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LETTER OF TRANSMITTAL.

DEPARTMENT OF THE INTERIOR,
UNITED STATES GEOLOGICAL SURVEY,
DIVISION OF GEOLOGIC CORRELATION,
Washington, D. C., April 1, 1891.

Str: I have the honor to transmit herewith a memoir by Mr. C. D.
Walcott, on the Cambrian of North America, prepared for publication
as a bulletin.

The Division of Geologic Correlation was created for the purpose of
summarizing existing knowledge with reference to the geologic forma-
tions of North America, and especially of the United States; of dis-
cussing the correlation of the formations found in different parts of the
country with one another, and with formations in other continents ;
and of discussing the principles of geologic correlation in the light of
American phenomena. The formations of each geologic period were
agsigned to some student already well acquainted with them and it was
arranged that he should expand his knowledge by study of the litera-
ture, and by field examination of classic localities, and embody his
results in an essay. The general plan of the work has been set forth
on page 16 of the Ninth Annual Report of the Survey, and on pages
108 to 113 of the Tenth Annual Report, as well asin a letter of trans-
mittal to Bulletin No. 80 of the Survey. .

Thefirst of the series of essays resulting from this work, prepared
by Prof. Henry S. Williams, pertains to the formations of the Car-
boniferous and Devonian periods, and constitutes Bulletin No. 80.
The present essay is the second of the series, and others will follow.

Mr. Walcott finds that the American Cambrian includes three faunas,
of which the first and third are of continental range, and that by the
aid of these faunas the formations in the various geologic provinces
may be classified into three divisions, an upper, a middle, and a lower.
He finds also that these divisions may be homotaxially, and perhaps
chronologically, compared with divisions of the European Cambrian.

Very respectfully, your obedient servant,
) G. K, GILBERT,
Geologist in Charge.
Hon. J. W. POWELL,

Director U. 8. Geological Survey.
13






OUTLINE OF THIS PAPER.

This work is a review, by one who is working in the Cambrian field, of the work of
his predecessors, and of the results they and he have thus far obtained as he interprets
them. It thus becomes historical and descriptive, andis a general statement of the
principles upon which the correlations have been made in establishing the group.

Chapter 1 gives a statement of the principles upon which the delimitation of the
group is based, a few brief remarks upon the nomenclature of the formations, and a
list-of the books and articles consulted in the preparation of this paper.

Chapter II gives a historical review of the geologic and paleontologic work that
has been done in the four provinces in which the sediments of the Cambrian group
occur. These are the Atlantic Coast Proviuce; the Appalachian Province, which is

.divided into the Northern Appalachian and Southern Appalachian areas; the Rocky
Mountain Province, and the Interior Contineutal Province. The latter is divided
into the Upper Mississippi Area, the Eastern Border or Adirondack sub-Province, the
Western Border or Rocky Mountain sub-Province, and the Southwestern sub-Prov-
ince of Texas and Arizona. Within each of the provinces the historical data are re-
viewed by the political divisions of States and Territories, and in British North
America by provinces.

"T'he historical review of the geologic work embraces all that has come within the
knowledge of the writer of the descriptive geology of the rocks now referred to the
Cambrian group. The paleontologic review includes only the mention of the genera
and species described by the various authors. '

Chapter 111 is a record of the names that have been employed to designate various
formations. It is of an historical rather than a controversial character.

Chapter 1v gives a summmary of the present knowledge of the formations in each of
the four geologic provinces, in the same arrangement as that of the historical review
in chapter 11. The attempt is made to givo a concise statement of the present knowl-
edge of the formations referred to the Cambrian group within each province. The
paleontologic references are to the larger subdivisions of the fauna without mention
of ‘genera or species. These will be described in special monographs, now in the
course of preparation. At the close of this summary there is a synopsis of the Cam-
brian group, in which it is stated that the group is established by (a) the presence
in the Rocky Mountain Province of 6,000 feet of limestone with an undetermined
mass of quartzite beneath; (b) in the Appalachian Province by over 12,000 feet of
quartzite, shales, slates, and limestones; (¢) a continental distribution; (d) a charac-
teristic, highly differentiated fauna. A table of the classification of the formations is
arranged with the type formation of each subdivision at the head, while beneath
are the formations correlated with it.

A map showing the geographic distribution aceompanies this chapter ; also one
on which the sedimentation is illustrated by vertical columns of strata. A section
across the continent, with the base of the Ordovician fauna as the upper limit and
the columns of strata arranged beneath it, reveals the presence of a great trough
along the line of the Appalachians from Alabama to Labrador, and a second trough
on the western side of the continent west of the eastern Rocky Mountain ranges.
It is claimed that the great interior Continental Province was a land area during

15



16 OUTLINE OF THIS PAPER. (BULL. 8L

Lower and Middle Cambrian time and that the Cambrian Sea did not enter upon it
until the beginning of Upper Cambrian time. A map based (PL. 111) upon this view
illustrates the supposed land area at the beginning of Cambrian time.

The base of the group is stated to be where the oldest known fauna that is referred
to the Cambrian fauna occurs. The summit of the group is the transition from the
Cambrian to the Ordovician fauna,orin the New York section between the Pots-
dam sandstone and the superjacent Calciferous formation. The rocks or sediments
are described and the conclusion reached that there were geographic areas in which
different types of sedimentation prevailed, and that as a whole the sediments were
deposited in both shallow and deep waters on an ocean bottom that was being slowly
depressed in relation to sea level.

The study of the fauna indicates that the group may be conveniently divided into
" three divisions, lower, middle, and upper. The evidence of the sedimentation and
organic remains proves the presence of geographic provinces in Lower Cambrian time
that became more strongly differentiated in Middle Cambrian time and less strongly
marked in Upper Cambrian time.

The chapter concludes by notes on the Cambrian rocks of Great Britain, Europe,
China, India, Australia, and South America.

Chapter v deals with problems for. investigation and settlement which are taken
up, for the local problems, in the same order of presentation as the matter in chap-
ters 11 and 1v. The general problems respecting our knowledge of the Cambrian
group, a8 a whole, or in large parts, are discussed separately, as are the problems of
nomenclature and classification. The latter includes a statement of the problems
relating to thename and the limits of the group.

Chapter vI is devoted to the study of criteria and principles used by authors in the
correlation of the various parts composing the Cambrian group, with observations
on some methods of correlation. The first portion includes the historical notes, and
is a review in chronologic order of the principles of correlation used by authors in the
United States and Canada, and observations by authors upon correlation of American
with European formations. This review shows that many authors have expressed
sound views upon methods of correlation and that, with the exception of the addi-
tions made since the theory of evolution began to influence paleontologists, the
addition to methods has been relatively small. Under the heading of methods of
correlation, correlation by superposition, organic remains, lithologic characters,
and unconformity are treated of at some length. Under organic remains are con-
sidered life zones, stage of evolution, life history, contemporaneity, homotaxis, and
percentage of species. Reference isalso made to homogeny and topographic features
as elements entering into the problems of correlation.



THE CAMBRIAN GROUP OF ROCKS IN NORTH AMERICA.
BY CHARLES D. WALCOTT.

CHAPTERI.
INTRODUCTORY.

This report is an unfinished memoir. It is an account of the present
knowledge of a great geologic group that will require prolonged inves-
tigation to bring it to the status in descriptive geology already attained
by the superjacent members of the Paleozoic system.!

The history of the origin and application of the term Cambrian in
geologic nomenclature is presented in connection with the description
of the names that have beenemployed in the classification of the various
formations characterized by the types of the “First or Primordial Fauna”
of Barrande. The basal fauna, as now known, is that of the Olenellus
zone; and the upper horizon of the group is drawn at the summit of
the series characterized by the Dikellocephalus fauna of North America.
The delimitation of the group is based on the principles: (a) that the
great geologic groups must rest on the broad zoologic characters of
their included faunas, and not upon local stratigraphic breaks between
certain series of rocks or upon local differences in sedimentation; (b)
that the most reliable chronologic scale in geology is that afforded by
the relative magnitude of zoologic change; and (¢) that the geologic
duration and importance of any system are in strict proportion to the
comparative magnitude and distinctness of its collective fauna. 2

Geologic classification has been largely based upon the imperfections
of the geologic record and an arbitrary assumption of breaks in the
chain of sedimentation and life that are not of universal extent. Geo-
logic continuity must have been a fact and the sequence of life and
deposition continued uninterrupted on some portion of the earth from
the earliest Cambrian time to the present day. Such continuity could
not have existed in any one province, and it is doubtful if the complete
record will ever be regained. In its absence the classification already

1Tn the preparation of the historical portion I received material assistance from Prqfy Joseph F.
James, who, taking as a basis the bibliographic card.-catalogue of Mr. N. H. Darton, prepared a series
of brief abstracts which guided me in my historical research,

3 Lapworth, Cbarles. Geological Magazine, new ser., dec. 1, 1879, vol. 6, p. 3.
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established is adopted and then arbitrarily assumed whenever the orig-
inal basis for it is cleared away by more perfect knowledge.

