. 53, Heft 2, p. 16. (Name used in the 

discussion of the relation between Olenopsis and various genera of the 

Mesonacidae. ) 
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Olenellus asaphoides (Emmons), Linpstr6m, 1901, Kongl. Svenska Vet.- 

Akad. Handl., Vol. 34, No. 8, pp. 12-18, text figs. I-10, p. 13. (Develop- 

ment of cephalon discussed. Figs. 2 and 3 are copied from Walcott 

[1886, pl. 17, figs. 5 and 6]; figs. 5, 6, and 7 are copied from Ford, 

[1877, pl. 4, figs. 1, 2, and 3]; fig. 10 is drawn from the cephalon of the 

figure given by Ford [1877, pl. 4, fig. 5]; and figs. 8 and 9 are drawn 

from the cephalons of the figures given by Ford [1881, figs. 1 and 2, 

p. 251].) 

Olenellus (Mesonacis) asaphoides (Emmons), CLARKE and RUEDEMANN, 

1903, Bull. New York State Museum, No. 65, pp. 730-732. (A list of 

the specimens (hypotypes) collected by Ford in the collection of the 

New York State Museum. ) 

Dorsal shield broad ovate, moderately convex. Cephalon large, 

semicircular in outline, about two-fifths the length of the dorsal 

shield; genal angles extended into spines; facial suture rudimentary 

or in a condition of synthesis; eyes elongate, crescentic, with ridges 

uniting the palpebral lobes to the anterior lobe of the glabella in 
the young, and in the adult a narrow furrow serves to cut off the 

palpebral ridge from the glabelia ; glabella elongate, increasing grad- 

ually in width from the occipital furrow to the greatest width on the 

anterior lobe; anterior lobe large, convex, broader than the posterior 

lobes, even in the earliest known stage of growth in which it is 

defined [pl. 25, fig. 9]; the three posterior lobes are subequal in 

size, nearly transverse and separated by distinct, short lateral fur- 

rows that are united by a shallow transverse furrow. In the young 

the furrows are much deeper proportionally. Occipital ring strong 

and well defined, when not flattened in shale it has a small median 

node. 

Thorax with eighteen segments; body of pleurz nearly straight, 

and with a broad furrow that extends out to the geniculation at the 

base of the strong falcate extension of the pleure. The five posterior 

segments terminate on the line of the body of the pleurz in blunt, 

rounded ends that curve backward at the posterior margin; the 

pleural furrows are narrow and shallow. The anterior thirteen seg- 

ments have a small median node near the posterior margin of their 

axial lobe, and each of the posterior five segments has a long, strong, 

tapering spine that extends back over the pygidium. 

Pygidium small, transverse, and with only a trace of an anterior 

segment. 

Surface finely granulated, and with narrow, irregular raised ridges 

that unite to form an irregular network over the glabella, axial, 

and pleural lobes of the thorax; on the cheeks and frontal limb of 

the cephalon the ridges radiate from the base of the eyes and the 
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glabella to the outer rim; on the outer rim and spines and on the 

falcate spinous extension of the pleurz the ridges are subparallel 

to the margins. 

Hypostoma elongate ovate in outline, strongly convex; anterior 

margin arched to conform to the outline of the interior margin of 

the doublure of the cephalon to which it was attached; posterior 

margin and side margins to the antennal groove denticulated or with 

six or more short, blunt projections on each side of the median line ; 

antennal groove on the lateral margins in front of the thickened 

round rim and back of the subtriangular anterior lateral extension 

of the body along the anterior margin. The oval body is outlined 

posteriorly by a strong furrow on each side that extends obliquely 

inward and backward from the antennal furrow, and a very shallow 

transverse furrow that unites the posterior ends of the oblique fur- 

rows; a short, shallow, transverse furrow occurs on the space be- 

between the furrow described and the denticulated posterior margin. 

It is rarely that the denticulated margin can be worked out of 

the hard limestone matrix. This led Ford [1877, pl. 4, fig. 6] and 

Walcott [1886, pl. 17, fig. Io] to represent the hypostoma with a 

smooth posterior margin. A denticulated margin was illustrated but 

not described by Walcott in 1891, pl. 88, fig. rg. 
Dimensions.—A dorsal shield 126 mm. in length that is flattened 

in the shale has the following dimensions: 

Cephalon: mm. 
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The preceding description is based on adult flattened specimens of 

E. asaphoides Emmons, as shown by fig. 1, pl. 24. In uncompressed 

cephalons and dorsal shield from a limestone matrix [figs. 3-7, pl. 

24], the convexity is greater and the relief of the surface stronger. 

ForRMATION AND LocaLity.—Lower Cambrian: Greenwich forma- 

tion [Dale, 1904, pp. 29, 43, and 50, and pl. I] in thin-bedded lime- 

stones interbedded in siliceous shales at the following localities: 

(35b)* adjoining the house of D. W. Reed on the roadside near the 

Old Reynolds Inn, 1 mile (1.6 km.) west of North Greenwich; 
(35) western side of D. W. Reed’s farm, 1.5 miles (2.4 km.) north 

of Bald Mountain; (36a) on the roadside about 3 miles (4.8 km.) 

northeast of North Greenwich: (33) on the roadside near Rock 

Hill Schoolhouse No. 8 in Greenwich Township; (33b) 1.5 miles 

(2.4km.) east-southeast of North Greenwich; (34) a little west 

of the bridge over the Poultney River at Low Hampton; (45b) on 

the roadside 70 rods east of Bristol’s house at Low Hampton; (36) 

1 mile (1.6 km.) south of Shushan in the town of Jackson, 3.5 miles 

(5.6 km.). north of Cambridge; (38) .25 mile (4° km.) monthiger 

John Hulett’s farmhouse, 3 miles (4.8 km.) west of South Gran- 
ville; (38a) 2 miles south of North Granville on the road which 
turns south from the road running between that village and Truth- 

ville; and (37) 1.5 miles (2.4 km.) south of Salem; all in Washing- 

ton County, New York. 

(29a) limestone 1 mile (1.6 km.) below the New York Central 

Railroad depot at Schodack Landing; and (27) even-bedded and 

conglomerate limestones on the ridge in the eastern suburb of Troy; 

both in Rensselaer County, New York. 

(32) sandstone on the south slope of Stissing Mountain, Dutchess 

County, New York. 

Genus CALLAVIA Matthew 

Olenellus Watcotr (in part) [not Har], 1866, Buli. U. S. Geol. Survey, 

No. 30, pp. 162-166. (Described and discussed. As discussed the genus 

includes forms now referred not only to Olenellus, but to Callavia, 

Elliptocephala, and Peachella.) 

Olcnellus Waucotr (in part) [not Hat], 1891, Tenth Ann. Rept. U. S. 

Geol. Survey. pp. 633-635. (As discussed the genus includes forms 

now referred to both Olenellus and Callavia.) 

Cephalacanthus LavwortH (in part) [not LackpEpE], 1891, Tenth Ann. 

Rept. U. S. Geol. Survey, by Chas. D. Walcott, p. 641. (Proposed as a 

new genus to include Olenellus kjcrulf, O. bréggeri, and O. callavei. 

The name was, however, preoccupied by Lacépéde, 1802, Hist. Nat. 

Boiss; Viol sian. 3230) 

‘This is the Reynolds Inn locality of Emmons and Fitch. 
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Cephalacanthus LapwortH (in part), 1891, Geological Magazine, Dec. 3, 

Vol. 8, p. 531. (Gives reasons for proposing the genus. The reference 

to the original place of publication of Cephalacanthus is given as “ Geol. 

Mag., 1888, p. 641” it should be “ Tenth Ann. Rept. U. S. Geol. Survey, 

by Chas. D. Walcott, 1891, p. 641.” ) 

Holmia PeacuH and Horne (in part), 1892, Quart. Journ. Geol. Soc. Lon- 

don, Vol. 48, p. 236. (As defined this genus includes forms now re- 

ferred to both Holmia and Callavia. ) 

Holmia (Olenellus) Pracu (in part), 1894, Idem, Vol. 50, pp. 671-674. 

(As discussed in these pages this genus includes forms now referred 

to both Holmia and Callavia. ) 

Callavia MatrHew, 1897, American Geologist, Vol. I9, p. 397, footnote. 

(Generic name proposed to include “Olenellus bréggeri” Walcott 

and “ Olenellus callavii” Lapworth on account of the glabella differing 

from that of “ Olenellus (Holmia) kjerulfi.”) 

Holmia Moserc (in part), 1899, Geol. Foren. i Stockholm Foérhandl., Bd. 

21, Hafte 4, pp. 314 and 318. (As characterized the genus includes two 

species now placed under Callavia. ) 

Dorsal shield broad ovate, moderately convex; cephalon broad, 

semicircular ; marginal rim broad and continued into genal spines ; 
posterior margin with a strong, short intergenal spine just within 

the genal angle and the rudimentary facial suture. 

Facial sutures rudimentary or in a condition of synthesis back of 

the eye, but not observed in front of the eye. Eye lobes narrow, 

elongate-crescentiform. Glabella clavate-elongate, with the large 

anterior lobe contracting toward the front. The three posterior 

lobes are not strongly defined, the occipital ring has a strong median 

spine extending back over the thorax. 

Hypostoma convex, broad in front, narrowing to the broadly 

rounded, smooth posterior margin; crossed within the narrow pos- 

terior margin by a sulcus subparallel to the margin, also a flattened , 

ridge anterior to which a strong groove is outlined on each side; 

antennal furrows, x +, fig. 2, pl. 27, gently arched inward on the 

lateral margins. 

Thorax with fifteen to eighteen segments. Axial lobe convex, 

with an elongate node or spine at the center. Pleural lobes broad 

and passing gradually into the broad, curved extensions of each seg- 

ment; pleural furrows extending from the side of the axial lobe out 

to the beginning of the curved terminations of the pleure. 

Pygidium small, transverse, and with a transverse groove near the 

anterior margin; lateral lobes not developed. 

Surface minutely granular and with irregular network of very 

narrow, irregular anastomosing ridges. 

Genotype.—Olenellus (Holmia) broggeri Walcott. 
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Stratigraphic range-—Lower Cambrian (Georgian) terrane in a 

zone about 75 feet thick that is 270 feet below the zone of Paradox- 

ides hicksi [Walcott, 1891, pp. 260-261]. Callavia bréggeri occurs 

in numbers 2 and 4 of the section. 

Geographic distridution.—Atlantic Coast Province, Callavia brég- 
geri occurs about the head of Conception Bay, Newfoundland, and 

C. crosbyt and C. burri in eastern Massachusetts near Weymouth. 

Callavia callavei Lapworth is from central Shropshire, England. 

Observations.—Moberg [1899, p. 318, footnote] called attention 

to the variation of Holmia broggeri Walcott, H. callacei Lapworth, 

and H. lundgrent Moberg from Holmia kjerulfi Linnarsson, and 

raised the question as to whether they should not form a new genus 
or subgenus. With the new material furnished by Callavia crosbyi, 

a form closely related to C. bréggeri Walcott, formerly referred to 

Holmia, and by Holmia rowei Walcott, I decided to group Olenellus 

(Holmia) broggeri Walcott [1891], Olenellus callavet Lapworth 

[1891, pp. 530-536], and the two species described in this paper as 

Callavia crosbyi and C. burri under a new genus. Later I found 
(hidden away in a footnote’) that Dr. G. F. Matthew had proposed 

the name Callavia to include the same species on account of the char- 

acter of the glabella. 

Callavia broggert [pl. 27, fig. 1] differs from Holmia kjerulfi Lin- 

narsson [pl. 27, fig. 7], the genotype of Holama, in having the first 

lobe of the glabella constricted in front instead of expanded; in the 

presence of a strong occipital spine, and in having broad, sickle- 

shaped extensions of the pleure [fig. 6] instead of sharp, spine-like 

terminations as in H. kjerulfi [fig. 7]. 

The glabella appears to be of a more primitive type than that of 

Holmia, in this respect resembling the glabella of Nevadia [pl. 23, 

fig. 3], and that of the young of Elliptocephala [pl. 25, figs. 13 

and 14]. 

Callavia has the intergenal spines in the adult close to the genal 

spines, and forming a part of the posterior margin of the cephalon, 

instead of a distinct spine crossing it half way between the glabella 

and genal spine, as in Holmia. 

Comparing Callavia and Holmia as to the stages of development 

shown by their various parts, we find that the glabella of Callavia 

is more primitive, the intergenal spine and pleurz less primitive. 

The comparisons between Callavia and Wamnneria are made under 

observations on the former genus [p. 247]. 

Matthew, 1897, p. 397, footnote. , 

7% 
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CALLAVIA BICENSIS, new species 

PLATE 41, FIGS. 9, OA 

Cephalon longitudinally, broadly semi-elliptical ; strongly convex, 

with the eye lobes and front lobe of the glabella rising abruptly 

from the cheeks; marginal border slightly rounded and separated 

from the cheeks by a shallow, rounded groove; it broadens somewhat 

at the genal angles, where it is prolonged into spines; the posterior 

marginal border is narrow and convex beside the occipital ring, 

from whence it flattens out and broadens before uniting with the 

border at the genal angle; an oblique thickening occurs where the 

low ridge extending from the posterior end of the eye crosses the 

margin. 

Glabella with a large, convex anterior lobe that rises abruptly from 

the narrow space between it and the anterior marginal border ; this 

lobe has two short and slightly defined furrows on each side that 

originate near the front margin of the palpebral ridge ; the posterior 

of the two furrows extends inward on a line almost directly across 

the lobe and the anterior furrow extends inward subparallel to the 

rounded lateral margin of the lobe; a narrow, low ridge extends 

all about the front of the lobe very much in the same manner as a 

similar ridge in Callavia crosbyi [pl. 28, fig. 1] ; the posterior lateral 

angles of the lobe are connected to the palpebral lobe by a strong, 

rounded ridge; the second glabellar lobe is narrow and arched 

slightly backward at each end so as to nearly enclose the ends of 

the third lobe, which is thus shortened, but it is still transversely 

longer than the fourth lobe; the fourth lobe is transversely shorter 

than the second and third, also a little wider; the second, third, and 

fourth lobes all arch backward, and are very faintly defined across 

the center of the glabella. The glabella is narrow at the base, ex- 

panding to where it unites with the palpebral lobe, from whence 
it contracts toward its front margin; this gives an outline some- 

what similar to that of Callavia broggeri [pl. 27, fig. 1]. Occipital 

ring about the same width and Jength as the fourth glabellar lobe; 

it is marked by a small median node that rises from its highest point 

at the posterior margin. Palpebral lobes narrow, elevated, and 

gently arched from their connection to the first glabellar lobe to 

opposite the glabellar furrow between the occipital ring and fourth 

elabellar lobe ; the posterior end of the lobe is about as far from the 

side of the glabella as the width of the fourth glabellar lobe; the 

palpebral lobes, although elevated, do not rise to the level of the 

4—w 
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median line of the glabella; they slope rather abruptly inward to 

the nearly flat interpalpebral area. Visual surface of eye narrow 

and arching around beneath the outer margin of the palpebral lobe. 

Cheeks of medium width and sloping rapidly, with a gentle curva- 

ture, from the base of the eye and the anterior glabellar lobe to the 

intermarginal furrow; a facial suture is indicated back of the eye 

by a narrow ridge extending from the posterior end of the eye 

obliquely outward and backward so as to cross the posterior mar- 

ginal border obliquely about two-thirds of the distance from the 

occipital ring to the genal angle. 

The portions of the thorax preserved show that the thoracic seg- 

ments had a strongly arched axial lobe with a median spine on each 

segment ; the pleural lobes are relatively short and of the same char- 

acter as those of Callavia crosbyi [pl. 28, fig. 4] ; the pleural furrow 

is rather broad next to the axial lobe, from whence it narrows out 

to the rather short falcate termination. The segments shown on the 

specimen illustrated belong to the middle portion of the thorax; 

several of the other segments have been crowded up beneath the 

cephalon, as shown by the breaking away of a portion of the cheek. 

Surface of the cephalon and of thoracic segments ornamented by 

an extremely fine network of raised ridges, such as characterize the 

surface of C. crosbyi [pl. 28, fig. 7]. There is also a series of very 

fine irregular ridges radiating from the base of the eye and anterior 

lobe of the glabella outward to the intermarginal furrow. 

Dimensions.—The type specimen of a cephalon has a length of 

13 mm., with a width of Ig mm. The proportions of other parts of 

the cephalon are illustrated by fig. 9, pl. 41, which is based on a 

photograph enlarged two diameters. 

Observations.—This species is described from a single specimen 
found in the conglomerate limestone at Bic. It shows an entire 

cephalon and several of the middle segments of the thorax. The 

illustration is drawn from a cast made in the natural matrix from 

which the specimen was broken in breaking the limestone. Numer- 

ous fragments of large thoracic segments similar to those of Callavia 

bréggert were found in the same boulder of limestone, but there 

were no traces of the cephalon except bits of the cheeks and palpebral 

lobes. The ends of the pleure are illustrated by figs. to and toa, 

pee 

Callavia bicensis differs from C. crosbyi in the outline of the 
cephalon and glabella, proportions of palpebral lobes, glabella, and 

cheeks. It does not have the great occipital spine of C. bréggeri or 

the tapering, conical glabella of C. burri [pl. 28, fig. 9]. 
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The associated fossils are Micromitra nisus Walcott, Botsfordia 

celata (Hall), Hyolithes, Discinella, fragments of large species of 
Callavia, and Protypus sp. (?) 

FORMATION AND LocaLity.—Lower Cambrian (2r) a limestone 

boulder enclosed in a conglomerate of probable Upper Cambrian age, 

im a railroad cut 2 miles (3.2 km.) west of the railroad station at 

Bic, Province of Quebec, Canada. 

CALLAVIA BROGGERI Walcott 

PLATE 27, Fics: 1-6 

Olenellus bréggeri WaAtcort, 1888, Name proposed at exhibition of speci- 

mens at the International Geological Congress, London. 

Olenellus bréggeri Watcott, 1888, Nature, Vol. 38, p. 551. (Name used 

in geologic section. ) 

Olenellus (Mesonacis) bréggeri Watcott, 1889, American Journ. Sci., 3d 

ser., Vol. 37, pp. 378-380. (Description of localities and horizon in 

geological section). 

Olenellus (Mesonacis) bréggeri Watcott, 1890, Proc. U. S. National 

Museum, Vol. 12, p. 41. (Describes species and compares it with other 

species of Olenellus.) 

Holmia ? breggeri (Walcott), MArcou, 1890, American Geologist, Vol. 5, 

pp. 370-371. (Contends that this species is not a true Olenellus, and 

refers it tentatively to Holmua.) 

Olenellus (Holmia) bréggeri Watcott, 1891, Tenth Ann. Rept. U. S. 

Geol. Survey, pp. 638-640, pl. 91, fig. 1; pl. 92, figs. 1, ta-h. (Described 

and discussed. Figure 1, pl. 92, is copied in this paper, pl. 27, fig. 1, 

and pl. 44, fig. 4. Figures 1c, 1d, Ie (in part), 1g, and th, pl. 92, are 

copied in this paper, pl. 27, figs. 5, 6, 2, 4, and 3 respectively. ) 

Cephalacanthus bréggeri LApwortH, 1891, Tenth Ann. Rept. U. S. Geol. 

Survey, by Chas. D. Walcott, p. 641. (Compared with “ Cephalacanthus 

callavei.” ) 

Callavia bréggeri MatrHEew, 1897, American Geologist, Vol. 19, p. 397, 

footnote. (New genus proposed.) 

Olenellus (Holmia) breggeri (Walcott), Pomprcxy, 1901, Zeitschr. 

Deutschen geol. Gesellsch., Vol. 53, Heft 2, pl. 1, fig. 10. (Mentioned 

frequently on pages 14-17 in a discussion of the relations between 

Olenopsis and various genera of the Mesonacidae. Figure 10 is copied 

from Walcott, 1891, pl. 91, fig. I.) 

Olenellus bréggeri (Walcott), BERNARD, 1894, Quart. Journ. Geol. Soc. 

London, Vol. 50, p. 423. . (Calls attention to the occipital spine as a 

modification of the “ dorsal organ” of Apus.) 

Holmia bréggeri (Walcott), PeAcuH, 1894, Idem, pp. 672 and 673. (Refers 

to this species in discussion of Olenellus.) 

Not Olenellus (Holmia) bréggeri Burr, 1900, American Geologist, Vol. 

25, pp. 43-45. (Referred in this paper to Callavia crosbyi.) 

Not Olenellus (Holmia) bréggeri GRABAU, 1900, Occasional Papers, Bos- 

ton Soc. Nat. Hist., No. 4, Vol. 1, pt. 3, pp. 662-664, pl. 33, figs. Ia-j. 

(Referred in this paper to Callavia crosbyi.) 
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The new material of this species that has been added to our 

collection since the specific description was published in 1891 [ Wal- 

cott, pp. 638-641] shows that the intergenal spines of a small ceph- 

alon 5 mm. in length are long and slender, and extend a little beyond 

the points of the genal spines. The glabellar furrows are very faint 

and the occipital spine slender. The generic relations of the species 
have been discussed under the genus Callavia [p. 276]. 

ForMATION AND LocaLiry.—Lower Cambrian: (41) sandstone‘ 

in a railroad cut 1 mile (1.6 km.) west of the Manuels Brook rail- 

way bridge; (7) a decomposed arenaceous limestone 1,200 feet 

(366 m.) west of the railway bridge mentioned in 41; in railway 

cuts 300 feet (91 m.) west (5p), 1 mile (1.6 km.) west (5s), and 

1.5 miles (2.4 km.) west (5r) of Manuel Station; (41a) a compact, 

thin-bedded limestone beneath Topsail Head ; (42) a horizon nearly 

corresponding to the base of the Manuels Brook section, on Brigus 

Head; and at (5t and 5u) slightly different horizons* on Redrock 

Point, near Chapple Cove, Hollywood Point; all on Conception 

Bay, Newfoundland. 

(5n) shale on Smith Point in Smith Sound, Trinity Bay, New- 

foundland. 

CALLAVIA BURRI, new species 

PLATE 28, Fics. 9-10 

Olenellus sp. Burr, 1900, American Geologist, Vol. 25, p. 45. (Notes 

occurrence of an unidentified species of Olenellus.) 

Olenellus sp. GRABAU, 1900, Occasional Papers, Boston Soc. Nat. Hist., No. 

4, Vol. I, pt. 3, pp. 665-667, pl. 34, figs. Ia-b. (Described as possibly 

belonging to a new subgenus of Olenellus. The specimen represented 

by figure Ia is redrawn in this paper, pl. 28, fig. 9.) 

Cephalon semicircular in outline, moderately convex in its fine, 

quartzitic sandstone matrix ; bordered by a moderately broad, slightly 

convex rim that is separated from the cheeks by a faintly defined 

furrow; genal angles, as now known, extended in small, short, flat- 

tened spines; posterior border narrow and rounded next to the 

occipital ring and gradually widening to where it curves into the 

outer border at the genal angle; it has a slight undulation midway 

of its length, but is not interrupted by the crossing of the ridges of 

intergenal spines; intermarginal furrow narrow and slightly de- 

*See the section given by Walcott [1891b, pp. 260-261] for the stratigraphic 

position of the species in the section on Manuels Brook. 

* Locality No. 5u is about 175 feet higher than 5t, which is 20 feet above the 

base of the section. . 
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pressed. Glabella convex, conical, and strongly lobed; dorsal furrow 

shallow and interrupted about the anterior lobe by a very narrow 

second furrow that separates a narrow ridge from the glabella; 

the anterior lobe of the glabella tapers from the base toward the 

narrowly rounded front and its hase is broadly wedge shaped, owing 

to the backward slope of the anterior pair of furrows; the second 

and third lobes are united about the ends of the second pair of 

furrows, while the fourth lobe is clearly defined by the occipital 

furrow ; occipital ring convex, of uniform width, and without a 

median node or spine. Palpebral lobe united to the postero-lateral 

base of the anterior glabellar lobe by a narrow ridge; it is about 

one-third the length of the cephalon, and at its posterior end it is 

distant about one-half of its length from the glabella; opposite its 

posterior end and adjoining the dorsal furrow next to the end of 

the fourth glabellar lobe a small prominent tubercle breaks the sur- 

face of the area within the palpebral lobe. Cheeks gently convex 

and divided only by a narrow intergenal ridge that extends from 

the base of the palpebral lobe diagonally outward to the posterior 

marginal border about midway of its length. 

Surface.—The surface is similar to that of Callavia crosbyi, ex- 

cept that the meshes of the reticulated network of narrow ridges 

are somewhat finer and more like those of the right side of fig. 7, 

pl. 28, than the meshes on the left side. 

Dimenstons.—A cephalon 24 mm. in length has a width at the 
base of 47 mm. Length of glabella 17 mm.; width of glabella at 

base 10 mm. Width of glabella at base of anterior lobe inside the 

narrow outer ridge 7 mm, Length of palpebral lobe 8 mm. Distance 

of palpebral lobe from glabella at anterior end 2 mm.; at posterior 
end 6 mm. 

Observations.—Of this species only a few specimens of the ceph- 

alon are known. Its outline is similar to that of Callavia crosbyi, 
except that in the specimens thus far seen the genal spines are very 

much smaller, and there is no evidence of an intergenal spine. The 

marginal rim is less distinctly defined than in C. crosbyt; the palpe- 

bral lobes are shorter; and the glabella proportionally shorter, more 

conical, and more distinctly lobed. 

Callavia burn differs from C. bréggeri as it does from C. crosbyi, 

and it does not have the great occipital spine of the former species. 

FORMATION AND LocaLity.—Lower Cambrian: (gn) associated 

with Callavia crosbyi in the dark, purplish siliceous shale of the 

Weymouth formation on Pearl Street, North Weymouth, Norfoik 

County, Massachusetts. 
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CALLAVIA CALLAVEI (Lapworth) 

PLATE 42, Fics. 1-2 

Olenellus callavei LAPWorTH, 1888, Geological Magazine, new series, Dec. 

3, Vol. 5, p. 485. (Name proposed.) 

Olenellus callavei LAPWoRTH, 1888, Nature, Vol. 39, p. 212. (Copy of pre- 

ceding reference. ) 

Olenellus (Holmia) calevi (Lapworth), WaAtcort, 1891, Tenth Ann. Rept. 

U. S. Geol. Survey, p. 635. (Refers species to Holmia as result of 

having seen specimens of it.) 

Cephalacanthis callavei LApPwortH, 1891, Tenth Ann. Rept. U. S. Geol. 

Survey, by Chas. D. Walcott, pp. 640-641. (Compared with “ Cephala- 

canthus bréggert” and “C. kjerulfi.”) 

Olenellus (Holimia) caliavei LAPwortH, 1891, Geological Magazine, Dec. 3, 

Vol. 8, pp. 530-536, pl. 14, figs. 1-25, and pl. 15. (Described and dis- 

cussed, with special reference to its relations to Olenellus kjerulfi and 

O. bréggeri.) 

Olenellus (Holmia) callazvei (Lapworth), Corr, 1892, Natural Science, 

Vol. 1, pp. 344 and 345. (Discussed.) 

. Callavia callavii MatrHEew, 1897, American Geologist, Vol. 10, p. 397, 

footnote. (New genus proposed.) 

Dr. Lapworth gives a very full description and illustration of the 

fragments representing this species, and a diagrammatic restoration 

based apparently on my restored figure of C. broggeri [ Walcott, 

L801, pl Ol, ne. 1}. 

Callavia callavei differs from C. bréggeri in its stronger genal and 
intergenal spines and shorter occipital spine, form of the glabella, 

and lateral extensions of the pleure. It may be that other differences 

will appear if better specimens become available for comparison, or 

as the two species are very closely related, it may be found that they 

are specifically more nearly identical than now seems probable. 

FORMATION AND LocaLiry.—Lower Cambrian: near the base of 

the Comley sandstone (Hollybush series) in a purplish-red arena- 

ceous limestone, Comley quarry, on the flanks of Little Caradoc, near 

Church Stretton, Central Shropshire, England. 

CALLAVIA CARTLANDI Raw, MSS. 

PLATE 42, FIGS. 3-4 

Olenellus (Holmia?) cartlandi Raw, 1909, MSS. received from Mr. 

Frank Raw, University of Birmingham, England, December 17, 1909. 

This species is founded on a single specimen found loose in the 

quarry at Comley in Shropshire. It occurs on a characteristic piece 

of chocolate and green limestone of the Callavia callavei bed of the 

quarry that has been subjected to considerable abrasion and weath- 
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ering. The two photographs of the specimen show the characters 

of the species, and as Mr. Raw will soon publish a detailed descrip- 

tion, I will only quote from his manuscript the comparisons made 

with the closely allied and associated species C. callavei Lapworth 

to show how it differs from the latter species: 

Head. 

(1) The head is much broader in proportion. 

(2) It is greatly produced in a postero-lateral direction, this part of the 

cheeks being very extensive. 

(3) The posterior margin of the cheeks are wavy in outline, quite different 

from the simple sigmoid curve of O. (H.) callavei. 

(4) The occipital furrows are stronger and less oblique. 

(5) There is no indication of a strong occipital spine such as in O. (H.) 

callavei modifies so greatly the occipital ring. 

Thorax. 

(6) The trilobation in the thorax givés vastly different proportions between 

axis and limbs, the former being less than half the width of the 

latter, the contrast being due to a great lateral extension of the 

pleurz in this form. 

(7) The outline—wavy—of the pleure is quite different, as is also their 

initial directions (somewhat forwards) from the axial rings. 

(8) The falcate extremities of the pleure are much longer and more back- 

-wardly directed. 

Of these distinguishing characters, the most striking are the great relative 

breadth due to an extension of the limbs throughout and showing itself espe- 

cially in the entirely different proportion of the thoracic pleure—slender, 

instead of thick-set, and the shape of the pleure—wavy, of 3 curves, and starting 

from the axis somewhat forwards, instead of simply sigmoid and _ starting 

backwards. 

Callavia cartlandi is similar to C. burri [pl. 28, fig. 9] in not show- 

ing an occipital spine, or intergenal spines in its broad postero-lateral 

cheek, and in the narrowing of the glabella. It is not improbable 
that these two species will be found to represent a distinct form 

that may, with the discovery of better specimens, be placed under 

a new subgenus or genus. 

Callavia cartlandi differs strongly from Wanneria walcottanus 

[pl. 30, fig. 2] in the form of the anterior lobe of the glabella and 

the furrows on the pleurz of the thoracic segments. 

I am indebted to Mr. Frank Raw, of Birmingham University, 

England, for casts of the type specimens and for the opportunity 

to read his preliminary manuscript notes on the species. 

FoRMATION AND LocaLity.—Lower Cambrian: near the base of 

the Comley sandstone (Hollybush series) in a purplish-red arena- 

ceous limestone, Comley quarry, on the flanks of Little Caradoc, 

near Church Stretton, Central Shropshire, England. 
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CALLAVIA CROSBYI, new species 

PLATE 28, Fics. 1-8 

Olenellus (Holmia) bréggeri Burr, 1900, American Geologist, Vol. 25, 

pp. 43-44. (Specimens from North Weymouth described and dis- 

cussed. ) 
Olenellus (Mesonacis) asaphoides Burr, 1900, Idem, p. 45. (Distorted 

specimens of the cephalon found at North Weymouth are doubtfully 

identified with this species and characterized. ) 

Olenellus (Holmia) bréggeri GRABAU, 1900, Occasional Papers Boston Soc. 

Nat. Hist., No. 4, Vol. 1, pt. 3, pp. 662-664, pl. 33, figs. 1a-j. (Described 

and discussed.) 

Olenellus (Mesonacis) asaphoides ? GrABAu, 1900, Idem, pp. 667-660, pl. 

34, figs. 2a-b. (Identification based on distorted cephalons of Callavia 

crosbyi.) 

Metadoxides magnificus ? GRraBau, 1900, Idem, p. 670, pl. 34, figs. 4-6, 

(Fragments of spines referred to the species with reservation. ) 

Callavia crosbyi‘is so similar to C. brdggeri that the description 

of the latter, except where the two forms differ in details, will suf- 

fice. These differences are: the stronger posterior marginal border ; 

the presence of a narrow, clearly defined ridge about the anterior 

glabellar lobe in C. crosbyi; a stronger, broader pleural furrow in 

the thorax ; and a relatively shorter extension of the pleuree beyond 

the end of the furrow. The pygidium of C. crosbyi is not well 

known, as the only specimen showing it is crushed and poorly pre- 

served. The hypostome [pl. 28, fig. 6, and pl. 27, fig. 2] are similar 

as far as known. 

Callazia crosbyi differs from C. burri in the outline and details 

of the glabella, larger palpebral lobes, and proportions of the glabella 

and cheeks. 

The surface is finely granular and beautifully ornamented with a 

network of fine, irregular, anastomosing ridges, as shown by fig. 7, 

pl. 28. On the left side the elongate meshes of the network are seen 

as they occur on the broad margin of the cephalon and on the right 

side the fine network of the cheek below the eye; this surface ex- 

tends over the glabella, the posterior border of the cephalon, and the 

thoracic segments, except on the curved extensions of the pleurz 

where the meshes are coarser. 

The longest cephalon in the collection has a length of 58 mm. 

and width of 126 mm. This indicates that the dorsal shield attained 

a length of 32 cm. or more. 

ForMATION AND LocaLiry.—Lower Cambrian: (gn) associated 

with Callavia burri in the dark, purplish siliceous shale of the Wey- 

mouth formation on Pearl Street, North Wevmouth, Norfolk County, 

Massachusetts. 
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CALLAVIA ? NEVADENSIS, new species 

PLATE 38, Fics. 12-14. 

Olenellus gilberti Watcotr (in part) [not Mrrex], 1884, Monogr. U. S. 

Geol. Survey, Vol. 8, p. 29, pl. 9, fig. 16, and pl. 21, fig. 13 (not fig. 16a, pl. 

9, which is referred in this paper to Olenellus fremonti; nor figure 14, 

pl. 21, which is referred in this paper to Olenellus gilberti). (De- 

scribed. Figures 16 and 13 are copied in this paper, pl. 38, figs. 12 and 
14 respectively. ) 

Olenellus gilberti Watcort (in part) [not Meex], 1886, Bull. U. S. Geol. 

Survey No. 30, pp. 170-180, pl. 19, figs. 2c, d, f, and g (not pl. 18, figs. 

I, 1a-b; pl. 10, figs. 2, 2a, 2b, 2k; pl. 20, fig. 4; and pl. 21, figs. 1 and 1a 

= Olenellus gilberti; and not pl. 18, fig. 1c; pl. 19, figs. 2e, 2h, 2i; pl. 

20, figs. I, Ia-i, Ik-m; and pl. 21, figs. 2 and 2a = Olenellus fremonti). 

(The description and discussion given includes reference to specimens 

now referred to Callavia nevadensis. Figure 2d, pl. 19, is copied in this. 

paper, pl. 38, fig. 13; figure 2c is copied from Walcott, 1884, pl. 21, fig. 

13; and figure 2g is copied from Walcott, 1884, pl. 9, fig. 16.) 

Olenellus gilberti Watcorr (in part) [not MerxK], 1891, Tenth Ann. Rept. 

U. S. Geol. Survey, pl. 84, figs. re and 1g; pl. 85, figs. 1e and g (not 

pl. 84, figs. 1, 1a-c; pl. 85 figs. tb-d; and pl. 86, fig. 4 = Olenellus gil- 

berti; and not pl. 84, figs. 1d and rf; pl. 85, figs. 1, 1a, and 1f; and pl. 

86, figs. I, Ia-i, Ik-m = Olenellus fremonti). (No text reference. 

Figures te and rg, pl. 84, are copied from Walcott, 1886, pl. 10, figs. 

2d and 2f; fig. re, pl. 85, is copied from Walcott, 1886, pl. 19, fig. 2g; 

and fig. 1g, pl. 85, is copied from Walcott, 1884, pl. 21, fig. 13.) 

Of this species only fragments of the cephalon and thorax are 
known. These I referred to Olenellus gilberti [1884, 1886, and 

1891], but in restricting the latter species to the characters shown 

by the type specimens [pl. 36, figs. 1-3] the specimens from Pros- 

pect Mountain are separated and now referred to C. nevadensts. 

They are distinguished from O. gilberti by the broader space between 

the glabella and frontal rim, short eye lobes, and converging sides 

of the glabella, particularly those of the large frontal lobe. The 

glabella is similar to that of C. burri [pl. 28, fig. 9], but the marginal 
borders differ materially in the two species. 

Callavia nevadensis is associated with numerous fragmentary 
specimens of Olenellus fremonti [pl. 37] and Peachella iddingsi 

ie 30, fie. 171. 

The reference to the genus Callavia is on account of the tapering 

glabella and slender anterior glabellar lobe. 
FoRMATION AND LocaLity.—Lower Cambrian: Pioche formation 

at the following localities: (51 and 52) at the summit of Prospect 

Mountain, Eureka District, Eureka County; (30) on the west slope 

of the Highland Range, 8 miles (12.8km.) north of Bennetts Springs 

and about 8 miles (12.8 km.) west of Pioche, Lincoln County ; and 
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(313g) in the Groom Mining District, at the south end of the Timpa- 

hute Range, near the line between Nye and Lincoln counties; all in 

Nevada. 

Genus HOLMIA Matthew 

Paradoxides Forp (in part), 1878, American Journ. Sci., 3d ser., Vol. 15, 

p. 130, footnote. (Discusses the generic relations of Paradowides as 

represented by P. ejerulfi and P. aculeatus with Olenellus as repre- 

sented by O. asaphoides.) 

Olexellus Hotm (in part), 1887, Geol. Foren. i Stockholm Forhandlingar, 

Bd. 9, Hafte 7, pp. 498-499. (Described in Swedish. As described and 

discussed throughout the paper the genus includes many of the forms 

now placed in the family Mesonacide. ) 

Gen ? MATTHEW, 1888, Canadian Record Sci., Vol. 3, pp. 75-76. (Linnars- 

son’s species, Paradoxides kjerulfi, is discussed as the representative 

of a new genus intermediate between Paradovxides and Olenellus, and 

Matthew says: “It is to be hoped that his countrymen will see 

reason to connect Holm’s name with this new genus.” ) 

Holmia Marcou, 1890, American Geologist, Vol. 5, pp. 365-366. (Linnars- 

son’s species is discussed and Marcou accepts Matthew’s suggestion 

[1888, p. 76] and places the species under Holmia.) 

Holmia MattHEw, 1890, Trans. Roy. Soc. Canada, Vol. 7, Sec. 4, p. 160, 

footnote. (Points out differences between Olenellus kjerulfi and the 

American species of Olenellus, and proposes the generic name Holmia. ) 

Cephalacanthus Lapwortu (in part) [not Lacepepe], 1891, Tenth Ann. 

Rept. U. S. Geol. Survey, by Chas. D. Walcott, p. 641. (Proposed as a 

new genus to include Olenellus kjerulf, O. bréggeri, and O. callavei. 

The name, however, was preoccupied by Lacépéde, 1802, Hist. Nat. 

BOISss «Voll: seipses)) 

Cephalacanthus LapwortH (in part), 1891, Geol. Mag., Dec. 3, Vol. 8, 

p. 531. (Gives reasons for proposing the genus. The reference to the 

original place of publication of Cephalacanthus is given as “ Geol. Mag., 

1888, p. 641” it should be “ Tenth Ann. Rept. U. S. Geol. Survey, by 

Chas. D. Walcott, 1891, p. 641.) 

Holmia Corr, 1892, Natural Science, Vol. 1, p. 344. (Discussed. In the 

legend of figure 3, p. 343, Holmia is placed as a subgenus of Olenellus. ) 

Holmia Peacu, and Horne (in part), 1892, Quart. Journ. Geol. Soc. Lon- 

don, Vol. 48, p. 236. As defined this genus includes forms now re- 

ferred to both Holmia and Callavia.) 

Holmia (Olenellus) PEAcH (in part), 1894, Quart. Journ. Geol. Soc. Lon- 

don, Vol. 50, pp. 671-674. (Compares certain characters of Holmia 

with those of Olenellus and Mesonacis. As discussed in these pages, 

however, the genus includes forms now referred to both Holmia and 

Callavia.) 

Holmia BEECHER, 1897, American Journ. Sci., 4th ser., Vol. 3, p. 191. (Con- 

siders facial sutures of Holmia as in a condition of synthesis. Places 

Holmia in family Paradoving.) 

Holmia Frecn, 1897, Lethea geognostica, pt. 1, Lethea Paleozoica, Bd. 

2, p. 41. (Considers Holmia and Olenopsis Bornemann as identical.) 
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Holmia Mosere (in part), 1899, Geol. Foren. i Stockholm Férhandl., Bd. 

21, Hafte 4, p. 318. (Briefly characterizes genus. As characterized the 

genus includes species now referred to Callavia.) 

Holmia MattHEew, 1899, American Geologist, Vol. 24, p. 590. (Reviews 

Moberg’s paper [1899] and notes two types placed under Holmia.) 

Holmia WELLER, 1900, Ann. Rept. Geol. Survey New Jersey for 1899, pp. 

50-51. (Discussed. ) 

Holmia Pompecky, 1901, Zeitschr. Deutschen geol. Gesellsch., Vol. 53, 

Heft 2, pp. 14-17. (Olenopsis is compared with Holmia and other 

genera of the Mesonacidez. ) 

Holmia Linpstrom, 1901, Kongl. Svenska Vet.-Akad. Handlingar, Bd. 34, 

No. 8, p. 24. (Considers Holmia an eyeless trilobite, with beginning 

suture. ) 

Holmia is characterized by intergenal spines in the adult, a uniform 

series of thoracic segments and’a small more or less transverse py- 

gidium with only traces of transverse furrows indicating segments 

in the median lobe. 

Genotype.—Paradoxides kjerulfi Linnarsson, 1871. 
The only American species of the genus I recognize is Holmia 

rower Walcott. 

Stratigraphic range—Lower Cambrian. In Scandinavia the 

Holmia kjerulfi zone is just beneath the Paradoxides bearing strata. 

In Sweden it is overlain by the Paradovidcs tessini zone | Holm, 1887, 

p. 514], and in Norway by the P. dlandicus zone [Idem, p. 514]. 

Holmia rowei Walcott occurs low down in the Lower Cambrian 

in association with Nevadia weeksi Walcott. 

Geographic distribution.—Scandinavia in Europe; southwestern 

Nevada in the United States. 

Observations.—The generic relations and position of Holmia in 

the Mesonacidz are considered in observations on the Mesonacidee 

[p. 247]. 
From the occurrence of Holmia kjerulfi just beneath the Parado.- 

ides zone in Scandinavia with associated genera closely allied 

to those in the Paradoxides fauna it is probable that the genus 

occurs in the upper portion of the Lower Cambrian in western 

Europe. In the southwestern United States, in Nevada, Holmia 

rowei is found over 4,500 feet below the zone of Olenellus gilberti. 

I strongly suspect that there is a lost interval in the Scandinavian 

section between the zone of Holmia kjerulfi and Paradoxides dlandi- 

cus that may represent a portion of the section between Olenellus 

and Holmia in Nevada. That Olenellus is not found in Scandinavia 

also strengthens this view, as Olene/lus is very characteristic of the 

higher beds of the Lower Cambrian in both eastern and western 

North America. 
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Holmia [pl. 27, fig. 7] differs from Callavia [pl. 27, fig. 1] in 

having an expanded frontal glabella lobe; in its spinose extensions 

of the pleura; and small occipital spine. From Wanneria [pl. 30, 

figs. 2 and 6] it varies in not having a great spine on the fifteenth 
segment, and in having spinose extensions of the pleurz. The latter 

character is similar to-that in the thorax of Elliptocephala [pl. 24, 

fig. 1] and Mesonacis [pl. 26, fig. 1]. 

Holnua follows Mesonacis and Callavia in the scheme of classifica- 

tion of the Mesonacidz because it is considered that the thorax indi- 

cates a stage of development slightly more advanced than in those 

genera. The latter still retain the partially developed posterior 

segments that appear to have disappeared in Holmua. 

Dr. G. F. Matthew [1899, p. 59] in his review of Moberg’s paper 

[ 1899, pp. 309-348] mentions that there are two types under Holmia 

as arranged by Moberg [1899, pp. 314 and 318], the first two species 

mentioned after Holimia kjerulfii being distinguished from the geno- 

type by a difference in the number of the segments in the thorax, 

and possessing a conical in place of a club-shaped glabella. The 

species are H. broggeri Walcott and H. callavei Lapworth. These 

forms are now included in the genus Callavia. 

HOLMIA KJERULFI Linnarsson 

PrATE 276 iG 7 

Paradoxides kjerulf Lrnnarsson, 1871, Ofversigt af Kongl. Vet. Akad. 

Forhandlingar, pp. 790-702, pl. 16, figs. 1-3. (Described and discussed. ) 

Paradoxides kjerulfi (Linnarsson), KyJERULF, 1873, Om grundfjeldets og 

sparagmitfjeldets maegtighed 1 Norge. 2. Sparagmitfjeldt, p. 83, text 

figs. 1-5. (No text reference. ) 

Olenellus kjerulf (Linnarsson), Broccer, 1878, Nyt Mag. for Naturvid.. 

Bd. 24, p. 44. (Mentioned. ) 

Paradoxides kjerulfi Forp, 1878, American Journ. Sci., 3d ser., Vol. 15, p. 

130, footnote. (Discusses generic relations of Paradoxides as repre- 

sented by P. kjerulf with Olenellus as represented by O. asaphoides.) 

Paradoxides ? kjeruifi (Linnarsson), Forp, 1881, American Journ. Sci., 3d 

ser., Vol. 22, pp. 255-258, text fig. 10, p. 256. (Gives a diagrammatic 

figure of the cephalon, and discusses the relation of the species to 

Olenellus asaphoides and of Paradoxides to Olenellus.) 

Olenellus kjerulfi LINNARSSON, 1883, Sveriges Geol. Unders., Ser. C, No. 

54, pp. 18-20, pl. 3, figs. 12-17. (Describes and illustrates specimens. 

from Andrarum. ) 

Paradoxides kjerulfi (Linnarsson), Watcort, 1886, Bull. U. S. Geol. Sur- 

vey, No. 30, p. 178, pl. 20, fig. 2. (Compares occular ridge and facial 

suture back of the eyes with those features in Olenellus gilberti. 

Figure 2 is an outline drawing of the figure given by Linarsson [1871,, 

Diy he, 2a) 
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Olenellus (?) kjerulfi (Linnarsson), MatrHew, 1886, American Journ. 

Sci., 3d ser., Vol. 31, pp. 472-473. (Identifies species from Newfound- 

land and expresses doubt as to generic reference. ) 

Olenellus kjerulfi (Linnarson), Horm, 1887, Geol. Foren. i Stockholm 

Forhandl., Vol. 9, Hafte 7, pp. 493-522 (499-512 in particular). (De- 

scribed and discussed in Swedish, figuring a complete restoration of 

the dorsal shield [pl. 14, fig. 2] which has been widely copied, see pl. 

27, fig. 1 of this paper.) 

Paradoxides (Gen. ?) kjerulfii MattHew, 1888, Canadian Record Sci., 

Vol. 3, pp. 75-76. (The species is discussed as the representative of a 

new genus intermediate between Paradovrides and Olenellus and 

Matthew says: “It is to be hoped that his countrymen will see reason 

to connect Holm’s name with this new genus.’’) 

Holmia kjerulfi (Linnarsson), MArcovu, 1890, American Geologist, Vol. 5. 

pp. 365-366. (The species is discussed and Marcou accepts Matthew's 

suggestion [1888, p. 76] and places the species under Holmia. ) 

Olenellus (Holmia) kjefulfi (Linnarsson), Watcorr, 1891, Tenth Ann. 

Rept. U. S. Geol. Survey, p. 635, pl. 86, fig. 2; and pl. 93, fig. 2. (The 

figure on plate 86 is copied from Walcott, 1886, pl. 20, fig. 2; figure 2, 

pl. 93 is copied from Holm, 1887, pl. 14, fig. 2.) 

Cephalacanthus kjerulfii LApwortu, 1891, Tenth Ann. Rept. U. S. Geol. 

Survey, by Chas. D. Walcott, pp. 640-641. (Compared with “ Cephala- 

canthus callavei.”) 

Olenellus (Holmia) kjerulfii (Linnarsson), Core, 1892, Natural Science, 

Vol. 1, p. 343, text fig. 3. (Gives outline figure of the restoration of the 

dorsal shield by Holm, 1887, pl. 14, fig. 2.) 

Holmia (Olenellus) kjerulfii Peacu, 1894, Quart. Journ. Geol. Soc. Lon- 

don, Vol. 50, p. 671, pl. 32, fig. 12. (Mentioned. Figure 12 is copied 

from Holm, 1887, pl. 14, fig. 2.) 

Olenellus kjerulfii (Linnarsson), Koken, 1896, Die Leitfossilien, p. 7, text 

fig. 2. (Reproduces restoration of dorsal shield by Holm [1887, pl. 

14, fig. 2]. On page 352 the species is placed und ¢ Mesonacis. ) 

Olenellus (Holmia) kjerulfi (Linnarsson) Frecu, 1897, Additional plates 

inserted in 1897 in Lethza geognostica, pt. 1, Lethza Palzozoica, 

Atlas, pl. 1a, fig. 13. (Figure 13 is copied from Holm, 1887, pl. 14, 

fig. 2.) 

Holmia kjerulf (Linnarsson), Morerc, 1899, Geol. Foren. 1 Stockholm 

Foérhandl., Bd. 21, Hafte 4, p. 318, pl. 13, fig. 3. (Mentioned at several 

places in the text. The figure is copied from Holm, 1887, pl. 14, fig. 2.) 

Holmia kjerulfi Linpstrom, 1901, Kongl. Svenska Vet.-Akad. Handlingar, 

Vol 34, Now’ 8) p. 57. (Calls ‘attention to the “macule”” on’ the 

hypostoma. ) 

Dr. Holm’s memoir [ 1887, pp. 493-522] on this species is so com- 

prehensive and so well illustrated that I shall not attempt to repro- 

duce it further than to illustrate his restoration of the dorsal shield 

[pl. 27, fig. 7]. 
The most nearly related species is Holmia lundgreni Moberg [pl. 

40, figs. 4-7]. It differs from the latter in many details and, as 
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pointed out by Moberg [1899, p. 321], the two species belong to 

different stratigraphic horizons. H. kjerulfi is found in the “ grey- 

wacke”’ below the zone containing Paradowxides dlandicus Sjogren. 
FH. lundgreni Moberg has been found only in the Lower Cambrian 

sandstone. 

The only American species, Holmia rowei [pl. 29], differs in so 

many characters that it is unnecessary to make comparisons between 

the two species. 

The associated fossils at Tomten are Obolella mobergi Walcott, 

Obolella (Glyptias) favosa Linnarsson, and Arionellus. 

Dr. G. F. Matthew [1886, p. 472] identified “ Olenellus (?) 

kyjerulfi” from New Brunswick and Newfoundland. In his cata- 

logue of species in the Cambrian Rocks of eastern Canada [1904, 

pp. 260-278] he does not record the “ O. (?) kjerulfi”’ under Olenel- 

lus or Holmia. The specimens are not in the Matthew collection at 

the University of Toronto, Canada, and under date January 6 and 

March 18, tg10, Dr. Matthew writes that he doubts if there is any 

material representing Hlolmia in the collection in St. John, as his 

notes were based on fragments. 

FoRMATION AND LocaLity.—Lower Cambrian: (1) [Holm, 1887, 

p. 512] at Andrarum and Gislof, Province of Skane, Sweden. 

(2) [Linnarsson, 1871, p. 790] at Tomten in Ringsaker, near Lake 

Mjosen; and (3) [Holm, 1887, p. 512] at Kletten; both in Norway. 

(4) [Holm, 1887, p. 512] below Kyrkberget, on the shore of Great 

Uman Lake, Parish of Stensele, Lapland. 

HOLMIA LUNDGRENI Moberg 

PLATE 40, Fics. 4-7 

Olenellus lundgreni Morerc, 1892, Om Olenellusledet i sydliga Skandi- 

navien, p. 3. (Specimens exhibited at 14th meeting of Skandinavian 

naturalists at Copenhagen discussed. ) 

Holmia lundgreni Moverc, 1899, Geol. Foren, 1 Stockholm Forhandl., Bd. 

21, Hafte 4, pp. 321-320, pl. 14, figs. r-14. (Described and discussed. A 

plaster cast of the specimen represented by figures 2a-b is figured in 

this paper, pl. 40, figs. 4 and 4a.) 

Holmia lundgrent LinpstrOM, 1901, Kongl. Svenska Vet.-Akad. Hand- 

lingar, Vol. 34, No. 8, p. 57. (Calls attention to “ maculze” on hy- 

postoma. ) 

Only fragments of this species have been found, but these fortu- 

nately include one nearly entire cephalon [pl. 40, fig. 4]. All the 

specimens occur in a hard, compact, fine-grained sandstone. Through 

the courtesy of Dr. Moberg I received casts of the typical specimens 

described by him, also a few good fragments, of which three are 
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illustrated by figs. 5, 6, and 7, pl. 40. By the aid of these specimens 

and the casts and Dr. Moberg’s very detailed descriptions the fol- 

lowing brief description is drawn up: 

Cephalon semicircular, strongly convex. Width a little less than 

one-half the length; marginal rim broad, flattened and separated 

from the cheeks by a shallow furrow; it widens from the front 

toward the genal! angles and is probably produced into strong, flat- 

tened genal spines; posterior marginal rim about as wide as the 

rim in front of the glabella; it is faintly defined by a narrow, shal- 

low furrow. Glabella widening a little from the occipital ring to 

the anterior end of the eye lobes where it expands into the large 

anterior lobe; the latter rises abruptly from just within the mar- 

ginal rim and curves over to the level plane along the median line 

of the glabella; the glabella is marked by three pairs of lateral fur- 

rows joined across the glabella by a fainter furrow. The size and 

position of the furrows and the glabellar lobes are shown by figs. 

4 and 5. The occipital ring is subequal in width to the fourth lobe 

of the glabella; it has a small, pointed median tubercle at the pos- 

terior margin. The palpebral lobes start from the postero-lateral 

portion of the large anterior glabellar lobes, and arch backward to 

a point opposite the front of the occipital ring; they are eleyated 

nearly to the plane of the median line of the glabella and leave a 

depressed space between them and the dorsal furrow beside the 

elabella; sometimes a small intergenal spine is indicated at the end 

of a narrow elevated line extending from about the end of the 

occipital furrow. Dr. Moberg states that approximately parallel 

to this line is another fainter line, which extends from the posterior 
part of the eye, that he is inclined to consider an obliterated facial 

suture. He also noted traces of a similar line in front of the eye. 

The cheeks rise rapidly from the furrow within the marginal rim 

to the base of the eye. 

The hypostoma is shown by fig. 6. No traces of spines or tu- 

bercles are shown on any specimens I have seen of the back and 

lateral margins, and Dr. Moberg did not note any marginal spines. 

The median lobe of the thoracic segments is distinctly separated 

from the pleural lobes ; a strong median spine with an elongated base 

occurs on many of the fragments of the median lobe; on other 

specimens a small tubercle is all that is seen, Dr. Moberg draws 

the conclusion from this that the anterior segments had small, weak 

spines, and that the spines increased in strength on the middle seg- 

ments; the pleural lobe of the middle segments extend out directly 
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for about one-half their length and then curve evenly outward and 

backward, and narrow gradually to a point; the pleure are thus 

distinguished sharply from those of Holmua kjerulfi [pl. 27, fig. 7] ; 

pleural furrow oblique, clearly marked, and deepest near the in- 

terior end. 

Pygidium with a nearly circular outline without transverse fur- 

rows; its marginal rim is narrow on its anterior end, increasing 

slightly in width toward the posterior side where it narrows rapidly 

to the posterior median line, and thus gives a notched appearance 

to the posterior margin. 

The surface is marked by irregular, fine ridges that form a more 

or less irregular network. 

The largest cephalon has a length of 28 mm., width 54 mm., con- 

vexity about Io mm. 

Observations.—This species is most closely related to Holmia 
kjerulfi [pl. 27, fig. 7]. It differs in the outline of the glabella, 

genal angles, pleurze of thoracic segments, and hypostoma. The 

outline of the glabella is intermediate between that of Helmuia [pl. 

27, fig. 7] and that of Callavia [pl. 27, fig. 1]. 

The fossils found in association with this species are, according 

to Moberg [1899, p. 329], a patelloid shell and Hyolithes degeeri 

Fol. 

ForRMATION AND Locatity.—Lower Cambrian: a block of sand- 

stone (390v) collected west of Tumbyholm, north-northeast of 

Smedstorp, west of Simrisham, Province of Kristianstad, Sweden 

| Moberg, 1899, p. 328]. 

Dr. Moberg [1899, p. 329] states that he also found this species 

‘south from Gladsax Church. 

HOLMIA ROWEI, new species 

PLATE 20, Fics. I-I1 : 

Holmia rowei WALcottT, 1908, Smithsonian Misc. Coll., Vol. 53, No. 5, p. 

189. (Name used in No. 12 of section; the species does not occur in 

No. 3, nor in the Waucoba Spring section, pp: 187-188. The specimens 

identified with this species from 3 of the section are referred in this 

paper to Olenellus argentus and to Olenellus gilberti; those from 3d 

of the Waucoba section [pp. 187 and 188] are referred to Wanneria 

gracile; and those from Id and 2j [p. 186] are not specifically iden- 

tified. ) 

Dorsal shield elongate oval, rather strongly convex over the ceph- 

alon and less so over the thorax and pygidium. Cephalon semi- 

circular in outline, strongly convex, one-third the length of the 

dorsal shield; bordered by a strong, rounded rim ‘that is continued 
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into strong, long genal spines that are nearly as long as the thorax; 

the posterior border is broad, but not as convex as the frontal bor- 

der; it narrows toward the base of the glabella and shows a de- 

cided tendency to curve with a varying angle at the intergenal 

angle [figs. I, 5, 6, and 10, pl. 29]; the intermarginal furrow is 

narrow and rounded inward on the sides and in front, and rather 

more distinctly impressed within the posterior border. Glabella con- 

vex, elongate, gradually expanding from the occipital segment to the 

widest portion of the anterior lobe, dorsal furrow deep on the sides 

and in front; the anterior lobe is transverse, widest near its base, 

gradually curving on the sides to the rather sharply rounded front 

margin; .the anterior and third pair of furrows extend from the 

central third of the glabella obliquely forward and terminate at the 

dorsal furrow; the second pair terminate inside so that the second 

and third lobes unite and enclose it [fig. 6] ; usually the space be- 

tween the end of the glabellar furrow and the dorsal furrow is very 

narrow, and it is often broken through [figs. 1, 2]; occipital ring 

separated from the glabella by two lateral furrows that are similar, 

when the shell is not too much flattened, to the glabellar furrows ; 

the occipital ring is broad, convex, and with a long, strong median 
spine that curves backward over the axial lobe of the thorax to about 

the sixth segment ; the base of the spine is strong and, in large speci- 
mens, extends nearly across the occipital ring. The cheeks arch 

up from the intermarginal furrow to the base of the eye, broadening 

back of the eye and narrowing tcward the front margin so as to 

form only a narrow space of slightly variable width in different 

specimens between the glabella and the intermarginal furrow. The 

palpebral lobes are narrow, elongate, and gently arched outward 

and backward from the dorsal furrow beside the posterior lateral 

margin of the first glabellar lobe; they terminate a short distance 

from the dorsal furrow opposite the occipital furrow, thus giving 

only a slight divergence between their anterior and posterior ends; 
they are elevated to about the same height as the center of the 

glabella and slope rapidly into the depressed interpalpebral area, 

the drop to the cheeks is very abrupt, and gives only a narrow space 

for the visual surface of the eye. The only trace observed of a 

facial suture is an elevated line on the cast of the interior of a 

flattened cephalon ; the line starts at the posterior end of the palpe- 

bral lobe and extends backward a short distance before curving out- 

ward toward the marginal rim, which it crosses obliquely at about 

the same place as in Callavia broggeri [pl. 27, fig. 1]. 

5—w 
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Thorax with sixteen segments of the same character; the body 

of the thorax lies well within the long genal spines, owing to the 

shortness of the spinous extensions of the pleurz; its sides are sub- 

parallel back to the tenth segment, where they begin to arch inward 

toward the small pygidium ; axial lobe convex, about the same width 

as the pleural lobes, and narrowing gradually in width, a small 

elongate, median node, with a base as long as the width of the seg- 

ment, occurs on each segment, and there is a low, rounded elongate 

tubercle on each side that is much like that on the axial segment of 

Holmia kjerulfi [compare fig. 4, pl. 29, with fig. 7, pl. 27]; an 

elongate, subtriangular tubercle next to the dorsal furrow on the 

anterior side of the segment is also well shown by fig. 5; usually 

the elongate tubercles of the axial lobe have disappeared by com- 

pression of the test; pleural lobes nearly flat from the dorsal furrow 

out to their curved spinose extensions where they arch gently down- 

ward; each pleura has a broad, strong furrow that is broadest next 

to the dorsal furrow from whence it narrows very gradually to 

just within the curved terminal spinous extension of the pleure. 

The posterior margin of the spinous extension is arched forward 

from the posterior margin of the pleurze, which gives a beaked or 

slightly hooked outline to the termination of the pleure. 

Pygidium small; width at the anterior margin and length sub- 

equal; the sides extend slightly outward from the anterior margin 

and terminate in short spines ; the posterior margin is slightly arched 

backward at the center and inward on each side toward the base of 

the postero-lateral spines; axial lobes with one anterior transverse 

ring that appears to bend backward along the outer margins and 

extend into the terminal spines; back of the transverse ring a sub- 

triangular termination of the axial lobe, of equal width and length, 

occupies the central area; it does not reach the posterior margin, 

and it has no traces of transverse rings or furrows; with the possible 

exception of the rounded outer marginal rim there are no indications 

of pleural extensions of the rings across the smooth space between the 

axial lobe and outer margins; the anterior ring shown by fig. I1 is 

the forward extension of the first ring that slipped beneath the ter- 

minal segment of the thorax. 

Surface strongly granular on the outer rim of the cephalon [fig. 

7|, finely granular over most of the test, and with irregular network 

of fine elevated ridges that may give a pitted appearance in some 

places [fig. 8] where the ridges are crowded, or an open pattern 

with elongate meshes on the cheeks and segments. 
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Dimensions.—A dorsal shield 44.75 mm. in length has the follow- 

ing dimensions: 

Cephalon: mm, 
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Pygidium: 
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The preceding description is based on adult specimens from 40 mm. 

to 50 mm. in length. The largest cephalon in the collection has a 

length of 30 mm.; width 50 mm. This indicates a dorsal shield 

of about 85 mm. in length. One young stage of growth is partly 

illustrated by a broken cephalon 1.5 mm. in length in which the 

outline [fig. 9] is rounded; glabella cylindrical, with the base of the 

frontal lobe continuous with the strong palpebral segment ; this may 

be compared with the stage of Elliptocephala asaphoides represented 

bynes 4. of pl 2s. 

Observations.—Fragments of this species occur abundantly in asso- 

ciation with Nevadia weeksi in hard, shaly sandstones deep down in 
the Lower Cambrian (Georgian) section of southwestern Nevada. 

In America it is the oldest species of the genus Holmia, and in de- 

velopment its position in the Mesonacidz appears to be after the 

forms with imperfectly developed posterior thoracic segments: Ne- 

vadia, Mesonacis, and the slightly more specialized Callavia. 
The generic relations of Holmia rowet to the genotype H. kjerulft 

are very close as may be seen by comparing the illustrations on pl. 

29 with fig. 7, pl. 27. The eye lobes are of the same character, as 

are the other parts of the cephalon; each species has sixteen thoracic 

segments that terminate in narrow arching spines; the pygidia are 

small and of the same type. The occipital spine of H. rowei is 

longer than that of H. kjerulfi. The specific differences are in the 

details of the cephalon, such as the relation of the anterior lobe of 

the glabella to the frontal border; the longer occipital and genal 
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spines and more arched pleural spines of H. rowei and the outlines 

of the pygidia. 

FoRMATION AND LocaLity.—Lower Cambrian: (1f) arenaceous 

shales of the Silver Peak Group, forming No. 12 of the Barrel 

Spring section [Walcott, 1908c, p. 189], 3 miles (4.8 km.) north- 

west of Barrel Spring, which is 10 miles (16 km.) south of the 

town of Silver Peak, Esmeralda County, Nevada. 

WANNERIA, new genus 

Dorsal shield large, broadly oval in outline. Cephalon about two- 

fifths of the length of the dorsal shield, transversely semicircular 

in outline with genal angles extended into strong spines; marginal 

border strong; cheeks broad; glabella elongate, semicylindrical and 
with four lobes, the anterior being the largest and expanded slightly 

or not at all beyond the line of the sides of the glabella; palpebral 

lobe connected to the anterior lobe of the glabella; it is short and 

relatively small in the adult [pl. 30, fig. 2; pl. 31, fig. 3] and in- 

creasing in length with the decrease in the size of the cephalon [pl. 

30, figs..3;.4; pl. 21, figs: 3; 1, 2,745.7, 83 pl. 38, ie ss toweenn 

Thorax with seventeen segments; median lobe strongly convex; 

pleural lobe broad and with the pleurz extended into falcate ends 

that curve more and more backward until the posterior pairs nearly 

enclose the pygidium; pleural furrow broad, next to the axial lobe, 

and extending out about one-half the length of the pleura. 

A small median, elongate tubercle occurs on the axial lobe of each 

segment, that becomes a strong, long, median spine on the fifteenth 

segment in old, large specimens [fig. 11, pl. 30]. It is small in 

younger individuals [fig. 10, pl. 30]. 
Pygidium small, subcircular, transverse where it joins the thorax 

and notched at the posterior center. 

Surface with irregular network of very fine, irregular ridges that 

form very fine meshes over the greater part of the outer surface of 
the dorsal shield and hypostoma; the meshes are elongated on the 

marginal border of the cephalon and genal spines subparallel to the 

margin, while on the doublure of the thoracic pleurze the meshes are 

more or less transverse [pl. 31, fig. 12], also on the pygidium [pl. 

30, fig. 8]. 

Dimensions.—Two of the species of the genus, W. walcottanus and 

W. halli, grow to a large size, equal to that of any species of the 

Mesonacidz. The former species is known to have reached a length 

of 17.6 cm. with a width of 15 cm. at the genal angles. Fragments 

of W. halli indicate a length for the dorsal shield. of 15 cm. 
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Young stages of growth—Nothing is known of the younger stages 

of growth of the genotype, W. walcottanus [pl. 30], but of the closely 

related species, W. halii [pl. 31], there are examples of a number of 

the younger stages of growth of the cephalon. These show that in 

the youngest stage of growth known [pl. 31, fig. 8] the form is much 

like that of the young of Pedeumias transitans [pl. 32, fig. 1, pl. 25, 

fig. 22], and Elliptocephala asaphoides [pl. 25, fig. 10]. The most 

notable changes resulting from increase in size are the diminution in 

size and length of the palpebral lobes [pl. 31, figs. 8, 7, 4, 2, 1, 3], 
the separation of the genal from the intergenal spines [pl. 31, figs. 

8, 6, 4, 1], and the widening of the glabella back of the first lobe 

[pl. 31, figs. 8, 5, 7, 4] until its sides are sub-parallel; the change in 

form of the first or anterior lobe of the glabelia is shown by figs. 8, 

5, 7, 4, 2, 1, of pl. 31. Due allowance should be made for the ex- 

pansion or widening of the anterior convex lobe as the result of flat- 
tening by compression in the shale. 

Genotype.—Olenellus (Holmia) walcottanus Wanner. 

The generic name is given in honor of Prof. Atreus Wanner, of 

York, Pennsylvania, who first described the type species. 

Stratigraphic range-——Lower Cambrian (Georgian). The geno- 
type occurs in the York formation, Olenellus zone, in the upper por- 

tion of the Lower Cambrian terrane, and W. halli occurs in the same 

zone in the Montevallo shale. W. gracile is found about 2,000 feet 

down in the St. Piran formation of the Lower Cambrian of Alberta, 

Canada, and 1,450 miles to the south in Nevada it occurs 1,200 feet 

or more below the zone of Olenellus gilberti, which corresponds to 

about the horizon of Wanneria halli and W. walcottanus in Alabama 

and Pennsylvania, respectively. 

Geographic distribution.—The genotype occurs in an east and west 

belt across the central parts of York and Lancaster counties, Penn- 

sylvania. W. halli is found in central Alabama, and W. gracile in 

Nevada and Alberta, Canada. . 

Observations.—The cephalon is similar in generic characters to 

that of Elliptocephala, Mesonacis, Pedeumias, Olenellus, and Holmia, 

but differs from that of Callavia in having a more expanded anterior 

glabellar lobe, and in not having a large occipital spine. The thorax 

has seventeen segments of the Callavia broggeri type [pl. 27, fig. 1], 

in that the segments continue of a uniform width out to where the 

margins converge into a strong backward curving point, but they 

differ in having a broad pleural furrow of the Olenellus thompsoni 

type [pl. 35, fig. 1], instead of the narrow oblique furrow of C. 

bréggert. The great spine of the fifteenth segment of the adult 
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[pl. 30, fig. 11] is not found in Callavia or Holmia. Wanneria also 

differs from Holmia in the character of the lateral extensions of -the 

pleure. In Holmia the spinose extensions give quite a different 

aspect [pl. 27, fig. 7] from that of the extensions of Wanneria [pl. 

30, fig. 1]. Wanneria differs from Elliptocephala [pl. 24, fig. 1], 

Mesonacis [pl. 26, fig. 1], Nevadia [pl. 23, fig. 1], in the characters 

of the thorax to such an extent that a statement of the differences 

is unnecessary in this place. 

WANNERIA ? GRACILE, new species 

PLATE 38, Fes. 15-24 

Holmia rowei Watcott, 1908, Smithsonian Misc. Coll., Vol. 53, No. 5, pp. 

187 and 188. (The specimens listed under this name in 3d of the 

Waucoba section are referred in this paper to Wanneria gracile.) 

Holmia weeksi Watcort, 1908, Idem, p. 189. (The specimens listed under 

this name in 3 of the Barrel Spring section are referred in this paper to 

Wanneria gracile.) 

Cephalon semicircular in outline, moderately convex; marginal 

border rounded, strong in the larger, narrow and wire-like in the 

smaller specimens, and continued backward at the genal angles into 

moderately strong spines; posterior marginal border rounded and 

narrow at the occipital ring and slightly broader where it merges 

into the strong outer rim at the genal angles. In a cephalon 17 mm. 

in length there are no traces of an intergenal angle [fig. 21], but 

in one 7 mm. in length a broad angle is present and the marginal 

rim is thickened by an oblique, obscure intergenal ridge that was 

undoubtedly an intergenal spine in younger specimens [fig. 22]. 

An unusual specimen of the cephalon, 8 mm. in length [fig. 23], has 

the outer margin curved inward very much as in a very young 

cephalon 2 mm. in length [fig. 24]; the ridge on the test from the 

base of the eye out to the margin indicates the position of the inter- 
genal spine at 1; the genal spine is not shown on the specimen. Gla- 

bella convex, elongate, narrowing gradually from the occipital ring to 

the front of the first lobe ; four strong furrows extend obliquely back- 

ward from each side nearly to the center where they are united by 

a very shallow transverse furrow ; the very slight dorsal furrow about 

the glabella is crossed by the occular ridges that join the anterior 

lobe of the glabella at its postero-lateral margins; the second, third, 

and fourth glabellar lobes are curved slightly backward and almost 

pass into the flat area within the palpebral lobe; the proportions of 

all the glabellar lobes and the occipital ring are shown by figs. 19 
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and 20, also the size and length of the palpebral lobes which are 

elevated and joined to the first glabellar lobe by a narrow ridge. 

The palpebral lobe [figs. 17, 19] is short and much like that of 

Wanneria walcottanus [pl. 30, fig. 1]. From the posterior end 

of the palpebral lobe a narrow furrow on the interior of the test 

curves backward and then outward and backward to the posterior 

margin, following in its course the position of the facial suture of 
Paradoxides spinosus Boeck | Barrande, 1852, pl. 12, fig. tr]. Oc- 

cipital ring strong, rounded, and with a small median node near the 

posterior margin. 

The hypostoma is of the same general character as that of Cal- 

Javia bréggeri [pl. 27, fig. 2] and C. crosbyi [pl. 28, fig. 6], and 

differs from the hypostoma of Wanneria [pl. 31, fig. 9] in having a 

smooth, rounded frontal margin. 

Surface known only from a few fragments of the test adhering 

to the specimens illustrated by figs. 20 and 23. These show the char- 

acteristic irregular, elevated ridges of the surface of Holmia, also 

fine, rather sharp granulations. A cephalon 2 mm. in length [fig. 

24] is strongly convex and with unusually elevated prominent pal- 

pebral lobes that merge into the first glabellar lobe in a manner 

similar to those of the young of Elliptocephala asaphoides [pl. 25, 

fig. 10]. 

Dimensions.—These are shown for the cephalon by fig. 21, which 

is reproduced from a photograph, natural size. 

Observations ——This is a very interesting species of the Meso- 

nacide, and it is to be regretted that there are no entire specimens of 

the dorsal shield. Wanneria ? gracile is distinguished by its slender 

conical glabella from W. walcottanus. It resembles the latter species 

in having short, elevated palpebral lobes connected with the first lobe 

of the glabella by a strong occular ridge. Its slender glabella with 

the narrow first lobe is more like that of Callavia |[pl. 27, fig. 1; pl. 

28, figs. 3 and 8] than that of Wanneria [pl. 30, fig. 1; pl. 31, figs. 

1, 5, 6], which has a rounded, expanded anterior lobe to the glabella. 

It is not known whether there was a large spine on the thorax as in 

Wanneria [pl. 30, fig. 11]. The absence of this information and the 

conical outline of the anterior lobe of the glabella renders it difficult 

to make a positive reference of the species to Wanneria. The strong 

marginal border of the cephalon, small eyes, and the absence of an 

occipital spine relate it more closely to that genus than to Callavia. 

It is not improbable that entire specimens will show it to be a form 

intermediate between Callavia and Wanneria. 
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The stratigraphic position of W.? gracile is in the central 

portion of the Lower Cambrian terrane of western Nevada and 

southeastern California beneath the great Archzocyathus limestone. 