For convenience of description and geologic cartography, the geologic
formation! is taken as the primary unit of classification. The com-
bination of these primary units forms the terrane, which may be com-
posed of any number of geologic units. The groupings of the terranes
form the groups, and the union of the groups the systems. Thus the
Potsdam sandstone of the Adirondacks, the Dutchess County limestone
of New York, the upper Knox shales of Tennessee, the Hamburg shales
of Nevada, and many other formations unite to form the Upper Cam-
brian terrane, The union of the Upper Cambrian with the Middle and
the Lower Cambrian builds up the Cambrian group. The combination
of the Cambrian, Silurian, Devonian, and Carboniferous, forms the
Paleozoic system.

The nomenclature of the formations of any group frequently ex-
presses in local terminology the history of the development or evolu-
tion of knowledge of the gronp. For instance, the formations compos-
ing the Cambrian begin, in America, with the ¢ Granular Quartz” and
then follow the Potsdam sandstone, the St. John shales, the Chilhowee
sandstone, etc. The plan of naming the formations from the locality
at which they are best developed is a great safeguard and can be fre-
quently adopted. Forinstance,the Potsdam sandstone of New York
has its type locality at Potsdam in St. Lawrence County, where it can
be readily identified. To say it is identical with the Upper Cambrian
or St. Croix sandstone of the Mississippi Valley, with which it has been
identified, and to speak of the latter as the Potsdam sandstone, is to
practically state that they are synchronous. The use of the name St.
Croix does not imply this. It enables the geologist to mention the
formation without assuming a correlation that he may or may not be-
lieve in. :

1Dr. J. J. Bigsby states that ‘‘According to Deshayes *a formation is a space of time represcnted by
a cortain number of beds, laid down under the influence of the same phenomensa,’ or, in other words, a
formation is characterized by the constancy of its fossils.” (On the Paleozoic basin of the State of
New York. Part IL Classification of the Paleozoic strata of the State of New York. Quart. Jour.
Geol. Soc. London, 1858, vol. 14, pp. 428, 430.)

o
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report of the geological survey of New York, Albany, 1841, pp. 25-57.
EMMONS, EB{nél_szmn. Geology of the Montmorenei. American Magazine, vol. 1, 1841,
pp. 146-150.

GESNER, ABRAHAM. Third report on the geological snrvey of the Province of New
Brunswick. St. John, 1841, pp. 88.

Hrrcrucock, EDWARD. Finalreport on the geology of Massachusetts, 2 vols., Amherst,
1841, vol. 1, pp. X11, 299; vol. 2, pp. 300-831; 55 pls.

HoueHTON, DoUuGLASs. Report [on the Northern or Upper Peninsula]. Geol. Survey
Michigan, 4th Ann. Rep. State geologist, 1841, pp. 4-89.

MATHER, W. W, Fifth annual report on the geological survey of the first geological
diatriet. T'ifth annual report of the geological survey of New York, Albany,
1841, pp. 63-112.

Rocrrs, H. D.  Some observations on the geological structure of Berkshire, Massa-
chusetts, and neighboring parts of New York. Am. Phil. Soc., Proc., vol. 2,
1841, pp. 3.4.

Fifth alx)lrr)nml report on the geological exploration of Pennsylvania. Iarris-
burg, 1841, pp. 156 and plate.

TROOST, GERARD. Sixth annual report of the geological survey of Tennessee by the

State geologist. Nashville, 1841, pp. 48.

1842.

Conrap, T. A. Observations on the Silurian and Devonian systems of the United
States, with descriptions of new organic remains. Phila. Acad. Sci., Jour.,
vol. 8, 1842, pp. 228-235.
EmMoNs, EBENEZER. Geology of New York, part 2, comprising the survey of the
second geological (northern) district, 1842, pp. 438, pls. 17.
Topography, geology, and mineral resources of the State of New York.
Gazetteer of the State of New York, by J. Disturnell, Albany, 1842, pp. 5-25.
Roagrrs, . D, and W. B. RoGrrs. On the physical structure of the Appalachian
Chain, as exemplifying the laws which have regnlated the elevation of great
meountain chains generally. Brit. Assoc. Rept., vol. 12, Trans. Sec., pp. 40-42;
Am. Jour. Sei., vol. 44, 1842, pp. 359-362; ‘Trans. Am. Assoc. Geol. and Nat.,
1843, pp. 474-531.
Vanuxem, LARDNER. Geology of New York, Geology of the Third (central) Geo-
logical District. Albany, 1842, pp. 307.

1843.

GrsNER, ABRATIAM. Report on the Geological Survey of tiae Province of New Bruns-
wick, with a Topographical Acconnt of the Public Lands and Disiricts Ex-
plored in 1842. ~St. John, 1843, pp. 88.

Memoir of the Geology of Nova Scotia, with amap. Geol. Soc. London, Proc.,
Vol. 4, 1843, pp. 186-190. ,

Havr, JAMES. Geology of New York. Geology of the Fonrth (western) Geological

District. Albany, 1843, pp. xxvii, 686, 19 pls. and map.
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HALL, JAMES. Geological map of the Middle and Western States. Geol. of New
York. Rep.,on the Fourth Geological District, Albany, 1843,
Notes Explanatory of a section from Cleveland, Ohio, to the Mississippi
River, in a Southwest Direction; with remarks upon the Identity of the
Western Formations with those of New York. Assoc. Am. Geol. Trans., 1843,
pp. 267-293.
Juxes, J. B. General report of the Geological Survey of Newfoundland in 1839 and
1840, London, 1843, pp. 160, 2 pls. .

MATHER, WILLIAM W. Geology of New York ; Geology of the First (southeastern)
District. Albany, 1843, pp. xxxvii, 6565, 46 pls. .

OWEN, DavID DALE.  On the Geology of the Western States. Am. Jour. Sei., vol.'
45, 1843, pp. 151, 152, 163-165.

1844.

Emmons, E. The Taconic System ; based on Observations in New York, Massachu-
setts, Vermont, and Rhode Island. Albany, 1844, pp. vii, 67, 6 pls.

Havrr, JAMES, Geological Survey of New York ; its Influence on the Productive Pur-
suits of the Community. New York State Agr. Soc. Trans. for 1843, 1844, pp.
241-277.

JAacksoN, C. T. Final Report on the Geology and Mineralogy of the State of New
Hampshire, with Contributions towards the Improvement of Agriculture and
Metallurgy. Concord, 1844, pp. viii, 376,

RoGERS, HENRY D. On American Geology and Present Condition of Geological Re-
search in the United States. Am. Jour. Sci., vol. 47, 1844, pp. 137-161, 247-278.

RoGERs, W. B. A System of Classification and Nomenclature of the Paleozoic Rocks
of United States, with an Account of their Distribution more Particularly in
the Appalachian Mcuntain Chain. Am. Jour. Sci., vol. 47, 1844, pp. 111,112,

1845.
Apawms, C. B, First Annual Report on the Geology of Vermont. Burlington, 1845,
9

pp. 92.

BAYFIELDI: H. W. On the Junction of the Transition and Primary Rocks of Canada
and Labrador. Quart. Jour. Geol, Soc., London, vol. 1, 1845, pp. 450-459.

GESNER, A. Geological Map of Nova Scotia. (Accompanying papers by J. W. Daw-
son and Richard Brown.) Quart. Jour. Geol. Soc., London, vol. 1, 1845,
oppo. p. 23.

ALy, Jamus. Nature of the Strata and Geographical Distribution of the Organic
Remains in the Older Formations of the United States. Boston Jour. Nat.
Hist., vol. 5, 1845, pp. 1-R0.

LocaN, W. E. (Account of General Structure of an Extended Area in North
America.) Geol. Survey Canada, Report of Progress for 1843, 1845,

LyecLrn, Caas. Travels in North America. New York, 1845, vol. 1, pp. 251, vol. 2,

pp. 231.
1848.

ApaMms, C. B. Second Annual Report oun the Geology of the State of Vermont. Bur-
lington, 1846, pp. 267,

BARRANDE, J. Notice Préliminaire sur le Systéme Silurien et les Trilobites de Bo-
héme, Leipsig, 1846.

RogErs, H. D. On the Mineralogy and Geology of the South Shore of Lake Super-
ior. Boston Soc. Nat Hist., Proc., vol. 2, 1846, pp. 124, 125.

1847,

Apams, C. B. Third Annual Report on the Geology of the State of Vermont. Bur-
lington, 1847, pp. 32. (See foot-note on page 31). .

On the Taconic System. Am, Jour. Agri. and Sci., vol. 6, 1847, p. 260 (cor-
rected pagination).