It is associated with Olenellus fremonti in the massive quartzitic 

sandstone series 2,500 feet above the horizon of Nevadia weeksi, and 

1,200 feet or more below the upper beds of the Lower Cambrian 

carrying Olenellus gilberti. At Vermilion Pass, Alberta, numerous 

specimens of the cephalon of this species [pl. 38, figs. 17-20] occur 

ina hard, brownish-gray sandstone of the St. Piran formation, about 

2,000 feet below the Mt. Whyte formation and 250 feet above the 

Lake Louise formation. With the cephalon for comparison, there 

do not appear to be specific differences between the specimens from 

Nevada and Alberta, localities 1,450 miles distant from each other. 

Near Resting Springs (locality No. 14p) the following species 

are associated with W. gracile: Cystid plates, Lingulella (Lin- 

gulepis) rowet Walcott, Billingsella bizia n. sp., Obolella vermil- 

tonensis n. sp., and Olenellus fremonti Walcott; in Nevada (locality 

No. 1v): Archeocyathus ? sp., Kutorgina cingulata (Billings), K. 

perugata Walcott, Siphonotreta ? dubia n. sp., Swantonia weeksi 

Walcott, Swantoma ? sp., Stenotheca cf. elongata Walcott, Steno- 

theca cf. rugosa Walcott, Ptychoparia sp., and Olenellus argentus 

Walcott; at Vermilion Pass (locality No. 60b) : Obolella vermilion- 

cnsis n. sp., Orthotheca adamsi, n. sp. 

FORMATION AND LocaLity.—Lower Cambrian: Silver Peak for- 

mation [see Walcott, 1908c, p. 185] at the following localities: (14p) 

quartzitic sandstones near Resting (Fresh Water) Springs, which 

is in the southwest corner of T. 21 N., R. 8 E., on the Armagosa 

River; (8) arenaceous shales and shaly sandstones 3 miles (4.8 km.) 

above Tollgate Canyon, White Mountain Range; (53) sandstones 

in the lower portion of 3d of the Waucoba Springs section [Wal- 

cott, 1908f, pp. 187 and 188], 1 mile (1.6 km.) east of Saline Valley, 

road about 2.5 miles (4km.) east-northeast of Waucoba Springs ; 

(176 and 178a) in arenaceous shales apparently lying between mas- 

sive limestones carrying Archzeocyathus, at the south end of the 

Deep Spring Valley, about 20 miles (32 km.) east-southeast of Big 

Pine in Owens Valley; and (177) shales in low hills 3 miles (4.8 

km.) west of the Deep Spring Valley ; all in Inyo County, California. 

(1v) arenaceous shales 3 miles north of Valcalda Spring and 4 

miles (6.4 km.) northwest of Drinkwater Mine, Silver Peak quad- 

rangle, Esmeralda County, Nevada. 



OLENELLUS AND OTHER GENERA OF MESONACIDZ& 301 

(60b) compact sandstones of St. Piran formation about 2,000 

feet (610 m.) below the Mount Whyte formation and 200 to 300 

feet (61-91 m.) above the Lake Louise shale, at Vermilion Pass, 

on the Continental Divide between British Columbia and Alberta, 

west-southwest of Castle on the Canadian Pacific Railway, Alberta, 

Canada. 

WANNERIA HALLI, new species 

PLATE 31, Fics. I-11 

The cephalon, hypostoma, and fragments of the thoracic seg- 

ments of this species are all that is known of it. The cephalon [pl. 

31] has the same generai outline and broad marginal border as that 

of W. walcotianus (pl. 30, figs. 1 and 2]. The cephalon of W. halli 

differs from that of the latter species in having a more narrow gla- 

bella in proportion to the width of the cheeks and a smaller anterior 

lobe. The genal angles of 27 specimens of the cephalon of W. halli 

are all advanced in the adult, and only in the young are they on a 

line with the posterior margin [figs. 5 and 6]. In the larger speci- 

mens [figs. 1 and 3] the intergenal angle is a right angle; this grad- 
ually changes as the cephalon grows smaller [figs. 2, 4, and 6] 

until the genal angles slope inward [figs. 5 and 7] and rest against 

the intergenal spines [fig. 8]. 

The palpebral lobe of the adult [fig. 3] is relatively small, less 

than one-third of the length of the cephalon, but with decrease in 

size of the cephalon the lobe increases in length |figs. 1, 2, 4, 7, and 

8] until in the smallest cephalon [fig. 8] it is seven-twelfths of its 
length; this includes the strong, elevated ridge that unites the lobe 

with the anterior lobe of the glabella. The narrowing of the glabella 

at the posterior end of the anterior lobe is also a very striking feature 

of the young of W. halls [figs. 5, 7, and 8]. 

The associated hypostoma has an elongate oval body that narrows 
posteriorly to the neck, that connects it with the convex transverse 

posterior section. A deep, oblique, lateral furrow separates the body 

on each side from the narrow raised outer rim and the posterior 

section ; the outer rim merges into the convex posterior section that 

arches about the posterior portion of the body and the posterior and 

lateral margins are bordered by a flattened margin that is perforated 

by twelve small, round holes that, when the outer edge is broken 

away, leave the interspaces as blunt points which form a denticulated 
margin. The perforated margin occurs on very small specimens and 

those up to 2 mm. in length. Larger specimens have a denticulated 
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margin, and in the still larger all traces of the perforations have dis- 

appeared, and true spines occur usually six on each side and two or 

four on the posterior margin, as in Pedeumias transitans |pl. 34, 

higs:5, 6; and: 7): 

Fragments of thoracic segments associated with the cephalon indi- 

cate [figs. 10, 11, pl. 31] that the pleural lobes were broad, and that 

the pleuree of each segment continued outward and curved gently 

backward, narrowing gradually to a sharp point, as in W. walcot- 

tanus [pl. 30, figs. 1, 10-12]. 

Surface very rarely preserved owing to the maceration and com- 

pression of the specimens in the fine arenaceo-argillaceous shale. 

The few traces of it left indicate that it was similar to that of W. 

walcottanus in having an irregular network of fine, irregular ridges 

over the greater part of the surface; this is shown for the latter 

species by figs. 12, 13, pl. 31, and for W. halli by figs. 10, 11, pl. 31. 

Dimensions.—The largest fragment of the cephalon in the col- 

lection indicates a complete cephalon 60 mm. in length with a width 

of 110 mm. and a dorsal shield based on the proportions of W. 

walcottanus of about 150 mm. in length. 

Reference to the younger stages of growth of this species may be 

found under the description of the development of the individual of 

the Mesonacide (pp. 236-243). 

The specific name is given in honor of Prof. James Hall. 

FORMATION AND LocaLiry.—Lower Cambrian: in the upper por- 

ton of the Montevallo formation at the following localities: (56c) 

argillaceo-arenaceous shales about 1,000 feet (305 m.) northeast of 

town of Helena, on roadside just north of Buck Creek; and (164c) 

4 miles (6.4 km.) south of Helena on road to Montevallo; both in 

Shelby County, Alabama. 

WANNERIA WALCOTTANUS (Wanner) 

PLATE 30, FIGS. I-12; PLATE 31, FIGS. 12 AND 13 

Olenellus (Holmia) walccttanus WANNER, 1901, Proc. Washington Acad. 

Sci., Vol. 3, pp. 267-269, pl. 31, figs. I, 2; pl. 32 figs. 1-4. (Described and 

discussed as a new species. The specimens represented by I, 2, and 3, 

pl. 32 are redrawn in this paper, pl. 30, figs. 6, 5, and 7 respectively. 

The specimen represented by figure 2, pl. 31, is redrawn in this paper, 

plas fen b2.) : 

This is one of the largest species of the Mesonacide, and like 

Callavia broggeri (Walcott), C. crosbyi Walcott, and C. burri Wal- 

ecott, occurs in the upper portion of the North American Lower Cam- 



OLENELLUS AND OTHER GENERA OF MESONACID/E 303 

brian terrane. It is quite abundantly represented by fragments in the 

collections from York and Lancaster counties, Pennsylvania, atid more 

rarely by entire specimens. Since the original description of the 

species [Wanner, 1901 | Professor Wanner has found specimens that 

prove the existence of a median spine on the fifteenth segment that 

in old and large dorsal shields is as strong as in large dorsal shields 

of Pedeumias transitans [compare fig. 11, pl. 30, with figs. 3 and 4, 

pl. 33]. On smaller dorsal shields the median spine is proportionally 

much less developed [see pl. 30, figs. 10 and 12]. The median spine 

of the fourteenth segment is short and slender, but stronger in large 

dorsal shields than the pointed nodes on the other segments of the 
thorax and the occipital segment of the cephalon. 

The palpebral lobe of the adult is small, about one-third of the 

length of the cephalon [fig. 2], but these specimens of younger 

stages of growth indicate that the lobe is progressively longer [figs. 
3, 4] as the cephalon decreases in size. This character is finely 

shown in the young of Wanneria halli [pl. 31]. 

The presence of the great spine on the fifteenth segment indicates 

the approach of the Mesonacis stage of development and the tendency 

to acquire the adult character of Olenellus thompsoni of having a 

large terminal telson without segments and pygidium posterior to it. 

The adult W. walcottanus resembles Callavia broggeri (Walcott) 

and C. callavei (Lapworth), but differs greatly in its smaller eyes, 

absence of occipital spine, and presence of a great spine on the 

fifteenth segment. 

Dimensions.—A large somewhat flattened dorsal shield from 1 

mile north of Rohrerstown, Lancaster County, Pennsylvania, has a 

length of 17.6 cm. and a width at the genal angles of the cephalon 

of 15 cm. The cephalon is 6.4 cm.; thorax 10.2 cm., and pygidium 

Icm. in length. The eye lobes vary slightly in length as compared 

with the length of the cephalon, but the average length is one-third 

of the length of the cephalon. The relative proportions of other 

parts of the dorsal shields are well shown by fig. 1, pl. 30. 

The cephalons of Olenellus thompsoni crassimarginatus [pl. 35, 
figs. 8-10] recall those of W. walcottanus [pl. 30], except that the 

latter has small eyes and an expanded anterior glabellar lobe, while 

the former has large eyes and a narrower anterior lobe to the glabella. 

This species differs from Wanneria halli [pl. 31] in having a wider 

anterior glabellar lobe, proportionally wider glabella, narrower 

cheeks, with the genal angles on a line with the posterior margin 
of the cephalon. 
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FoRMATION AND LocaLity.—Upper portion of the Lower Cam- 

brian, in the York formation: (8q)* calcareous shales 2 miles (3.2 

km.) northwest of the city of York, Pennsylvania, and eastward in 

the same band of shales across York County to the Susquehanna 

River. 

(12w)° 2 miles (3.2 km.) north of the city of Lancaster, Pennsyl- 

vania, near Fruitville, and westward at various localities to the 

Susquehanna River, notably 1 mile (1.6 km.) north of Rohrerstown, 

on the farm of Noah L. Getz. 

PHDEUMIAS, new genus 

(Mavdevpa = rudiment) 

The description of Pedeumias is included in that of the genotype 

P. transitans. I began by placing this form as a variety of Olenellus 

thompson, but when I came to discuss its relations to Olenellus it 

appeared desirable to give it a distinct generic and specific name, 

as it is a transition stage between M/esonacis and Olenellus. 

Pedeumias is a Mesonacis or an Olenellus with rudimentary 

thoracic segments and pygidium posterior to the fifteenth segment, 

as one may wish to consider it. The cephalon and first fourteen 

segments are generically the same in the three genera. Their differ- 

ences are in the dorsal shield posterior to the fourteenth segment. 
Mesonacis has a spine-bearing fifteenth segment [pl. 26] with ten 

smaller but typical thoracic segments and a pygidium characterized 

by postero-lateral spines. 

Pedeumias has the fourteenth segment as a median spine posterior 

to which there are from two to six rudimentary segments, and a 

.rudimentary pygidium [pl. 33]. 

Olenellus has the fifteenth segment as a terminal telson without 

segments or pygidium posterior to it. 

Genotype.—Pedeunuas transitans Walcott. 

Stratigraphic range—Lower Cambrian (Georgian) terrane, in 

upper portion, in association with Olenellus thompsom. 

Geographic distribution—Typical locality Georgia, Franklin 

County, Vermont. It has been found on the south side of the St. 

Lawrence River at Bic, in the Province of Quebec; at Bonne Bay, 

in northwestern Newfoundland; in Labrador, at L’Anse au Loup, 

on the Straits of Belle Isle; south of Vermont, in Lancaster and 

York counties, Pennsylvania; near Cleveland, in eastern Tennessee ; 

and in Shelby County, Alabama. 

* Collected by Prof. Atreus Wanner. 

* Collected by Prof. H. Justin Roddy. 
» 



OLENELLUS AND OTHER GENERA OF MESONACID/E 305 

PAEDEUMIAS TRANSITANS, new species 

PLATE 24, Fic. 12;. PLATE 25, Fics. 19-22; PLATE 32, Fics. 1-13; PLATE 33, Fics. 

1-5; PLate 34, Figs. 1-8; PLATE 44, Fic. 7 

? Paradoxides thompsoni Brrtncs [not (HALL)], 1861, Geol. Survey 

Canada, Paleozoic Fossils, p. 11. (Mentions presence of a head repre- 

senting Olenellus thompsoni at Anse au Loup. In view of the 

similarity between the heads of that species and Paedeumias transitans, 

and the fact that Paedeumias transitans has been identified from this 

locality in material loaned to me by the Geological Survey of Canada 

it is probable that the latter species is the one referred to by Mr. 

Billings. ) 

? Barrandia vermontana Hay (in part), 1861, Report on the Geology of 

Vermont, Vol. I, p. 370, first 6 paragraphs. (Copies the paragraph 

given by Hall [1860, p. 117] and describes the species. The text in- 

cludes reference to figures [see Hall, 1862, pl.-13, figs. 4 and 5 in 

following reference] now placed under Paedewmias transitans.) 

? Barrandia vermontana HA. (in part), 1862, Report on the Geology of 

Vermont, Vol. 2, pl. 13, figs. 4 and 5 (not fig. 2 which is a true Meso- 

nacis vermontana). (As stated under this reference in the synonomy 

of Mesonacis vermontana, the specimens represented by figures 4 and 

5 appear to be more closely allied to Paedeumias transitans than to 

Mesonacis vermontana.) 

? Olenellus thompsoni Bittincs [not (HALL) ], 1865, Geol. Survey Canada, 

Paleozoic Fossils, Vol. 1, p. 11. (Reprinted from Billings, 1861a, p. 

II, substituting Olencllus for Paradoxides. ) 

Olenellus thompsoni WuitFietp [not (Hatt) ], 1884, Bull. American Mus. 

Nat. Hist., Vol. 1, No. 5, pp. 151-153, pl. 15, fig. 1. (Described and 

discussed. ) 

Olenellus vermontana WHITFIELD [not (HALL) ], 1884, Idem, pp. 152-153, 

pl. 15, figs. 2-4. (Discussed. ) 

? Olenellus thompsoni ? WELLER [not (HaALL)], 1900, Ann. Rept. Geol. 

Survey New Jersey for 1899, pp. 49-51, pl. 1, figs. 9-10. (Described and 

discussed. Only the head of this species is figured but it appears to 

be referable to Paedeumias transitans.) 

In 1892 Prof. Atreus Wanner, of York, Pennsylvania, called my 

attention to the presence of well-preserved specimens of what we 

considered to be Olenellus thompsont (Hall) in argillaceous shales at 

York [Walcott, 1896, pp. 13 and 16, footnote]. Subsequently Dr. 

Charles Schuchert made a large collection for the National Museum 

from the localities discovered by Professor Wanner, and later the 

latter permitted me to study the material in his private colléction, 

and recently sent a number of well-preserved specimens of the 

younger stages of growth that he had found during the past ten 

years. The study of all available material has resulted in discover- 

ing a curious and interesting series of changes between the protaspis 
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stage and the typical adult of O. thompsont, that include characters 

of the adult forms of Holmia, Mesonacis, and Olenellus, also that a 

form otherwise identical with O. thompsoni has rudimentary thoracic 

segments and a Holmia-like pygidium posterior to the fifteenth spine- 

bearing segment of the thorax. For this form the name Pedeumias 

transitans is proposed. In my first notes I referred these forms to 

Mesonacis, but with better material it became evident that the rudi- 

mentary segments of P. transitans were quite unlike those of Meso- 

nacis [compare fig. 12, pl. 24, with figs. 2 and 3 on pl. 26]. 

In many specimens of P. transitans from York two to six rudi- 

mentary segments and a small, plate-like pygidium occur beneath 

and posterior to the fifteenth telson-bearing segment. The rudi- 

mentary segments are very thin, without pleural lobes, and marked 

by a broad, simple, transverse furrow; the ends terminate abruptly 

with a very short spine at the posterior angle in some specimens. 

The York specimens [pl. 33, figs. 2-5] are similar to those from 

Vermont [fig. 1, pl. 33, and fig. 1, pl. 34]. In the typical form of 

Mesonacis vermontana [pl. 26, figs. 1 and 3] there are well-defined 

pleural lobes back-of the fifteenth segment of the thorax, and the 

spine on the fifteenth segment is a characteristic dorsal spine and not 

a terminal telson like that of O. thompsom [pl. 34, fig. 9; pl. 35, 

fic..1|.° The spine of fig. 1, pl. 33; is nearing the last stare @mane 

change from the Mesonacis-like dorsal spine to the telson of Olenel- 
lus. A similar specimen to this was found by Mr. Noah L. Getz one 

mile north of Rohrerstown, Lancaster County, Pennsylvania. 

Restricting Mesonacis to those forms in which the segments pos- 

terior to the spine-bearing fifteenth segment are normal thoracic 

segments, such as represented by figs. I, 2, and 3, pl. 26, we then 

refer all with the short rudimentary segments posterior to the spine- 

bearing fiftéenth segment to the Pedeunnas stage of development of 

the Mesonacidz as Pedeumias transitans,; this species includes not 

only the York specimens, but the large Vermont specimens repre- 

sented by fig: a; pl.-33, and fig. 1, pl: 34. 

In two specimens collected by Professor Wanner the telson has 

broken away from its base so as to show the union of the rudi- 

mentary segment and the fifteenth segment [see pl. 33, figs. 2 and 

5|. The telson was hollow on the under side and, when forced 

down on the thin, delicate rudimentary segments, pressed them out 

of shape, as shown in the illustrations. 

The smallest known P. transitans from York, with rudimentary 

segments, has a length of 14 mm. to the end of the telson-like spine 
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and of 8 mm. to the fifteenth segment. This appears to have six 

rudimentary segments and pygidium. The largest specimen from 

York [fig. 10, pl. 32] has a length of 74 mm. to the end of the 

telson-like spine and of 47 mm. to the fifteenth segment. It has 

five rudimentary segments and pygidium. The largest specimen 

from Georgia, Vermont, has a length of 98 mm. to the fifteenth seg- 

ment. The entire dorsal shield of this specimen is similar to that 

of Olenellus thompsoni, except that the fifteenth segment is not 

quite reduced to a telson, and three rudimentary segments and a 

pygidium occur back of the great median spine [pl. 33, fig. 1]. 

Another feature to be noted is that the surface characters of the 

rudimentary segments and pygidium are sharp, elevated subparallel 

lines, as in the genus Paradovides, and unlike those of the great 

spine and the segments of the thorax [pl. 24, fig. 12] which form a 

network of irregular reticulating and inosculating elevated lines 

characteristic of the known adult forms of most of the Mesonacide. 

Nearly all specimens of the thorax of P. transitans have a sharp, 

elongate, median node on the posterior four to six thoracic seg- 

ments [fig. 10, pl. 32]. On some of the larger specimens there is a 

slender, sharp node or spine at the posterior margin of the segments 

from the first to the eighth, and back of the eighth the base of 

the node or spine becomes more elongate until it extends across the 

full width of the segment. The hypostoma has a denticulated or 

spinous postero-lateral and posterior margin. The spines are short 

and usually blunt [fig. 7, pl. 34], but they may be sharp |fig. 5]; 

there are five larger ones cn each side and two or three smaller and 

shorter ones on the back margin that are usually broken off or 

obscure so as to give the effect of a clear space [fig. 5] without 

spines. This type of hypostoma is quite abundant at the York 

localities, and an almost similar form occurs in Alabama. 

Young stages of growth of dorsal shicld.—The youngest stage of 

growth collected by Professor Wanner is 1 mm. in length over the 

Gephalon, [fie: 1, pl.32|.. The next ‘stage [pl.. 32, fig. 2] is 1.5 mm: 

in length with cephalon, five thoracic segments and a Holmia py- 

gidium. At this stage the thoracic segments do not show transverse 

furrows on the pleural lobes and in such specimens [figs. 2 and 3] 

the segments are rudimentary or have not reached the fully de- 

veloped stages as seen in the adult [figs. 1 to 3, pl. 34]. This imma- 

ture stage of the thoracic segment occurs in the posterior segments 

of the adult form of Nevadia weeksi [pl. 23, figs. 1, 2, and 4], and 

represents the earliest known or Nevadia stage of development of 



308 SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 53 
9 

the Mesonacide. At the next stage recognized, fig. 6, there are ten 

thoracic segments, a Holmia pygidium, and an enlarged third thoracic 

segment that is typical of Mesonacis and Olenellus. In fig. 1, pl. 33, 

the fifteenth segment is almost a typical telson of Olenellus thomp- 

sont, but there are three short rudimentary segments and a pygidium. 

With another slight change the segments -and pygidium would dis- 

appear and a true Olenellus thompsom, like that of pl. 34, fig. 9; 

pl. 35, fig. 1, would result. 

The conclusion from the foregoing is that the thorax of Pedewmias 

passes through several stages of development of which we now 

have some information. These are: 

First. Holnia stage -—A Hoimia without large third segment or 
telson. | 

Second. Intermediate stage-——A form with large third segment, 

but without a dorsal spine on the fifteenth segment. 

Third. Pedeumias—A form with large third segment, large 

spine on fifteenth segment, and with segments and plate-like py- 

gidium posterior to the fifteenth segment. 

Nearly all the specimens of Pedeumias found at York have the 

typical cephalon of P. transitans, as shown on pl. 34, figs. 2-4. In 

all of these the anterior lobe of the glabella is some distance from 

the frontal rim of the head, while in typical Olenellus thompsoni 

[pl. 35] and Mesonacis vermontana, from Vermont [pl. 26, fig. 1] 

the anterior lobe touches the frontal rim. With this in view, all of 

the specimens with the rudimentary segments and pygidium from 

Vermont and York may be considered as the Pedewmias stage of 

development of the Mesonacide. The Pedeuwmias segments of the 

York specimens are short and without defined pleural lobes [pl. 33, 

figs. 2 to 5], and in this respect are similar to those of the Vermont 

specimen represented by fig. 1, pl. 33, and fig. 12, pl. 24. 

Notes on the young cephalon from Alabama.—Specimens from the 

vicinity of York are all more or less compressed and flattened in the 

shales. A fortunate find of uncompressed specimens of the cephalon 

of some of the younger stages of growth associated with the adult 

cephalon in the Montevallo calcareo-argillaceous shales near Monte- 

vallo, Alabama, made by Mr. Charles Butts and Mr. T. E. Williard 

in 1906, show some interesting characters of the species not shown 

by the York specimens. These are illustrated by figs. 18-22, pl. 25, 

and may be compared directly with the young cephalon of Ellipto- 

cephala asaphoides on the same plate: fig. 22 with figs. 9 and 10; 
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fig. 21 with fig. 2; fig. 19 with fig. 4; also with the young cephalon 

of Wanneria hallt, as shown on pl. 31. These all prove the close 

family relationship of the young of Pedeumias, Wanneria, and Ellip- 

tocephala. The description of the young cephalon drawn from the 

Montevallo specimens is as follows: 

Description of cephalon.—Cephalon moderately convex, elongate, 

semicircular in outline; bounded by a narrow, wire-like, rounded 

rim that is continued at the genal angle into a short, slender spine ; 

posterior border narrow and interrupted toward the genal angle 

by a short, sharp intergenal spine. No facial sutures are indicated 

on any of the specimens. Glabella about three-fourths the length 

of the cephalon, narrow, elongate, and with the frontal lobe about 

one-third of the total length; three posterior transverse lobes and 

an occipital ring are separated by slightly oblique furrows that pene- 

trate nearly to the center. These three lobes and the posterior lobe 

or occipital ring are nearly of equal width, and each has a small 

central elevated node or tubercle at the posterior margin. The 

occipital ring is separated by a strong furrow from the narrow pos- 

terior marginal rim of the cephalon. Eye lobes elongate, extending 

from the large anterior lobe of the glabella to opposite the occipital 

ring. They arch outward so that the inner margin is about the 

width of the glabella from the outer margin of the glabella. The 

eye lobes are separated from the anterior lobe of the glabella by a 

narrow furrow, although, in one crushed specimen, shown by fig. 20, 

pl. 25, the frontal lobe of the glabella is pushed’in by the strong 

eye lobe ; the space between the outer margin and the glabella and eye 

lobe is broad, gently convex, and without traces of facial sutures. 

A young specimen [fig. 22] about 2 mm. in length has a narrow 

occipital ring, three broad glabellar lobes, and with the anterior 

glabellar lobe almost joined to the eye lobes; the sides of the ceph- 

alon are rounded in so as to bring the genal angles within a vertical 

line drawn backward from the outer margin of the eye lobe. The 

three short lobes of the glabella appear to be extended on each side 

into small lateral lobes that, with the central lobe, give a segmented 

appearance to the cephalon. This is further increased by the eye 

lobes and the anterior lobe of the glabella; the side extension of the 

posterior lobe of the glabella is continued into large intergenal 

spines, nearly as long as‘ the head, that arch outward and the curve 

inward. In the specimen represented by fig. 21 the tendency of the 

genal angles to draw in toward the base of the glabella is indicated, 

6—w 
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also the development of the side lobes of the three posterior glabellar 

lobes. The tendency to segmentation of the cranidium is the same 

as that shown by the head of Elliptocephala asaphoides [pl. 25, figs. 

9 and ro]. 
Comparisons —Pedeumias transitans is represented both at York 

and in Alabama by a number of cephalons that suggest the cephalon 

of Olenellus gilberti, as found in the shales in Nevada [pl. 36, figs. 

1-3] ; also the cephalon of young specimens of Elliptocephala asaphot- 

des [pl. 25, figs. 11-13]. They differ from E. asaphoides in having 

a larger, longer eye lobe, narrower glabella, and in the decided differ- 

ence in the younger stages of growth. The cephalon of the adult 

of O. gilberti [pl. 36, figs. 1-7] is very similar, but in the younger 

stages of growth [pl. 36, figs. 11-14] they differ materially from P. 

transitans {pl. 25, figs. 19-22; pl. 32, figs. 1-8]. 

ForRMATION AND LocaLiry.—Upper portion of the Lower Cam- 

brian: (25) dark siliceous shale at Parkers quarry, near Georgia, 

Franklin County, Vermont. 

In the collections of the Geological Survey of Canada are speci- 

mens of this species from Bonne Bay, Newfoundland; and from 

L’Anse au Loup, on the northern shore of the Straits of Belle Isle, 

Labrador. 

(8q) caleareo-argillaceous and arenaceous shales 2 miles (3.2 km.) 

northwest of the city of York; and (48a) at Cutkamps quarry north 

of Cottage Hill, north and northeast of the city of Troy, and east- 

ward on the strike of the shales across York County to the Susque- 

hanna River; all in York County, Pennsylvania. 

(561 and 12w) 2 miles (3.2 km.) north of the city of Lancaster, 

Pennsylvania, near Fruitville, and westward at various localities to 

the Susquehanna River, notably 1 mile (1.6 km.) north of Rohrers- 

town on the farm of Noah L. Getz. 

(46) upper part of Rome sandstone, 5.5 miles (8.8 km.) west of 

Cleveland, Tennessee. 

In central Alabama numerous specimens of the cephalon have been 

found in the argillaceo-arenaceous Montevallo shales at the following 

localities: (17a) 1.5 miles (2.4 km.) west of Helena on the Elyton 

road; (141d) % mile (.8km.) north of Helena; (164a) 2 miles 

(3.2 km.) north of Helena; (56c) about 1,000 feet (305 m.) north- 

east of Helena on roadside just north of Buck Creek; and (164c) 

4 miles (6.4 km.) south of Helena; all in Shelby County, Alabama. 
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Genus OLENELLUS Hall 

Olenus Hatz, 1859, Twelfth Ann. Rept. New York State Cab. Nat. Hist., 

p. 59. (Merely places the genotype of Olenellus under Olenus.) 

Olenus Hati, 1859, Nat. Hist. New York, Paleontology, Vol. 3, pt. 1, p. 

525. (Copy of preceding reference. ) 

Barrandia HALL (in part), 1860, Thirteenth Ann. Rept. New York State 

Cab. Nat. Hist., p. 115. (Described and discussed as a new genus; 

beginning with the 5th paragraph the text is a description of “ Bar- 

randia thompsont.’ As described the genus includes forms now re- 

ferred to both Olenellus and Mesonacis. The generic name Bar- 

randia was preoccupied and Hall later [1862, p. 114] proposed 

Olenellus.) : 

Paradoxides Emmons, 1860, Manual of Geology, 2d ed., p. 88, fig. 70. 

(Illustrates a specimen of Olenellus thompsoni Hall as Paradoxides 

macrocephalus. In the first edition this figure was labeled Paradoxides 

brachycephalus.) 

Not Barrandia McCoy, proposed for a genus of trilobites. 

Barrandia HA (in part), 1861, Report on the Geology of Vermont, Vol. 

I, p. 369. (Copy of Hall, 1860, p. 115; the reference including species 

now referred to both Mesonacis and Olenellus. Beginning with the 5th 

paragraph the text is a description of the species “ Barrandia thomp- 

soni”; this is also copied from Hall | 1860].) 

Olenellus Hatt, 1862, Fifteenth Rept. New York State Cab. Nat. Hist., p. 

114. (Proposed as a new genus to replace Barrandia which was pre- 

occupied by McCoy. The name had been used in Manuscript as early 

as 1860.) 

Olenellus (Hall), Forp (in part), 1881, American Journ. Sci., 3d ser., Vol. 

22, p. 251. (As discussed throughout this paper the genus Olenellus 

includes forms now referred to Elliptocephala, Mesonacis, and 

Olenellus. ) 

Olenellus (Hall), Watcotr (in part), 1886, Bull. U. S. Geol. Survey, 30, 

pp. 162-166. (Described and discussed in its relations to other genera. 

As discussed the genus includes forms now referred to Callavia, 

Elliptocephala, and Peachella.) 

Olenellus (Hall), Hotm (in part), 1887, Geol. Foren. i Stockholm For- 

handl., Bd. 9, Hafte 7, pp. 498-499. (Described in Swedish. As de- 

scribed and discussed throughout the paper the genus includes many 

of the forms now placed in the family Mesonacidz. ) 

Olenellus Marcou, 1889, Proc. Boston Soc. Nat. Hist., Vol. 24, p. 74. 

(Considers Olenellus a synonym of “ Elliptocephalus.”) 

Olenellus (Hall), Watcott, 1890, Proc. U. S. National Museum, Vol. 12, 

pp. 40-41. (States that Olenellus is stratigraphically older than Para- 

doxides.) 

Olenellus Marcou, 1890, American Geologist, Vol. 5, p. 362. (Considers 

Olenellus a synonym of “ Elliptocephalus.’’) 

Olenellus Hall, Watcortr (in part), 1891, Tenth Ann. Rept. U. S. Geol. 

Survey, pp. 633-635. (Discussed in its relations to other genera. As 

discussed the genus includes forms now referred to Callavia.) 
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Olenellus CoLe (in part), 1892, Natural Science, Vol. 1, pp. 340-346. (A 

historical discussion of Olenellus and many of the other forms now 

placed in the family Mesonacide.) 

Olenellus (Hall), PeacH and Horne, 1892, Quart. Journ. Geol. Soc. 

London, Vol. 48, p. 236. (Defines restricted use of Olenellus.) 

Olenellus (Hall), BERNARD (in part), 1894, Quart. Journ. Geol. Soc. Lon- 

don, Vol. 50, pp. 412, 419, 430. (Refers to Olenellus in discussing the 

systematic position of the trilobites, but most of the references are 

based on the study of forms now referred to Elliptocephala asaphoides.) 

Olenellus (Hall), Peacu, 1894, Quart. Journ. Geol. Soc. London, Vol. 50, 

pp. 671-673. (Refers to certain characters in connection with a dis- 

cussion of the Scottish species of the genus.) 

Olenellus (Hall), BrecHeEr, 1897, American Journ. Sci., 4th ser., Vol. 3, p. 

191. (Refers to genus in discussing classification and includes it 

under family Paradoxine.) 

Olenellus Moserc, 1899, Geol. Foren. i Stockholm Forhandl., Bd. 21, 

Hafte 4, p. 317. (Characterized. The genus is discussed frequently on 

pages 309-320 of the paper. ) 

Olenellus WELLER (in part), 1900, Ann. Rept. Geol. Survey New Jersey 

for 1899, pp. 50-51. (A discussion of the genus in its broader sense.) 

Olenellus (Hall), Pompecxy, 1901, Zeitschr. Deutschen geol. Gesellsch., 

Vol. 53, Heft 2, pp. 14-17. (Olenopsis is compared with Olenellus and 

other genera of the Mesonacidz.) 

Olenellus (Hall), Linpstrom, 1901, Kongl. Svenska Vet.-Akad. Hand- 

lingar, Vol. 34, No. 8, p. 24. (Considers Olenellus an eyeless, suture- 

less trilobite. The discussion of the Olenellide on pages 12-18 is al- 

most entirely based on features exhibited by the type species of the 

genus Elliptocephala, and a reference to those pages is therefore 

- placed under the latter genus.) 

Genotype.—Olenus thompsoni Hall, 1859. 

The adult form of Olenellus thompsoni Hall has been described 

and illustrated [see Walcott, 1886, p. 167, and 1891, p. 635], but 

discoveries made since 1891 have added so much to our knowledge 
of the younger stages of growth of some species of the genus as 

restricted in this paper [p. 328] that a brief description of them will 

be given. 

For convenience of reference dorsal shields from the type locality 

at Parkers quarry, Georgia Township, Vermont, are illustrated [pl. 

34, fig. 9; pl. 35, fig, 1]. 
Olenellus has a large semicircular cephalon, elongate eyes, and the 

anterior expanded lobe of the glabella is more or less clearly united 

to the eye lobes by connecting ridges. The thorax has fourteen seg- 

ments and an elongate terminal telson that is quite unlike the py- 

gidium of any other genus of trilobites, but that is similar in appear- 
ance to the telson of Limulus. The third segment of the thorax is 

enlarged and extended in a strong and long pleura on each side. 
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The hypostoma may be almost globose and oval in outline, with 

smooth posterior and postero-lateral margins [pl. 38, figs. 2 and 3], 

or elongate oval with the margins more or less denticulated. 

Development of the dorsal shicld—From the observations made in 

the description of Pedeumias transitans [p. 307] it is concluded that 

Olenellus, as now restricted is: 

First—A Holmia without large third segment or telson [pl. 32, 

figs. 1-3]. Holmia stage. 
Second.—A form with large third segment but without a dorsal 

spine on the fifteenth segment [pl. 32, figs. 4-7]. Intermediate stage. 

Third—A Pedeumias with large third segment, large spine on 

fifteenth segment, and with rudimentary segments and plate-like 
pygidium posterior to the fifteenth segment [pl. 33]. 

Fourth.—A true Olenellus with large third segment, fifteenth seg- 

ment a long telson, and without observable segments or plate-like 

pygidium posterior to the fifteenth segment [pl. 34, fig. 9; pl. 35, 

fig. 1]. Olenellus stage. 

The Nevadia stage of Olenellus is unknown, unless it is repre- 

sented by figs. 2 and 3, pl. 32, where the pleurz of the thoracic 

segments are apparently simple and unfurrowed. It is quite probable, 

however, that the Nevadia stage has, by acceleration, been passed 

and lost in the development of Olenellus. 

The telson of Olenellus has long attracted the attention of paleon- 

tologists. Prof. R. P. Whitfield said of it in 1884 [p. 152]: 

“This feature of the pygidium is so distinctive among all other 

trilobites that it alone would serve as a generic distinction, and if the 
condensation of parts indicates development of organization this form 
would appear to be below even Paradoxides and should precede it 

in age.” 

In commenting on Whitfield’s observations in 1886 I said [Wal- 

cott, 1886, p. 166]: 

“From our present knowledge of these forms we reverse the 

application made above and regard the telson as representing the 

condensed parts, and the form as higher in organization and suc- 

ceeding Paradoxides in time.” 

Dr. B. N. Peach [1894, p. 672] considered the telson of Olenellus 

as the homologue of the small pygidium of Holmia and Mesonacts. 

Dr. John E. Marr [1896, p. 764] wrote: “ The posterior segments 
of the remarkable trilobite Mesonacis vermontana are of a much 

more delicate character than the anterior ones, and the resemblance 

of the spine on the fifteenth ‘ body-segment’ of this species to the 
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terminal spine of Olcnellus proper, suggests that in the latter sub- 

genus posterior segments of a purely membranous character may have 

existed, devoid of hard parts.” 

Dr. Charles E. Beecher [1897, p. 191], in his memoir on “ Out- 

line of the Natural Classification of the Trilobites,” says of the fam- 

ily Paradoxine, “ Most of the genera are distinguished by their long, 

narrow eyes .... but more especially by the rudimentary character 

of the pygidium. In Olenellus the pygidium is a long telson-like 

spine.” 

Geographic distribution.—Olenellus, as restricted, is found in the 

sediments of the Appalachian sea as O. thompsoni ( Hall) on the east- 

ern side of the great pre-Cambrian Algonkian North American conti- 

nental area from the Straits of Belle Isle to central Alabama. On 

the western side it occurs as O. canadensis Walcott and O. gilberti 

Meek as far north in British Columbia as Kicking Horse Pass in 

the Rocky Mountains; in Utah as O. gilberti Meek in the Wasatch 

Mountains ; in the Eureka mining district of Nevada as O. fremonti 

Walcott; in the Pioche mining district and vicinity as O. fremonti 

Walcott ; and in southwestern Nevada and southeastern California as 

O. fremont, O. argentus, and O. ? claytont. 

At all the American localities Olenellus (restricted) occurs in the 

upper parts of the Lower Cambrian terrane. 

On the eastern side of the Atlantic Basin O.:thompsoni is repre- 

sented by the closely allied O. lapworthi Peach and Horn [1892, p. 

236] of northwest Scotland. This locality has also given O. reti- 

culatus Peach [1894, p. 665], and O. gigas Peach [1894, p. 666]. 

As far as known, Olenellus does not occur on the Asiatic conti- 

nent. If found at all, it will probably be in sediments deposited on 

the outer margins of that continental area in early Cambrian time 

prior to the transgression of the Middle Cambrian sea over large 

areas of what is now Siberia, Manchuria, central and eastern China, 

and northern India. 

OLENELLUS ? ARGENTUS, new species 

PLATE 40, Fics. 12-16 

Holmia rowei Wa.cott (in part), 1908, Smithsonian Misc. Coll., Vol. 53, 

No. 5, p. 189 (3 of section only). (The specimens listed under this 

name from 3 of the Barrel Spring section are referred in this paper to 

Olenellus argentus and Olenellus gilberti.) 

Of this species only the cephalon is known. The globose anterior 

lobe of the glabella, very strong marginal border, small palpebral 
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lobe, strongly granular surface, and strong intergenal and genal 

spines distinguish it from all known species. In its small palpebral 

lobes and tendency to develop abnormal forms [pl. 40, fig. 14] O. 

argentus resembles O fremonti [pl. 37, figs. 9-11]. The shagreen 

granulated surface is shown by fig. 16, and the occipital ring with 

its short, sharp, median spine by fig. 15. The pointed surface granu- 

lations have a tendency to group in lines on the genal spines, but 

on the cheeks and glabella there is little trace of systematic arrange- 

ment. My impression of this surface is that it was formed by the 

cutting into sections, by transverse furrows, of the irregular net- 
work of ridges so characteristic of the surface of most species of 

the Mesonacide, this process finally forming a large number of 

sharp isolated granules. 

The strong genal spines and thick outer border of the cephalon are 

more nearly similar to those of Peachella iddingsi |pl. 40, figs. 17] 

than any other species. The generic reference is doubtful, and will 

remain so until more is known of the elements of the thorax and 

pygidium. 

The stratigraphic horizon of this species is over 1,000 feet higher 
in the Barrel Spring section of Nevada than the horizon of Olenellus 

fremonti and O. ? claytoni. The associated fossils are: 

Archeochyathus ?. 

Kutorgina cingulata (Billings). 

Kutorgina perugata Walcott. 

Siphonotreta ? dubia, n. sp. 

Swantonia weeksi Walcott. 

Swantonia ? sp. 

Stenotheca cf. elongata Walcott. 

Stenotheca cf. rugosa Walcott. 

Ptychoparia sp. 

Wanneria ? gracile new species. 

FoRMATION AND LocaLiry.—Lower Cambrian: (1v) shales of 

No. 3 of the Silver Peak Group, Barrel Spring section [ Walcott, 

1908c, p. 189], 3 miles (4.8 km.) north of Valcalda Spring, and 4 

miles (6.4 km.) west-northwest of the Drinkwater Mine, Silver 

Peak Quadrangle, Esmeralda County, Nevada. 
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OLENELLUS CANADENSIS, new species 

PLATE 38, Fics. I-10 

Olenellus canadensis Watcott (in part), 1908, Canadian Alpine Journal, 

Vol. 1, No. 2, p. 242. (Name used in list of fossils occurring in geologic 

section. The specimens listed include forms now referred to Olenellus 

gilbert. ) 

Olenellus canadensis WAxcott (in part), 1908, Smithsonian Misc. Coll., 

Vol. 53, No. 5, p. 215. (Name used in section. In both cases, however, 

the specimens listed include forms now referred to Olenellus gilberti.) 

Cephalon semicircular in outline, convex ; bordered in large speci- 

mens by a strong, moderately convex outer marginal rim that is 

narrow in front of the glabella, and that gradually broadens out on 

each side toward the genal angle, where it is continued as a long, 

strong, rounded spine. The posterior marginal border is narrow, 

slightly rounded, and merged at the genal angle into the outer border ; 

in some large specimens the genal angle is carried forward and an 

intergenal angle [fig. 1] occurs about three-fifths of the distance out 

from the glabella to the outer margin of the cephalon ; in other speci- 

mens the posterior border extends without interruption from the 

glabella out to the genal spine, as shown by fig. 4. Glabella elongate, 

occupying the entire length of the cephalon between the anterior, 

rounded border and the occipital ring; the anterior lobe is nearly 

as long as the three posterior lobes, transversely elliptical in outline, 

somewhat tumid, and nearly one-third broader than the posterior 

lobe: the two lobes next back of the anterior lobe are united at their 

outer ends, the furrow between them not extending to the dorsal 

furrow; the posterior lobe is transverse, arching slightly forward 

at the ends, and about the same width as the occipital ring and the 

two lobes in front of it; on some of the more perfectly preserved 

cephalons there is a slight median node at the posterior margin of 

the two posterior glabellar lobes and the occipital ring [see fig. 6]. 

Occipital segment broad, slightly convex, and in appearance similar 

to the posterior lobe of the glabella. 

Eye lobe short, crescentiform, narrow, extending from the base 

of the expanded anterior lobe of the glabella backward and opposite 

the two anterior, narrow lobes; the posterior end of the eye lobe is 

separated from the dorsal furrow beside the glabella by a narrow, 

elongate subtriangular tubercle that extends from opposite the second 

narrow glabellar lobe back nearly to the rounded posterior marginal 

rim of the head. Cheeks broad, moderately convex, and marked 
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back of the eye lobe by a raised line that extends from the base of 

the eye lobe backward and slightly outward to the posterior margin 

of the head at the intergenal angle when the latter is present: this 

corresponds in position to the facial suture in the genus Paradovides. 

Numerous fragments of the thoracic segments have been found in 

association with the cephalon, but nothing is known of the number 

of segments or the character of their axial lobe. Two fragments 

of the pleural portion of the segment are illustrated by figs. 9 and ro. 
These indicate similar characters to those of the segments of Olenel- 
lus thompsom (Hall) [pls. 34 and 35]. 

The telson [fig. 8] is known only by fragments. It is an elongate, 

slender telson without segments or lateral lobes, in this respect re- 

sembling the telson of Olenellus thompsom Hall [pl. 35, fig. 1] and 

O. fremonti Walcott | pl. 37, fig. 7]. 

Hypostoma moderately convex, broad in front and narrow toward 

the posterior margin. The anterior margin shows a rounded, smooth 

edge that fitted into a curved recess in the doublure of the head. 

The lateral margin forms an elevated rim for a short distance, and 

then curves downward to the more elevated posterior rim; the 

posterior marginal rim is separated from the body by a sulcus that 

disappears on each side; a second groove or sulcus arches across 

so as to represent a narrow lobe, as shown by fig. 3. A large num- 

ber of more or less crushed specimens of the hypostoma were found 

associated with the fragments of the cephalon and thorax. 

The surface of the head and the fragments of thoracic segments 

have the characteristic Olenellus marking. It forms an inosculating, 

fine, raised fretwork. This type of surface is beautifully shown by 

figs. 4 and 5, pl. 37, of this paper. 

Dimensions.—-The largest specimen of a cephalon has a length of 

4.5 cm., and a width of 7 cm. A small head 4 mm. in length has a 

width of 7 cm. 

Observations.—The presence of the genus Olenellus in the Rocky 

Mountain regions of British Columbia has long been known. In 

1886 I identified for Dr. Geo. M. Dawson, of the Canadian Geological 

Survey, among the fragments of fossils found at Kicking Horse 

Pass, a species of Olenellus that appeared to be Olenellus howelli 

Meek.’ During the summer of 1907 I visited the Kicking Horse 
Pass and made an examination of the strata in which Olenellus 

occurs. The preliminary study of the fragmentary material collected 

‘This is the species that I placed with Olenellus gilberti [Walcott, 1886, pp. 

164 and 170]. 
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indicated that it was a species distinct from Olenellus howelli [= 

gulberti|, and in the geological section published in 1908 [ Walcott, 

1g0&c, p. 242] the name Olenellus canadensis was used for this 

species. The name was also used in a second publication [ Walcott. 
1g08f, p. 215]. 

O. canadensis differs from O. gilberti, O. thompsom, and O. 

fremonti in its very short eye lobe and the tubercles back of the 

eye extending to the posterior margin. The fragments of this species 

occur in immense numbers in several horizons of the Mount Whyte 
formation along a line of outcrop of some 30 miles in length. 

The associated species in the Mount Bosworth section are: 

Nisusia festinata (Billings). 

Scenella varians Walcott. 

Ayolithellis. 

Ptychopania. 

Agraulos. 

Protypus fieldensis, new species. 

At this horizon on Mount Stephen were found: 

Micromitra (Iphidella) pannula (White). 
Acrotreta sagittalis taconica (Walcott). 

Kutorgina cingulata (Billings). 

Kutorgina, sp. undt. 

Nisusia festinata (Billings). 

Flyolithes billingst Walcott. 

Scenella varians Walcott. 

Protypus, new species. 

Agraulos, sp. undt. 

Ptychoparia, 2 sp. undt. 

FORMATION AND LocaLiry.—Lower Cambrian: (35f) bluish-black 

and gray limestone of the Mount Whyte formation, about 300 feet 

(gt m.) below the top of the Lower Cambrian in No. 6 of field 

section, just above the old railway tunnel on the north shoulder of 

Mt. Stephen, 3 miles east of Field, British Columbia. Fragments of 

Olenellus, probably of this species, occur at the same locality as 

No. 35f, but at horizons 50 feet (57m) and 115 feet (57e) below 

the top of the Lower Cambrian. 

(35h) about 375 feet (114 m.) below the top of the Lower Cam- 

brian in gray limestone forming No. 4 of the Mount Whyte forma- 

tion |Walcott, 1908c, p. 214]; and (58y) sandstone about 200 feet 

(61 m.) below the top of the Lower Cambrian; both on the slopes 
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of Mount Bosworth, a little north of the Canadian Pacific Railway 

track between Stephen and Hector, British Columbia. Fragments 

of a large Olenellus, probably of this species, occur at the same 

locality as Nos. 35h and 58y, but at a horizon 400 to 600 feet below 

the top of the Lower Cambrian. 

(351) dark, bluish-gray limestone at the base of the Mount Whyte 

formation; and (6o0c) calcareous sandstones of the upper 20 feet 

of the St. Piran formation; both on the south slope of Ptarmigan 

Pass, at the head of the Corral Creek, 9 miles (14.4 km.) north- 

northeast of Laggan on the Canadian Pacific Railway, Alberta. 

(58v) about 450 feet (137 m.) below the top of the Lower Cam- 

brian in a brownish-gray sandstone forming No. 1 of the field section 

of the St. Piran formation, in the amphitheater between Popes Peak 

and Mount Whyte, 3 miles (4.8 km.) northwest of Lake Louise, 

southeast of Laggan, on the Canadian Pacific Railway, Alberta. 

(58x) about 300 feet (gt m.) below the top of the Lower Cam- 

brian in the sandstones of the St. Piran formation, just below the 

big cliff on the east shoulder of Castle Mountain, north of Castle. 
on the Canadian Pacific Railway, Alberta. 

OLENELLUS ? CLAYTONI, new species 

PLATE 40, FIGs. 9-11 

Olenelius claytoni Watcotr (in part), 1908, Smithsonian Misc. Coll., Vol. 

53, No. 5, p. 189. (Name used in No. 6 of section. The specimens listed 

include forms now referred to Olenellus gilbertt.) 

Of this species forty-eight specimens of the cephalon and two of 

the hypostoma are in the collection. The cephalon is characterized 

by having a glabella constricted at the third pair of furrows, from 

whence it widens to the large, expanded anterior lobe. The palpe- 

bral lobes are large and long like those of O. thompsoni [pl. 34]. 

I was at first inclined to place O. claytoni with O. fremonti [pl. 37], 

but the shorter palpebral lobes and different outline of the glabella 

of the latter led me to separate the two forms. The outline of the 

glabella is more like that of Wanneria walcottanus [pl. 30, fig. 2| 

and small cephalon of Elliptochephala asaphoides [pl. 24, fig. 6], 

but in specimens of the O. ? claytont of the same size this similar- 

ity is not present. 

A small cephalon 2 mm. in length has very strong connecting 

ridges that merge into the expanded anterior lobe of the glabella 

so that it appears much like the young cephalon of Olenellus lap- 
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worthi [pl. 39, fig. 4] and Pedeumias transitans [pl. 32, fig. 8]. 
except that the glabella is more expanded at the first lobe in O. 
claytoni. 

Dimensions.—The largest cephalon in the collection has a length 
of 13 mm., width 28 mm. The relative proportions of the different 

parts are shown by figs. 9 and 10, pl. 40. Fig. 10 is compressed 

laterally with the result that the glabella is narrowed and ridged at 
the center. 

The specimens of the hypostoma show that it had a large, oval 

body connected with a narrow neck to a strong, rounded posterior 

border ; the sulcus within the border on each side is sufficiently strong 

to clearly define the neck connecting the body and posterior border 

[fig. 9]. 
A few fragments of thoracic segments occur in association with 

the cephalons, but nothing to prove more than that the pleure had 

a wide furrow. The test of all the specimens has been destroyed, 

but the surface of the cephalon, as shown in the fine sandstone matrix, 

is known to have been marked by a fine, irregular network of very 

fine, irregular ridges. 

Olenellus ? claytoni occurs in an arenaceous shale just above a 

mass of andesite in the Barrel Spring section [| Walcott, 1908c, p. 189, 

6 of section]. Olenellus fremonti and Salterella sp. occur in an argil- 

laceous shale at nearly the same horizon, but are not associated with 

O. ? clayton. 
FoRMATION AND LocaLity.—Lower Cambrian: (1k and ri) “ Sil- 

ver Peak Group,” in arenaceous shales interbedded in the lower part 

of No. 6 of the Barrel Spring section [Walcott, 1908c, p. 189], 1.5 
and 1.75 miles (2.4 and 2.8 km.) south of Barrel Spring, Silver 

Peak Quadrangle, Esmeralda County, Nevada. 

OLENELLUS FREMONTI, new species 

IPTATEDS7, PuGS.1-22)) PEATE OA enh TG. o 

Olenellus gilberti Watcotr (in part) [not MeEeK], 1884, Monogr. U. S. 

Geol. Survey, Vol. 8, p. 29, pl. 9, fig. 16a (not fig. 16 and pl. 21, fig 

13, referred in this paper to Callavia nevadensis; nor pl. 21, fig. 14, 

referred in this paper to Olenellus gilberti). (Described.) 

Olenellus howelli Watcotrr [not MEEK], 1884, Monogr. U. S. Geol. Survey, 

Vol. 8, pp. 30-31, pl. 9, figs. 15, 15a-c; pl. 21, figs. 1-9, and 16-17. (De- 

scribed and discussed. Figures 15, 15a, 15b, and 15c of plate 9 are 

copied in this paper, pl. 37, figs. 14, 16, 8, and 6a respectively. Figures 

2-9 of pl. 21 are copied in this paper, pl. 37, figs. 10, 12, II, 15, 13, 17, 

19, and 18 respectively.) 
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Olenellus gilberti WWALcotr (in part) [not Meex], 1886, Bull. U. S. Geol. 

Survey, No. 30, pp. 170-180, pl. 18, fig. tc; pl. 19, figs. 2e, 2h, and 2i; 

pl. 20 figs. 1, 1a-i, rk-m; and pl. 21, figs. 2 and 2a (not pl. 18, figs. 1, 1a-b; 

Ply 16, figsix2, 2a, 2b, 2k; pl.20, fig. 4; and pl. 21, figs. 1: and ta“ 

Olenellus gilberti; and not pl. 19, figs. 2c, 2d, 2f, 2g = Callavia neva- 

densis). (Described and discussed. Figures 2e and 2i, pl. 19, are 

copied in this paper pl. 37, figs. 20 and 6 respectively; fig. 2h, p. 10, is 

copied from Walcott, 1884, pl. 9, fig. 15c; figs. 1, 1a, and rb, pl. 20, are 

copied from Walcott, 1884, pl. 9, figs. 15b, 15a, and 15 respectively; 

figs. ic,-1d, te, 1g, rh, 11, rk, tl, and 1m,- pl. 20, are copied from 

Walcott, 1884, pl. 21, figs. 1, 2, 3, 4, 5, 6, 8, 9, and 7 respectively ; fig. rf, 

pl. 20, is copied in this paper, pl. 37, fig. 9; and the specimen represented 

by figures 2 and 2a, pl. 21, is copied with slight changes in this paper, pl. 

37, fig. 7.) 
Olenellus gilberti Lestey (in part), 1889, Geol. Survey Pennsylvania, 

Report P4, Vol. 2, p. 490, figs. 2a, and cephalons represented by figs. 

I, Ia, Ib, and 1f (not the whole specimen represented by figs. 1 and 

1a which is a true Oleneillus gilberti). (Figure 2a is copied from 

Walcott, 1886, pl. 21, fig. 2a; figs..1, Ia, tb, and 1f are copied from 

figures of the same number on plate 20 of Walcott’s paper [1886].) 

Olenellus gilberti Watcotr (in part) [not Meek], 1891, Tenth Ann. Rept. 

U. S. Geol. Survey, pl. 84, figs. 1d and rf; pl. 85, figs. 1, 1a, and 1f; and 

pl. 86, figs. 1, Ia-i, Ik-m (not pl. 84, figs. 1, 1a-c; pl. 85, figs. rb-d; and pl 

86, fig. 4 = Olenellus gilberti; and not pl. 84, figs. le and Ig; and pl. 

85, figs. te and 1g = Callavia nevadensis). (No text reference. Fig 

Id, pl. 84, is copied from Walcott, 1886, pl. 18, fig. 1c;-figs. rf, pl. 84, 

and rf, pl. 85, are copied from Walcott 1886, pl. 19, figs. 2i and 2e 

respectively; pl. 86 is a copy of pl. 20 of Walcott’s paper [1886] ; and 

figs. I and 1a, pl. 85, are copied from Walcott, 1886, pl. 21, figs. 2 and 

2a.) 

Olenellus gilberti Peacu, 1894, Quart. Journ. Geol. Soc. London, Vol. 50, 

p. 671, pl. 32, figs.9 and 10. (Mentioned. Figures 9 and 10 are copied 

from Walcott, 1886, pl. 20, figs. If and Ia.) 

Holmia weekst Watcort, 1908, Smithsonian Misc. Coll., Vol. 53, No. 5, 

p. 187, and p. 189 (6 of section only). (The specimens listed under this 

name on the pages mentioned are referred in this paper to Olenellus 

fremonti. ) 

Olenellus fremonti Watcott, 1908, Idem, p. 187. (Name given in a list of 

the species occurring near Resting Springs.) 

I formerly referred specimens now included in this species to 

Olenellus gilberti [Walcott, 1884, 1886, and 1891], but with the 
discovery of additional material, specimens showing variations of 
such constant character were found that it became necessary tc 

propose a new species to include them. 
The cephalon of O. fremonti differs from that of O. gilberti [pl. 

36]: (a) in having a more expanded anterior glabella close to the 

rounded frontal border; (b) in having a shorter palpebral lobe, both 
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in the young and the adult; and (c) in having an unusually ex- 

panded pleural lobe to the third thoracic segment. A comparison 

of the young cephalons, as outlined on pl. 37, with those of O. gilberti, 

illustrated on pl. 36, shows some of the differences between the two 

species. 

The variations in the cephalon of O. fremonti have been described 

[ Walcott, 1886, pp. 173-178], and reference is also made to them 

in the introduction to this paper [p. 237]. 

The species that is most nearly related appears to be O. thempson 

[pl. 34], but we find that the latter differs from O. fremonti [pl. 37] 

in having: (a) a space between the glabella and the marginal rim; 

(b) a less expanded frontal glabellar lobe and longer palpebral 

lokes; (c) O. fremonti also has a peculiarly expanded pleural lobe 

of the third segment of the thorax [pl. 37, figs. 6, 6a]. 

The same differences exist in relation to O. lapworthi [pl. 39]. 

It differs from O. logani [pl. 41] in details mentioned under that 

species. 

Olenellus fremonti is found associated with O. gilberti in Nevada 

at locality No. 30; the two species also occur at locality 1p, but not 

in same layer of rock. Comparisons have been made above with O. 

gilbertt. 

The hypostoma is very rarely preserved. It is much like that of 

O. gilberti [pl. 36, fig. 5] in having a denticulated posterior margin 

[pl. 37, figs. 21, 22], and both are much like the hypostoma of 

Pedeumias transitans [pl. 34, figs. 6 and 7]. 

The outer surface is similar to that of O. gilberti and other species 

of the genus. It is beautifully shown by figs. 4 and 5, pl. 37. 

Dimensions.—The largest specimen of the cephalon in the col- 

lection has a length of 50 mm., width about 80 mm. This would 

give an entire dorsal shield, exclusive of the long telson, a length 

of about 115 mm., which indicates that O. fremonti was one of the 

largest of the Mesonacide. 

FORMATION AND LocaLity.—Lower Cambrian: (30) arenaceous 

shales of the Pioche formation, west slope of Highland Range at 

edge of desert, 8 miles (12.8 km.) north of Bennetts Spring, and 

about 8 miles (12.8 km.) west of Pioche, Lincoln County; (313g) 

thin-bedded limestones interbedded in shales above a massive series 

of sandstones, in the Groom Mining District, at the south end of 

the Timpahute Range, near the line between Nye and Lincoln 

counties ; (52) arenaceous shales above the Prospect Mountain sand- 

stones, summit of Prospect Mountain, Eureka District, Eureka 
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County; (51) in thin layers of limestone interbedded between shales 

and layers of sandstone of the Prospect Mountain formation, west 

side of summit of Prospect Mountain, Eureka District, Eureka 

County; and (1p) limestones of No. 2 of the Silver Peak Group, 

Barrel Spring section [Walcott, 1908c, p. 189], about 2.5 miles 

(4 km.) south of Barrel Spring and .5 mile (.8 km.) east of road, 

Silver Peak Quadrangle, Esmeralda County; all in Nevada. 

(176 and 178a) in arenaceous shales apparently lying between 

massive limestones carrying Archeocyathus, south end of Deep 

Spring Valley, about 20 miles (32 km.) east-southeast of Big Pine in 

Owens Valley; (14p) quartzitic sandstones near Resting (Fresh 

Water) Springs, which is in the southwest corner of T. 21 N., R. 

8 E., on the Armagosa River, Inyo County; and (141) sandstones 

about 800 feet (244m.) beow massive blue limestones [see Walcott, 

1908c, p. 187] in pass through Kingston Range, 15 miles (24 km.) 

east of Resting Springs; all in California. 

Fragments of an Olenellus with a strong marginal border about 

the cephalon similar to that of Olenellus fremonti occur in (592) 

a compact sandstone 2.5 miles (4 km.) west of Siam and 7 miles 

(11 km.) northeast of Cadiz, on the Atlantic and Pacific Railway, 

San Bernardino County, California. 

OLENELLUS ? GIGAS Peach 

PLATE 40, Fic. 1 

Olenellus gigas Preacu, 1894, Quart. Journ. Geol. Soc. London, Vol. 50, 

p. 666, text fig. 1, p. 667. (Described essentially as below. The speci- 

men from which text figure I was drawn is reproduced in this paper, 

pl. 40, fig. 1.) ; 

Of this ‘species only fragments of a large cephalon are known. 

One of these is illustrated by fig. 1. Of this and several other 

fragments Dr. Peach tells us that the cephalon is 

Much wider compared with its depth than in O. lapworthi and O. reticu- 

latus. Itis further distinguished from the latter by its broad margin and strong 

genal spine. The ornamentation is readily seen, even with the unaided eye. As 

stated in the former paper, the pattern of the reticulation is more elongated on 

the margins and spines than on the general surface, but this applies equally to 

all the species of Olenellus. 

Portions of cheeks and genal spines of individuals nearly as large as the 

above, on which the pattern of the ornamentation is much smaller proportionally 

to their size, occur in the collection. 

Measurements.—Length of head-shield, 52 mm.; breadth of head-shield, 

106 mm. = 4% inches. 
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A comparison with American specimens of the Mesonacidze leads 

me to think that this form may be most nearly related to Mesonacis 

vermontana, With the limited material now available for comparison 
I will leave it, doubtfully, under Olenellus. 

_ Formation anp Locatiry.—Lower Cambrian: argillaceous shale 

interbedded in “ Serpulite grit,” a coarse quartzitic sandstone, north- 

ern slope of Meal a’ Ghubhais 1,200-1,300 feet (366-396 m.) above 

Loch Maree, 4 miles (6.4 km.) northwest of Kenlochewe in the 

west of Ross-shire, Scotland. 

OLENELLUS GILBERTI Meek 

PLATE 36, Fics. 1-17; PLATE 43, Fics. 5 AND 6 

Olenellus gilberti MEEK, 1874. (Manuscript.) 

Olenellus howelli MEEK, 1874. (Manuscript. ) 

Olenellus gilberti (Meek), Wuite, 1874, Geogr. and Geol. Expl. and Surv. 

West tooth Meridian, Prelim. Rept., p. 7. (Copies Meek’s manuscript 

description. ) 

Olenellus howelli (MEEK), WuiteE, 1874, Idem, Prelim. Rept., p. 8. (Copies 

Meek’s manuscript description. ) 

Olenus (Olenellus) gilberti (Meek), Girpert, 1875, Idem, Vol. 3, pp. 182- 

183. (Copied from White, 1874, p. 7.) 

Olenus (Olenellus) howelli (Meek), GiLBert, 1875, Idem, Vol. 3, p. 183. 

(Copied from White, 1874, p. 8.) 

Olenellus gilberti (Meek), Wuire, 1877, Idem, Vol. 4, pt. 1, pp. 44-46, pl. 

2, figs. 3a-e. (Described and discussed. The specimens represented by 

figures 3a, 3b, and 3c are redrawn in this paper, pl. 36, figs. 3, 1, and 2 

respectively. ) 

Olenellus howelli (Meek), Wutte, 1877, Idem, Vol. 4, pt. 1, pp. 47-48, pl. 2, 

figs. 4a-b. (Described and discussed. The specimen represented by 

figures 4a-b is redrawn in this paper, pl. 36, figs. 4 and 4a.) 

Olenellus gilberti Wavcorr (in part) [not Mrex], 1884, Monogr. U. S. 

Geol. Survey, Vol. 8, p. 20, pl. 21, fig. 14 (not pl. 9, fig. 16 and pl. 21, 

fig. 13 referred in this paper to Callavia nevadensis; and not pl. 9, fig. 

16a, referred in this paper to Olenellus fremonti). (Described. Figure 

14 is an outline drawing of the specimen figured by White, 1877, pl. 2, 

fig. 3c, a specimen which is redrawn in this paper, pl. 36, fig. 2.) 

Not Olenellus howelli Watcott, 1884, Idem, pp. 30-31, pl. 9, figs. 15, I5a-c, 

and pl. 21, figs. 1-9, 16-17. (Referred in this paper to Olenellus fre- 

monti. ) 

Olenellus gilberti (Meek), Watcorr (in part), 1886, Bull. U. S. Geol. 

Survey, No. 30, pp. 170-180, pl. 18, figs. 1, ta-b; pl. 19, figs. 2, 2a, 2b, 2k; 

pl. 20, fig. 4; and pl. 21, figs. 1 and 1a (not pl. 18, fig. 1c; pl. 19, figs. 2e, 

2h, 21; pl. 20, figs. 1, 1a-i, 1k-m; and pl. 21, figs. 2 and 2a = Olenellus 

fremonti; and not pl. 19, figs. 2c, 2d, 2f, and 2g = Callavia nevadensis). 

(Described and discussed. Figs. 1 and 1a, pl. 18, are copied from 

White, 1877, pl. 2, figs. 4a and 4b; figs. 2, 2a, 2b, and 2k, pl. 19, are copied 
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from White, 1877, pl. 2, figs. 3b, 3a, 3c, and 3d respectively; fig. 4, pl. 

20, is copied from Walcott, 1884, pl. 21, fig. 14; and pl. 21 is copied in 

this paper, pl. 36, fig. 9.) 

Olenellus gilberti (Meek), Hotm, 1887, Geol. Foren. i Stockholm For- 

handl., Bd. 9, Hafte 7, pp. 514-515. (Described in Swedish. The 

species is frequently mentioned also in the discussion of “ Olenellus 

Rjerulft.”) 

Olenellus gilberti LestEy (in part), 1889, Geol. Survey Pennsylvania, 

Report P4, Vol. 2, p. 400, figs. 1 and 1a (not fig. 2a nor the cephalons 

represented by figs. 1, ta, th, and rf, these are all referred in this paper 

to Olencllus fremonti). (Figures 1 and ta are copied from Walcott, 

1886, pl. 21, figs. T and 1a.) 

Olenellus gilberti (Meek), Watcotr (in part), 1891, Tenth Ann. Rept. 

U. S. Geol. Survey, pl. 84, figs. 1, 1a-c; pl. 85, figs. rb-d; and pl. 86, fig. 

4 (not pl. 84, figs. 1d and 1f; pl. 85, figs. 1, 1a, and rf; and pl. 86, figs. 

I, Ia-1; 1k-m = Olenellus fremonti; and not pl. 84, figs. 1e and 1g; 

and pl. 85, figs. te and rg = Callavia nevadensis). (No text reference. 

Figs. 1 and fa, pl. 84, are copied from Walcott, 1886, pl. 21, figs. 1 and 

ta; figs. tb and Ic, pl. 84, are copied from Walcott, 1886, pl. 18, figs. 1 

and ta; figs. tb-d, pl. 85, are copied from Walcott, 1886, pl. 19, figs. 2, 

2a-b, respectively; and fig. 4, pl. 86, is copied from Walcott, 1884, pl. 

Sitios TAs) 

Olenellus canadensis Wa.cott (in part), 1908, Canadian Alpine Journal, 

Vol. 1, No. 2, p. 242. (Name used in list of fossils occurring in a 

geologic section. The specimens listed include forms now referred to 

Olenellus gilberti.) 

Olenellus gilberti Meek, Watcott, 1908, Smithsonian Misc. Coll., Vol. 53, 

No. 5, p. 189. (Species listed in No. 2 of the Barrel Spring section. ) 

Holmia rowei Watcott (in part), 1908, Idem, p. 189 (3 of section only). 

(The specimens listed under this name from 3 of the Barrel Spring sec- 

tion are referred in this paper to Olenellus argentus and Olenellus 

gilbertt. ) 

Olenellus claytoni Watcortt (in part), 1908, Idem, p. 189. (The specimens 

listed under this name from 6 of the Barrel Spring section are referred 

in this paper to Olenellus claytoni and Olenellus gilberti.) 

Olenellus canadensis Waxtcort (in part), 1908, Idem, p. 215. (Name used 

in section. In both cases, however, the specimens listed include forms 

now referred to Olenellus gilberti. ) 

Dorsal shield elongate ovate in outline ; strongly convex anteriorlv 

when not compressed in the rock. _Cephalon of adult semicircular in 

outline, strongly convex in a granular limestone matrix [figs. 4 

and 4a], moderately convex in shaly limestone [figs. 16 and 17], 

nearly flattened and with little convexity in siliceous shales [figs. 

I, 2, and 3]; bordered by a rounded marginal rim that is extended 

into somewhat slender genal spines; the posterior marginal border 

is rounded and narrow, and, in most specimens, it has a thickened 

FV) 
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intergenal angle beyond which it becomes more narrow and extends 
more or less obliquely forward to join the outer border [figs. 1, 

2, 3, and 4]; in one example a short intergenal spine occurs [fig. 

8]; a rounded, well-defined, shallow furrow separates the marginal 

border from the cheeks. The plane of the marginal border is slightly 

and broadly arched across the front, the arching or rising of the 

border beginning opposite the longitudinal center of the eye lobe. 

Glabella elongate with sides nearly parallel to the point of attach- 

ment of the palpebral ridge to the slightly expanded anterior glabellar 

lobe; the glabella is convex and elevated above the level of the 

palpebral lobes; the anterior lobe arches down to the level of the 

frontal marginal rim and terminates at about the width of the mar- 

ginal border from the inner edge of the border ; the second and third 

lobes of the glabella are narrow and united across their ends as the 

furrow separating them does not extend to the dorsal furrow along- 

side the glabella; the fourth lobe is wider than the second and third, 

and of about the same width as the occipital furrow; the slightly 

oblique transverse furrows are united across the center by a very 

shallow transverse furrow; they terminate laterally at the dorsal 

furrow with the exception of the second pair, which in large speci- 

mens of the cephalon may be little more than transversely elongated 

pits [fig. 16]. Occipital ring strong and clearly defined ; it is convex, 

with the exception of a depressed area extending from the base of 

the median spine outward to the end of the ring; the effect of this 

in flattened specimens is to give rise to what appears to be a division 
of the ring transversely into two parts; a small, elongate median 

node or short spine occurs near the posterior margin of the ring 

[fig. 3]. 
The anterior flattened rim of the palpebral lobe is joined to the 

postero-lateral base of the anterior lobe of the glabella, from which 

it arches back to opposite the center of the occipital ring, where it 

is about its own width from the dorsal furrow beside the glabella: 

its width is nearly that of the second and third transverse lobes of 

the glabella; the elongate central area of the palpebral lobe is 

slightly convex and depressed beneath the level of the outer rim; 

the visual surface of the eye is elongate and narrow, it rises abruptly 

from its base with a gentle outward curvature or bulging to the outer 

rim of the palpebral lobe. The openings of the corneal lenses of the 

eye appear to be circular when viewed with a half-inch Bausch and 

Lomb aplanatic triplet lens, but when photographed and enlarged 

to seventy-five diameters they have an hexagonal outline [pl. 43, 
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fig. 5], in this respect being similar to those of Limulus [pl. 43, 

figs. 1-4]. The lenses, as seen in one specimen, are arranged in 

quincunx order, the rows crossing the visual surface of the eye 

obliquely between the upper and lower margins. The narrow ridges 

between the lenses are rounded and have the same exterior appear- 

ance as the outer surface of the eye of Limulus polyphemus. The 

cheeks rise rather abruptly from the rounded intermarginal furrow 

and gently arch to the base of the eye and first glabellar lobe. A 

narrow, elevated line or ridge extends outward from the posterior 

base of the eye and crosses the posterior border obliquely so as to 

terminate at the intergenal angle or is continued into a short spine. 

This ridge follows the line of the facial suture which is probably in 

a condition of symphysis; no traces of the facial suture have been 

observed in front of the eye. 

The only specimens preserving the thorax are flattened in shaly 

sandstone. The one illustrated has been compressed and distorted 

[fig. 9], but it shows the general form of the thorax and its seg- 

ments. Fourteen segments and the base of the telson-like terminal 

spine can be determined. The axial lobe is convex and about one- 

half the width of the pleural lobes; a very short median spine, or 

sharp, elongate node, occurs at the posterior margin of each segment 

with its rather strong base reaching nearly half way across the 
segment; the pleural portions of each segment extend directly out- 

ward for a distance about one-half of their length and then curve 

gradually backward, passing into a slender, spine-like extension: 

the pleural furrow is broad and of nearly equal width from its inner 

end out to the geniculation of the pleura where it begins to narrow. 
The enlargement of the third segment is the same as in Olenellus 

thompsont [pl. 35] and Pedeumias [pl. 34]. The telson is long 

and slender, and much like that of O. fremonti [pl. 37, fig. 7] and 
Olenellus thompsont [ pl. 34, fig. 9]. 

Surface ornamented with irregular, fine, inosculating ridges that 

form a very fine network of varying pattern. On the border and 

cheeks the meshes are small, elongated, and subparallel to the mar- 

gin: over the glabella the meshes are very fine and the same is true 

for the surface of the thorax; the interspaces between the ridges 

appear to be minutely granular. The inner surface of the cheeks 

is beautifully channelled by irregular canals that radiate from the 

base of the eye outward toward the intermarginal groove; the chan- 

nels often run into each other, and they are frequently united by 

cross channels. 
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Dimensions.—The largest cephalon has a length of 41 mm., width 

60 mm., convexity 13 mm. [figs. 4 and 5]. The only specimen of the 

thorax is too much distorted to base measurements upon it. 

Young stages of growth.—Some of the younger stages of growth 

of the cephalon are beautifully preserved in a compact, dark lime- 

stone from Ptarmigan Pass (locality No. 351). A few are illus- 

trated. These show that in the cephalons from 2 to 6 mm. in length 

there is considerable variation in outline. The smallest have a sub- 

quadrilateral outline with a distinct antero-lateral angle and short 

spine [figs. 11-13]. As the cephalon increases in size the angle 

and spine disappear, and the evenly rounded outline is unbroken 

from the genal angles to the broadly rounded front margin [figs. 