EMMmoNs, E. [On the Taconic system.] Am. Jour. Agri. and Sei., vol. 6, 1847, p.
2060 (corrected pagination). -

Agriculture of New York, vol. 1. Albany (1846), 1847, pp. 371, pls. 21, map.

Hary, James. Paleontology of New York, vol. 1, Containing Descriptions of the Or-
ganic Remains of the Lower Division of the New York System. Albany,
1847, pp. xxiii, 338, pls. -

Letter on Certain Fossils in the Red Sandrock of Highgate. Thitd Annual
Report on the Geology of the State of Vermont. Burlington, 1847, p, 31,
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Houcu, FravkruiN B, Observations on the Geglogy of Lewis County, New York.
Am. Jour. Agri. and Sci., vol. 5, 1847, pp. 267-274, 314-327.

LoGaN, W, E. Report on Sequence and Distribution of the Formations [on the Otta-
;\6&].5 Geol. Surv. Canada, Rep. Progress for 1845-6. Montreal, 1847, pp.

-75.

VERNEUIL, ED.. DE. Note sur le parallelisme des roches des dépOts paléozoiques de
PAmérique Septentrionale avec ceux de I'Europe, suivi d’un tableau des
espdees fossiles communes anx deunx continents, avec Vindication des étages
ol elles se rencontrent, et terminé par un examen critique de chacune de ces
espdces. Soc. géol. France, Bull,, 2° sér., vol. 4, 1847, pp. 646-70. 'I'rans-
lated with annotations by Prof. James Hall, Am. Jour. Sci., 24 ser.,vol. 5,
1848, pp. 176-183, 350-370; vol. 7, 1849, pp. 45-51, 218-231.

1848,

Apawms, C. B. 0On the Taconic Rocks. Am. Jour. Sci., 2d ser., vol. 5, 1848, pp.
108--110.

OweN, D. D. (Letter on Geology of Wisconsin Territory.) Soc. géol. France. Bull.
2¢ yér., vol. 5, 1848, pp. 294-296. . )
Report of a Geological Reconnoissance of the Chippewa Land District of Wis-
consin ; and Incidentally of a Part of Iowa and of the Minunesota Territory.
Lettor of the Secretary of the Treasury Communicating o Report of a Geo-
logical Reconnoissance of the Chippewa Land District of Wisconsin (ete), by
D. D. Owen, Thirtieth Congress, first session. Senate Ex. Doc. No. 57, 1848.
pp. 3-72, map, plates. .

. 1849.

BorT, WiLLiaM M. Topography and Geology of the Survey, with reference to mines
and minerals, of a District of Township Lines South of Lake Superior in 1845,
Message President United States, Thicty-first Congress, first session, H. R.
Ex. Doc. No. 5, part 3, 1849, pp. 811-832,

FosTrR, J. W. Notes on the Geology and Topography of Portions of the Country
Adjacent to Lakes Saperior and Mickigan, in the Chippewa Land District.
Message from President of United States to Congress, I'hirty-first Congress,
first session, H. R. Ex. Doc. No. 5, part 3, 1849, pp. 773-735.

FosTer, J. W., and J. D. WnirNey. Synopsis of the Explorations of the Geological
Corps in the Lake Superior Land District in the Northern Peninsula of Michi-
gan, Message from the President of United States to Congress, Thirty-
f}irst Congress, first session, H. R. Ex. Doc. No. 5, part 3, 1849, pp. 605-025,
3 maps.

GuSNER, ABRAHAM. The Industrial Resources of Nova Scotia. Halifax, N. 8., 1849,
pp. 341, and Appendix, p.15.

IunBaRD, BELA. General Observations upon the Geology and Topography of the
District South of Lake Superior, Subdivided in 1845, under Houghton. Mes-
sage from President of United States, Thirty-first Congress, first session, H.
R. Ex. Doc. No. 5, part 3, 1849, pp. 833-842.

JacksoN, C. T. Message of President of United States to Congress. Thirty-first
Congress, first session, H. R. Ex. Doc. No. 5, part 3,1849, pp. 371-502.

Locan, W. E. Canadian Geological Survey, Report Progress for 1847-48, 1849,

Roumug, Frrp. Texas. Mit besonderer Riichsicht anf dentsche Auswanderungund
die physischen Verhiiltnisse des Landes nach eigener Beobachtung geschil-
dert. Bonn, 1849, pp. 464, map.

WHITE, ?EORGE. Statistics of the State of Georgia. Savannah, 1849, pp. 624 and

7, map.

1850.

DawsoN, J. W. On the Metamorphic and Metalliferous Rocks of Eastern Nova Sco-
tia. Quart. Jour. Geol. Soc., London, vol. 6, 1850, pp. 347-364.
Fircu, Asa, M. D. A Historical, Topographical, and Agricultaral Sucvey of the
'(7Jrom£:’t.347 of Washington. Trans. N. Y. State Agric. Soc. for 1849, 1850, pp.
H3-944. .

FostrR, J. W., and J. D. WHITNRY. [Apercu de I’ ensemble des terrains Siluriens
du lac Superieur.]  Soc. géol. France, Bull., 2¢ sér., vol. 8, 1830, pp. 89-100.
Roport on the Geology and Topography of a Portion of the Lake Superior
Iéand District in the State of Michigan., Part I. Washington, 1850. Strati-

fied and Sedimentary Rocks, Chapter 4, pp. 99-122,
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HoucH, FRANKLIN B. Catalogne of Mineralogical and Geological Specimens Re-
ceived from F. B. Hough. Third Annual Rep. of Regts. Univ. State Cab.
Nat. Hist. 1850, pp. 31-33.

On the Cylindrical Structure Observed in Potsdam Sandstone. Am. Assoc.
Proc., vol. 4, 1850, pp. 352-354.

JoHNSTON, J. F. W. Report on the Agricultural Capabilities of the Province of New

Brunswick. Fredericton, 1850, pp. 262.
Logan, W. E. Report on Bay St. Paul and Murray Bay. Geol. Sur. Canada, Rept.
Progress for 184950, Toronto, 1850, pp. 7-31.
Report on Rocks on South Side of the St. Lawrence. Geol. Sur. Canada,
Rept. Progress for 1349-°50. Toronto, 1850, pp. 31-72.
Marcou, JULES. Réponse 3 la lettre de MM. Foster et Whitney sur le lac Supérieur,
Soc. géol., France, Bull. 2¢ sér., vol. 8, 1850, pp. 101-105.

Ross, JaAMEs. (Letter on the Geological Structure of New Brunswick.) Report on
the Agricultural Capabilities of the Province of New Brunswick, by J. F. W.
Johnston, Fredericton, 1850, pp. 12, 13.

1851.

DEsor, E. [Potsdam Sandstone on the River St. Croix.] Boston Soc. Nat. Hist.
Proc., vol. 3, 1851, p. 202.

FOSTER, J. W,, and J. D. WHITNEY. On the Age of the Sandstone of Lake Superior,
with a Description of the Phenomena of Igneous Rocks, Am. Assoc. Proc.,
vol. 5, 1851, pp. 22-39.

Lower Silurian System. Potsdam and Calciferous Sandstones. Rept. on
Geol. of Lake Superior Land District, part 2, 1851, pp. 110-139. |

Harrn, JaAmEs. [Geological Investigations on Drummond’s Island and the North
ghgr%ss of Lakes Huron and Michigan, ete.] Am. Acad. Proc., vol. 2, 1851, pp.

5: 4.

Desei‘iption of New or Rare Species of Fossils from the Pal®ozoic Series. Rept.
on the Geology of the Lake Superior Land District, by Foster and Whitney,
part 2, 1851, pp. 203-231.

Parallelism of the Pal®ozoic Deposits of the United States and Europe.
Rept. on the Geology of the Lake Superior Land District, by Foster and
Whitney, part 2, 1851, pp. 285-318.

JAacksoN, C. T. [Some Observations on the Age of the Sandstones of the United

States.] Boston Soc. Nat. Hist., Proe., vol. 3, 1851, pp. 335, 336, 337-339.

King, H. Some Remarks on the Geology of the State of Missouri. Am. Assoe. Proc.,
vol. 5, 1851, pp. 182-199. .

Lapuawm, I. A. On the geology of the southeastern portion of the State of Wiscon-
sin; being the part not surveyed by the United States geologists. Rept. on
the geology of the Lake Superior land district by Foster and Whitney, part 2,
1851, pp. 167-172.

Logan, W. E.  On the occurrence of a track and footprints of an animal in the Pots-
dam sandstone of Lower Canada. Quart. Jour. Geol. Soc., London, vol. 7,
1851, pp. 247-257.

OwEeN, D. D. On the paleontology of the lowest sandstones of the Northwest. Am.
Assoc., Proc., vol. 5, 1851, pp. 169-172,

ProuT, H. A. Description of a new Graptolite found in the lower Silurian rocks
nggrlg}ie Falls of the St. CroixRiver. Am. Jour. Sci., 2d ser.,vol. 11, 1851, pp.
187-191.