15-17]. The palpebral lobes of the smallest cephalon, 1.75 mm. 

in length, terminate posteriorly opposite the third glabellar furrow 

[fig. 11], and this continues up to specimens I5 mm. in length 

[fig. 15], but in the large cephalons 20 to 40 mm. in length the 

palpebral lobe is proportionally larger and ends at the furrow within 

the posterior margin of the cephalon [figs. 1-4, 16 and 17]. The 

space between the frontal lobe of the glabella and the anterior wire- 

like border of the cephalon varies slightly, but it is rarely that it is 

narrower than the width of the frontal border. The intergenal 

spines [figs. 11-14] are the continuation of the ridge running from 

the base of the eye that appears to represent the line of the facial 

suture back of the eye; the antero-lateral spines are in the position 

where I should anticipate finding the termination of the facial suture, 

in front of the eye. The comparison of the young stages of growth 

of this species with similar known stages in other species is made 

in the introduction [pp. 236-243]. 

An hypostoma occurring (locality No. th) with specimens of the 

cephalon of this species has a denticulated posterior margin much 

like that of the hypostoma of Wanneria halli [pl. 31, fig. 9], and 

Olenellus fremont: [pl. 37, figs. 21, 22]. It is strange that there 

are almost no traces of the hypostoma in association with the large 

number of specimens of the cephalon that occur at many localities, 

both in Nevada and Alberta. The hypostoma of O. canadensis is 

unusually abundant in association with that species and O. gilbert. 

Observations.—In my earlier work [Walcott, 1884, 1886, and 

1891| I gave a large variation to this species, and included in it 

forms that are now grouped under Callavia nevadensis and Olenellus 

fremonti. As now restricted, O. gilberti includes forms that have 
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a wide geographic distribution in the Cordilleran area of the United 

States and Canada, and a possible stratigraphic range of several 
hundred feet in the upper portion of the Lower Cambrian (Georgian) 

formations. Its representative on the eastern side of the continent 

in the Appalachian area is Olenellus thompsoni [pl. 34], and in 

Scotland O. lapworthi [pl. 39]. In Canada a form that I have identi- 

fied with this species occurs in the Mount Whyte formation at several 

localities, the most prolific of which is at Ptarmigan Pass, Alberta 

(locality No. 351), where a number of small and large cephalons 

were found in a thin layer of limestone at the base of an argillaceous 

shale. Fragments of O. canadensis are also abundant in this lime- 

stone and in the arenaceous beds beneath. Another notable locality 

is near the base of the Mount Stephen section (locality No. 35f), 

about 300 feet below the summit of the Lower Cambrian. 

Comparison with other species of Olenellus shows that O. gilberts 

differs from O. fremonti [pl. 37]: (a) in having its glabella sepa- 

rated from the frontal border by a clear space; (b) in having a 

longer, larger palpebral lobe and eye; (c) in having the third thoracic 

segment very little, if any, larger than the fourth and fifth; (d) 

in having the pleural lobes proportionally wider. The two species 

are associated in eastern (locality no. 30) and western Nevada 

(locality no. 1p). 

From O. thompsoni it differs in the less expanded anterior lobe 

of the glabella and the space in front of the lobe. 

From O. lapworthi [pl. 30, figs. 1-8] it differs in many minor de- 

tails and most notably in the form of the thorax and _ thoracic 

segments. 

The most nearly related cephalon is that of Pedeumias transitans 

[pl. 34], and the thorax of the two species is very similar back to 

the large spine. If O. gilberti should be found to have rudimentary 

segments and pygidium posterior to its telson-like spine the two 

forms would probably be placed under the species gilbert of the 

genus Pedewmias. 
FoRMATION AND LocaLity.—Lower Cambrian: (31a) m dark, 

fine, arenaceous shales and interbedded thin layers of limestone in 

the Pioche formation, on both the east and west slopes of the: anti- 

cline of quartzitic sandstone at the mining camp of Pioche; and 

(30) west slope of Highland Range 8 miles (12.8 km.) north of 

Bennetts Spring and about 8 miles (12.8 km.) west of Pioche; both 

in Lincoln County, Nevada. 
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(1m and 1p) limestones of No. 2 of the Silver Peak Group, Bar- 

rel Spring section [ Walcott, 1908c, p. 189], about 2.5 miles (4 km.) 

south of Barrel Spring,’ and .5 mile (.8 km.) east of the road; (11) 

same locality as No. 1m, in the shales of No. 3 of the Barrel Spring 

section [ Walcott, 1908c, p. 189] ; (11) 1.5 miles (2.4 km.) south of 

Barrel Spring in No. 6 of the Barrel Spring section [ Walcott, 1908c, 

p. 189]; (10) same horizon as No. 11, 3 miles (4.8 km.) southeast 

of Barrel Spring; (1y) fine, arenaceous shales in small buttes in 

Clayton Valley, about 3 miles (4.8 km.) southeast of Silver Peak; 

and (16g) fine, arenaceous shale at the Paymaster Mining Camp, 

.25 mile (.4 km.) west of Esmeralda; all in Esmeralda County, 

Nevada. 

(30a’) thin-bedded limestone on the north side of Big Cottonwood 

Canyon, 1 mile (1.6 km.) below Argenta, southeast of Salt Lake 

City, Utah. 

(60c) calcareous sandstones of the upper 20 feet of the St. Piran 

formation; and (351) limestone layer above the arenaceous beds of 

No. 60c, and below an argillaceous shale; both on the south slope 

of Ptarmigan Pass, near the head of Corral Creek, 9 miles (14.4 km.) 

northeast of Laggan, Alberta. 

(35e) about 270 feet (83 m.) below the top of the Lower Cam- 

brian in greenish, siliceous shales (64 feet) forming 2c of the field 

section in the amphitheater between Popes Peak and Mt. Whyte, 

3 miles northwest of Lake Louise, which is southeast of Laggan, 

Alberta. 

(35h) about 375 feet (114 _m.) below the top of the Lower Cam- 

brian in the shales of No. 4 of the Mount Whyte formation [Wal- 

cott, 1908c, pp. 214-215], on Mount Bosworth, north of the Canadian 

Pacific Railway between Hector and Stephen; (35f£) about 300 feet 

(g1m.) below the top of the Lower Cambrian in the limestone 

forming 6 of the Mount Whyte formation | Walcott, 1908), p. 242], 

just above the old tunnel on the north shoulder of Mt. Stephen, 3 

miles (4.8km.) east of Field; and (57i) about 175 feet (53 m.) 

below the top of the Lower Cambrian in the beds forming 4 of the 

Mount Whyte formation [Walcott, 1908), p. 241] at the same 

locality as No. 35f; all in British Columbia. 

* Barrel Spring is about 10 miles (16 km.) south of the town of Silver Peak 

in the Silver Peak Quadrangle. 
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OLENELLUS GILBERTI, var. 

PLATE 40, Fic. 8 

This small cephalon 3.5 mm. in length occurs in association with 

Olenellus canadensis [pl. 38] and O. gilberti [pl. 36]. Its large 

eye and broad space between the marginal rim and glabella dis- 

tinguish it at once from O. canadensis, and its stronger marginal 

rim and very strong ridge connecting the anterior lobe of the glabella 

with the elevated eye lobe distinguish it from cephalons of the same 

size referred to O. gilberti. It is unlike the latter, but it has so 

many points in common with it that I will designate it as O. gil- 

berti var. 

ForRMATION AND LocaLity.—Lower Cambrian: Mount Whyte 

formation: (351) limestone layer above the arenaceous beds of the 

St. Piran formation and below an arenaceous shale, on the south 

slope of Ptarmigan Pass, near head of Corral Creek, 9 miles (14.4 

km.) north-northeast of Laggan, Alberta, Canada. 

OLENELLUS LAPWORTHI Peach 

PLATE 30, Fics. 1-7; AND PLATE 40, PART OF Fic. 3 

Olenellus lapworthi PEAcH and Horne, 1892, Quart. Journ. Geol. Soc. 

London, Vol. 48, pp. 236-241, pl. 5, figs. 1-11. (Described and dis- 

cussed. ) 

Olenellus lapworthi Peach and Horne, PEAcu, 1894, Quart. Journ. Geol. 

Soc. London, Vol. 50, pp. 662-664, pl. 20, figs. 1, 2, and 2a; pl. 30, fig. 7; 

pl. 32, fig. 8. (Described and discussed.) 

Olenellus lapworthi elongatus PEacu, 1894, Idem, p. 664, pl. 29, figs. 3-6. 

(Characterized as a new variety. The specimen represented by figure 

3, pl. 20, is redrawn in this paper, pl. 39, fig. 1.) 

Olenellus intermedius PEacu, 1894, Quart. Journ. Geol. Soc. London, Vol. 

50, pp. 666-668, pl. 32, fig. 7. (Described and illustrated. ) 

Olenellus lapworthi belongs to that group of the Mesonacide rep- 

resented by O. thompsoni [pl. 35], O. gilberti [pl. 36], and O. fre- 

monti [pl. 37]. Its relation to the adult of O. thompsom may be 

seen by comparing figs. 2-4, pl. 39, with fig. 9, pl. 34. A young 

stage of O. lapworthi [pl. 39, fig. 8] may be compared with a young 

specimen of Pedeumias transitans [pl. 32]. Also compare the hyp- 

ostoma [fig. 7, pl. 39] with that represented by fig. 7, pl. 34. 

Olenellus lapworthi differs from O. thompsoni: (a) in having a 

shorter eye lobe that extends more obliquely outward; and (b) in 

the geniculation of the pleurze of the thoracic segments which is 

more abrupt [compare fig. 2, pl. 39, with fig. 1, pl. 35]. The eye 
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lobe of O. lapworthi is much like that of O. fremonti [pl. 37, fig. 2], 

but the relative position of the glabella and frontal border of the 

cephalon is different, as also the enlarged third segment. O. gilberti 
[pl. 36] has a larger eye lobe than O. lapworthi, but in other re- 

spects the two species are very closely related. It is also interesting 

to note that O. intermedius Peach [1894, pl. 32, fig. 7], a form that 

I think is the young of O. lapworthi, has antero-lateral angles on 

the cephalon not unlike similar angles on the young cephalons of 

O. gilberti [pl. 36, figs. 11-14]. 

In the synonomy of O. lapwortht I have included O. intermedius 

Peach and O. lapworthi elongatus Peach. The first I regard as a 

young cephalon preserving the antero-lateral angles that subsequently 

disappear, and the advanced genal angles and small eyes that are 

so well shown by the young of O. fremonti [pl. 37, figs. 11-12]. 

The variety elongatus appears from the specimens to be the result 

of elongation by slight distortion in the shales. 

A cephalon 26 mm. in length has a width of 44 mm. All of the 
illustrations on pl. 39 are from photographs of compressed speci- 

mens in a fine argillaceous shale. 

The hypostoma [pl. 39, fig. 7] is much like that of Pedeumias 

transitans [pl. 34, figs. 5-7] in having an ovate body and denticulated 

posterior and postero-lateral margins. I found one quite young 

cephalon in the material of the Geological Survey of Scotland [fig. 

6] 1.5mm. in length that shows prolonged intergenal spines, elon- 
gated eye lobes, and segmented palpebral lobes, not unlike those of 

Elliptocephala asaphoides [pl. 25, figs. 9-10]. 

The surface of the cephalon and thorax is marked by a rather 

strong network of fine, slightly elevated ridges of the same char- 

acter as those on O. reticulatus | pl. 39, figs. 10, 11], except that the 

network and ridges are finer. 

O. lapworthi differs from the associated O. reticulatus in its larger 

eye lobe, more finely reticulated surface and minor details mentioned 

under the latter species. It is the representative on the eastern side 

of the Atlantic basin of O. thompsoni of the St. Lawrence province 

of the western side of the Atlantic. The closely allied O. gilberti is 

from the Cordilleran trough of western America. 

ForRMATION AND LocaLity.—Lower Cambrian: argillaceous shale 

interbedded in “ Serpulite grit,’ a coarse, quartzitic sandstone, north- 

ern slope of Meal a’ Ghubhais, 1,200-1,300 (366-396 m.) above Loch 

Maree, 4 miles (6.4km.) northwest of Kenlochewe in the west of 

Ross-shire, Scotland. 



OLENELLUS AND OTHER GENERA OF MESONACIDZ2 333 

OLENELLUS LOGANI, new species 

BEATEAAT. IGS. Ss. 6 

Cephalon transversely semicircular in outline with the marginal 
border at the genal angles prolonged into slender spines; strongly 

convex with the eye lobes and front lobe of the glabella rising 

abruptly from the cheeks and frontal marginal border; marginal 

border very distinctly rounded, strong, and arching up slightly in 

front of the glabella from the plane of the lower edge of the ceph- 

alon; at the genal angles it merges into the genal spine and the nar- 

row, rounded posterior marginal border of the cephalon: the latter 

border is crossed obliquely by a low, slender ridge that is extended 

beyond the border as a short intergenal spine. 

Glabella with a convex, expanded anterior lobe that rises abruptly 

from just within the front marginal border; in a small specimen 

4.5mm. in length there is a narrow space between the border and 

the glabella; the glabella is divided into four lobes and the occipital 

ring by four pairs of furrows that extend obliquely inward and back- 

ward from the dorsal furrow on each side to the median line, where 

they unite, except in the case of the anterior pair which fade out 

just before reaching the median line; the second pair of furrows 

curve backward at their outer end so as to arch nearly around the 

ends of the third glabellar lobe; the anterior lobe is as long as the 

three narrow lobes combined and a little wider than long; it is 

connected at its postero-lateral margin, on each side, with the pal- 

pebral lobes by strong, rounded ridges that are a little depressed at 

the dorsal furrow; a faint furrow extends inward on each side a 

short distance from the point where the anterior margin of the 

palpebral ridges joins the anterior glabellar lobe; this pair of fur- 

rows indicates that the lobe is formed of two segments of the original 

primitive cephalon." The palpebral segment is beautifully shown 

by the young of Elliptocephala asaphoides [pl. 25, figs. 9 and to}. 

The second glabellar lobe is narrow and arched slightly backward 

at each end so as to nearly enclose the ends of the third lobe, which 

is thus shortened as compared with the second and fourth lobes; 

the third lobe is cut off by the arching of the second, but the fourth 

lobe extends out to the dorsal furrow where, with a very slight in- 
terruption, it crosses the line of the dorsal furrow and merges into 

the space within the palpebral lobe; the third and fourth lobes are 

This anterior pair of furrows is shown for Paradoxides by Barrande’s 

illustrations of P. spinosus [Barrande, 1852, pl. 12, figs. 2, 3, and 6; pl. 13, 

fig. 1] and P. pusillus [Barrande, 1872, pl. 9, fig. 23]. 
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a little larger longitudinally than the second lobe; the second, third, 

and fourth lobes all arch backward at the center where they are 

most convex and rounded so as to give the impression of a longi- 

tudinal ridge extending from the base of the first lobe backward and 

across the occipital ring, where it terminates in a minute node; the 

extensions of the second and fourth lobes into the interpalpebral 

lobe space suggest the primitive segmentation of the cephalon, as 

shown in the young of Elliptocephala asaphoides [pl. 25, figs. 9 

and 10], and Pedeumuias transitans [pl. 25, fig. 22]. On the largest 

cephalon, 11 mm. in length, there is a faint, shallow, narrow groove 
on each side in advance of the palpebral ridge just within the base 

of the anterior glabellar lobe that outlines a very narrow ridge some- 

what similar to that of Callavia crosbyi [pl. 28, fig. 1], except that 

it is not as clearly defined. Occipital ring rounded, prominent, 

arched a little backward, and with a minute, median, sharp node on 

a longitudinally elongated base. 

Palpebral lobes narrow, slightly rounded, gently curved, con- 

nected to the first glabellar lobe by a rounded ridge and terminating 

posteriorly opposite the ends of the fourth pair of glabellar furrows 

at about the width of the palpebral lobe from the dorsal furrows 

beside the glabella; the lobes rise to nearly the level of the median 

line of the glabella and cap the visual surface of the eye, which 

rises abruptly from the cheeks; interpalpebral space depressed and 

separated from the third and fourth lobes of the glabella by a very 

faint dorsal furrow; visual surface of eye narrow and arching be- 

neath the outer edges of the palpebral lobe. Cheeks of medium 

width and rising rather abruptly from the intermarginal furrow to 

the base of the eye; nothing can be seen on the outer surface indi- 

cating a facial suture, but the cast of the inner surface shows a 

narrow ridge extending from the posterior end of the eve outward 

and backward so as to cross the marginal border at about two-thirds 

of the distance from the occipital ring to the genal angle. 

Surface beautifully ornamented by a fine network of very narrow, 

slightly elevated ridges; on the marginal border the meshes of the 

network are elongated subparallel to the border; on the large first 

lobe of the glabella the long axes of the meshes curve around sub- 

parallel to the anterior margin of the lobe; over the remaining por- 

tions of the surface no marked direction is noted as the meshes are 

irregular in form and arrangement; the inner surface of the checks 

shows the cast of a system of irregular channels extending outward 

from the base of the eye toward the intermarginal groove. 
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Dimensions.—The largest cephalon has a length of 11 mm., width 

20mm. The proportions of the various parts are shown in the photo- 
graph of an entire cephalon illustrated by fig. 5, pl. 41. 

Observations.—O. logani is the Atlantic Province representative 

of O. fremonti [pl. 37] of the southern Pacific Province area. It 

differs from O. fremonti in minor details of the glabella, especially 
the furrow and smaller lobes, in its proportionally larger eyes, and 

in the regular form of its genal angles. It has larger eyes than O. 

canadensis [pl. 38]. 

FoRMATION AND LocaLity.—Lower Cambrian: L’Anse au Loup 

limestone at L’Anse au Loup, Labrador, on the Straits of Belle Isle, 

Canada. 
Type specimens in the Museum of the Geological Survey of 

Canada. 

OLENELLUS RETICULATUS Peach 

PLATE 39, FIGS. 9-13 

Olenellus reticulatus PEAcH, 1894, Quart. Journ. Geol. Soc. London, Vol. 

50, pp. 665-666, text fig. A, p. 673, pl. 30, figs. 1-6, 8-14; pl. 31, figs. 1-7. 

(Described and illustrated, most of the description being copied below. 

The specimens represented by figures 1 and 2 of plate 30 are redrawn 

in this paper, pl. 30, figs. 9 and Io.) 

Dr. Peach, in comparing this species with its most nearly related 

form, O. lapworthi, says, after stating that it is of larger size: 

The reticulated ornament on its test appears to be much larger in pattern 

(compared with its size) than in that species, and this difference, which makes 

it conspicuously visible to the naked eye, has suggested the specific name which 

I propose for the new form. In general aspect it much resembles the elongated 

variety of O. lapworthi. It differs from that chiefly in the head-shield, which is 

deeper in comparison with its breadth. The glabella is longer in proportion 

to the size of the head-shield, and the individual lobes are each more elongated, 

while the angles made by the furrows with the general axis of the body are 

more acute. The distal ends of the eye lobes are not so far removed from the 

edge of the glabella, nor do they extend so far backwards, but end well in 

front of the fourth furrow, while those of O. lapworthi extend beyond it. The 

raised margin that bounds the cheeks is not so wide in proportion; the genal 

spine is more slender, and is placed a little more anteriorly, and the notch 

between it and the pleural angle is deeper than in O. lapworthi. 

The arrangement of the details of its body-segments is similar to that of O. 

lapworthi, but the peculiarities of the pleura of the third segment are even more 

pronounced, the spines being longer relatively, and sometimes more incurved. 

The spines on the pleura of the sixth and three succeeding segments are longer 

and more slender. Tubercles have been observed in the mid-line on the occipital 

ring, on the axes of the first three free segments, and on several of the posterior 
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ones. They have not been observed on all the intermediate segments, but this 

may be owing to bad preservation or faulty observation, as it is probable that 

they once existed. 

The telson is long and styliform, and tapers rapidly at first and then decreas- 

ingly. Its articulation with the last free segment is well shown in the specimen 

from which pl. 30, fig. 12, was taken. Projecting from the posterior margin 

of the axis of the fourteenth free segment, at about 1-5 of its width from each 

side, are two small protuberances. Corresponding projections proceed forwards 

from the hinge-line of the telson, and interlock with them on their outside. 

Beyond them the anterior edge of the telson is continued in nearly the same line 

with the hinge, so that the anterior angles of the telson appear to be overlapped 

by the pleura of the last free segment. A “lock joint” is thus formed which 

does not allow of the telson folding downward beyond a certain angle with the 

plane of the last segment. 

The most marked and to me important point of difference with 

O. lapwortht is the much smaller eye. This is best seen by com- 

paring fig. 12 with fig. t on pl. 39. The eye of O. reticulatus is like 

that of O. canadensis [pl. 38, figs. 4, 5, 6], and in both species we 

find a tubercle between the posterior end of the eye lobe and the 

glabella. 

FoRMATION AND LocaLity.—Lower Cambrian: argillaceous shale 

interbedded in “ Serpulite grit,” a coarse quartzitic sandstone, north- 

ern slope of Meal a’ Ghubhais, 1,200-1,300 feet (366-396 m.) above 

Loch Maree, 4 miles (6.4 km.) northwest of Kenlochewe in the west 

of Ross-shire, Scotland. 

OLENELLUS THOMPSONI (Hall) 

BEATH ISAs hie. Oe ELA 35) a EIGSa i= 

Olenus thompsoni HA, 1859, Twelfth Ann. Rept. New York State Cab. 

Nat. Hist., p. 50, fig. 1, p. 60. (Described as a new species. ) 

Olenus thompsoni Hatz, 1859, Nat. Hist. New York, Paleontology, Vol. 

3, pt. I, pp. 525-526, text figure, p. 526. (Copy of the preceding 

reference. ) 

Barrandia thompsoni Hatt, 1860, Thirteenth Ann. Rept. New York State 

Cab. Nat. Hist., pp. 115-116, text figure, p. 116. (Described, beginning 

with the 5th paragraph under “ Genus Barrandia.’’) 

Paradoxides asaphoides Emmons, 1860, Manual of Geology, 2d ed., p. 87. 

(Name used in legend of fig. 70, p. 87, see following reference.) 

Paradoxides macrocephalus Emmons, 1860, Idem, p. 88, fig. 70. (In the 

text reference on page 87 this figure is referred to as Paradowxides asa- 

phoides; but from the figure there is little doubt that it was taken from 

a specimen of O. thompsoni. In the first edition of the Manual of 

Geology the figure is labeled Paradoxides brachycephalus. On page 

280 there is a note on the stratigraphic position of the species. ) 



OLENELLUS AND OTHER GENERA OF MESONACIDA 337 

Eliptocephalus (Paradoxides) asaphoides EMMons, 1860, Idem, p. 280. 

(Note on the stratigraphic position of the species.) 

Paradoxides thompsoni (Hall), Emmons, 1860, Idem, p. 280, note A. 

(Note on the stratigraphic position of the species. ) 

Paradoxides thompsoni (Hall), BArranpg, 1861, Bull. Soc. Géol. de France. 

2d ser., Vol. 18, p. 276, pl. 5, fig. 6. (Translates into French the 

description given by Hall, 1859, p. 59. Figure 6 is copied from Hall’s 

figure [1859, fig. 1, p. 601.) 

Paradoxides macrocephalus Emmons, BarrANpdE, 1861, Idem, pp. 276-277, 

pl. 5, fig. 7. (Discussed in French. Figure 7 is copied from Emmons, 

1860, fig. 70, p. 88.) 

Not Parado-xides thompsoni Bitiincs, 1861, Geol. Survey Canada, Paleozoic 

Fossils, p. 11. (Referred in this paper to Pedeumias transitans, see 

page 305.) 
Barrandia thempsoni Hatt, 1861, Report on the Geology of Vermont, Vol. 

I, pp. 369-370. (Copy of Hall, 1860, pp. 115-116.) 

Barrandia thompsoni Hatt, 1862, Report on the Geology of Vermont, Vol. 

2, pl. 13, fig. 1. (Copied from Hall, 1860, text figure, p. 116.) 

Olenellus thompson Hatt, 1862, Fifteenth Ann. Rept. New York State 

Cab. Nat. Hist., p. 114. (Generic name Olenellus proposed for this 

species, Barrandia being preoccupied. ) 

Not Olenellus thompsoni Brriincs, 1865, Geol. Survey Canada, Paleozoic 

Fossils, Vol. I, p. 11. (Reprinted from Billings, 1861a, p. 11, substi- 

tuting Olencllus for Parado-xides, but the species is referred in this 

paper to Pedeumias transitans. ) 

Olenellus thompsoni (Hall), Forp, 1881, American Journ. Sci., 3d ser., Vol. 

22, fig. 12; p. 258. (Figure 12 is copied from Hall, 1860, text figure on 

page 116.) 

Not Olenellus thompsoni WHITFIELD, 1884, Bull. American Mus. Nat. Hist., 

Vol. 1, No. 5, pp. 151-153, pl. 15, fig. 1. (Referred in this paper to 

Pedeumtas transitans. ) 

Olenellus thompsoni (Hall), Watcott (in part), 1886, Bull. U. S. Geol. 

Survey No. 30, pp. 167-168, pl. 17, figs. 2, 4 and 9; pl. 22, fig. 1, and pl. 

23, fig. 1. (not fig. 1, pl. 17 referred in this paper to Olenellus thompson 

crassimarginatus). (Copies the original description given by Hall 

[1859, p. 59] and discusses species. Figure 2, pl. 17, is redrawn in this 

paper, pl. 34, fig. 9; fig. 9, pl. 17, is a restored drawing of the specimen 

which is figured in this paper, pl. 35, fig. 4; and fig. I, pl. 23, is copied 

with slight alterations in figure 1 of plate 35 of this paper.) 

Olenellus thompsoni (Hall), Hot, 1887, Geol. Foren. i Stockholm For- 

handl., Bd. 9, Hafte 7, p. 514. (Described in Swedish. The species is 

frequently mentioned also in the discussion of “ Olenellus kjerulfi.”) 

Elliptocephala thompsoni (Hall), Mitier, 1889, North American Geology 

and Paleontology, p. 546, text fig. 1003. (Figure 1003 is copied from 

Walcott, 1886, pl. 17, fig. 2.) 

Olenellus thompsoni, LEstry, 1889, Geol. Survey Pennsylvania, Rept. P4, 

Vol. 2, p. 491, 3 text figures. (The large figure is copied from Walcott, 

1886, pl. 22, fig. 1; figures 2 and 9 are copied from Walcott, 1886, pl 

17, figs. 2 and 9.) 
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Olenellus thompsoni (Hall), Watcorr (in part), 1891, Tenth Ann. Rept. 

U. S. Geol. Survey, pl. 82, figs. 1 and 1a; pl. 83, figs. I and Ia (not fig. 

tb, pl. 83, which is referred in this paper to Olenellus thompsoni crassi- 

marginatus). (No text reference. Figures 1 and fa, pl. 82, and 1 and 

1a, pl. 83, are copied from Walcott, 1886, pl. 23, fig. 1; pl. 17, fig. 9; 

pl. 22, fig. 1; and pl. 17, fig. 2, respectively. 

Olenellus thompsoni (Hall), Corr, 1892, Natural Science, Vol. 1, fig. 1, 

p. 343. (Gives diagrammatic outline of Walcott’s figure, 1886, pl. 17, 

fig. 2.) 

Olenellus thompson (Hall), Frecu, 1897, additional plates inserted in 1897 

in Lethza geognostica, pt. 1, Lethea Paleozoica, Atlas, pl. 1a, fig. 7. 

(Figure 7 is copied from Walcott, 1886, pl. 23, fig. 1.) 

Olenellus thompsoni (Hall), Moserc, 1899, Geol. Foren. 1 Stockholm For- 

handl., Bd. 21, Hafte 4, pp. 314 and 317, pl. 13, fig. 2. (Mentioned at 

several places in the text. The figure is copied from Walcott, 1886, 

DI Wy, mes, 2.) 

Olenellus thompsoni (Hall), LinpsTrom, 1901, Kongl. Svenska Vet.-Akad. 

Handlingar, Vol. 34, No. 8, p. 12. (Merely refers to species in dis- 

cussion of “ facial ridge.’’) 

The adult form of Olenellus thompsoni Hall has been described and 

illustrated [see Walcott, 1886, p. 167; also 1891, p. 635], but with 

the discovery of Pedeumuas transitans [pls. 32, 33, and 34] a limi- 

tation of the variation in the cephalon has been found that may be 

of service in identifying the species in the future. The illustration 

accompanying the original descriptions of Olenus thompson [Hall, 

1859, p. 60, fig. 1] shows a cephalon with strong marginal rim, 

elongate eyes, and with anterior lobe of the glabella terminating in 

front at the marginal border, as in our fig. 9, pl. 34. I find in the 

collections from the locality at Parkers quarry, where the specimen 

described and illustrated by Hall came from, a number of finely 

preserved specimens in which the anterior lobe touches the anterior 

border, as in fig. 9, pl. 34, and in the illustration by Hall. On the 

cephalon of Pedeumias transitans the glabella is separated from the 

marginal border by a distinct space [pls. 32, 33, and 34], except in 

fig. 1, pl. 33, where the glabella is crushed down nearly to the border. 

This distinction between the cephalon of O. thompson and Pedeu- 

mias transitans is found in specimens from Vermont, Pennsylvania, 

Tennessee, and Alabama. It is quite probable that the separated 

cephalons of Mesonacis vermontana [pl. 26, fig. 1] may be taken for 

those of O. thompsoni when the thorax is broken away, but this is 

not of serious importance as the two species are associated both in 

Vermont and Pennsylvania. 

The hypostoma of the adult is very rarely preserved at the Georgia, 

Vermont, localities. In one example [pl. 35, fig. 3] the bases of 
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three spines are indicated along the postero-lateral margin. It is 

quite probable that the hypostoma was similar to that represented 

by fig. 7, pl. 34. 
Comparison with other species—The most nearly related species 

to O. thompsoni [pl. 34, fig. 9] 1s O. fremonti [pl. 37, figs. 1 to 7]. 

The most marked difference between them is in the larger frontal 

lobe of the glabella and smaller eye lobe of O. fremonti. The ceph- 
alon of the latter also has a much greater variation in outline result- 

ing from the position of the genal angles. From Pedeumias transi- 

tans [pls. 32 and 34] it differs in having the glabella close to the 

front marginal border, and in the absence of the rudimentary seg- 

ments and pygidium posterior to the fifteenth segment, parts which 

are represented in O. thompsoni by a strong, long telson. From O. 

gilberti [pl. 36] it differs in the cephalon in the same manner as from 

P. transitans. 

Distribution.—Numerous specimens of the cephalon have been col- 

lected from the limestone on the north shore of the Straits of Belle 

Isle, Labrador; on the west coast of Newfoundland at Bonne Bay ; 

along the St. Lawrence Valley from Bic to the Island of Orleans, 

near Quebec; on the east side of the Champlain Valley, Franklin 

County, Vermont; in central Pennsylvania; and from thence to 

central Alabama. 

Dimensions.— The proportions of the various parts of the dorsal 

shield are clearly shown by the figures on pls. 34 and 35. The 

larger fragments found indicate a dorsal shield 150 to 160 mm. in 

length. The average size of adults is from 60 to 100 mm. in length, 

including terminal telson. 
FORMATION AND LocaLiry.—Upper part of Lower Cambrian: 

(25) im the argillaceous shales of Parkers quarry, near Georgia; 

(25a) 2 miles east of Swanton, on the Donaldson farm; and I noted 

its presence west of St. Albans, in the outskirts of the city; in the 

massive magnesian limestones, west of Parkers quarry, and also 

about 1.5 miles (2.4km.) east of the hotel at Highgate Springs; 

all in Franklin County, Vermont. 

This species occurs in the conglomerate limestones of Bic Harbor, 

Trois Pistoles, St. Simon, and on the Island of Orleans, in the St. 

Lawrence River, below Quebec, Canada [Walcott, 1886, p. 26]. 

(49d) 3 miles (4.8km.) east of Waynesboro, Franklin County : 

(49f) Mt. Holly quartzite at Mt. Holly Gap. South Mountain’; 

(8q) argillaceous shales and limestone, 3 miles (4.8 km.) northwest 

* See also Walcott, 1896, pp. 24-26. 
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of the city of York; (49c) just north of the railway station at 

Emigsville, York County; (49b) 2 miles (3.2km.) northwest of 

Emigsville in continuation of the ridge from which No. 49c was col- 

lected; (49e) 1 mile (1.6km.) south of Mt. Zion Church and 4 

miles (6.4km.) northeast of York; and (12w) just west of Fruit- 

ville, about 2 miles (3.2km.) north of the city of Lancaster and 

westward at various localities to the Susquehanna River, notably 

1 mile (1.6km.) north of Rohrerstown on farm of Noah L. Getz, 

Lancaster County; all in Pennsylvania. 

(47d) 1 mile (1.6km.) east-southeast of Smithsburgh; (47e) 

2 miles (3.2km.) south of Keedysville, on Observatory Hill; and 

(47f) at Eakles Mill, 2 miles (3.2km.) south of Keedysville; all 

in Washington County, Maryland. 

(47) in a hard sandstone .75 mile (1.2km.) up a little brook 

opposite Gilmore on the south side of the Shenandoah River; (47g) 

shaly sandstone on Mason Creek 1 mile (1.6km.) east of Salem; 

and (47c) on the south side of the Potomac River, 2 miles (3.2 km.) 

west of Harpers Ferry bridge; all in Virginia. 

(46) at the western base of the ridge of Knox sandstone [Saf- 
ford] 5.5 miles (8.8km.) west of Cleveland; and (46a) upper por- 

tion of Knox sandstone in the village of Rhea Springs, Roane 

County ; both in Tennessee. 

(164a) argillaceo-arenaceous Montevallo shale 2 miles (3.2 km.) 

north of Montevallo, Shelby County, Alabama. 

Fragments of a large Olenellus that may belong to this species 

occur in (59m) Weisner quartzite in the Roan Iron Mine, Bartow 

County, Georgia. 

OLENELLUS THOMPSONI CRASSIMARGINATUS, new variety 

PLATE 35, Fics. 8-10 

Olenellus thompsoni Watcorr (in part) [not (Hall)], 1886, Bull. U. S. 

Geol. Survey, No. 30, pp. 167-168, pl. 17, fig. 1 (not pl. 17, figs. 2, 4, and 

9; pl. 22, fig. 1; nor pl. 23, fig. 1 = Olenellus thompsoni). (Copies the 

original description given by Hall [1859, p. 59] and discusses species. 

Figure I is copied in this paper, pl. 35, fig. 8.) 

Olenellus thompsoni Waxcotr (in part) [not (Hati)], 1891, Tenth Ann. 

Rept. U. S. Geol. Survey, pl. 83, fig. 1b (not pl. 82, figs. 1 and Ia; not 

pl. 83, figs. 1 and 1a = Olenellus thompsoni). (No text reference. 

Figure Ib is copied from Walcott, 1886, pl. 17, fig. 1.) 

This variety is founded on a number of specimens of the cephalon 

with a broad, somewhat flattened marginal rim that in specimens of 

the same size is proportionally broader than in Olenellus thompsomi. 

The palpebral lobe is also broad. 
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FORMATION AND LocaLity.—Lower Cambrian: (25) dark, sili- 

ceous shales at Parkers quarry near Georgia, Franklin County, 
Vermont. 

(8q) drab and gray calcareo-argillaceous and arenaceous shales 

2 miles (3.2km.) northwest of the city of York; (49) sandstone 

on Codorus Creek, 4 mile (.2 km.) below Meyers Mill, near Emigs- 

ville; and (49a) sandstone on the Liverpool Road, south of the 

Schoolhouse 3 miles (4.8km.) northwest of York; all in York 

County, Pennsylvania. 

OLENELLUS ?? WALCOTTI (Shaler and Foerste) 

PeArn 24) E1Gs tr 

' Paradoxides walcotti SHALER and Foerste, 1888, Bull. Museum Comp. 

Zool., Whole Series, Vol. 16, No. 2 (Geol. Series, Vol. 2), pp. 36-37, 

pl. 2, fig. 12. (Described and discussed. The specimen represented by 

figure 12 is redrawn in this paper, pl. 24, fig. 11.) 

Olenellus walcotti (Shaler and Foerste), Watcort, 1891, Tenth Ann. Rept. 

U.S. Geol. Survey, pp. 636-637, pl. 88, fig. 2. (Reproduces figure and 

description of Shaler and Foerste [1888, pp. 36-37, pl. 2, fig. 12], and 

refers species to Olenellus. 

Olenellus walcotti (Shaler and Foerste), GRABAU, 1900, Occasional Papers, 

Boston Soc. Nat. Hist., No. 4, Vol. 1, pt. 3, p. 669. (Mentioned.) 

Nothing has been added to our knowledge of this species since 

my paper of 1891. There is not sufficient material to identify it 

with Elliptocephala asaphoides Emmons, nor to positively decide 

that it is not identical. The cephalon on which the species is 

founded was found in a stratum of rock carrying six species that 

are associated with E. asaphoides in Rensselaer and Washington 

counties, New York, namely: Fordilla troyensis, Stenotheca rugosa, 

Platyceras primevum, Hyolithes communis emmonsi, H. americanus, 

and Hyolithellus micans. 