WHITTLESEY, CHARLES. Remarks npon the section from the Falls of Wolf River,
through Navarino to Lake Michigan. Rept. on the geology of the Lake Su-
perior land district, by Foster and Whitney, part 2, 1851, pp. 174-177.

The dip, bearing, and thickness of the Silurian groups. Rept. on the geology
;)%ﬂiggLake Superior land district, by Foster and Whitney, part 2, 1551, pp.

1852.

BARRANDE, J. Systdme de la Bohéme, vol. 1, 1852, p. 88.
Hont, T. S. Remarks on the lithological and paleontological characters of the Pots-
dam sandstone. Am. Assoc., Proc., vol. 6, 1852, pp. 271-273.

LogaN, W. E. Report [on country between Riviere du Nord and Beanharnois].
Geol. Survey of Canada. 1851-'52, 1852, pp. 5~56.

On the age of the copper-bearing rocks of Lakes Superior and Huron, ete. Brit-
ish Assoc. Rep. for 1851’52, Trans. of sections pp. 59-62. Am. Jour. Seci.,
2d ser., vol. 14, 1852, pp. 224-229.

On the footprints occurring in the Potsdam sandstone of Canada. Quart.
Jour. Geol. Soc. London, vol. 8, 1852, pp. 199-208.
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MurrAY, Acex. Report[of country lying between rivors Ottawa and St. LawrenceT].
Geol. Survey of Canada for 185152, 1852, pp. 57-91.

Norwoop, J. C. Description of the geology of middle aud western Minnesota, includ-
ing the country adjacent to the northwest and part of the southwest shore of
Lake Superior. Rep. Geol. Survey of Wis., Iowa, and Minun., aud incidentally
?f a portion of Nebraska Territory, by D. D. Owen, Philadelphia, 1852, pp.
215-418.

OwzN, D. D. Geol. Suryey of Iowa, Minnesota, and Wisconsin, and incidentally of
uogortiion of Nebraska Territory, Philadelphia, 1852, pp. xvii-xxxviii, 39-
2 ates.

OWEN, Rlchl.‘)xRD. Description of the impressions and footprints of the Protichnites
from the Potsdam sandstone of Canada. Quart. Jour. Geol. Soc. London,
vol. 8, 1852, pp. R14-225.

RoemER, FERD. Die Kreidebildungen von Texas und ilire organischen Einschlusse,
Boun, 1852, pp. 100.

SEDGWICK, ADAM. On theclassification and nomenclature of the Lower Paleozic rocks
(l)f England and Wales. Quart. Jour. Geol. Soc. London, vol. 8, 1852, pp.

36-168. ’

Snumarp, B. F. Local details of geologic sections on the St. Peter’s, Missiasippi,

Wisconsin, Baraboo, Snake, and Kettle Rivers. Report of a geological sur-
‘vey of Wis., Jowa, and Minn,, and incidentally of a portion of Nebraska
Territory, by D. D. Owen, Philadelphia, 1852, pp. 475-531, pls.

1883.

BARRANDE, J. [Silur-Fauna im Wisconsin und im New York.] Neues Jahrbuch fiir

Miner., 1853, pp. 335-347.

[Silur-Gebilde im Texas und am Oberen-See.] Neues Jahrbuch fiir Miner.,

1853, pp. 446, 447.

Bigssy, J. J. On the geology of Quebec and its envirous. Quart. Jour. Geol. Soc.,
London, vol. 9, 1853, pp. 82-101. !

LesLuy, J. P. [Report on Hiwassee copper region.] First annual report of the
board of directors of the Hiwassed Mining Company, made May 11, 1853.
New York, 1853, pp. 12-19.

SALTER, J. W, and W. T. AvELINE. On the ‘ Caradoc sandstone” of Shropshire.
Quart. Jour. Geol. Soc. London, vol. Y, 1853, pp. 62-73.

TuOMPSON, ZADOCK. Geology of Vermont. Naturai History of Vermont. Burling-
ton, 1853, Appendix, pp. 40-58.

1854.

Hounr, T. 8. . On some of the crystalline limestones of North America. Am. Jour.
Sci., 2d ser., vol. 18, 1854, pp. 193-200.

LoGaN, W. k. [Exploration on the north side of the St. Lawrence, between Mon-
treal and Cape Tourmente.] Geol. Surv. Cauada, Rep. progress for 1852-°53,
1854, pp. 5~74.

Murray, ALex. [Exploration between Kingston and Lake Simcoe.] Geol. Surv.
Can., Rep. progress for 1852-'53, 1854, pp. 75-152.

1855.

DawsoN, J. W. Acadian Geology, first edition. Edinburgh, 1855, pp. 384.

Lapuaym, I. A, Geological map of Wisconsin, Milwaukee, 1855.

Logan, W. E. [Sur la formation silurique des environs de Québec.] Soc. géol.
France, Bull., 2 sér., vol. 12, 1855, pp. 504-508.

SCHOOLCRAYT, H. R.” Observations on the geology and mineralogy of the region em-
bracing the sources of the Mississippi River and the Great Lake basing during
tho expedition of 1320. Schooleraft’s Mississippi River, Phila., 1855, pp. 303~
362. Reprint from report made in 1820.

SwaLLow, G. C. Geology of Missouri, [Silurian system.] Geol. Survey Missouri,
1st and 2d Ann. Repts, part 1, 1855, pp. 107-133.

WHITNEY, J. D. Remarks on some points connected with the geology of the north
shore of Lake Superior. Am. Assoc. Proe., vol. 9, 1855, pp. 204-209.

18586.

EMMmONS, EBENEZER. American Geology, containing a full etatement of the princi-
ples of the science, with full illustrations of the characteristic American fos-
sils. Albany, 1856. Vol. 1, pt. 2.
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Geological report of the midland counties of North Carolina. New York and

Raleigh, 1856, pp. XX, 347, map and 12 pls.

JacksoN, C. T. " [On the Braintree argillite and its trilobites.] Boston Soc. Nat.
Hist., Proc., vol. 6, 1856, pp. 42-44.

PercivaL, JAMES G. Annual report of the geological survey of the State of Wiscon-
sin, Madison, 1856, pp. 111.

RoGERS, W. B. Proofs of the Protozoic age of some of the altered rocks of eastern
Massachusetts from fossils recently discovered. Amwm. Acad., Proc., vol. 3,
1856, pp. 315-318.

—— [On trilobites from Braintree and on the geological relations of the district.]

Boston Soe. Nat. Hist., Proc., vol. 6, 1856, pp. 27-29, 40, 41.

Discovery of Paleozoic fossils in eastern Massachusetts. Am. Jour. Sci., 2d

ser., vol. 22, 1856, pp. 296-298.

SAFFORD, J. M. A geological reconnaissance of Tennessee, 1st biennial report,

Nashville, 1856, pp. 154 and map.

1857,

ENGELMANN, H. Report of a geological exploration from Fort Leavenworth to Bry-
an’s Pass, made in connection with the survey for a road from Fort Riley to
Bridger’s Pass, under Bryan. Rept. Sec. of War, Appendix H, 1857, pp.
489-517.

ROGERS, H. D. On the correlation of the North American and British Paleozoic
strata. British Assoc. Adv. Sci., vol. 26, 1857, Trans. Sec., pp. 175-156.

1858.

Bi1GsBY, JoHN J. On the Paleozoic basin of the State of New York, Part 1. A
synoptical view of the mineralogical and fossil characters of the Paleozoic
strata of the State of New York. Quar. Jour. Geol. Soe., London, vol. 14,
pp. 335-427.

Part 11. Classification of the Paleozoic strata of the State of New York, Ibid.
pp. 427-452. :

HawlL, JAMES. Geology of Iowa, vol. 1, 1858, pp. 35-146, 473-724.

HAYDEN, F. V. Explorations under the War Depariment. Explanations of a second
edition of a geological map of Nebraska and Kansas, based upon information
obtained in an expedition to the Black Hills, under command of Lieut. G. K.
Warren, topographical engineer, U. 8. Army. Am. Jour. Sei., 2d ser., vol.

‘ 26, 1858, pp. 276-278.

Lga, Isaac. [Onthe trilobite forination at Braintree, Massachusetts.] Phila. Acad.
Sci., Proc., vol. 9, 1858, p. 205,

MzEK, F. B., and ¥. V. HaovyDEN. Fossils of Nebraska. Letter from F. B. Meek and
F. V. Hayden. Am. Jour. Seci., 2d ser., vol, 25, 1858, pp. 439-441.

RoOGERS, HENRY DARWIN, The geology of Pennsylvania. Two vols. Philadelphia,
1858. Vol. 1, pp. 596, and pls; vol. 2, pp. 1046 and 30 pls., and atlas of 2
maps and 2 pls.

TuoMEY, M. Seccond biennial report on the geology of Alabama, Montgomery, 1858,
pp. 168 and pl.