FORMATION AND LocaLity.—Lower Cambrian: (326d) reddish- 

brown arenaceous shale near North Attleboro, Bristol County, Mas- 

sachusetts. 

OLENELLUS ?, sp. undt. 

Olenellus sp., Moserc, 1892, Om Olenellusledet i sydliga Skandinavien, p. 

4. (Occurrence mentioned.) 

Olenellus ? sp. n., Moperc, 1899, Geol. Foren. i Stockholm Forhandl., Bd. 

21, Hafte 4, pp. 338-339, pl. 15, figs. 18-19. (Preceding reference copied 

and species discussed.) 

Fragments of a species of trilobite that in some respects resembles 

Mesonacis torelli [pl. 26, figs. 5-18] are mentioned by Dr. Moberg 
S—w 
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and doubtfully placed under Olenellus. His illustrations indicate a 

large trilobite that, when better specimens are found, may be a 

species related to, but distinct from, MW. torelli, or it may be identical 
with that species. 

FORMATION AND LocaLity.—Phosphatic nodules in green sand- 
stone on the shore, half way between Brantevik and Gislofshammer, 

Sweden [Moberg, 1899, p. 338]. 

OLENELLUS ?, sp. undt. 

PLATE 30, Fic. 14 

Of this form only one small cephalon, 1.25 mm. in length, has been 

found in the collections from the Olenellus lapworthi zone of north- 

west Scotland. The elongate slightly tapering glabella and long 

eye lobes are like those of the young and small cephalons of Olenellus, 

so that for the present the reference is made to that genus. The 

cephalon is associated with Olenellus lapworthi, O. reticulatus, O. 

gigas, and Olenelloides armatus. 

FORMATION AND Loca.Lity.—Lower Cambrian: argillaceous shale 

interbedded in “ Serpulite grit,” a coarse quartzitic sandstone, north- 

ern slope of Meal a’ Ghubhais, 1,200-1,300 feet (366-396 m.) above 

Loch Maree, 4 miles (6.4km.) northwest of Kenlochewe, in the 

west of Ross-shire, Scotland. 

PEACHELLA, new genus’ 

Of this genus only the cephalon of one species is known. This 

is described under the species P. iddingst. 

Genotype.—Olenellus iddingsi Walcott [1884, p. 28]. 

The generic name is given in honor of Dr. B. N. Peach, of the 

Geological Survey of Scotland. 

Stratigraphic range.—In arenaceous shales and thin, interbedded 

layers of limestone of the Pioche formation, upper part of the Lower 

Cambrian (Georgian). 

Geographic distribution.—Eastern third of Nevada for about 150 

miles between the most northern and southern localities. 

Observations.—The cephalon of Peachella [pl. 40, figs. 17, 18] is 

distinguished by its blunt, tumid genal spines; elongate, narrow 

glabella; small eyes and marked convexity. The small eye is not 

“The type and only species of this genus has been placed under Olenellus in 

the following references: Walcott [1884, p. 28; 1886, p. 170; and 1891, p. 636] 

and Holm [1887, p. 515]. 
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unlike that of Olenellus canadensis [pl. 38, fig. 6], except that it is 

close to the glabella at its posterior end. The glabella is comparable 

with that of the very young specimens of Wanneria gracile [pl. 
38, fig. 22], but in the adult forms of the latter the glabella is 

broader at the occipital ring. The most nearly related cephalon is 

that of O. fremonti, as expressed in some of its phases of growth 

[pl. 37, figs. 14-16]. In these specimens the glabella is unusually 

narrow and the eyes small and near the glabella, and the genal 

spine is thickened more than usual, but, with the more expanded 

anterior lobe of the glabella, outward inclination of the eyes, and 

the impression obtained of the general assemblage of all the char- 

acters of the cephalon as seen at one view, there is no danger of 

confusing the two species. If we consider all the phases of the 

cephalon of O. fremonti as shown on pl. 37 the two forms are at 

once seen to be widely separated. 

We know nothing of the thorax and pygidium, but with such a 

cephalon it is highly probable that strongly marked characters exist. 

PEACHELLA IDDINGSI (Walcott) 

PLATE 40, FIGS. 17-19 

Olenellus iddingsi Watucott, 1884, Monogr. U. S. Geol. Survey, Vol. 8, 

p. 28, pl. 9, fig. 12. (Described as a new species. The specimen repre- 

sented by figure 12 is redrawn in this paper, pl. 40, fig. 17, other speci- 

mens being used to restore broken portions. ) 

Olenellus iddingsi Watcort, 1886, Bull. U. S. Geol. Survey, No. 30, p. 170, 

pl. 19, fig. 1. (Reproduces the description and figure given by Walcott 

in 1884, and adds a paragraph on some specimens from a new locality.) 

Olenellus iddingsi Walcott, Hotm, 1887, Geol. Foren. i Stockholm For- 

handl., Bd. 9, Hafte 7, p. 515. (Described in Swedish. ) 

Olenellus iddingsi Watcott, 1891, Tenth Ann. Rept. U. S. Geol. Survey, 

p. 636, pl. 84, fig. 2. (No text reference. Figure 2 is copied from 

Walcott, 1884, pl. 9, fig. 12.) 

Outline of cephalon roughly subtriangular with the length one- 

half the breadth at the genal angles; strongly convex in front and 

sloping to the posterior margin, or the outer margin slopes up 

toward the genal angles; marginal border narrow and wire-like in 

front and along the antero-lateral curvature of the border; when 

opposite the eyes the rounded border thickens and broadens so that 

“it passes into the genal spine with a size and convexity that gives 

it the appearance of a distinctly elongated lobe; the genal spine 

is short, and in the larger specimens almost blunt in its outline; the 

posterior border is faintly defined between the glabella and genal 
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spine as a nearly flat border that in a small cephalon, 3.5 mm. in 

length, has a short, blunt intergenal spine close to the genal spine, 

very much as in Callavia bréggeri [pl. 27, fig. 1]. Glabella nar- 

row, convex and contracting slightly at the sides from the occipital 

ring to the anterior lobe which widens and curves abruptly down- 

ward nearly to the front marginal rim of the cephalon; it is divided 

by four nearly transverse furrows into three narrow transverse 

lobes and a large anterior lobe; the anterior lobe expands in front 

of the eyes and curves over and down to just within the front mar- 

ginal border which is broadly and slightly arched upward at its 

lower margin in front of the glabella: the two posterior transverse 

lobes of the glabella are longitudinally subequal in width and wider 

than the second lobe; occipital ring widening from the sides toward 

the posterior center where a small node occurs. Eyes small, about 

one-third the length of the cephalon: they rise abruptly from the 

cheeks and are very prominent when viewed from the side, although 

not raised above the level of the glabella; palpebral lobe defined 

from the anterior lobe of the glabella by a shallow furrow; it arches 

backward close to the glabella to a point opposite the center of the 

posterior transverse glabellar lobe; the cheeks slope rather abruptly 

up from the marginal border to the base of the eye; the interior of 

each cheek is marked by a narrow depressed line or furrow that 

extends with a gentle sigmoid curvature backward and outward to 

where it crosses the marginal border a short distance from the genal 

spine ; in one specimen it crosses the border obliquely and disappears 

at the intergenal spine; this furrow appears to indicate the course 

of a facial suture back of the eye that is in a state of symphysis. In 

my original description [Walcott, 1884, p. 28] I called this line the 

facial suture. No trace of anything indicating a facial suture has 
been seen in front of the eye. 

Surface minutely punctate with faint, irregular, very slightly 

elevated, narrow ridges that form an irregular network of elongated 

meshes. The outer surface usually adheres to the matrix to such 
an extent that only a few fragments show it at all. 

Dimensions.—The largest cephalon in the collection has a length 

of 13mm., width 26mm.; convexity at anterior lobe of glabella 

4mm. Width of glabella at occipital ring 5 mm., at widest part of 

anterior lobe 5.5 mm.; length of eye 3.5 mm. 

Thorax and pygidium unknown. 

Observations.—This very unusual form is abundantly represented 

in the Nevada and Utah area of the Cordilleran Cambrian by many 
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fragments of the cephalon in association with Olenellus fremont. 

It is readily recognized by the thick, obtuse genal spines of the 

adult, slender glabella, and small eyes. 

The known stratigraphic range of Peachella iddingsi is in the 

arenaceous shales and interbedded siliceous limestone of the Pioche 

formation near the top of the Lower Cambrian. At the south end 

of the Timpahute range the following species are associated with it: 

Nisusia (Jamesella) erecta Walcott. 

Billingsella highlandensis Walcott. 
Callavia nevadensis Walcott. 
Olenellus fremont Walcott. 

On Prospect Peak, in the Eureka District, 145 miles north, 

Olenellus fremonti and Protypus sp. occur with it, and in the High- 

land Range 60 miles northeast of the Timpahute Range locality 

O. fremonti and Callavia nevadensis are found in the same hand 

specimens. 
ForMATION AND Loca.Lity.—Lower Cambrian Pioche formation: 

(52) arenaceous shales above the massive-bedded sandstones of the 

Prospect Mountain formation on the summit of Prospect Mountain, 

Eureka District, Eureka County; (30) arenaceous shales on west 

slope of the Highland Range at the edge of the desert, 8 miles 

(12.8km.) north of Bennetts Spring and about 8 miles (12.8 km.) 

west of Pioche, Lincoln County ; (60h and 313g) arenaceous shales 

and thin, interbedded limestone in the Groom Mining District at 

the south end of the Timpahute Range, near the line between Nye 

and Lincoln counties; all in Nevada. 

Genus OLENELLOIDES Peach 

Olenellus (Olenelloides) Pracu, 1804, Quart. Journ. Geol. Soc. London, 

Vol. 50, pp. 668-669, and 671-674. (Described and discussed as a new 

subgenus. ) 

Olenelloides (Peach), Breecuer, 1897, American Journ. Sci., 4th ser., Vol. 

3, p. 191. (Suggests that the genus represents the young of Olenellus 

or a related form.) 

Olenelloides (Peach), Moperc, 1899, Geol. Foren. i Stockholm Férhandl., 

Bd. 21, Hifte 4, p. 320. (Brief description of genus.) 

Dorsal shield small, elongate, narrowing from the broad, large 

cephalon to the small, narrow pygidium. 

Cephalon large and provided with strong intergenal, genal, and 
antero-lateral spines; the intergenal spines appear to represent the 

postero-lateral termination of the facial sutures, and the antero- 
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lateral their anterior terminations at the margin, although the 

sutures are in a condition of symphysis and do not show on the 

specimens. Glabella subconical and divided by four transverse fur- 

rows into a globose anterior lobe and three, narrow, transverse 

lobes; occipital ring strong and with a minute median node; pal- 
pebral lobes small and united to the anterior lobe of the glabella 

by short ridges. No traces of facial sutures. Interpalpebral ridge 

crossed by faint furrows indicating the continuation of the glabellar 

lobes across the dorsal furrow out into the interpalpebral ridge.’ 
The third glabellar lobe continues out into the intergenal spine. 

Thorax with seven segments. Axial lobe large, convex; pleural 

lobes narrow and with the third, sixth, and seventh pair extended 

into long spines; pleural groove strong and obliquely transverse. 

Pygidium a small plate with only one transverse furrow as far as 

known. It is almost enclosed by the spinous extension of the pleure 

of the seventh segment. 

Surface marked by a very fine network of slightly raised, very 
narrow, irregular ridges. 

The largest dorsal shield has a length of about 11 mm., the greater 

number of specimens are smaller. 

Genotype.—Olenelloides armatus Peach. 

Stratigraphic range—Upper beds of Lower Cambrian in asso- 

ciation with Olenellus lapworthi. 

Geographic distribution.—Northwest of Scotland, about upper 

portion of Loch Maree. 

ervations.—This is essentially a larval form of Olenellus. 

Th ¢e cephalon and narrow thorax indicate this, and there are 

additional characters to be considered, such as the spinous exten- 

sions of the intergenal angles and antero-lateral angles similar to 

those in the young of Olenellus gilberti [pl. 36, figs. 11-14]. The 

glabella is conical and primitive as in Nevadia [pl. 23]. Eyes primi- 

tive and with an interpalpebral ridge as in the young of Olenellus 

gilberti [pl. 36, figs. 11, 12], Elliptocephala [pl. 25, figs. 9 and 10], 

and Pedeumias transitans [pl. 25, figs. 21 and 22]. The narrow 

pleural lobes suggest the pleural lobes of the young of Pedeumias 

transitans |pl. 32, figs. 4-6]. The spines of the third and sixth seg- 

ments indicate a degenerate form. 

*The interpalpebral ridge is the ridge or elongated tubercle between the 

glabella and palpebral lobe that is formed by the extension of the three pos- 

terior glabellar lobes. These are well shown in the young cephalon of Ellipto- 

cephala asaphoides [pl. 25, figs. 9 and 10]. 
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I regard Olenelloides as representing a degenerate form of the 

Mesonacide that came into existence shortly before the decadence 

and disappearance of the family. 

Mr. B. N. Peach [1894, p. 668] stated when proposing the name 

Olenelloidcs that the name was “ intended to show its strong like- 
ness to some larval stages of other Olenellids.” 

Dr. Charles E. Beecher later [1897, p. 191] suggested that this 

genus might be the young of Olenellus or some related form. I 

think, now that we have so much additional information about the 

young stages of the Mesonacide, that it may be considered, as just 

stated, as representing a degenerate genus of the Mesonacide. 

OLENELLOIDES ARMATUS Peach 

PLATE 40, FIGs. 2 AND 3 

Olenellus (Olenelloides) armatus PEacH, 1894, Quart. Journ. Geol. Soc. 

London, Vol. 50, pp. 669-670, pl. 32, figs. 1-6. (Described. None of the 

specimens figured are represented in this paper.) 

Olenelloides armatus Moserc, 1899, Geol. Foren. i Stockholm Forhandl., 

Bd. 21, Hafte 4, pp. 314 and 320, pl. 13, fig. 6. (Mentioned at several 

places in the text. The figure is copied from Peach, 1894, pl. 32, fig. 3.) 

Dr. B. N. Peach has given a very full description of the material 

illustrating this species that was available when he made his study 

of it in 1894. Through the courtesy of the Director General of the 

Geological Survey the specimens studied by Dr. Peach and a num- 

ber collected since were sent to me by Director Horne of the Scot- 

tish Survey. In the material I found one entire dorsal shield and 

its matrix. The matrix, being the clearer, is illustrated by fig. 3, pl. 

40. The following description is drawn from it and the specimen 

it is the matrix of. 

Dorsal shield small, elongate, converging in outline from the 

broad cephalon to the narrow pygidium; moderately convex. 

Cephalon roughly hexagonal with the anterior and posterior sides 

each equal to the length of two of the shorter right and left sides. 

The outline is broken by three angles with long spines on each 

side; the postero-lateral angle corresponds to the intergenal angle 

of the young cephalon of Olenellus gilberti [pl. 36, figs. 11-14]; 

the median angles and spines correspond to the genal angles of the 

same, and the antero-lateral angles and spines to similar angles 

and spines of the young cephalon of O. gilberti; the antero-lateral 

spines are located at the points where the facial suture would ap- 

parently terminate on the outer margin. The round marginal rim 
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merges into the spines at the six angles, and extends inward at 

the posterior margin to the occipital ring. 

Glabella elongate, subcylindrical, and divided by four pairs of 
transverse furrows into four lobes and an occipital ring; the an- 

terior lobe is nearly circular in outline, globose, and sloping down 

from the anterior glabellar furrow at an angle of about 45°, to the 

intermarginal space just within the wire-like marginal rim; the 

second lobe is broadest at the ends and narrow at the center, owing 

to the anterior pair of furrows extending obliquely inward and back- 
ward while the second pair of furrows are almost at right angles 

to the sides of the glabella, and united without interruption at the 

median line so as to form a continuous furrow across the glabella; 

the third and fourth lobes and occipital ring have approximately the 

same width; they are separated by the third pair of glabellar fur- 

rows which extend inward and a little backward nearly to the median 

line, where they are united by a more shallow, transverse furrow; 

on both the third and fourth lobes there is a depressed space on the 

posterior half of the lobe that extends over about three-fifths of its 

length; this causes the lobe to have a raised front part connected 

with ends that appear on the third segment like flattened tu- 

bercles, and on the fourth segment, where the depressed space is 

less extended laterally, as low, elongate tubercles; when the glabella 

is compressed laterally the ends of the second, third, and fourth 

lobes have the tubercles or elevated ends of the lobes quite prominent, 

these resemble the lateral tubercles on the median lobe of the thoracic 

segments of some forms of Agnostus and Microdiscus. The ends of 

the fourth glabellar lobe appear to be united to a low ridge that 

extends obliquely outward and backward into the intergenal spine 

on each side; the first lobe is united to the palpebral lobe, while the 

second and third lobes are connected on each side with the long inter- 

palpebral lobe or tubercle that extends parallel to the glabella from 

the second lobe to where it merges into the ridge connecting the 

fourth lobe and the intergenal spine on each side. Occipital ring 

marked by a shallow, narrow furrow that extends inward from each 

end at the posterior margin and crosses the ring obliquely nearly 

to the center just within the anterior margin of the ring. On the 

broad, transversely subtriangular space thus outlined a sharp, minute 

node occurs close to the posterior median margin of the ring. The 

glabella is separated from the other parts of the cephalon by a dorsal 

furrow that is of varying depth owing to the interruptions caused 

by the low ridges crossing it from the glabellar lobes; these ridges 
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are strongest at the first, second, and fourth lobes. Palpebral lobes 

prominent and extending obliquely outward and backward opposite 

the posterior half of the first glabellar lobe, and the entire second 

glabellar lobe; a strong ridge unites the palpebral lobe on each side 

with the side of the first glabellar lobe; the eye rises abruptly from 

the surface of the cheek opposite the genal spine and is so curved 

that the visual surface commands all parts of the dorsal shield ex- 

cept directly back of the glabella. I have not been able to find any 

trace of a furrow connecting the posterior end of the eye with the 
intergenal spine; if such existed it would extend along the outside 

of the longitudinal ridge next to the glabella. The inner slope from 
the palpebral lobe to the dorsal furrow beside the glabella is quite 

steep and gives great prominence to the eye. The elongate ridge 

on each side that rises between the eye and the glabella extends 

back to where it passes out into the intergenal spine; this inter- 

palpebral ridge appears to be formed of the extensions of the gla- 

bellar lobes in the same manner as a somewhat similar ridge on the 

cephalon of the young of Elliptocephala asaphoides [pl. 25, figs. 9, 

10]. In one specimen traces of segmentation are preserved on the 

ridges, and a connecting ridge crosses the dorsal furrow uniting 

the second and fourth glabellar lobes with the longitudinal ridge. 

The spaces between the front of the glabella, the eyes, and the longi- 

tudinal ridge back of the eyes and the marginal rim are very small 

and of little importance. 

The thorax is largely formed of the axial lobe and spinose exten- 

sions of the seven thoracic segments (Dr. Peach mentions eight 

segments, but I can not make out more than seven). Axial lobe con- 

vex and separated from the pleural lobes by a clearly defined dorsal 

furrow ; a minute median tubercle or spine occurs near the posterior 

margin of the segment and there are slight traces of furrows that 

begin near the anterior center of the segment and extend obliquely 

outward and backward to the postero-lateral edge, thus repeating 

the surface structure of the occipital ring. The first three segments 

are about as wide as the occipital ring, the others gradually narrow 

toward the pygidium; pleural lobes narrow; those cf the first seg- 

ment are shorter than their width, or longitudinally quadrilateral in 

outline ; those of the second segment are a little longer than those 

of the first and those of the fourth and fifth are longer than wide; 

the pleurze of the third segment are broader than those of the first 

and second, and are prolonged into a long spine that extends ob- 

liquely outward and backward at about the same angle as the inter- 
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genal spines of the cephalon; the pleurz of the sixth segment are 

also extended in spines similar to those of the third segment, but 

the spines of the pleurz of the seventh segment are bent abruptly 

backward so far that they converge slightly toward the median 

line; a small, short spine occurs at the postero-lateral angle of each 

of the pleurze of the first, second, fourth, and fifth segments; the 

broad pleural furrow crosses the pleurz obliquely from the antero- 

interior side to the postero-lateral side, and occupies the greater 

part of the surface of the pleurz, except on the third and sixth 

segments, where the furrow extends out on the base of the large 

spinose extension of the pleura. 

The pygidium is not shown on the specimens studied by Dr. Peach, 

but on two specimens collected since 1894 the outlines of a small 

pygidium can be seen between the incurved spines of the seventh 

segment; it is without spines or angles; about as long as wide at 

its point of junction with the seventh segment; roughly rounded, 

subtriangular in outline and marked by a transverse furrow about 

midway of its length. The pygidium resembles that of the young of 

Pedeumias transitans, as shown by fig. 4, pl. 32, of this paper. 

Surface marked by a very minute network of very fine, irregular 

elevated lines or ridges. 

Dimensions.—The largest specimen of the dorsal shield I have 

seen has a length of 9 mm., exclusive of the pygidium and spines 

(Dr. Peach mentions one I1.mm., in length). In an entire dorsal 

shield 4.5mm. in length [pl. 40, fig. 3] the cephalon is one-half 

(2.25mm.) of the total length; width at the intergenal spines 

2.1mm. The proportions of the various parts of the cephalon are 

fairly well shown by fig. 2, except that the specimen is a little 

shortened by distortion. 

Observations—The specimens illustrating this species are fairly 
well preserved in a very fine, hard argillaceous shale, but most of 

them have been more or less distorted by compression. A number 

of specimens of the cephalon have been found, but entire specimens 

are very rare. The relation of this species to the young of other 

species of the Mesonacidz are discussed under remarks on the 

genus Olenelloides. 

FORMATION AND LocaLity.—Lower Cambrian: argillaceous shale 

interbedded in “ Serpulite grit,” a coarse quartzitic sandstone, north- 

ern slope of Meal a’ Ghubhais, 1,200-1,300 feet (366-396 m.) above 

Loch Maree, 4 miles (6.4 km.) northwest of Kenlochewe in the west 

of Ross-shire, Scotland. 
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PAGE 

Nevadia weeksi, new genus and new species (See pl. 44)................ 257 

Fic. 1. A large specimen of the dorsal shield preserving nearly the en- 

tire thorax and a portion of the cephalon. The cephalon has 

been restored in outline from specimens represented by figs. 

2 and 3. Two-thirds natural size. U. S. National Museum, 

Catalogue No. 56792a. 

to . A nearly perfect individual showing fifteen thoracic segments 

in the anterior portion of the thorax and eleven in the poste- 

rior portion. Natural size. U. S. National Museum, Cata- 

logue No. 56792b. 

The difference between the posterior portion and anterior 

portion of the thoracic segments is also shown by fig. 4. 

3. A specimen that has been slightly distorted by compression, 

showing the cephalon and a few thoracic segments. Natural 

size. U. S. National Museum, Catalogue No. 56792c. 

4. Posterior portion of the thorax. This shows five segments of 

the anterior portion and ten segments of the ‘posterior por- 

tion of the thorax. Natural size. U. S. National Museum, 

Catalogue No. 567092d. 

5. Cephalon and portion of the thorax. 4. This represents 

the smallest specimen found of this species. U. S. National 

Museum, Catalogue No. 56792e. 

6. Enlargement of the lateral cheeks of a cephalon between the 

eye and the outer anterior and posterior borders. This illus- 

trates very perfectly the venation extending outward from 

the base of the eye lobe. & 2. U.S. National Museum, Cata- 

logue No. 56792f. 

7. Portion of a thoracic segment illustrating the central axis, 

the pleural lobes and extension. Natural size. U. S. National 

Museum, Catalogue No. 56792g. 

8. Pygidium (X 2) that is associated with specimens of this species 

and Holmia rowei [pl. 29]. U.S. National Museum, Catalogue 

No. 56792h. 

The specimens represented by figs. 1-8 are from locality (1f), 

16 miles south of Silver Peak, Nevada. 



SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 53, PL. 23 

LOWER CAMBRIAN TRILOBITES 



Fa =f, 

wm mi aA ' Vy 





382 SMITHSONIAN MISCELLANEOUS COLLECTIONS VOL. 53 

DESCRIPTION, OF PLATE, 24 

PAGE 
Elliptocephala asaphoides Emmons (See pls. 25 and 44)................. 269 

Fic. 1. A nearly entire specimen from the type locality (35b), one 

mile west of North Greenwich, Washington County, New 

York. The spines on the five posterior thoracic segments have 

been restored from another specimen. Two-thirds natural 

size. U.S. National Museum, Catalogue No. 18350a. 

2. Pygidium and seven posterior thoracic segments of the speci- 

men represented by fig. 1 but without the five dorsal spines. 

Natural size. U.S. National Museum, Catalogue No. 183504. 

Figs. 1 and 2 are copied from Walcott, 1891a, pl. 80, figs. 

I and ta. 

3. A small, nearly entire dorsal shield with the third thoracic 

segment prolonged into long spines. 4. Collection New 

York State Museum, Albany. 

4. A dorsal shield 8 mm. in length with 13 segments. Whether 

the last segment (?) is the pygidium or a turned in segment 

cannot be determined. 3. Collection New York State 

Museum, Albany. 

5. Cephalon and 13 segments of young individual in which the 

third thoracic segment is not prolonged beyond the others. 

<2. The glabella is broadened and the entire cephalon short- 

ened by compression and crushing. Collection New York 

State Museum, Albany. 

Figures 3, 4, and 5 are copied from Walcott, ane pl. 88, 

figs. Ib, Ic, and 1d, respectively. 

6. Cephalon 5 mm. in length that was used as the base for fig. If, 

pl. 88 of Walcott [1891a]. <2. Restored to the right of the 

line crossing the drawing. Locality (38) near South Gran- 

ville, Washington County, New York. U.S. National Museum, 

Catalogue No. 15413a. 

7, A cephalon 3 mm. in length with glabella much like that of 

fig.6. 3. Locality (38a), near North Granville, Washington 

County, New York. U. S. National Museum, Catalogue No. 

154130. 

8. Form of hypostoma associated with this species at several locali- 

ties. > 4. This specimen is from locality (33), in the town- 

ship of Greenwich, Washington County, New York. U. S. 

National Museum, Catalogue No. 15413c. 

Figure 8 is drawn from the specimen illustrated by Wal- 

cott, 1891a, pl. 88, fig. rg. 

9. A fragment preserving four of the posterior spine bearing tho- 

racic segments. Natural size. Locality (35b), near North 

Greenwich, Washington County, New York. U. S. National 

Museum, Catalogue No. 18350). 

This figure is copied from Walcott, 18914, pl. 90, fig. ta. 
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Elliptocephala asaphoides. Emmons (continued) : PAGE 

10. Enlargement of the reticulated surface of a portion of the outer 

cheek of an old and large individual. X 6. Locality (27), 

near Troy, Rensselaer County, New York. U. S. National 

Museum, Catalogue No. 15413d. 

Figure 10 is copied from Walcott, 1886, pl. 25, fig. 8. 

Olenellus 2? walcoth (Shaler and Foerste)...0....0520..s cen cee cc ewnes 341 

Fic. 11. Type specimen from locality (326d) at North Attleborough, 

Massachusetts. The glabella is crushed so as to make it 

narrow at the base. 

This specimen was first figured by Shaler and Foerste, 1888, 

pl. 2, fig. 12; it is redrawn in fig. 11 of this paper. 

Pedeumias transitans, new genus and new species (See pls. 25, 32, 33, 

Si dite BiaGllD)).e @ ahs 6 iS oo dhe 6 HOD Scie Ce TRIOIS Con CRUE SIE aco eee hice 304 

Fic.12. Enlargement of the seven posterior segments and pygidium of 

the specimen represented by fig. 1, pl. 33. This clearly shows 

the difference in thé surface sculpture of the Olenellus thoracic 

segments and that of the three Pedeumias rudimentary seg- 

ments and pygidium. 3. U. S. National Museum, Cata- 

logue No. 56808a. 
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DESCRIPTION OF PEATE R25 

PAGE 

Elliptocephala asaphoides Emmons (See pls. 24 and 44)................. 260 

Fic. 1. A young stage (Paraprotaspis) in which the pygidium is out- 

lined and the genal and intergenal spines united. ‘ 16. 

. Cephalon with the genal and intergenal spines slightly separated. 

><aro! 

3. Cephalon with the genal and intergenal spines widely separated 

but with the genal angles carried slightly forward. 10. See 

figs. 3 and 4, pl. 30. 

4. Cephalon with transverse posterior margin and normal form 

of genal spines.  X 7. 

5. Cephalon with more strongly developed glabella, otherwise 

much like fig. 4. X 7. 

6. Cephalon with short intergenal spines and strongly marked 

glabella. X 5. 

7. Cephalon much like that of fig. 5, but without intergenal spine. 

Keds 

8. Usual form of fully developed cephalon. 2. 

The above described figs. 1 to 8 were drawn for me by Mr. 

S. W. Ford from material in his collection cbtained from the 

vicinity of the City of Troy, New York. The drawings ‘are 

somewhat diagrammatic, but they serve to illustrate progres- 

sive development of the form of the cephalon. The Ford col- 

lection is now at the New York State Museum in Albany. 

Our fig. 9 represents a somewhat younger stage than Ford’s 

fig. 1; fig. ro corresponds to Ferd’s fig. 2. 

bo 

9. The youngest stage (Paraprotaspis) of growth of this species 

observed. X25. Length four-fifths of one millimeter. U. S. 

National Museum, Catalogue No. 15413¢. 

10. A cephalon 1.75 mm. in length. X15. U.S. National Museum, 

Catalogue No. 15413f. 

Figures 9 and 10 are drawn from the same specimens as those 

illustrated by Walcott, 1886, pl. 17, figs. 5 and 6, respectively. 

The specimens are both from locality (27), near Troy, Rens- 

selaer County, New York. 

11. A cephalon 2 mm. in length that is slightly more advanced in 

development than fig. 2. & 10. This cephalon comes in between 

figs. 2 and 3 of the Ford series. Locality (29a), near Schodack 

Landing, Rensselaer County, New York. U. S. National 

Museum, Catalogue No. 15413g. 

12. A cephalon 4 mm. in length with glabella expanded toward its 

anterior lobe. XX 3. Compare with fig. 7, pl. 24, which has a 

very narrow glabella at its anterior lobe. This is about the 

same stage as fig. 5 of Ford’s series. Locality (27), near 

Troy, Rensselaer County, New York. U.S. National Museum, 

Catalogue No. 15413h. 
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Elliptocephala asaphoides Emmons (continued) : PAGE 

13. A small convex cephalon. x 3. Locality (38a), near North 

Granville, Washington County, New York. U. S. National 

Museum, Catalogue No. 154131. 

14. A large flattened cephalon from the limestone in locality (36), 

3.5 miles north of Cambridge, Washington County, New York. 

This approaches in form the specimens from the shale at 

Greenwich [pl. 24, fig. 1]. Natural size. U. S. National 

Museum, Catalogue No. 15413). 

15. Top and side view of a somewhat compressed cephalon in lime- 

stone for comparison with the cephalon of fig. 1, pl. 24, which 

is flattened in the shale. Natural size. Locality (45b), near 

Low Hampton, Washington County, New York. U. S. Na- 

tional Museum, Catalogue No. 15413k. 

16. Marginal borders, base of genal spine, and portion of cheek 

showing surface markings. < 3. Locality (29a), near Scho- 

dack Landing, Rensselaer County, New York. U. S. National 

Museum, Catalogue No. 15414a. 

17 and 17a. Top and side view of a thoracic spine occurring in lime- 

stone. X 2. Locality (38a), North Granville, Washington 

County, New York. U. S. National Museum, Catalogue No. 

15413. 

18. Thoracic spine. X 1.5. From locality (27), near Troy, Rensse- 

laer County, New York. U. S. National Museum, Catalogue 

No. 15413m1. 

This spine was illustrated as the telson of this species by 

Walcott, 1886, pl. 17, fig. 3. 

Pedeumias transitans, new genus and new species (See pls. 24, 32, 33, 34, 

MeO AAT OM tt tarceeh Stee ate A coal hows ARE eRe ARON Cau as 305 

Fics. 19, 20, and 21. Small cephalons showing genal and intergenal spines, 

cylindrical glabella, large eye lobes, and in fig. 21 the rounding- 

in of the genal angles. No. 20, X 9; No. 21, X 8; and No. 22, 

< 13. U.S. National Museum, Catalogue Nos. 56809a, 56809b, 

and 56809c, respectively. 

22. Cephalon with strong protaspis characters. The genal and 

intergenal spines are practically merged into single spines and 

the frontal lobe of the glabella nearly merged into the eye 

lobes. > 30. U.S. National Museum, Catalogue No. 56809d. 

The genal and intergenal spines in the young cephalons of 

Elliptocephala asaphoides have tie same teiudency as those of 

this species [see pl. 25, figs. 9 and Io]. 

The specimens illustrated by figs. 20-22 are from locality 

(56c), near Helena, Shelby County, Alabama. 
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Mesonacis vermontana’ (Hall) (CSeespl: 44). 0.2. eee 

Fic. 1. An entire dorsal shield from the type Iccality (25) at Georgia, 

Vermont, showing 14 thoracic segments of the Olenellus type, 

the spine bearing segment, and ten segments of the Mesonacis 

type. Natural size. U. S. National Museum, Catalogue No. 

15399a. 

2. Posterior portion of the specimen represented in fig. I. 

The specimen represented by figs. 1 and 2 has been figured 

by Walcott [1885, figs. I and 2, p. 329; 1886, pl. 24, figs. 1, 

ta-b; and 18or1a, pl. 87, figs. 1, ta-b]. 

3. Pygidium, ten Mesonacis thoracic segments, the spine bearing, 

and two Olenellus-like segments, of a broad form of Mesonacis 

vermontana 6 cm. in length. 2. This is very much like the 

posterior portion of fig. 1. Same locality (25) as fig. 1. U. S. 

National Museum, Catalogue No. 15399). 

Mesonacis ? mickunia (Schmidt) . 2... c.0) cae o- 24 te el eee 

Fic. 4. Portion of the thorax with seven segments in advance of the 

spine bearing segment and five between the latter and the 

pygidium. 

This figure is a copy of the figure given by Schmidt, 1888, 

pl. 1, fig. 1, with the exception that the cephalon is not at- 

tached as it was theoretically placed there by Schmidt. 

Mesonacis torelly.«( Mobers)'s.3 se 1nos ae soe Aone eee eee 

Fic. 5. Drawn from a plaster cast of the cephalon figured by Moberg 

[1890, pl: 15, fig. ta]; Natural size. The casts inthe Ue. 

National Museum, Catalogue No. 24631a. 

sa. Side view of the specimen represented by fig. 5, showing base 

of cephalic spine. 

Figure 5a is copied from Moberg, 1899, pl. 15, fig. 10. 

). Central portions of a cephalon. Natural size. U. S. National 

Museum, Catalogue No. 56793a. 

. Genal angle and spine.  X 1.5. 

Figure 7 is copied from Moberg, 1899, pl. 15, fig. 4. 

8. Drawn from a plaster cast of the pygidium figured by Moberg 

[1899, pl. 15, fig. 144]. 2. Cast in U. S. National Museum, 

Catalogue No. 24631b. 

9. Hypostoma. X 1.5. 

Figure 9 is copied from Moberg [1899, pl. 15, fig. 6]. The 

specimen is redrawn in figs. 10 and toa of this plate. 

10 and 10a. Top and side view of a plaster cast of the hypostoma 

figured by Moberg and copied in fig. 9 of this plate. X 1.5. 

Cast in U. S. National Museum, Catalogue No. 2463Ic. 

11. Thoracic spine. 1.5. [After Moberg, 1899, pl. 15, fig. 15.] 

Cast in U. S. National Museum, Catalogue No. 24631d. 
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Mesonacis torelli (Moberg) (continued) : 

12 and 12a. Thoracic spine, top and side view. X2. U. S. Na- 

tional Museum, Catalogue No. 56793b. 

13 and 13a. Fragment of the axial lobe of a thoracic segment with 

a short, strong, median spine. 2. U.S. National Museum, 

Catalogue No. 56793c. 

14. Fragment of the axial lobe of a thoracic segment viewed in 

the same position as that of fig. 13a. [After Moberg, 1899, 

pl. 15, fig. 12.] Cast in U. S. National Museum, Catalogue 

No. 24631Ie. 

15. A long spine. 1.5. [After Moberg, 1890, pl. 15, fig. 16.] 

Cast in U. S. Nationai Museum, Catalogue No. 24631f. 

16 and 17. Pleure from the anterior portion of the thorax. 1.5. 

Figure 16 represents the under side partly concealed by the 

matrix and fig. 17 the upper or outer side. [After Moberg, 

1899, pl. 15, figs. 8 and 7, respectively. | 

18. Fragment of a posterior thoracic segment. 1.5. [After Mo- 

berg, 1809, pl. 15, fig. 10.] 

All of the specimens represented by figs. 5-18 are from 

locality (32Iv), near Bjorkelunda, Sweden. 

The originals from which Moberg’s figures were drawn are 

in the collections of the Geological Institution of the Uni- 

versity of Lund, Sweden. 
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DESCRIPTION; OP PLATE: 27 

Callavia broggert (Walcott) (See pl. 44).....-. 4% 2.25 14 +. 279 

Fic. 1. Restoration of the dorsal shield of this species, based on a 

large number of partially preserved fragments in the limestone 

and numerous nearly entire specimens compressed in the shale. 