WHITNEY, J. D.  Geol. Surv. Iowa, vol. 1, 1858, pp. 259-472,

1859.

BigsBY, JOHN J. On the Paleozoic basin of the State of Now York. Part 11r. An in-
quiry into the sedimentary and other external relations of the Paleozoic fos-
sils of the State of New York. Quar. Jour. Geol. Soc. London, vol. 15, 1859,
Pp. 251-335.

DanigLs, Ebwakp. [Notes on geology of Wisconsin and adjacent States.] Boston
Soc. Nat. Hist., Proc., vol. 6, 1859, pp. 309, 310.

HALL, JaMrs. Remarks upon the trilobites of the shales of the Hudson River group.

. Paleoutology of New York, vol. 3, supplement to vol. 1, 1859, pp. 525-529,

HAYDEN, F. V. Explorations under the War Department. Explanatious of a second
edition of a geological map of Nebraska and Kansas, based upon information
obtained in an expedition to the Black Hills, under command of Lieut. G. K.
Warren, topographical engineer, U. 8. Army. Phila. Acad. Sei., Proc., vol.
10, 1859, pp. 139-153.

HITCHCOCK, EDWARD. [Catalogue of State cabinet and notes on metamorphiec rocks. ]
Sixth annual report of the secretary of Massachnsetts Board of Agriculture,
etc., by Charles L, Flint, Boston, 1§59, pp. iii-lxix,
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Jackson, C.TI. [On a trilobite from Braintree.] Bostoun Soc. Nat. Hist., Proc., vol.
7 1859, p. 54.

Mreek, ¥. B md F. V. HAYDEN. [Some remarks on the geology of the Black Iills
and ])ort,lons of the surrounding country.] Phila. Acad. Sci., Proc., vol. 10,
1859, pp. 41-49, map.

SALTER, J. W. On the fossils of the lingula-flags or ‘“zone primordiale.” Quar.
'Jour. Geol. Soc., London, vol. 15, 1859, pp. 551-555.

SHUMARD, B, F\. Lettcr touching the late discovery of Lower Silurian rocks, equiva-
lent to the Potsdam sandstone and Calciferous sandrock of the New York
system, in Burnet County, Texas. Trans, Acad. Sci., St. Louis, vol. 1, 1859
pp. 672,673, '

1860.

BARRANDE, J. Trilobiten der Primordial-Fauna in Massachusetts. Neues Jahrb., fiir
Mlner, 1860, pp. 429-431.

BirrLings, E. On some new species of fossils from the hmestone near Point Levi,

opposite Quebec. Canadian Naturalist, vol. 5, 1860, pp. 301-324.
[Review of ] Acadian Geology, and a Supplementary Chapter thereto. Cana-
dian Naturalist, vol. 5, 1860, pp. 450-455,

BrapLeY, F. H. Description of a New Trilobite from the Potsdam Sandstone. Am.
Jour Sci., 2d ser., vol. 30, 1860, pp. 241, 242.

Dawson, J. W. Supplementary ChaptertoAcmdmn Geologj', Edinburgh, 1860, pp. 70.

HALL, JAMES. Note upon the trilobites of the shales of the Hudson River group, in
the town of Georgia, Vt. Thirteenth Ann. Rep. State Cab. Nat. Hist., 1860,
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SyitH, EUGENE A. Geological features and divisions of Alabama. Geol. Surv. Ala-
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Eastern sandstone and the Keweenaw series on Keweenaw Point, Luke Supe-
rior. U. 8. Geol. Sur. Bull. No. 23, 1885, pp. 124.
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PerkiINs, GEO. H. The Winooski or Wakefield marble of Vermont. Am. Naturalist,

vol. 19, 1885, pp. 128-136.
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Huxr, I Sterry.  The Taconic question in geology. Mineral physiology and physi-
ography. A second scries of Chemical and Geological Essays. 1886, pp.
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HrrcHCcocK, C. H. Date of the publication of the report upon the geology of Ver-
mont. Boston Soc. Nat. Hist., Proc., vol. 24, 1838, pp. 33-37.
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UrinaM, WARREN. The geology of Minnesota. Vol. 2 of final report, 1888, pp. 102~
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Wavrcort, C. D. Discovery of fossils in the lower Taconic of Emmons. Am. Assoc.
Proc., vol. 36, 1888, pp. 212, 213.

——— The Taconic system of Emmons and the use of the name Tacouic in geologic
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CHAPTERIL

HISTORICAL REVIEW OF THE GEOLOGIC AND PALEONTOLOGIC
WORK.

The scope of this review is limited, with a few exceptions, to the no-
tice of papers and memoirs that have added something original to the
preexistent knowledge of the rocks and faunas now referred to the
Cambrian group.

Several methods of presenting the historical data have suggested
themselves.

(1) Chronologic; (2) Geographic and chronologic; (3) Chronologic,
geographic, and stratigraphic.

(1) Chronologic.—This method necessitates reference to papers in the
order of their publication, whether they treat of Cambrian rocks in
Newfoundland, New York, Alabama, or Nevada. All is subservient to
the chronologic record.

(2) Geographic and chronologic.—This method permits of the chrono-
logic grouping of the papers referring to the rocks under consideration
in geographic areas. '

(3) Chronologic, geographic, and stratigraphic.—This third and more
comprehensive method arranges the review in the form of a statement
of the historical data as in the second method, with the addition of
treating of such primary divisions separately as may be thought worthy
of such counsideration. To this there may also be added, in exceptional
instances, the chronologic arrangemeunt of the discoveries and opinions
of some of the more prominent investigators and authors.

The second method is adopted in this review in connection with the
third, where the latter is necessary in order to present more clearly the
evolution of the present knowledge of the rocks and fauna of the Cam-
brian group.

The Cambrian group can usually bedivided into three primary divisions,
Birst, the Lower Cambrian; sccond, Middle Cambrian; third, Upper
Cambrian. This nomenclature will be used throughout the rwle\v,
when it is necessary to refer to a standard gencrally known.

Rocks of Cambrian age occur on the North Awmerican continent in
four principal geographic¢ areas or geologic provinces. In reviewing
the literature it is possible, owing to the investigators in each province
having limited their work to their respective provinces, to present the
history of discovery and publication in each by itself, as follows:

L. The Atlantic Coust or Eastern Border Province.
I1. The Appalachain Chain.

IIL The Rocky Mountain or Western Border Province.

Bull, §lecmsg 49
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IV. The Interior Continental or Central Province.
The record of paleontologic investigation in each province will fol-
low the geologic review.

ATLANTIC COAST PROVINCE.

The Atlantic coast province includes the deposits on the island of
Newfoundland, the provinces of Nova Scotia and New Brunswick aud
Cape Breton, and the States of Maine, New Hampshire, and eastern
Massachusetts.

NEWFOUNDLAND.

Systematic geologic investigation in Newfoundland began with Prof.
J. Beete Jukes, who in 1843' published a report of his studies in field
and office. He describes the relation of the strata at the base of the
Paleozoic section (now referred to the Olenellus zone), to the uncon-
formably subjacent crystalline rocks about Conception Bay, and men-
tions the red shales in which the Olenellus fauna is now known to
occur, as well as the green and dark shales of the Paradoxides zone, as
subsequently known., A description is given of the upper slate for-
mation as shown on the islands in the bay, under the name of Bell
Island shale and grits; and of the lower slate under the name of St.
John’s slate, 2,000 to 3,000 feet thick, as seen near the town of St.
John’s; alsothe superjacent Signal Hill sandstone, about 800 feet thick.?
In the absence of fossils no attempt was made to correlate the forma-
tions with those of England. On the map accompanying the report
the geographic distribution is given of the lower slate (St. John’s) and
of the upper slate (Bell Island) formations about Conception Bay aund
Smith Sound.

Two years later Capt. H. W. Bayfield® described’a sandstone with
subjacent red and white limestone on the Straits of Belle Isle, which
he stated contained a species of Cyathophyllum, This is the first notice
of the Lower Cambriau rocks containing Archmocyathus, and it is the
secoud recorded discovery of fossils now referred to the Olenellus zone.

At a meeting of the Boston Society of Natural History, A pril 20, 1859,
Dr. C. T. Jackson exhibited a trilobite from the calcareous slate of St.
Mary’s Bay, Newfoundland, which he thought identical with Paradox-
ides harlani from Braintree, Massachusetts. He said that this forma-
tion could be followed, though in an interrupted line, from Braintrec
to Newfoundland.*

In 1859 Mr. J. W, Salter > received a specimen of the genus Paradox-

! Geeneral report of the geological survey of Newfouundland in 1839 and 1840, pp. 1690, 2 pls., Tondon,
1843.

20p. cit. pp. 55-60.

3(0n the junction of tho transition and primary rocks of Canada and Labrador. Quart. Jour. Geol.
Soc., London, vol. 1, 1845, pp. 450-459.