The specimens in the limestone show the convexity and those 

in the shale the general proportion and number of segments. 

Two-thirds natural size. Locality (41), Conception Bay, New- 

foundland. U.S. National Museum, Catalogue No. 18331. 

2. Hypostoma in shale attached to the doublure. Natural size. 

Locality (41), Conception Bay, Newfoundland. U. S. National 

Museum, Catalogue No. 18331a. 

3. Portion of a cheek in limestone with the genal and intergenal 

spines. Natural size. Locality (42), Conception Bay, New- 

foundland. U.S. National Museum, Catalogue No. 18331b. 

4. A small, imperfectly preserved convex cephalon in shale. 

Natural size. Same locality as fig. 2. U.S. National Museum, 

Catalogue No. 1833ICc. 

5. Fragments of the posterior four thoracic segments and py- 

gidium compressed in the shale. Natural size. Same locality 

as fig. 2. U.S. National Museum, Catalogue No. 18331d. 

6. Falcate extension of the pleural lobe of a thoracic segment.  X 2. 

Same locality as fig. 2. U. S. National Museum, Catalogue 

No. 18331e. ; 

Figures I to 6 are reproduced from drawings illustrating 

this species in the Tenth Ann. Report U. S. Geol. Survey. 

[Walcott, 1891] as follows: fig. 1 = pl. 1, fig. 1; fig. 2=pl. 92, 

fig. 1¢; fig. 3==pl. 92, fig. th; fig..4— pl 02, fis, 125%ne eae 

pl. 92, fig) Te; hie. 6 = ple o2, fis. 1d: 

Holma kjerulf (Linnarsson) (See pl. 44)... 00.000... . Jean Coe 288 

Fic. 7. An entire adult dorsal shield with the glabella cut away so 

as to show the outline of the hypostoma. 2. 

Figure 7 is copied from Holm, 1887, pl. 14, fig. 2. 
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DESCRIPTION OF PLATE 28 

Callavia crosbyt, new SPECIES... 2 c.. 6 5.6 .e een oes ae wees cael 

Fic. 1. Portion of a large cephalon showing some of the characteristic 

features of the species. Natural size. U. S. National 

Museum, Catalogue No. 567084. 

2. Fragments of a cephalon showing an accidental contraction of 

the posterior portion of the glabella. Natural size. U. S. 

National Museum, Catalogue No. 56798D. 

3. A cephalon preserving the convexity, entire eye lobes and gen- 

eral characters more perfectly than usual, owing to the com- 

pression in the matrix of nearly all other specimens. Natural 

size. U.S. National Museum, Catalogue No. 56798c. 

4. A specimen preserving the cephalon and a number of the tho- 

racic segments. Natural size. U.S. National Museum, Cata- 

logue No. 56798d. 

5. Portion of a large thoracic segment. Natura! size. U. S. Na- 

tional Museum, Catalogue No. 56798e. 

6. A partially restored hypostoma. Natural size. U.S. National 

Museum, Catalogue No. 56708. 

7. Enlargement of highly ornamented surface of the outer border 

and portion of the side of the cephalon. Natural size. U. S. 

National Museum, Catalogue No. 56708a. 

8. A specimen preserving the cephalon, sixteen segments of the 

thoracic axis, and a distorted pygidium. 2. The thoracic 

axis and pygidium have been compressed from the sides and 

thus narrowed nearly one-third. U.S. National Museum, Cata- 

logue No. 56708g. 

The specimens represented by figs. 1-8 are all from locality 

(on), near North Weymouth, Massachusetts. 

Callaviasbupri; New SPECIES: che n..c 6 21h). oe at yicrere ee totes mor ee 

Fic. 9. A very well preserved cephalon in the collection of the Museum 

of Comparative Zoology, Cambridge, Massachusetts. Natural 

size. Cast in U. S. National Museum, Catalogue No. 56795a. 

to. A portion of a cephalon showing the palpebral lobe, tubercle be- 

tween the palpebral lobe and glabella and the marginal rim. 

Natural size. U.S. National Museum, Catalogue No. 56795). 

The specimens represented by figs. 9-10 are from locality 

(9n), near North Weymouth, Massachusetts. 
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Holmia, rowet, mew, SPECieSe aces sees ss fee ee | aie Geren nee 292 

Fics. 1 and 2. Two flattened specimens of the cephalon showing strong 

marginal rim, genal spines, and occipital spine. Natural size. 

U. S. National Museum, Catalogue Nos. 56801a and 568o01b, 

respectively. 

3. A nearly entire specimen of the dorsal shield with seventeen 

thoracic segments, the cephalon, and a portion of the pygidium. 

Natural size. U.S. Naticnal Museum, Catalogue No. 5680Ic. 

4. A portion of the thorax preserving seventeen segments and 

showing the form of the termination of the segments. X 2. 

U. S. National Museum, Catalogue No. 5680o1d. 

5. A portion of the cephalon and thorax. Note the very long 

genal spine. Natural size. U. S. National Museum, Cata- 

logue No. 568oTe. 

6. A nearly entire cephalon. 2. U.S. National Museum, Cata- 

logue No. 568orf. 

7. Enlargement of a portion of the outer surface of the cheek of 

the cephalon showing scattered tubercles. «9. U. S. Na- 

tional Museum, Catalogue No. 568crg. 

8. Enlargement of a portion of the surface of the cheek on which 

the reticulated net work formed by narrow ridges is very 

clearly shown. X12. U. S. National Museum, Catalogue 

No. 5680th. 

9. Fragment of a minute cephalon showing a young stage of 

growth. > 12. Compare with young of Wanneria halli (pl. 31, 

figs. 5 and 8), Elliptocephala asaphoides (pl. 25, figs. 9 and 

10), and Pedeumias transitans (pl. 25, fig. 21). U. S. Na- 

tional Museum, Catalogue No. 568011. 

1o. A small specimen of the cephalon with a portion of the thorax. 

Natural size. U. S. National Museum, Catalogue No. 56801). 

11. The only entire pygidium found in the collection. x2. U.S. 

National Museum, Catalogue No. 568ork. 

All the specimens represented on this plate are from locality 

(1f), 10 miles south of Silver Peak and three miles northeast 

of Barrel Spring, Nevada. 
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DESCRIPTION, OF PLATE 46 

Wanneria walcottanus (Wanner) (See pls. 31 and 44)...........ecceees 302 

Fic. 1. An entire adult specimen flattened in the shales and with the 

test largely exfoliated. Natural size. U. S. National Museum, 

Catalogue No. 56807a. 

2. A well preserved flattened cephalon. Natural size. U. S. Na- 

tional Museum, Catalogue No. 56807). 

3 and 4. Small cephalons showing the increase in the size of the eye 

in the younger stages of growth. Natural size. In Wanneria 

halli (pl. 31) this feature of the cephalon is more fully illus- 

trated. U. S. National Museum, Catalogue Nos. 56807¢ and 

56807d, respectively. 

5. Hypostoma crushed and displaced from its true position in rela- 

tion to the doublure of the cephalon. Natural size. U. S. 

National Museum, Catalogue No. 56807e. 

6. Cast of the under side of the doublure of the cephalon, with 

casts of the spines along its posterior margin. Natural size. 

U. S. National Museum, Catalogue No. 56807/. 

. An unusually well preserved hypostoma with six spines on each 

postero-lateral margin. Natural size. U. S. National Museum, 

Catalogue No. 56807¢. , 

The specimens represented by figs. 5, 6, and 7 were figured by 

Wanner [1901, pl. 32, figs. 2, I, and 3, respectively]. 

N 

ie) . Distorted pygidium of an adult individual from near York, 

Pennsylvania. 3. U.S. National Museum, Catalogue No. 

56807h. 

9. Cast of the under side of the genal spine and the doublure. 

2. Note the cast of the small spines on the margin of the 

doublure. U.S. National Museum, Catalogue No. 568071. 

10. Matrix of a pygidium and five posterior thoracic segments.  X 2. 

Note the cast of the median spine at the third segment from 

the pygidium. U.S. National Museum, Catalogue No. 568077. 

11. Posterior portion of a large individual preserving a strong spine 

on the axial lobe of the third thoracic segment from the 

pygidium, also, a small spine on the fourth segment. Natural 

size. U.S. National Museum, Catalogue No. 56807k. 

12. Pygidium and five posterior. thoracic segments with base of 

strong spine on third segment and small spine on fourth seg- 

ment from the pygidium. 2. U.S. National Museum, Cata- 

logue No, 56807/. 

The specimens represented by figs. 5-7, 9-12, were collected 

by Prof. A. Wanner. The greatest addition to our informa- 

tion of the species is furnished by figs. 11 and 12. 

All of the specimens represented on this plate are from 

locality (8q), 2 miles northwest of the city of York, Pennsyl- 

vania. 
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DESCRIPTION (OF SPLATE x31 

Wanneria hatl,- new. Species: i. osc00 ois vs Bes ws ee 

Fics. 1, 2, and 3. Cephalons with genal angles and spines in advance of 

the posterior margin of the head and with intergenal angles 

almost right angles. No. 1, X 1.25; No. 2, X 3; No. 3, natural 

size. U.S. National Museum, Catalogue Nos. 56806a, 56806), 

and 56806c, respectively. 

4. A small cephalon with short, minute intergenal spine at the in- 

tergenal angle. Glabella cylindrical, eye lobe large. 8. U. 

S. National Museum, Catalogue No. 56806d. 

5, 7, and 8. Minute cephalons showing rounded-in genal angles, 

large eye lobes, and contraction of the glabella at the eye 

lobes. No. 5, X 24; No. 6, X 6; No. 5, X 16. Compare with 

the younger stages of growth of Elliptocephala asaphoides 

(pl. 25) and Pedeumias transitans (pls. 25 and 32). U. S. 

National Museum, Catalogue Nos. 56806e, 56806g, and 56806h, 

respectively. 

6. Fragment of a minute cephalon with strong eye lobe, minute 

genal and intergenal spines. X16. U.S. National Museum, 

Catalogue No. 56806f. 

9g. Hypostoma associated with this species in Alabama. X 12. 

U. S. National Museum, Catalogue No. 568061. 

10. Under side or doublure of the extension of the pleure beyond 

the body line of a thoracic segment. 2. U. S. National 

Museum, Catalogue No. 56806). 

11. Upper side of the pleural lobe of a thoracic segment. X 3. 

U. S. National Museum, Catalogue No. 56806k. 

All the specimens represented by figs. 1-11 are from locality 

(56c) north of Helena, Shelby County, Alabama. 

Wanneria walcottanus (Wanner) (See pls. 30 and 44)...............--- 

Fic.12. Enlargement of the pleural lobe of a thoracic segment. X 2. 

This specimen was illustrated by Wanner [1901, pl. 31, fig. 2]. 

U. S. National Museum, Catalogue No. 56807m. 

13. A portion of the postero-lateral part of an hypostoma (xX 6), 

showing ‘surface markings and five of the short obtuse mar- 

ginal spines. U. S. National Museum, Catalogue No. 56807n. 

The specimens represented by figs. 12 and 13 are from 

locality (8q), 2 miles northwest of York, Pennsylvania. 
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DESCRIPTION .OF- PLATE, 32 

PAGE 

Pedeumias transitans, new genus and new species (See pls. 24, 25, 33, 34, 

AT anid AA’) oo 2S sgh Nae ae Oe en ok ties ae ee Cae 305, 

Fic. 1. A cephalon 1 mm. in length, exclusive of the intergenal spines. 

< 16. U. S. National Museum, Catalogue No. 568t0a. 

. A dorsal shield with five thoracic segments and pygidium, 1.5 

mm. in length, exclusive of the long intergenal spines. 12. 

U. S. National Museum, Catalogue No. 56810b. 

3. A dorsal shield with seven or eight thoracic segments and 

pygidium, 1.75 mm. in length, exclusive of the intergenal spines. 

< to. U.S. National Museum, Catalogue No. 568t0c. 

4. A dorsal shield 3.5 mm. in length with ten segments, pygidium, 

and large third thoracic segment. 6. U. S. National 

Museum, Catalogue No. 56810d. 

ho 

5. A dorsal shield of about the same size as that represented by 

fig. 4, that has a very narrow thorax. <6. U.S. National 

Museum, Catalogue No. 568t1oe. 

6. A dorsal shield 4.25 mm. in length, exclusive of spines, with 12 

thoracic segments and large third segment with pleura very 

much prolonged. Pygidium broken away. x4. U. S. Na- 

tional Museum, Catalogue No. 568tof. 

7. A dorsal shield 4.25 mm. in length, but shortened by compres- 

sion, with 13 thoracic segments and a small pygidium. X 4. 

U. S. National Museum, Catalogue No. 5681og. 

8. Two small and very distinct cephalons. 4. U. S. National 

Museum, Catalogue No. 56810/. 

g. This figure is to illustrate the natural curvature of the spine on 

the fifteenth thoracic segment. Natural size. U. S. National 

Museum, Catalogue No. 568101. 

to. An entire specimen of the dorsal shield from York, Pennsyl- 

vania, showing four very narrow segments and a plate-like 

pygidium beneath the large spine on the fifteenth segment. 

Natural size. U. S. National Museum, Catalogue No. 56810). 

11. Displaced pygidium and two posterior rudimentary segments of 

a dorsal shield in which the spine bearing segment is broken 

away. <3. U.S. National Museum, Catalogue No. 56810k. 

12. A cephalon compressed laterally so as to crowd the outemrim 

in about the eyes and anterior portion of the glabella. Natural 

size. U.S. National Museum, Catalogue No. 568r1ol. 

13. A cephalon compressed longitudinally and broadened. Natural 

size. U. S. National Museum, Catalogue No. 56810m. 

All of the specimens represented on this plate are from 

locality (8g), northwest of the City of York, Pennsylvania. 

Most of them were collected by Prof. Atreus Wanner. 
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DESCRIPTION OF PLATE 33 
PAGE 

Pedeumias transitans, new genus and new species (See pls. 24, 25, 32, 34, 

AN; ALU BA) ie.5 te cce.6 eyelisvetorelors,e = fejald ile si iu fear 81 et ates olesteekOet ety eee 305 

Fic. 1. A large, broad specimen with three rudimentary thoracic seg- 

ments posterior to the fifteenth spine bearing segment. 

Natural size. The posterior three segments and pygidium 

are illustrated on plate 24. From locality (25), Parkers 

quarry, Georgia, Vermont. U. S. National Museum, Cata- 

logue No. 56808a. 

2. Posterior portion of a dorsal shield from which the upper por- 

tion of the great spine of the fifteenth thoracic segment has 

been removed. It shows the pygidium, four rudimentary seg- 

ments, and the impression of the under side of the great spine. 

< 3. U.S. National Museum, Catalogue No. 56810n. 

3. Photograph from cast in natural matrix of posterior segments, 

telson, and traces of rudimentary segments and pygidium rep- 

resented by fig. 2. x 3. U.S. National Museum, Catalogue 

No. 568107. 

4. View of another specimen similar to that represented by fig. 3. 

<3. This is the exterior of the great spine that is removed in 

fig. 5. U. S. National Museum, Catalogue No. 568100. 

5. This is the posterior portion of the dorsal shield that is the re- 

verse of the matrix from which the cast represented by fig. 4 

was taken. The telson is broken away so as to show the 

fifteenth segment to which the great spine was attached, and 

joined to this the first, second, and third rudimentary seg- 

ments and the plate pygidium. X 3. U.S. National Museum, 

Catalogue No. 5681o0p. 

The specimens represented by figs. 2-5 were collected by 

Prof. Atreus Wanner from locality (8q), 2 miles northwest of 

York, Pennsylvania. 
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DESCRIPTION OF PLATE 34 
PAGE 

Pedeumtias transitans, new genus and ew species (See pls. 24, 25, 32, 33, 

AY; and! 44). 26 (q 2 Shs cele cist a, ee tlochaien SON ae ae eo 

Fic. 1. Elongate form of dorsal shield from locality (25), at Parkers 

quarry, Georgia, Vermont. X 2. U. S. National Museum, 

Catalogue No. 56808b. 

2. Elongate form of dorsal shield from York. x2. U. S. Na- 

tional Museum, Catalogue No. 568t10g. 

3. Broad form of dorsal shield from York. X1.5. U. S. Na- 

tional Museum, Catalogue No. 568ror. 

4. A dorsal shield 12 mm. in length with 13 thoracic segments 

and long terminal telson from York. <3. U. S. National 

Museum, Catalogue No. 56810s. 

5. Hypostoma attached to doublure by a narrow median support. 

From York. X2. U. S. National Museum, Catalogue No. 

568r0t. 

6. Cephalon with the doublure and hypostoma separated and turned 

back on the line of the intergenal spines. From York. X 2. 

U. S. National Museum, Catalogue No. 5681o0u. 

7. Hypostoma attached to doublure by a narrow median support. 

From York. X3. U.S. National Museum, Catalogue No. 

56810v. 

The specimens represented by figs. 2-7 are from locality 

(8q) 2 miles northwest of York, Pennsylvania. 

8. Hypostoma from locality (17a) near Montevallo, Alabama, 

showing perforated posterior margin. <3. U. S. National 

Museum, Catalogue No. 56811a. 

Olenellus thompsont (Hall) (See pls. 35 and.44):............... 5.00 

Fic. 9. A flattened dorsal shield from locality (25), Parkers quarry, 

Georgia, Vermont. Natural size. U. S. National Museum, 

Catalogue No. 15418a. 

Figure 9 is redrawn from the specimen figured by Walcott, 

1886, pl. 17, fig. 2. 
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DESCRIPTION OF (PEATE 35 

Olenellus thompsoni (Hall) (See pls. 34 and 44)............--.+ececeeee 

Fic. 1. Dorsal shield from the type locality (25), at Parkers quarry. 

Georgia, Vermont. Reduced to two-thirds of natural size. 

This figure was published [Walcott, 1886, pl. 23, fig. 1] with 

a space between the glabella and marginal border. The gla- 

bella is crushed down even with the surface of the cheeks and 

the draftsman left out the line indicating the margin of the 

anterior glabella lobe. The same is true of fig. 1, pl. 22. 

Figures 2 and 9, pl. 17, represented the correct position of the 

glabella. U. S. National Museum, Catalogue No. 15418). 

2. A large crushed telson from locality (8q), 2 miles northwest 

of the City of York, Pennsylvania. X 1.5. U. S. National 

Museum, Catalogue No. 56835a. 

3. Hypostoma that occurs on the inside of a cephalon. Only the 

base of some of the postero-marginal spines can be seen and 

the median support, if ever present, is now broken off. Lo- 

cality (25), Parkers quarry, Georgia, Vermont. 2. U. S. 

National Museum, Catalogue No. 15418c. 

4. Top view of a convex cephalon from the calcareous sandstone at 

locality (25a), near Swanton. Vermont. A restoration based 

on the specimen represented by this figure was given by Wal- 

cott, 1886, pl. 17, fig. 9. Natural size. U.S. National Museum, 

Catalogue No. 154100. 

5 and 6. Two small cephalons from the Rome sandstone, locality 

(46), west of Cleveland, Tennessee, in which the natural con- 

vexity of the cephalon is preserved. This is outlined in 5a. 

U. S. National Museum, Catalogue Nos. 26983a and 26983), 
respectively. 

7 and 7a. Top and side view (X 3) of a very convex hypostoma 

from the same locality (46) as the specimens represented by 

figs. 5 and 6. U.S. National Museum, Catalogue No. 26083c. 

Olenellus thompsoni crassimarginatus, new variety.............0eeeeee ees 

Fic. 8. A flattened cephalon formerly referred to Olenellus thompsoni 

Hall. Natural size. From locality (25), Parkers quarry, 

Georgia, Vermont. U. S. National Museum, Catalogue No. 

56836a. 

Figure 8 is copied from Walcott, 1886, pl. 17, fig. 1. 

9 and to. Cephalons from locality (8q), 2 miles northwest of the 

City of York, Pennsylvania. Natural size. U. S. National 

Museum, Catalogue Nos. 56837a and 56837b, respectively. 

ao 
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DESCRIPTION OF PEATE E46 

Oleneilus gilbert Meek (See pl..43) .. 2s Sicak og eee 

Fics. 1, 2; and 3. Cephalons crushed and flattened in a dark argillaceous 

shale from locality (31a), near Pioche, Lincoln County, 

Nevada. U. S. National Museum, Catalogue Nos. 1541I1a, 

15411b, and 1541Ic, respectively. 

These are the specimens to which Meek assigned the name 

Olenellus gilberti. They were figured by White, 1877, pl. 2, 

figs. 3b, 3c, and 3a, respectively. 

4 and 4a. Top and side views of a cephalon preserving its con- 

vexity in a granular limestone from the same locality as that 

given for figs. 1-3. Natural size. U. S. National Museum, 

Catalogue No. 15411d. 

This is the specimen upon which Meek based the species 

Olenellus howell. It was figured by White, 1877, pl. 2, 

figs. 4a-b. 

5. Small hypostoma & 3, associated with specimens of the cephalon 

of this species at locality (1p), south of Silver Peak, Esmeralda 

County, Nevada. U. S. National Museum, Catalogue No. 

568254. 

6 and 7. Cephalons compressed and distorted in fine arenaceous 

shale. XX 2. Drawn from specimens found in locality (14), 

Clayton Valley}; Esmeralda County, Nevada. U. S. National 

Museum, Catalogue Nos. 56826a and 56826), respectively. 

8. Cast of the inside of the cheek and genal spine and a small 

intergenal spine. Natural size. Locality (1p), south of Silver 

Peak, Esmeralda County, Nevada. U. S. National Museum, 

Catalogue No. 56825). 

9. A compressed and slightly distorted dorsal shield. Natural 

size. Locality (30), 8 miles west of Pioche, Nevada. U. S. 

National Museum, Catalogue No. 15416a. 

This figure was published by Walcott, 1886, pl. 21, figs. 1, 

Ia; and 1891, pl. 94, figs. 1, ta. In these publications the 

anterior lobe of the glabella was extended to the front border 

by error of the draftsman. 

10. A small cephalon 2 mm. in length. X 6. Locality (1m), south 

of Silver Peak, Esmeralda County, Nevada. U. S. National 

Museum, Catalogue No. 56827a. 

11. A cephalon in which the antero-lateral angles are developed. 

x 10. U.S. National Museum, Catalogue No. 56828a. 

12. A slightly larger cephalon than that represented by fig. 1, with 

large iftergenal spines, slightly developed genal angles, and 

antero-lateral angles and spines. X10. U. S. National 

Museum, Catalogue No. 56828). 

13. Fragment of a small cephalon X 4, showing intergenal ridge 

crossing the posterior margin. U.S. National Museum, Cata- 

logue No. 56828c. 
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OLENELLUS AND OTHER GENERA OF MESONACIDE 407 

Olenellus gilberti Meek (continued) : 

14 and 14a. Top and side view of a small cephalon with fine antero- 

lateral and intergenal spines. <8. U. S. National Museum, 

Catalogue No. 56828d. 

15. Small cephalon X 4, in which the antero-lateral angles have dis- 

appeared and the palpebral lobes become relatively shorter. 

U. S. National Museum, Catalogue No. 56828e. 

16. A large cephalon doubtfully referred to this species. Natural 

size. U.S. National Museum, Catalogue No. 56820a. 

17. Fragment of a cephalon that appears to belong to this species. 

Natural size. U. S. National Museum, Catalogue No. 56829). 

The specimens represented by figs. 11-15 are from locality 

(351), Ptarmigan Pass, Alberta; those by figs. 15-17 from 

locality (35f/), above railway tunnel, Mt. Stephen, British Co- 

lumbia, on the main line of the Canadian Pacific Railway. 
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DESGRIPTION ‘OF PEATEs 37 

Olenellus jremonts, new species (See) pl) Al)aasasacse: - eee eee 

Fics. 1 and ta. Top view and side outline of a fragmentary cephalon. 

Natural size. Locality (141), 15 miles east of Resting Springs, 

California. U. S. National Museum, Catalogue No. 56818a. 

2. Cephalon from locality (52), Prospect Mountain, Eureka District, 

Nevada. Natural size. U.S. National Museum, Catalogue No. 

56810a. 

3 and 3a. Top view and side outline of a strongly convex cephalon. 

Natural size.. Locality (176), Deep Spring Valley, Nevada. U. 

S. National Museum, Catalogue No. 56820a. 

4. Cast of interior surface of the test of a broad cheek showing 

the strongly reticulated surface. 2. Locality (14p), west 

of Resting Springs, California. U.S. National Museum, Cata- 

logue No. 56821a. 

5. Enlargement of the outer surface of the broad cheek, the 

border, and genal spine. x 2. Same locality as fig. 4. U. S. 

National Museum, Catalogue No. 56821b. 

6 and 6a. Examples of the enlarged pleure of the third thoracic 

segment. Natural size. From locality (52), the Eureka Dis- 

trict, Nevada. U.S. National Museum, Catalogue Nos. 56819b 

and 56810c, respectively. 

Figure 6 is copied from Walcott, 1886, pl. 19, fig. 27; where 

it was labeled Olenellus howelli; and fig. 6a is copied from 

Walcott, 1884, pl. 9, fig. 15c, where the specimen is labeled 

Olenellus gilberti. 

7. Longitudinally compressed form of a nearly entire specimen of 

the dorsal shield from locality (30), western side of the High- 

land Range, Lincoln County, Nevada. Natural size. U. S. 

National Museum, Catalogue No. 56822a. 

Figure 7 is copied from Walcott, 1886, pl. 21, figs. 2 and 2a, a 

slight change being made in the cephalon, the eyes being much 

too long in the original figure. The form was assigned [1886 

and 1891a] to Olenellus gilberti. 

8. A small cephalon with short eyes and an ocular ridge. Genal 

angles advanced about one-half the length of the cephalon. 

x 6. Locality (52), Prospect Peak, Eureka District, Nevada. 

U. S. National Museum, Catalogue No. 56810d. 

Figure 8 is copied from Walcott, 1884, pl. 9, fig. 15b, where 

it is labeled Olenellus howelli. 

9. Cephalon with the genal spines on a line with the anterior 

margin and with the intergenal angles. Eyes short and con- 

nected with anterior lobe of the glabella by occular ridges. 

Natural size. The specimen represented is from a limestone 

at the south end of the Timpahute Range, Nevada (locality 

————— 
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OLENELLUS AND OTHER GENERA OF MESONACID Az 409 

Olenellus fremonti, new species (continued) : 

313g). Associated fragments of other cephalons show the 

genal spines located in the same relative positions as those 

shown by figs. 10 to 13 trom locality (51), Prospect Peak, 

Nevada. U.S. National Museum, Catalogue No. 56819¢. 

Figure 9 is copied from Walcott, 1886, pl. 20, fig. 1f, where 

it is labeled Olenellus gilberti. 

This specimen is redrawn (X 6) on pl. 41, fig. 8. 

10. Cephalon from locality (52) in the Eureka District, Nevada, 

that is very much like fig. 9. Natural size. U. S. National 

Museum, Catalogue No. 568rof. 

II, 12, and 13. Outlines of specimens of the cephalon with the genal 

spines and intergenal angles more and more like the normal 

type of cephalon as shown by figs. 7 and 14. The eyes are 

short and connected with the glabella by an occular ridge. 

Natural size. Locality (52), Prospect Mountain, Eureka Dis- 

trict, Nevada. U. S. National Museum, Catalogue Nos. 

56810g, 568i10h, and 568101, respectively. 

Figures 10, II, 12, and 13 are copied from Walcott, 1884, pl. 

21, figs. 2, 4, 3, and 6, respectively, where the forms are labeled 

Olenellus howelli. 

14. A cephalon with short eye lobes, occular ridges, and normal 

genal angles. Natural size. Locality (52), Prospect Mount- 

ain, Eureka District, Nevada. U. S. National Museum, Cata- 

logue No. 56819). 

Figure 14 is copied from Walcott, 1884, pl. 9, fig. 15, where 

it is labeled Olenellus howelli. 

15. A cephalon without distinct occular ridge connecting the glabella 

and eye lobes. Natural size. Locality (52), Prospect Mount- 

ain, Eureka District, Nevada. U.S. National Museum, Cata- 

logue No. 56810k. 

Figure 15 is copied from Walcott, 1884, pl. 21, fig. 5, where 

it is labeled Olencllus howelli. 

16. A cephalon 9 mm. in length that has the outline shown by fg. 

12 but with the eyes close to the glabella. Natural size. 

Locality (52), Prospect Mountain, Eureka District, Nevada. 

U. S. National Museum, Catalogue No. 568r1o/. 

Figure 16 is copied from Walcott, 1884, pl. 9, fig. 15a, where 

it is labeled Olenellus howelli. 

17. A narrow, convex, cephalon with elongate eye lobes of the 

adult type and with genal angles advanced as in small 

cephalons shown by figs. 11 and 12. Natural size. Locality 

(51), Prospect Mountain, Eureka District, Nevada. U.S. Na- 

tional Museum, Catalogue No. 56819m. 

18. Cephalon with the genal spine on the left side in advance of 

that on the right side. Natural size. Locality (52), Eureka 

District, Nevada. U. S. National Museum, Catalogue No. 

568190n. 
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Olenellus fremonti, new species (continued) : PAGE 

19. Broad form of cephalon with the same characters as that shown 

by fig. 17. Natural size. Locality (52), Eureka District, 

Nevada. U.S. National Museum, Catalogue No. 568190. 

Figures 17, 18, and 19 are copied from Walcott, 1884, pl. 21, 

figs. 7, 9, and 8, respectively, where the forms are labeled 

Olenellus howell. 

20. Outline of a small weathered specimen of a minute cephalon 

that is doubtfully referred to this species from locality (313g), 

Groom District, south end of Timpahute Range, between Nye 

and Lincoln Counties, Nevada. U. S. National Museum, 

Catalogue No. 56823a. 

Figure 20 is copied from Walcott, 1886, pl. 10, fig. 2e, where 

it is labeled Olenellus gilberti. 

21. Hypostoma (X 3) associated with the cephalons represented by 

figs. 10-19 at locality (52), Eureka District, Nevada. U. S. 

National Museum, Catalogue No. 56810p. 

22. Hypostoma associated with specimens of the cephalon of this 

species at locality (176), Deep Spring Valley, California. 

Natural size. U. S. National Museum, Catalogue No. 56820b. 
t 

DESCRIPTION OF PLATE 38 

Olenellus canadensis; new SPpeCleS .- 5 sac « eo. haere oe ee 316 

Fic. 1. A large cephalon, partially restored in outline. The intergenal 

angle is not usually present in this species. Natural size. 

Locality (35), Mt. Bosworth, British Columbia. U. S. Na- 

tional Museum, Catalogue No. 56814a. 

2 and 3. Illustrations of the hypostoma found associated with the 

cephalon. Natural size. 2 = locality (35h), Mt. Bosworth; 

3 — locality (35f), Mt. Stephen; both in British Columbia. 2a 

shows the convexity of the hypostoma. U.S. National Museum, 

Catalogue Nos. 56815a and 56814), respectively. 

4. Fragment of a cephalon, showing the genal angle extending 

into a spine. Natural size. Locality (35h), Mt. Bosworth, 

British Columbia. U. S. National Museum, Catalogue No. 

56814. 

5. Fragment of a cephalon, showing the eye lobe and tubercle 

back of it. Natural size. Locality (354), Mt. Bosworth, 

British Columbia. U. S. National Museum, Catalogue No. 

56814d. 

6 and 6a. A small cephalon in which the marginal border is nar- 

row. X 3. Locality (35%), Mt. Bosworth, British Columbia. 

U. S. National Museum, Catalogue No. 568r14e. 

7. Fragments of a side of a cephalon with genal spine preserved. 

Natural size. Locality (35/), Mt. Stephen, British Columbia. 

U. S. National Museum, Catalogue No. 56815). 
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Olenellus canadensis, new species (continued) : PAGE 

8. Fragment of the telson. Natural size. Locality (35h), Mt. Bos- 

worth. British Columbia. U. S. National Museum, Catalogue 

No. 56814f. 

g and to. Fragments of the pleural lobe of thoracic segments. 

Natural size. g=—locality 58y; 10—locality 354; both on 

Mt. Bosworth, British Columbia. U. S. National Museum, 

Catalogue Nos. 56816a and 56814g, respectively. 

11. A minute cephalon associated with this species and referred to 

io Locality: (35/),) Ptarnican Pass; Alberta. U. S. 

National Museum, Catalogue No. 56817a. 

CRMPMD WEDAAENSIS, NEW SPECIES... 5. ajs ke sn oti nee nese vie velnce ceusees 

Fic.12. Portion of a cephalon showing the broad frontal limb, narrow 

glabella, and relatively short eye lobe as compared with Olenel- 

lus gilberti. Natural size. Locality (52), Prospect Mountain, 

Eureka District, Nevada. U. S. National Museum, Catalogue 

No. 56799a. 

Figure 12 is copied from Walcott, 1884, pl. 9, fig. 16, where 

this specimen is referred to Olenellus gilberti. 

13. Fragments of the under side of a cephalon in which the genal 

angles are carried far forward as in O. jremonti (pl. 37, figs. 

8-12). Natural size. Locality (313g), south end of Timpa- 

hute Range, Nevada. U. S. National Museum, Catalogue No. 

568004. 

Figure 13 is copied from Walcott, 1886, pl. 19, fig. 2d, where 

the specimen is referred to Olenellus gilberti. 

14. Outline of a small cephalon showing broad frontal limb and 

normal type of genal angles. Natural size. Locality (51), 

summit of Prospect Mountain, Eureka District, Nevada. U. 

S. National Museum, Catalogue No. 56799b. 

Figure 14 copied from Walcott, 1884, pl. 21, fig. 13, where 

the specimen is referred to Olenellus gilberti. 

Wanneria ? gracile, new genus and new species.............0.eceeec eves 

Fic.15. An hypostoma associated with specimens of the cephalon of 

this species. >< 2. Locality (177), west of Deep Spring 

Valley, Inyo County, California. U. S. National Museum, 

Catalogue No. 56802a. 

16. A thoracic segment associated with the hypostoma illustrated 

by fig. 15. This has the pleural furrow of lVanneria but the 

spinous termination is more like that of Helmia. Same locality 

as fig. 15. U.S. National Museum, Catalogue No. 56802). 

17. Left side of cephalon showing strong border, and slender genal 

spine. 1.5. U.S. National Museum, Catalogue No. 56803a. 

18. Fragment of the front part of the cephalon. 1.5. U. S. Na- 

tional Museum, Catalogue No. 56803b. 

16—w 
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Wanneria ? gracile, new genus and new species (continued) : PAGE 

19. Central part of the cephalon illustrating the glabella and 

palpebral lobes. Natural size. U.S. National Museum, Cata- 

logue No. 56803c. 

20. A cephalon slightly distorted by lateral compression. > 1.5. 

U. S. National Museum, Catalogue No. 56803d. 

The specimens illustrated by figs. 17-20 are from locality 

(60b), the sandstones at Vermilion Pass, Alberta. 

21. A cast in a fine quartzitic sandstone from California of a very 

perfect cephalon showing the heavy marginal border and the 

slender glabella. Natural size. Locality (14p), near Resting 

Springs, Inyo County, California. U. S. National Museum, 

Catalogue No. 568o04a. 

22. A cephalon that appears to have the aduit characters of the 

species. 1.5. U. S. National Museum, Catalogue No. 

56805a. 

23. Central portion of the cephalon of a smal! specimen in which 

the genal angles are rounded inward. 2. U. S. National 

Museum, Catalogue No. 568050. 

24. A minute cephalon exclusive of spines. X10. U.S. National 

Museum, Catalogue No. 56804b. 

Figures 22-24 represent specimens from locality (tv), a fine 

arenaceous shale at Barrel Spring, Silver Peak Quadrangle, 

Esmeralda County, Nevada. 

DESCRIPTION:\OF. PLATE 39 

Olenelluslapworths Peach xe aos ene ee = dels Sig eT 

Fic. 1. Dorsal shield. 2. Specimen in Royal Scottish Museum, Edin- 

burgh, Scotland, Catalogue No. M4o8od. Cast in U. S. Na- 

tional Museum, Catalogue No. 56830a. 

Figure rt is redrawn from the specimen figured by Peach, 

1894, pl. 29, fig. 3. 

. Cephalon. X 1.5. Specimen in Royal Scottish Museum, Edin- 

burgh, Scotland, Catalogue No. M4gs5f. Cast in U. S. Na- 

tional Museum, Catalogue No. 5683o0b. 

i) 

3. Cephalon. 2. U.S. National Museum, Catalogue No. 56831a. 

4. A small cephalon. Specimen in Royal Scottish Museum, Edin- 

burgh, Scotland, Catalogue No. M261te. Cast in U. S. Na- 

tional Museum, Catalogue No. 56830c. ‘ 

5. Imperfect dorsal shield, 6.25 mm. in length. X 3. Specimen in 

Royal Scottish Museum, Edinburgh, Scotland, Catalogue No. 

Ma4ro8d. Cast in U. S. National Museum, Catalogue No. 

56830d. 

331 

eet ee es 
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Olenellus lapworthi Peach (continued) : 

OLENELLUS AND OTHER GENERA OF MESONACID/® 

6. Cephalon 1.2 mm. in length. 15. Specimen in Royal Scot- 

tish Museum, Edinburgh, Scotland, Catalogue No. Msrsf. 

Cast in U. S. National Museum, Catalogue No. 56830e. 

7. Hypostoma associated with this species. 3. Specimen in 

Royal Scottish Museum, Edinburgh, Scotland, Catalogue No. 