40n a trilobite from Braintree. Boston Soc. Nat. Hist., Proc., vol. 7, 1859, p. 54.

50n the fossils of the Lingula-flags or *‘Zone Primordiale.” Quart.Jour, Geol. Soc., London, vol.
15, 1859, pp. 551-565.
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ides, collected from the upper slate of St. Mary’s Bay, Newfoundland,
which he described under the name of Paradoxides bennetti, calling
attention to its relation to Paradoxides spinosus and P. bohemicus, of
Bohemia.

In 1862, Prof. Jukes, referring to his work in Newfoundland, stated
that he included under the upper slate formation the Bell Isle shale
and gritstone and variegated slate; and in the lower slate formation the
Signal Hill sandstones and St. John’s slate. He says he did not find
any fossils in them, but that Mr, C. Bennett subsequently found trilo-
bites of the genus Paradoxides (named P. bennetti by Mr. J. W. Salter)
in the slates on the west side of St. Mary’s Bay. * These slates belong
to the group I called the St. John’s slate, which is covered conformably
by the Signal Hill sandstope. The Variegated slate group,on the other
hand, passes up into the Bell Isle shale and gritstone, and near Brigus
Harbor, in Conception Bay, may be seen to rest unconformably on the
St. Johw’s slate” (as described in 1843).! This is the unconformity
now recognized between the Cambrian and Algonkian rocks.

Eighteen years after Captain Bayfield had reported on the strata of
the north side of the straits of Belle Isle, Sir William E. Logan ? des-
cribed the strata resting on the gneiss as red and green sandstounes, 231
feet thick, overlain by gray, reddish, and greenish limestone. In thelime-
stone a number of fossils were found which Mr. Billings identified with
those found in the ¢ Red Sandrock ” of Vermont. The formation was re-
ferred to the Lower Potsdam by Logan. T'ifteen miles across the straits,
on the Newfoundland coast, the rocks are apparently of Calciferous age;
and he concluded that the Potsdam sandstone zone was buried beneath
the waters of the Straits.® In the description of the section at Bonne
Bay, on the west coast of Newfoundland,* 1t is compared with that at
the Straits of Belle Isle; and on pages 865-867, the section at Bonne
Bay is given in detail. Of this 1,711 feet are, by the contained fossils,
referred to the Potsdam group.

In the report of the Geological Survey of Newfoundland for 1864° a
summary is given of thethen existing view of thesuccession of the Lower
Paleozoic rocks in North America. TFor Newfouundland the succession
of the rocks now referred to the Cambrian is Upper Potsdamn, Lower
Potsdam, and St. Johnw’s group, and Newfoundland is cited as the local-
ity where the lower portion of the series is complete. The lowest, or
St. John’s group, is correlated with that of St. John, New Brunswick,
and the Paradoxides beds of Braintree, Massachusetts. The lower
Potsdam is represeuted by several huundred feet of limestones and

1 The student's manual of geology. Second edition. EdinbLurgh, 1862, p. 457.

2Geological survey of Canada. Report of progress from its commencement to 1863. Montreal, 1863,
pp. 983, 11 plates. Atlas of maps and sections, with an introduction and appendix. Montreal, 1865. 9
maps and sections.

80p. cit., p. 288.

40p. cit., p. 203,

5 Logan, W. E., Lower Siluriau Rocks of North America. Geol. Surv. Newfoundland, Rep. Prog. for
1864, Montreal, 1866, pp. 45, 46. Revised edition, 1881, p. 49.
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sandstones on the Straits of Belle Isle, and on White Bay, Newfound-
land, and by the slates of St. Albans and Georgia, Vermount. The Up-
per Potsdam is that of Wisconsin and Minnesota, represented in the
typical Potsdam of New York. This horizon is not recognized in the
northern part of Newfouudland, but oceurs on Conception Bay, in the
southeastern part. The tabulation made by Logan has been followed
very largely by all writers upon American geology, and the succession
was not changed until 1888, when it was discovered that the St. John
group of Mr. G. F. Matthew was above the Lower Potsdam of Billings
and Logan.

The Geological Survey of Newfoundland, under the direction of Dr.
Alexander Murray, added materially to our knowledge of the Lower
Paleozoic rocks. All the strata beneath the Calciferous or Quebec
group were referred to the Potsdam group.! In the neighborhood of
Canada Bay, on the east coast, the entire series referred to the Potsdam
has a thickness of 1,153 feet, of which the lower 70 fect belong to the
Lower Cambrian zone, as shown by Olenellus vermontana occurring in
the upper portion.? In the report of field work for 1868, Dr. Mur-
ray® describes the rocks about Conception Bay, in the southeastern
portion of the island. Of the lowest bed exposed on Manuel’s Brook, a
small stream that flows into Conception Bay, he says: ¢ On Manuel’s
Brook a very coarse conglomerate may be seen, in strong and moder-
ately regular beds, resting directly upon the syenitic gneiss of the
valley above. * * * About 400 yards below the bridge the con-
glomerate is overlaid conformably by a set of dark brown or blackish
shales, * * * with some hard calcareous beds interstratitied,” and this
series extends down the stream nearly to the bay.! Dr. Murray also
describes, in a section at Topsail Head, a gray compact limestone in
strong solid beds, 1 to 2 feet thick, showing a vertical thickuness of
about 100 feet, together with someintersiratified shale. The limestone
is subjacent to a dark brown, tinely laminated shale. Detailed sections
are given of the shales and sandstones exposed on Kelly’s and Great
Bell Islands, Conception Bay; the former has a thickness of 712 feet
and the latter of 476 feet. A summary of the rocks referred to the
Lower Silurian gives an entire thickness of 3,380 feet.> Tigures of five
sections accompany the text, in which the unconformity between the
Lower Silurian rocks and the subjacent intermediate system or Hurou-
ian and the Archean is well shown, The subjacent slates and Signal
Hill sandstones of Jukes are referred by Dr. Murray to the Cambrian
group on account of fossils having been found there, which Mr. Bill-
ings described as Aspidella terra-novica and Arenicolites.®

1Sequence and distribution of the recks of the great Northern Peninsula. Geol. Surv. New-
fonndland, Rep. Prog. for 1864, Montreal, 1866, pp. 10, 4&. Rovised edition, 1881, pp. 5-47.

2 Qp. cit., p. 10.

80f the sequence and distribution of the formations. Report upon the geological survey of Now-
foundland for 1868, St. John's, 1868, p. 68. Revised edition, 1881, pp. 154-167.

4 0p. cit., p. 154.

8 Qp. cit., pp. 157-160.

S QOp. ¢it., . 144,
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In the report for 1869 a description is given of the Lower Paleozoic
rocks stundied by Mr. Howley as they occur on Trinity Bay and St.
Mary’s Bay.! The variegated slates of Jukes are described as contain-
ing Paradoxides and the superjacent argillaceous shales and sandstones
carry Cruziana and other fossils. These last represent the rocks of the
Bell Islands in Conception Bay. In the report for 18702 a summary is
given of the then existing knowledge of the Primordial formations in
southeast Newfoundland. In descendingorder the upper formationisa
brown and black micaceous shale with the gray micaceous sandstones
of Great Bell Isle, Conception Bay. The organic contents are: Two
species of Lingula, four species of Paleophycus, Eophyton linnwanum of
Torrell, another Eophyton and Cruziana semiplicata Salter. Thickness,
476 feet. He says that the slates of Little Bell Isle and the beds of
shale beneath the water are considered to have a thickness of 1,426
feet, to which the Kelly’s Island sandstone and shale are to be added,
with a thickness of 720 feet. [As now known this forms the upper
division of the Cambrian.] Beneath this he describes the black slates,
with Paradoxides benmetti, having a thickness of 150 feet. On St.
Mary’s Bay this division, united with the red, green, and black shales
or slates, in which Paradoxides bennetti, Conocephalites gregarius and
other fossils were recognized, has a thickness of 1,045 feet. [This forms
the middle division of the Cambrian as now known.] Below this the
hard thick beds of gray and reddish limestone of Topsail Head, Brigus
South Head, Conception Bay, and the Little Salmonier River of St.
Mary’s Bay are nnited with various outcrops of red, green, and blackish
argillaceous slates and a series of sandstones below. [These form the
lower division of the Cambrian as now known.] The total thickness
of the section described is 5,972 feet.® Several sections are illustrated
to show the relation of the Primordial-Silurian to the subjacent rocks.

In the report for 1872 the Primordial-Silurian rocks are described as
they are exposed on Trinity Bay, etc., by Dr. Murray. He states that
on paleontological grounds Mr. Billings is disposed to draw a marked
distinetion between the upper strata of the section of 1870 and the
lower members of that section, in consequence of an apparent hiatus or
break in organic development between the.- Paradoxides beds and the
fossiliferous strata of Great Bell Island in the Conception Bay section.
The lower measures he [Billings] appears to regard as the equivalent of
the lower Lingula flags of Great Britain, or the Menevian group of
Salter and Hicks; while the upper parts contain forms in some degree
typical of the horizon of the Upper Potsdam.’® This is followed by a

'Murray, Alexander. Of the rocks and associated minerals [of Bonavista Bay, etc.]. Report
upon the geological survey of Newfoundland for 1869. Revised edition. 1881, pp. 200-203.