M4o4f. Cast in U. S. National Museum, Catalogue No. 56830f. 

The specimens represented by figures 1-7 are all from shales 

on the northern slope of Meal a’ Ghubhais, 1,200 to 1,300 feet 

_ above Loch Maree, Ross-shire, Scotland. 

DCE USURGTIGIELOTI GANS CACIIE craic Aetooclee chs vc eve Uesticmmind te eee wheelie es 

Fic. 8. Small, broken cephalon. 8. Specimen in Royal Scottish 

Museum, Edinburgh, Scotland, Catalogue No. Msr1of. Cast 

in U. S. National Museum, Catalogue No. 56834a. 

g. Portion of cephalon. Natural size. Specimen in Royal Scot- 

tish Museum, Edinburgh, Scotland, Catalogue No. M4o76d. 

Cast in U. S. National Museum, Catalogue No. 56834). 

Figure 9 is redrawn from the specimen illustrated by Peach, 

1894, pl. 30, fig. 1. 

. Photographic enlargement (X 1.5) of a portion of the cephalon 

figured by Peach, 1894, pl. 30, fig. 2. Specimen in Royal Scot- 

tish Museum, Edinburgh, Scotland, Catalogue No. Ma4togd. 

Cast in U. S. National Museum, Catalogue No. 56834c. 

The specimen is compressed laterally so as to force the eye 

lobes in toward the glabella. 

. Portion of the surface of the specimen represented in fig. Io. 

X 3. 

. Cephalon with short palpebral lobe and strong outer border. 

<2. Specimen in Royal Scottish Museum, Edinburgh, Scot- 

land, Catalogue No. M4t4td. Cast in U. S. National Museum, 

Catalogue No. 56834d. 

. Portions of cephalon and thorax. 2. Specimen in Royal 

Scottish Museum, Edinburgh, Scotland. Cast in U. S. Na- 

tional Museum, Catalogue No. 56834e. 

The specimens represented by figures 8-13 are all from shales 

on the northern slope of Meal a’ Ghubhais, 1,200 to 1,300 feet 

above Loch Maree, Ross-shire, Scotland. 

Rar Hees eee stew TATTLE ©. 5 ccc peepee LAE cual toe Rhtiaic dia wie aah ww heed alcjow Sraydi.e 4s 

Fic.14. A minute cephalon from ihe same locality as that given for 

Olenellus lapworthi and O. reticulatus. X10. Specimen in 

Royal Scottish Museum, Edinburgh, Scotland, Catalogue No. 

Mais7d. Cast in U. S. National Museum, Catalogue No. 

568384. 

413 
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DESCRIPTION OF PLATE 40 

Olenellus gtgas Peach >:5..0 tise sed 40 0k yeh ce be 2 a 

Fic. 1. The type specimen. Natural size. From the northern slope of 

Meal a’ Ghubhais, above Loch Maree, Ross-shire, Scotland. 

Specimen in Royal Scottish Museum, Edinburgh, Scotland. 

Cast in U. S. National Museum, Catalogue No. 56824a. 

Figure 1 is drawn from the specimen represented by Peach, 

1894, p. 667, fig. I. 

Olenelloides armaius Peachy. -se542 5. 2620 se eet eee ee ee aise 

Fic. 2. Cephalon 2.5 mm. in length (6) from the same locality as 

Olenellus gigas. «xx —=Jintergenal spines. aa=—genal spines. 

Specimen in the Royal Scottish Museum, Edinburgh, Scotland, 

Catalogue Ne. M2636e. Cast in U. S. National Museum, Cata- 

logue No. 56839a. 

3. Natural matrix of an entire specimen 5 mm. in length (X 5) 

from the same locality as Olenellus gigas. Specimen in the 

Royal Scottish Museum, Edinburgh, Scotland, Catalogue No. 

M4z2ord. Cast in U. S. National Museum, Catalogue No. 

50830). 

A matrix of a small dorsal shield of Olenellus lapworthi 

occurs on the same piece of shale and is shown on the left 

side. 

Holmia lundgrent Mobet@. sieve < a5 «it's. e's sede fe ols ae ee 

Fics. 4 and 4a. Drawn from a plaster cast of the cephalon represented by 

Moberg, 1899, pl. 14, figs. 2a-b. Natural size. Original in the 

collection of the Geologic Institution of the University of 

Lund, Sweden. Cast in the U. S. National Museum, Cata- 

logue No. 24630a. 

5. Central portions of a cephalon showing glabella very distinctly. 

Natural size. U. S. National Museum, Catalogue No. 24630b. 

6. An hypostoma illustrated from a cast taken in a natural 

mould. Natural size. U. S. National Museum, Catalogue No. 

24630c. 

7. Pygidium. 3. The test is exfoliated. U. S. National 

Museum, Catalogue No. 24630d. 

The specimens represented by figs. 4 to 7 are from locality 

(390v), near Tunbyholm, Sweden. 

Olenelius gilbertt Wat 254 50s ah cae so ooh ug an See © 

Fic. 8. Fragment of a cephalon (X 4) associated with Olenellus cana- 

denis and O. gilberti. Locality (35/), Ptarmigan Pass, Alberta. 

U. S. National Museum, Catalogue No. 56830a. 

oe) 
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pen nm iee) IOAN OU A MENT MSDECICS cc 80 ous os ck Sea wen ane ce cece eck cvdaass 319 

Fic. 9. An hypostoma associated with this species. The back margin 

appears to be denticulated. 4. Locality (1k). U.S. Na- 

tional Museum, Catalogue No. 56813a. 

10. A cephalon flatteried by compression in arenaceous shale. 2. 

Locality (17). U.S. National Museum, Catalogue No. 56813). 

11. A cephalon slightly distorted by lateral compression. X 2. 

Locality (17). U. S. National Museum, Catalogue No. 56813c. 

The specimens represented by figs. 9 to 11 are from locali- 

ties (17 and 1k), both near Barrel Spring, Silver Peak Quad- 

rangle, Nevada. 

PREM OREENIES, NEW SPCCIES. gor aos dais a cas Ritisie owes dos eek w eb eaeh s 314 

Fic.12. Under side of genal spine showing rounded doublure. Natural 

size. U.S. National Museum, Catalogue No. 56812a. 

13. Dorsal view of a genal spine and portions of the marginal 

borders and broad cheek. Natural size. U. S. National 

Museum, Catalogue No. 56812). 

14. A small head with the genal angle on a line with the front of 

the glabella) x2. U. S. National Museum, Catalogue No. 

50812c. 

15 and 15a. Top view and side outline of a cephalon, showing the 

heavy marginal rim and large spherical anterior lobe of the 

glabella. «2. U.S. National Museum, Catalogue No. 56812d. 

16. Enlargement of the surface. <6. U. S. National Museum, 

Catalogue No. 56812e. 
The specimens represented by figs. 12 to 17 are from locality 

(1v), 3 miles north of Valcalda Spring, Esmeralda County, 

Nevada. 

CAG EL Od Museo Sie (NViALGO LL) itt nteaeine). ciccoeniccbit «os Giclee bh ceunais oa 343 

Fic.17. Illustration of the type specimen of the species. “2. U.S. 

National Museum, Catalogue No. 154074. 

This specimen was first figured by Walcott, 1884, pl. 9, fig. 

12. In both instances the broken portions have been restored 

from other specimens. 

18. Under side of a genal spine and connected parts of the cheek. 

Natural size. U. S. National Museum, Catalogue No. 15407). 

19. A small cephalon, 2, with a more slender spine than that 

of the larger cephalon represented by fig. 17. U.S. National 

Museum, Catalogue No. 15407c. 

The specimens represented by figs. 17-19 are from locality 

(52), Prospect Peak, Eureka District, Nevada. 
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ape 

PAGE 

Olenellus cf. gilbertt (See pl. 36). 

Fic. 1. A large cephalon showing the cast of the inner surface of the 

cheek and with the left side restored beyond the broken line. 

Natural size. Compare with figs. 3 and 16, pl. 36; also with 

fig. 2, pl. 39. Cast in U. S. National Museum, Catalogue No. 

56833a. 

2. A small cephalon. X 2. Cast in U. S. National Museum, Cata- 

logue No. 568330. 

3. A broken cephalon preserving the left palpebral lobe. Natural 

size. Cast in U. S. National Museum, Catalogue No. 56833c. 

4. A telson referred to this species. <3. Cast in U. S. National 

Museum, Catalogue No. 56833d. 

The four specimens represented by figs. I-4 are from the 

conglomerate limestone at Bic, and are now in the Museum of 

the Geological Survey of Canada. 

Oleneilus logani; sew" species x2. <0. ae oe sees sc see pee 

Fics. 5, 5a, and 5b. Top, side, and front views of a small and very per- 

fect cephalon. Top view X 6, other views X 2.5. Cast in U. 

S. National Museum, Catalogue No. 56832a. 

6. A cephalon X 2, with right side restored in outline. Cast in 

U. S. National Museum, Catalogue No. 56832b. 

(See note under fig. 7.) 

Pedcumias transitans, new genus and new species (See pls. 24, 25, 32, 33, 

S4vandAAyy iro aves biscc denne erninae sale lteole ae TORS Te eR OO eee 

Fic. 7. Top and side views of a large cephalon. Natural size. Cast in 

U. S. National Museum, Catalogue No. 56842a. 

The specimens represented by figs. 5, 6, and 7 are from 

l’Anse au Loup, Labrador, and are now in the Museum of the 

Geological Survey of Canada (5—catalogue No. 414d; 6= 

414e; and 7= 416). 

Olenellus fremont, new Species (See “pl, 37) .. s.....asa1e cn ee 

Fic. 8. Enlargement of the specimen represented by fig. 9, pl. 37, to 

show surface, glabellar lobes, and union of palpebral ridges 

with glabella. «6. U. S. National Museum, Catalogue No. 

56810e. 

Callavia bicensis, ew SPECIES. 6A. esl as ahaneens 8 6c ee 

Fics. 9 and ga. Top and side views (1.5) of a cephalon and 5 thoracic 

segments from locality (2r), 2 miles west of Bic, Quebec, 

Canada. U. S. National Museum, Catalogue No. 56794a. 

Callavia, ‘sp. undt.....). 00. SON Pee Se Es we a 

Fics. 10 and 10a. Ends of pleure (2) associated with the specimen 

represented by figs. 9 and 9a. U.S. National Museum, Cata- 

logue Nos. 56843a and 568430. respectively. 

*No reference to this form occurs in the text. 
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DESCRIPTION OF PEAT i472 

Callavia .callavet Lapworth. 003. > 02. -6. foe. oe 282 

Fic. 1. The right hand side of this figure is a photograph of a speci- 

men natural size. The left side is a photograph of the same 

specimen reversed and joined to the other with great care 

from measurements of the glabelia. The central part of the 

cheek was broken out and has been recemented, as also the 

posterior of the two cracks across the margin. The cheek is 

slightly bent downwards along a line running about midway 

between the glabella and lateral margin; when this is allowed 

for, the head is 3 to 4 mm. wider. The very oblique lighting 

gives a false impression of strength to the 3d and 4th glabellar 

furrows. 

Original in the collection of the University Museum, Birm- 

ingham, England. Cast in the U. S. National Museum, Cata- 

logue No. 56796a, to which it was presented by Mr. Frank 

Raw. 

This specimen was collected in Comley quarry, on Little 

Caradoc, near Church Stretton, Central Shropshire, England. 

2. Side view of cephalon represented in fig. I showing the con- 

vexitv, form of the glabella, cheek, border, and intergenal 

spine. Natural size. 

Callania carilandi Raw ICNUSS) neous: Geack see ae eee 282 

Fic. 3. The type specimen 

4. Side view of the specimen represented by fig. 3. Natural size. 

The specimen represented by figs. 3 and 4 was collected at 

the same locality as the specimen of Callavia caliavei repre- 

sented in figs. I and 2. Original in the collection of the Uni- 

versity Museum, Birmingham, England. Cast in the U. S. 

National Museum, Catalogue No. 56797a, to which it was pre- 

sented by Mr. Frank Raw. 
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DESCRIPTION OF PLATE 4s 
PAGE 

Lamiulus poly ple mus. vo. om jal a kis 2 toes Ste midds ital Bowl eh eee ee 239 

Fic. 1. Inner surface of the test of the eye of adult Limulus showing 

cones with a minute opening at the apex. 6. The sharp 

apex of the cones is shown near the edges where they are seen 

more in profile. 

2. Exterior of the same eve of which the interior is shown by 
fig. 1. The pits and ridges of the test between them is finely 

shown. X 7. 

3. A portion of the outer surface of the eye represented by fig. 2 

enlarged to 25 diameters. 

4. Enlargement of the outer surface of the eye on a cephalon 

7 mm. in length. X25. This represents the eye in a younger 

stage of growth than that represented by figs. 2 and 3 where 

the pits have ridges between them that are flatter and broader 

and more like those of Olenellus gilberti as shown by fig. 5. 

Olenellus gilberit Meck (See. pl36) ><. 2.05 Seen aan aa eles ae ee 

Fic. 5. Enlargement of the visual surface, palpebral lobe, and portion 

of the glabella, X 75, of the cephalon represented by fig. 6. 

There are 42 openings on the portion of the visual surface 

exposed. These openings and the ridges separating them are 

similar in appearance to those of the eye of young speci- 

mens of Limulus polyphemus as shown by fig. 4. 

6. A small cephalon. X50. The right eye of this is shown in 

fig. 5. 
The specimen represented by figs. 5 and 6 is from the lime- 

stone at (35/), Ptarmigan Pass, Alberta (see pl. 36, figs. 11- 

16). U.S. National Museum? Catalogue No. 56828f. 

239 
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DESCRIPTION OF PLATE 44 
PAGE 

Fic. t. Nevadia weeks: Walcott (pl. 23); ...22----- 2-2 2 eee eee 

2, Mesonacis vermontana (Hall) (pl. 26)... 5... - 2 eee 264 

3. Elliptocephala asaphoides Emmons (pl. 24). +.........-.sses em 269 

4. Callavia bréggeri (Walcott) (pl: 27)....2..: 4+ -...5e eee 279 

5. Holma kyerulf (linnarsson) \ (pl. 27)\s.....25. -s00 oe oe ee 288 

6. Wanneria walcottanus (Wanner) (pl. 30)...................- 302 

7. Pedewmis transitans. Walcott (pl 33)... a. «2. eee eee 305 

8. Pedeumias transttans Walcott (pl. 33)............ 01.5 305 

Enlargement of the posterior portion of fig. 7 showing the 

rudimentary segments and pygidium beneath the telson-like 

segment. 

Q: Olenellus thompsont Hall (pl) 35).2:..... «s+. 0har eae ee ee 336 

The above series of figures is reproduced in order to illustrate the variation 

in the principal genera of the Mesonacide, also in order that the student may 

at a glance note the changes from the most primitive form Nevadia (fig. 1) 

through one line of descent, as represented by figs. 2, 3, and 7, to Olenellus 

(fig. 9). 
On another line of descent the figures serve to illustrate through figs. I, 3, 

4, 5, and 6 the probable line of descent from Nevadia (fig. 1) to Holmia (fig. 

5) and on to Parado-xides. 

a eS 
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INDEX 

Note.—The first reference to each of the species described in this paper gives 
the page upon which the description begins and the figure references. Refer- 
ences to the description of certain parts or features of a species are only given 
in the index if the description occurs outside of the detailed description of the 
species. For instance: the description of the pygidium of a certain species will 
be found in the description of that species and there will be no specific reference 
in the index to the pygidium unless it is described or discussed at some other 
point in the paper. 

The list on pages 351-371 may be regarded as a completely cross-referenced 
index to the synonymy in this paper, and only the actual references as they 
occur in the synonymy will be found in this index. 
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on thereyesiot Mimulus-and VA pus. 2. jessie. dese tac clk eeerae 239 

BiG, TOSSIIS S FHOMM sess betes ie icae ena ke ee one stanes oles och sche oy cates Sac cee 27.) Naa0) 
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Compared! bwithiee Olas sen. or ee eects Aer eee 276, 288 

WONMETID (So o6. 3 ler dcas dare VORA OSE Oe Ge OE TED 

delimitation: on eens. te. oe cee cle mateo eC ee 247 
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RAPA DEO OID nica ce 4 oat edeel Woda Fae ere k Osc RRS 284 
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Brings pi piOsrapmien rererenCeSa +. .2ccc. cs cc es cradeicnes ase eoles 373 

erecta, see Nisusia (Jamesella). 
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INTRODUCTION 

During the summer of 1909 I continued my study of 1907* on 

the Cambrian formations of the main range of the Rocky Mountains 

on the line of Bow Vailey, in Alberta, with the view of discovering 

a base to the Fairview formation of the Lower Cambrian, and, if 

possible, of finding fossils in the shales and sandstones beneath that 

formation in the Bow Valley. When measuring the Cambrian sand- 
stone on the northeast slopes of Mount Fairview and Saddle Moun- 

tain, about 2.5 miles southwest of Laggan, a fine quartz conglomerate 

about 100 feet in thickness was found, and below it a gentle, forest- 

*Smithsonian Miscellaneous Collections, vol. 53, No. 5, 1908, Cambrian 

Sections of the Cordilleran Area, pp. 204-217. 
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covered débris slope without rock outcrops. Knowing that there 

were shales and sandstones in the Bow Valley to the northwest, I 

went up on the slopes of Mount Saint Piran, and from there exam- 

ined with a strong field-glass the valley and mountains to the north- 
east. I could see that the Fairview sandstone formed a cliff on 
Mount Hector and:Fort Mountain above slopes that were evidently 
clear of débris, and that there was a marked change in the character 

of the rock where the cliff and slope met. A week was next spent 

at Fort Mountain and vicinity, and, with the information secured 

there as to the presence of a massive bedded conglomerate at the 

‘base of the Fairview formation, a trip was made along the southwest 

side of Bow Valley in search of contacts between the basal con- 

glomerate and the shales beneath. It was found that the lower 

slopes and bottom of Bow Valley from Hector Lake to the vicinity 
of Cascade Station, on the Canadian Pacific Railway, were under- 
lain by pre-Cambrian shales and sandstone formations, to which the 

names Hector and Corral Creek are applied in this paper. These 
rocks were formerly referred to the Bow River group of the Cam- 

brian by Mr. R. G. McConnell.” 

TOPOGRAPHY OF BOW VALLEY 

The Bow Valley heads at Bow Pass, and for the first 10 miles 

of its course it appears to be deeply excavated in the limestones and 

sandstones of the Cambrian formations. Southeast of Bow Peak 

the floor of the valley attains a width of two miles; it is joined from 

the west by the flat of Hector Lake, and from this point the valley 

is broadly U-shaped in profile, with high mountain fronts on either 

side. .This is illustrated by figure 1, plate 45. This profile is con- 

tinued to the southeast for about 35 miles to where the ridges of 

the Sawback Range and the mass of Pilot Mountain on the north. 

and of Mount Bourgeau on the south, crowd the sides of the valley 

toward the river; from here to Banff it is deep and narrow. The 

valley is evidently one of pre-glacial origin that has been widened 

and shaped by the passage of a great glacier into which lateral 

glaciers flowed from the side canyons. Rounded hills and ridges of 

gravel and clay record glacial deposits and subsequent stream ero- 

sion. 

I find in my field note-book the following: “The view from Fair- 

view Mountain, 3,000 feet above Lake Louise, is a most extended 

7 Annual Rept., Geol. and Nat. Hist. Survey Canada, for 1696; Part Dy 

p. 15 D, 1887. 
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Fig. 1. PANORAMIC VIEW LOOKING ACROSS THE BOW VALLEY FROM ~ 

is view shows on the left Mount Aberdeen and the Victoria Glacier, Mounts Whyte and St. Piran, and to 
(Photograph b 

Fig. 2. VIEW OF FORT MOUNTAIN FROM THE WEST SIDE OF CO 

e high, massive Cambrian limestone cliffs of the upper half of the mountain and the broken sandstone cliffs bel 
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¥V HILLS ABOUT 2 MILES NORTHEAST OF LAGGAN, ALBERTA, CANADA 

it_of the center Mounts Bosworth and Daly, also in the foreground the broad, almost flat, bottom of the valley. 
Walcott, 1909.) 

REEK, 4.5 MILES NORTHEAST OF LAGGAN, ALBERTA, CANADA 

rast strongly with the rounded hills and slopes of pre-Cambrian rocks shown by figure 1, plate 46. (Photograph 
, 1909.) 
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and beautiful one. ‘To the north and far below lies the broad valley 
of the Bow, which stretches to the southeast toward Banff: and 

northwest to the beautiful Hector Lake. Rising above the valley on 
the northeast rugged mountains extend in massive ridges and high 

peaks from Mount Hector to Mount Richardson, and southeastward 
to the great wall of Castle Mountain and the serrated Sawback 
Range. Farther to the southeast are the high points of the Bourgeau 
Range west of Banff, and beginning with Mount Temple and arch- 

ing to the south and southwest there is a superb panorama of high 
mountains, glaciers, and crested walls, such as is rarely seen in any 
land. As a study in glaciation and topographic forms it is unex- 

celled, and is well worth a journey across the continent to see.” 

Panoramic photographs taken from high on the mountains on both 
sides of the valley show that the valley has been excavated on the 
northeast slope of a broad, broken anticlinal arch. The general 
average height of the peaks and ridges as they are massed against 

the horizon indicates a base-leveling of the region prior to the period 

of uplift and erosion that has developed the present topography. 
The topographic forms resulting from the erosion of the Cam- 

brian rocks are well shown on all the higher mountains adjoining 
the valley—Mounts Temple, Aberdeen, Victoria, and Hector. Fort 

(fig. 2, pl. 45) and Castle mountains are capped by high, precipitous 

cliffs of limestone underlain by alternating slopes of shale and bro- 
ken cliffs of sandstone for 2,000 feet or more down to the low cliff 

formed by the Fairview sandstone or its basal conglomerate. Below. 

this cliff the pre-Cambrian shales and sandstones form smooth slopes 

and irregular, rounded hills and ridges with bands of gray, purple, 
and greenish shales. These are well shown southeast of Mount 
Hector and the ridges south of Mount Richardson and Fort Moun- 

tain (fig. 2, pl. 46). The contrast of topographic form between 

the Cambrian and pre-Cambrian rocks is finely illustrated by Fort 

Mountain (fig. 2, pl. 45) and the area just south of it (fig. 2, pl. 46), 
and it first led me to suspect the presence of pre-Cambrian rocks in 

this area. 

BASAL CAMBRIAN ROCKS 

The conglomerate at the base of the Fairview formation is massive 

bedded and usually formed of small quartz pebbles in a coarse sand- 

stone matrix. At Fort Mountain it is over 300 feet thick and ex- 

tends northwest and southeast for a long distance. The white quartz 

pebbles here vary from 2 mm. to 10 cm. in diameter (average 10-15 

mm.), and are mixed near the base of the conglomerate with rounded 
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and angular pebbles (fragments) of the dark siliceous shales of the 

subjacent Hector formation; also of the siliceous and hard greenish 

shale that occurs from 520-640 feet below, and the reddish and 

chocolate-colored, arenaceous shale 640 feet or more below the base 

of the Cambrian. 

Two and one-half miles north of Fort Mountain, at the east foot 

of Ptarmigan Peak, the basal conglomerate is only 170 feet thick, 

while on Mount Temple, 8 miles southeast of Fort Mountain, it is 

represented by a few thin layers of fine conglomerate interbedded in 

a massive-bedded, fine-grained sandstone. 

On the north slope of Vermilion Pass, east of Boom Mountain, 

11 miles southeast of Mount Temple, the conglomerate occurs in 

massive beds that form a series 200 feet and more in thickness. 

The variation in thickness of the basal Cambrian conglomerate 

seems to indicate that the pre-Cambrian surface over which it was 

deposited was broadly irregular. 

UNCONFORMITY BETWEEN THE CAMBRIAN AND THE PRE- 
CAMBRIAN ROCKS 

Viewed in a restricted way, much of the pre-Cambrian surface 

was regular and the Cambrian rocks appear to be conformable to 

the subjacent pre-Cambrian strata. All about the sides of the valley 

the strata of the two formations, Fairview of the Cambrian and 

Hector of the Algonkian, dip away at about the same angle, but, 

‘when we apply the test of the varying thickness of the basal Cam- 

brian conglomerate and the difference in the character of the upper 

beds of the Algonkian in different places, we at once become aware 

that the pre-Cambrian surface is more or less irregular, and that 

when the Cambrian sea transgressed over the area now included in 

the Bow Valley it found a broadly irregular surface with low hills and 

broad level spaces covered with a deep mantle of disintegrated rock. 

It washed out the muds and carried them away and deposited the 

sand and pebbles of its advancing beaches’ over and around the ir- 

regularities of the pre-Cambrian surface. 

The unconformity is well shown at Fort Mountain, where the 

basal Cambrian is formed of massive layers 4-10 feet thick, which 

usually rest directly on the Hector shale (pre-Cambrian). In places, 

however, slight hollows in the shale are filled with thin layers of a 

more or less ferruginous sandstone that was deposited by gentle 

currents prior to the deposition of the massive conglomerate layers. 

The lower 10-20 feet of this conglomerate contains rounded and 

> ne ata, bs 
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Fig. 1. VIEW FROM THE NORTH OF THE RIDGE SOUTHEAST OF THE LOW 

NORTHEAST OF LAG 
The upper edge of the snow banks about half way down the slope of th the pre-Cambrian arenaceous shales of the Hecto 

Eign 2: PANORAMIC VIEW FROM THE SOUTH SLOPE OF FORT MOUNTAIN LOOKING TO THE SG 
= lower dark cliff in the mountain on the left is formed by the basal conglomerate of the Cambrian. sandstones of the Corral Creek formation Selow, ty overlain by the shales of the Hector formation. 109.) In the distance on ; 
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OF PTARMIGAN LAKE AND NORTHEAST OF FORT MOUNTAIN, 6 MILES 

BERTA, CANADA 

marks the line of contact of the Cambrian basal conglomerate with 
tion. (Photograph by C. D. Walcott, 1909.) 

AST AND SOUTH FROM A POINT 4 MILES NORTHEAST OF LAGGAN, ALBERTA, CANADA 

e is formed of the arenaceous shales of the Hector formation. The rounded hills in the foreground are forme 
ht are the high peaks of the Bow Range on the southwest side of the Bow Valley. (Photograph by C. D. Wal 
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angular fragments of the subjacent pre-Cambrian formations (fig. 
1, pl. 46). The Cambrian sea was evidently transgressing across the 
dark siliceous shales of the pre-Cambrian land and reducing them 
to rolled pebbles, angular fragments, and mud. The mud gave ori- 

gin to small lentiles of shale similar in character to the shale below 

the unconformity, while lentiles of sandstone of greenish tint indicate 

that fine material was being derived from still older pre-Cambrian 
formations than the shale. 

On the southwest side of the Bow Valley the Fairview formation 
extends well down on the wooded slopes, but I know of no exposure 

showing the contact of its basal conglomerate with the underlying 

Hector shale north of Mount Temple. East of Mount Bosworth 

the contact of the Cambrian and pre-Cambrian appears to be in the 

valley just north of Stephen on the Continental Divide. 
Of greater importance is the evidence that the sediments of the 

two periods were deposited under different physical conditions. “The 

Cambrian sandstones are composed of clean, well-washed grains, 

and the Cambrian calcareous and argillaceous shales were deposited 

as muds offshore along with the remains of an abundant marine 
life. The Hector shales of the pre-Cambrian are siliceous and with- 

out traces of life; the sandstones are impure and dirty, with the 

quartz grains a dead milky white, or glassy and iron stained. The 

sediments forming them were evidently deposited in relatively quiet 

muddy waters, and I think in fresh or brackish waters.* 

I do not compare the limestone formations, as they are 2,000 feet 

or more above the plane of unconformity in the Cambrian, and be- 

low the Hector-Corral Creek series in the Algonkian. 

PRE-CAMBRIAN ROCKS 

The distribution of the pre-Cambrian rocks in the Bow Valley is 

outlined on the accompanying map (pl. 47). They extend through- 

out the bottom and lower slopes of the valley from Bow Peak to 

Cascade, on the Canadian Pacific Railway, about 7 miles west of 

Banff. East of Mount Hector and in the Mount Richardson-Ptarmi- 

gan Peak mass they rise in high hills both east and west of Pipestone 

River, and continue eastward across Corral and Baker creeks before 
passing beneath the Cambrian, on the south slopes of Castle Moun- 

tain. 

* This view will be presented more fully in a paper on “The Abrupt Appear- 

ance of the Cambrian Fauna in North America” that I have prepared for 

presentation at the meeting of the International Geological Congress at Stock- 

holm in August, IgIo. 
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At the south end of Fort Mountain the descending section beneath, 
the Cambrian conglomerate is as follows, as measured on the east 
side of Corral Creek Canyon, 4 miles northeast of Laggan: 

CAMBRIAN CONGLOMERATE 

Unconformity 

ALGONKIAN 
HECTOR FORMATION: Feet 

1. Dark-gray to black, finely arenaceous (siliceous) shale breaking 

down on weathered slopes, or sometimes forming low ragged 

cliffs beneath conglomerate. Upper surface slightly eroded.. 520 

2. Greenish, finely arenaceous shale, with bands of reddish-colored 

Shale. At 110 feet down a layer of fine interformational con- 

glomerate occurs, with a finely arenaceous, greenish-colored 

matrix that includes thin layers of pinkish, compact limestone 

that: weathers amore rapidly than the matrix..>...o..<....be 120 

3. Purple-colored, finely arenaceous or siliceous shale............ 140 

4. Greenish-colored, finely arenaceous or siliceous shale.......... 40 

5. Massive-bedded conglomerate. Matrix a coarse sandstone, with 

quartz pebbles and fragments of gray pinkish limestone..... Fi 

This is evidently a deposit made from material brought down 
by a river reaching back into the hills of that epoch. The 

presence of the limestone is very important, as it indicates 

limestones below any exposures of the pre-Cambrian rocks 

of the Bow Valley. In places the matrix is coarse-grained 

and in others a fine-grained sandstone. The limestone frag- 

ments are small and those of sandstone usually larger, some 

being 12 inches across. 

6. Reddish purple, arenaceous, siliceous shale, with greenish bands. 455 

This shale is widely distributed and often folded and broken 

in exposures along the valley. 

CORRAL CREEK FORMATION: 

1. Coarse-grained, light-gray sandstone in massive layers, with 

some of the layers a fine quartz conglomerate. Estimated... 120 

The outcrop of this bed is usually concealed by débris. 

2. Hard, quartzitic sandstones that break down on exposure to 

weather. »_ Estimated cats, ccaiew in Shave aaiuk Seton a eee 1,200+ 
An anticline and general disturbance of the strata at this point 

breaks the downward continuity of the section. 

On the west side of Corral Creek Valley and south of the syn- 
cline of Cambrian limestones and sandstones of Mount Richardson 

and Ptarmigan Peak the strata of the Hector and Corral Creek 

formations are displaced by thrusts and folds, so that the section is 
broken and imperfect. The same is true of the pre-Cambrian forma- 

tions south of the base of Fort Mountain. 
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RESUME 
HECTOR FORMATION: Heee 

MPMI AIREY.” Sticle Ute rer ROAM Cn Sila sv viele Sc a uals ec ou paenen te 520 

2. Greenish shale, with narrow bands of reddish purple shale. 120 

SPREE CRS ict eMC Ree Sakis ila -'o ovis Vdig wR sa dete civ cule Mende 140 

sh STE SATS SS FeSO i eR eA 40 

By, LOGIE IVE 231 2 i SC, rrr rc ae ene we aan 0 27 

TPO! 212 See Cea ca 485 

TSG Uit CER RT Sane aed ARE RIA Seo dete, Sint her eae At Carty aaa es 1,302 

CORRAL CREEK FORMATION: 

Pee MASONe: | (ESLER if ats sits. whi rote oe new ole Gaba. be Pea 120 

PROAnMAStOnES!: (ESLIIALCM te -utelees Ae camehey ie Belscteet eye Seria ene 1,200 

MEUM as fa ce a Ge, IS AeA I Ph WS one nts 1,320 

RGSS SCIEN on Ge aoe a en cr Renee ceo dimen one 2,622 

At the east base of Ptarmigan Peak, 2.5 miles north of the Fort 
Mountain section, the Hector shales and conglomerate beneath the 
basal conglomerate of the Cambrian are essentially the same as on 

the south end of Fort Mountain, except that the green and purple 
shales are closer to the Cambrian, owing to the thickness of dark 

gray shale being less. Opposite the head of Baker Lake the pre- 

Cambrian shales and subjacent compact, hard sandstones are thrust 
over the Siluro-Devonian, arenaceous limestones. 

The relations of the basal conglomerate and the pre-Cambrian are 

well shown north of Ptarmigan Peak; also at the north foot of Fort 

Mountain. 

On the northeast ridge of Mount Temple and northwest of the 
Valley of the Ten Peaks the downward section is as follows: 

CAMBRIAN CONGLOMERATE 

Unconformity 

ALGONKIAN 
HECTOR FORMATION: Feet 

1. Hard, steel gray, siliceous shales in thin lamelle, with inter- 

bedded siliceous layers, varying from thin shale to an inch 
HR UEC TECIS a on air ae hate oe aI ell ake ae 145 

2. Flaggy, compact, finely arenaceous bedsS................20000+5 480 

3. Greenish, compact, slaty, siliceous shales, with a few thin layers 

of hard dove-colored to pinkish limestone. [This is about 

the same horizon as the interformational conglomerate in No. 

2, OF THERE OFt »WiGieeaih cMOCHO Me Ua fiers on 'bia sw aise ales picievee ss 255 
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4. Shales similar to those of No. 3, with purple and greenish a 

Bands ot siete Meee ce sie oleib fateiel me Ae knee ee 65 

5. Shales similar to those of No. 3, of a dark-purple color........ 590 
6. Massive-bedded conglomerate, with coarse sandstone matrix, 

pebbles of white quartz, gray and yellowish buff sandstone, 

green siliceous shale, and rolled fragments of a reddish pur- 

ple, Aaspery, siliceous rockin, ood arse he cacti eee 305 

7. Greenish, compact, siliceous, slaty shales.) or. hares sae Uaioe 250+ 

Total Biksvcdiwny fox ai ien nth aweie be Meee oem 2,150-+ 

Below No. 7 there are more shales and then a series of compact, 

hard quartzitic sandstones of the Corral Creek formation, as seen 

south of Fort Mountain. ‘The sandstones are not well exposed in 

the Mount Temple section. 
At Vermilion Pass a gray saponaceous, siliceous shale occurs be- 

neath the basal Cambrian conglomerate, and outcrops of purple- 

colored shales occur low down on the northeast slope of Boom 

Mountain. 

On Bath Creek, along the line of the Canadian Pacific Railway, 
west of Laggan, outcrops of tilted and folded, arenaceous, purple 

shales occur, and at various points in the broad valley of the Bow 
the shales and sandstones of the Hector? formation may be seen. 

Usually, however, the floor of the valley is covered with the gravels, 

sand, and clays of the drift. 

CORRELATION OF BOW VALLEY PRE-CAMBRIAN ROCKS 
WITH THOSE OF NORTHERN MONTANA 

The finely arenaceous and siliceous purple, gray, and greenish 
shales of the Hector formation are of the same general character 

as those beneath the basal Cambrian conglomerate in Montana,* 
except that the pre-Cambrian shales in Montana are more distinctly 

arenaceous. ‘The shales and sandstones of this series extend north 

from the Montana-Alberta international boundary to about 30 miles 
south of Crow Nest Pass, where they are cut off by faults that bring 

the Carboniferous and Cretaceous formations against them either by 
overlap or faulting. It is highly probable that pre-Cambrian rocks 
will be found not far north of Crow Nest Pass and west of the 
known Cretaceous and Carboniferous rocks; also in the valley of 

the Kootanie River, east of the Brisco and Stanford ranges. There 

* Bull. Geol. Soc. America, vol. 17, 1906, Algonkian Formations of Montana, 

p. 3, 2a of section. 
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is a large and interesting field for exploration in this region and 
north to the known Cambrian rocks of the Kicking Horse-Bow 
Valley section. With the data now available there should be little 
difficulty in mapping the pre-Cambrian, Cambrian, and post-Cam- 
brian rocks. 

With our present information the Hector and Corral Creek forma- 

tions may be correlated in stratigraphic position with the Camp 

Creek and Kintla-Sheppard series of the Montana Algonkian, which 
are above the great Siyeh limestone.® The Bow Valley section does 
not extend down to the horizon of any massive pre-Cambrian lime- 
stone, but the fragments of limestone in the conglomerates of the 
Hector formation indicate the presence of subjacent limestones that 

were so situated as to be eroded by streams or shore waves when the 

sediments of the Hector formation were being deposited. 

RESUME 

The object of this brief paper is to call attention to the presence 

in the Bow Valley, Alberta, of unaltered sedimentary strata of pre- 

Cambrian age. They lie unconformably beneath the Cambrian and 
are non-fossiliferous, as far as known. The formation names Hec- 

tor and Corral Creek are proposed for them, and they are correlated 
with the Camp Creek and Kintla-Sheppard series of arenaceous 
rocks which lie beneath the Cambrian and above the Siyeh limestone 
in Montana, southwestern Alberta, and southeastern British Co- 

lumbia. 

* Bull. Geol. Soc. America, vol. 17, 1906, p. 18. 
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