2 Murray, Alexander. Of Primordial, Silurian, and related formations. Geol. Surv. Newfoundland for
1870, St.John's, 1870, pp.30-43. Revised cdition, 1881, pp. 232-241.

30p. cit., pp. 237-239. .

4Distribution of the formations [of Avalon]. Report upon Gool. Surv. of Newfoundland for 1872,
St. John's, 1873, pp. 14-34. Revised edition. London, 1881, pp. 285-297.

80p. cit ,p 291,



54 THE CAMBRIAN. {BULL. 81.

list of the species described by Mr. Billings from the Paradoxides zone
and the strata of Great Bell Island.

Prof. John Milne traveled extensively along the coast of Newfound-
land, and published the results of his geologic studies in association
with the ¢ Notes on Geology ” by Alexander Murray.! The Primordial-
Silurian is spoken of as a separate division; then, superjacent to the
rocks of this formation, come the Potsdam and Calciferous. There
does not appear to be any additional data to that already given in the
report on the geology of Newfoundland by Dr. Murray.

‘When describing some fossils collected by Mr. T. C. Weston, of the
Canadian Geological Survey, in 1874, from St. Mary’s, Trinity, and Con-
ception Bays, Newfoundland, Prof. J. F. Whiteaves states that the
paleontological evidence sustains the view of Sir W. E. Logan that the
slates of St. John’s, Newfoundland, probably belong to the same horizon
as the Acadian or St. John group of St. John, New Brunswick.? Of
the deposits on the islands of Conception Bay he says: ¢ From Mr.
Murray’s report already quoted it would appear that the shales of Kel-
1y’s Island are not quite so old as those of Manuel’'s Brook, but that
they are older than the Menevian sandstones of Great Bell Island.”3

Dr. Murray appears to have considered the Potsdam zone as above
the Primordial beds of Newfoundland. This is shown in the chapter
on the ¢ Geology of Newfoundland,” where a summary of the geology
is presented as taken from Dr. Murray’s work.*

Prof. Alpheus Hyatt, in his expedition to Newfoundland, visited the
north coast of the Straits of Belle Isle, and collections were made at
Anse au Loup and Amour Cove from the “so-called Potsdam sandstones
and limestones of the Canadian survey. The observations made at these
points indicate a fauna quite distinct from those of any of the limestones
or slates of the west coast of Newfoundland. The absence of Cepha-
lopoda and the prevalence of primitive forins of Archaocyathus show
the rocks to be probably older than those of the Quebec group at Port
au Choix and other localities. The primitive sponges, or Arch@ocyathi,
have here replaced corals completely, and may be described as reef-
bailders, since numerous hummocks and masses and parts of the strata
are formed entirely of their remains. Immediately below these lime-
stones, and conformable with them, lie the red sandstones, several
layers of which are perforated with Scolithus burrows.”®

A brief summary of the Lower Cambrian rocks of Newfoundland,
was given by Mr. C. D. Walcott, in a study of the Cambrian fannas of

10n the rocks of Newfoundiland. Geol. Mag., new ser., decade IT, vol. 4, 1877, pp. 251-262.

20n some Primordial fossils from southeastern Newfoundland. Am. Jour. Sci., 3d ser., vol. 16, 1878,
p. 225, «

30p. cit., p. 226. .

4Hatton, Joseph, and M. Harvey. Geologyof Newfoundland. Newfoundland, the oldest British colony,
its history, its present condition, and its prospects in the future. London,1883, pp.178-187. Anmerican
edition, Boston, 1883, pp.150-157.

sExpedition to Newfoundland. Boston Soc. Nat. Hist. Proc., vol. 23, 1886, p.319. Cruise of the
Avrethusa. Science, vol. 6, 1885, p. 386,
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North America! when discussing the stratigraphic position of the Ole-
nellus fanna. In it he says® that the only locality known where the two
faunas occur in the same geographic area is on Conception Bay, New-
foundland ; and special stress is placed on the occurrence at Topsail
Head of several species of fossils typical of the Olenellus zone at the
Straits of Belle Isle. This fauna was referred to the Middle Cambrian,?
although Dr. Murray states in his section of 1868 that Mr. Billings re-
ferred the species to the Potsdam.* By this Mr. Billings probably
meant his lower Potsdam, which is now (1890) included in the Lower
Cambrian.

In an abstract of a paper on the Cambrian faunas of Cape Breton
and Newfoundland, published in advance of the paper read before the
Royal Society of Canada, Mr. G. F. Matthew? classifies the horizons of
the Cambrian as follows:

(1) The horizon of Paradoxidss kjerulfi.

(2) 'The horizon of the Conocoryphees.

(3) The horizon of Paradoxides tessins.

(4) The horizon of Paradoxides spinosus.
() The horizon of Paradoxides davidis. .

It is stated® that “in this classification of the various Newfoundland
horizons in the Paradoxides zone Mr. Matthew has placed that of Para-
dozides kjerulfi first or oldest, because that is its position in Scandi-
navia,” In the final paper” he speaks of the fossils found at Topsail
Head, and Brigus on Conception Bay, mentioning Agraulos strenuus,
Iphidea (allied to Iphidea bella Billings), and Stenotheca paupera Bil-
lings. He says these fossils do not give sufficiently firm indications to
make it clear that they are older than some other horizons mentioned
hereafter. He then describes the fossils of the Paradoxides zone. A
new species, Solenoplewra bombifrons, is described from the limestone of
Topsail Head.? A

In the summer of 1888 Mr. C. D. Walcott made a careful study of the
Cambrian section in Newfoundland, and determined the Olenellus zone
to be beneath the Paradoxides zone, and not above it, as arranged by
Logan in his scheme of 1864, A detailed section of the Cambrian
strata on Conception Bay was published, with lists of the fossils
occurring at the difterent horizons in it.*

18ccond contribution to the studies on the Cambrian faunas of North America. TU. 8. Geol. Surv.,
Ball. No. 30, vol. 4, 1886.

20p. cit., p. 49.

8 0p. cit., p. 29.

40f the soquonce and distribution of the formations. Report upon the geological survey of Now-
foundland for 1868. Revised edition, 1881, * P.1" of section, p.157.

6The Cambrian faunas of Cape Breton and Newfoundland (abstract). Can. Record Sci., vol. 2, 1886,
pp. 255-258.

6 Qp. cit., p. 258,

7 On the Cambrian faunas of Cape Breton and Newfoundland. Royal Soc. Canada, Proc. and Trans.,
vol. 4, soction iv, 1887, pp. 147-157.

8 Op. cit., p. 156.

9 The stratigraphical succession of the Cambrian fannas of North America. Nature, vol. 38, 1888,
p.551. Stratigraphic position of the Olenellus fauna in North America and Europe. Am. Jour.
Sci., 3d ser., vol. 37, 188Y, pp. 374-392 ; vol. 38,1889, pp. 20-42.
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NOVA SCOTIA.

The altered or metamorphic slate belt of the Atlantic coast of Nova
Scotia is represented on an early geological map by Dr. Aobraham Ges-
ner! as extending from Cape Canso to Cape Sable. He states that the
area is within the primary district and composed principally of granite,
gneiss, and mica slate. A general description of the rocks is given in
the account of the local geology of the townships in which they occur.

At a meeting of the Geological Society of London on May 10, 1843,
Dr. Gesner? presented to the society a geological map of Nova Scotia,
accompanied by a memoir on the geology. In the text® the lowermost
of the Silurian rocks devoid of animal remains is referred to the Cam-
brian. The map was not published with his paper. It appeared in
18454 in connection with papers by Mr. Richard Brown, on the geology
of Cape Breton, and Mr. J. W. Dawson, on the Lower Carboniferous
rocks or gypsiferons formation of Nova Scotia. The strata now pro-
visionally included in the Cambrian group are indicated on the map
as micaceous and chloritic slates, clay slate, quartz rock, and graywacke
slate. They extend entirely around the central area of granite and
syenite, and are separated from the Atlantic coast by a broad belt of
color designated as granite. At alater date Gesner described the strat-
ified non-fossiliferous rocks or Cambrian group of Nova Scotia® as an
extended belt of hornblende slate, chlorite slate, clay slate, graywacke
slate, and quartzite, succeeding the granite and its associates, and with
them occupying almost the whole of the Atlantic side of the province.
No fossil remains have been found in any of these metamorphic masses,

In 1850 Dr. J. W. Dawson described the Atlantic coast series as fol-
lows:

The prevailing stratified rocks in this group are compact and flaggy gray quartz-
ite (often weathering white), mica slate, and clay slate, the latter usually of dark
colors, and occasionally passing into flinty slate and quartzite, * * *

The hypogene rocks associated with them are white and flesh-colored granite,
which has penetrated the metamorphic rocks in large irregular bands and masses.S

As a result of his study of this group of rocks Dr. Dawson concluded
that they belonged either to some of the older members of the Silurian
“system or to a still earlier period. In the first edition of the Acadian
Geology Dr. Dawson stated that the rocks are certainly older than the
Devonian; and he was inclined to believe that they represented the
Potsdam sandstone and Utica and Hudson River shales, in an altered
condition.” On the accompanying map their geographic distribution

1Remarks on the geology and mineralogy ot Nova Scotia. Halifax, N. 8., 1836, pp. 272.

2 A geological map of Nova Scotia, with an accompanying memoir. Geol. Soc. London, Proc., vol.
4, 1843, pp. 186-190. :

30p. cit., p. 187,

4 Geological Map of Nova Scotia. (Accompanying papers by J. W, Dawson and Richard Brown,)
Quart. Jour. Geol. Soc., London, vol. 1, 1815, oppo., p. 23.

6 The industrial resources of Nova Scotia. Halifax, N. S., 1849, pp. 233, 234.

6 On the metamorphic and metalliterous rocks of eastern Nova Scotia. Quart. Jour. Geol. Soc., Lon-
don, vol. 6,1850, p. 348.

Acadian Geology, 1st Edition, Edinburgh, 1855, p. 367.
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is shown and in the legend they are noted as “perhaps altered Lower
Silnrian” strata.

In a supplementary chapter to the first edition the slates and quartz-
ites of the Atlantic coast belt are spoken of, and it is suggested that
they may be a continnation of the Primordial zone of Newfoundland,
in which Paradoxides have been found.! Mr. E. Billings reviews this
supplementary chapter and says:? ¢ We are strongly inclined to the
belief that this supposition will yet tarn out to be well founded.”

In 1862 the slates of the Nova Scotia metamorphic slate belt were
referred to the Taconic System.* A more detailed description of the
rocks was published by Dr. J. W. Dawson, in 1868, in which they are
stated to be formed of granite, gneiss, mica slate, quartz rock or quart-
zite, and clay slate. The granite appears to be intrusive, and the gneiss
is considered a product of a metamorphism or baking of sedimentary
rocks. The clay slate or argillaceous slate abounds, and is usually,
along the Atlintic coast, of a gray and black color, varying very much
in texture and hardaness.* He states that the series has not afforded
fossils, but it appears to be a continuation of the older slate series of
Mr. J. B. Jukes in Newfoundland, which has afforded trilobites of the
genus Paradoxides. On the map accompanying the volume the geo-
graphic distribution of the series is clearly exhibited.

In a general description of the Nova Scotia gold field Mr. J. Camp-
bell® publishes a section across the gold-bearing rocks of the Atlantic
coast, in which the arrangement and relative position of the different
groups of strata are well shown. There is a great thickness of quartz-
ite subjacent to blue and gray slates divided midway by the ¢“black
rock.” Very few details are given of the section, as the report is
mainly devoted to a description of mining and the mode of occurrence
of gold. _

“When reporting upon the Waverly gold district Prof. H. Y. Hind
stated that he had found Paleotrochus minor and Palwotrochus major of
Emmons, besides numerous concretionary forms, in the Waverly beds.
He considers (a) that these fossils, if identical with those from North
Carolina, probably establish the age of the gold-bearing rocks of Nova
Scotia; (D) that they oceur near the base of the Lower Silurian System
(¢) that they belong to the upper part of the Potsdam formation and
the lower part of the Calciferous formation, and (d) that they are sub-
jacent to the great mass of serpentine and red slates, discovered by
Dr. Honeyman in Antigonish, which belong to the Quebee group. The
gold series is correlated with that described by Dr. Emmons in North

! Supplementary chapter to tho Acadian Geology, Edinburgh, 1860, p. 63.

2[Reviow of] Acadian Geology and a Supplementary Chapter thereto. Canadian Nat., vol. 5, 1860,
PD. 450-455.

3Marcou, Jules. [The slate of Nova Scotia, metamorphic Tacoenic rock.] Boston Soc. Nat. Hist.,
Proc., vol. 9, 1802, p. 47.

dAcadian Geology. The geological structure, organic remains, and mineral resources of Nova Scotia,
New Branswick, and Prince Edward Island, 2d. ed. London, 1868, pp. 613-615.

8Report on the Gold Ficlds of Nova Scotia. Halifax, 1863, pp.12.
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Carolina.! In a paper presented to the Geological Society of London,?
and subsequently published in the report on the Sherbrooke gold dis-
trict of Nova Scotia, Prof. Hind describes the gold-bearing rocks of
Nova Scotia as follows:

The gold-bearing rocks of Nova Scotia are of Lower Silurian age, and rest either
on Huronian strata or, where these have been removed by denudation, on the old
Laurentian gneiss. The gold is found chiefly in beds of auriferous quartz of con-
temporaneous age with the slates and quartzites composing the mass of the series,
which in Nova Scotia is 12,000 feet thick, and the auriferous beds are worked, in one
district or another, through a vertical space of 6,000 feet.>

In a report on the gneissoid series underlying the gold-bearing rocks
of Nova Secotia the same writer* states that he has provisionally referred
the gold-bearing series to the Lower Silurian, but that conclusive evi-
dence derived from fossils has not been obtained from the gold-bearing
slates and quartzites. Since the discovery of the forms resembling the
Paleotrochus of Emmons, noticed in his report on the Waverly dis-
trict, he has sent to Mr. Billings slabs containing supposed fossils from
the Sherbrooke rocks. Mr. Billings thought that a species of Orthis
and an Eospongia were indicated. In describing the gold-bearing
rocks under the head of “ Lower Silurian” Prof. Hind® says:

The known gold-bearing rocks of Nova Scotia consist of quartzites, sandstones
and grits, interstratifiod with argillaceous slates and thin conformable beds of aurif-
erous quartz. This portion has an ascertained thickness exceeding 9,000 feet. * * *
The thickness of the black slates in Nova Scotia exceeds 3, 000 feet, so that the gold-
bearing rocks of the province have a known thickness of 12,000 feet.

The essential parts of the description in the last paper are also
printed in the American Journal of Science.®

In his report on the gold fields of Quebec and Nova Scotia, Dr. A
R. C. Selwyn’ speaks of the geological position of the Atlantic coastseries
of stratified gold-bearing slate and quartzite, stating that all former ob-
servers arc agreed that they probably belong to the Lower Silurian
series. His first impression of them was that they represented the
groups known in Britain as the Harlech grit or quartzite, and the
Lingula-flag series. Ie discovered in the gray sandy and flaggy pyri-
tous slates at the Oven’s Bluftfs numerous specimens of the genus
Eophyton, and states that Mr. Billings regarded this genus as charae-
teristic of the Primodial Silurian epoch. He then gives an account of
the distribution of the genus Eophyton, and in conclusion says: ¢ In

! Report on the Waverly Gold District, with geological maps and sections. Halifax, 1869, p. 61.

20n two gneissoid series in Nova Scotia and New Brunswick, supposed to be the equivalents of the
Huronian (Cambrian) and Laurentian. Quart. Jour. Geol. Soc., London, vol. 26, 1870, pp. 468-479.

3 Report on the Sherbrooke gold district, together with a paper on the gneisses of Nova Scotia and
an abstract of a paper on gold mining in Nova Scotia. Halifax, N, S., 1870, p. 3.

4 Preliminary report on a gneissoid series underlying the gold-bearing rocks of Nova Scotia, and
supposed to be the equivalent of the Laurentian system. Halifax, N. S., 1870, pp. 14.

50p. cit., p. 8.

6 On the Laurentian and Huronian series in Nova Scotia and New Brunswick. Am. Jour. Sci., 24 ser.,
vol. 49, 1870, pp. 361-353,

7 Notes and observations on the gold ficlds of Quobec and Nova Scotia. Geel. Surv. Canada. Report
Prog. for 1870-'71, 1872, pp. 268-270.
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general aspect, and in the succession of the beds the whole series in
Nova Scotia closely resembles the Cambrian and Lingula-flag series
ot North Wales.”!

Dr. J. W, Dawson reviews his studies of the Atlantic coast belt of
Nova Scotia in the supplement to the second edition of the Acadian
Geology,? and places the slates and quartzite in the Cambrian. He
states that the evidence of fossils in determining the precise age of these
rocks is unfortunately as yet somewhat imperfect, and quotes Prof.
Hind as saying that the entire thickness ot the series is 12,000 feet;
of this the lower or quartzite and slate division comprises about 9,000
feet, and the upper or ferruginous slate division about 3,000 feet.

On the colored geological map of the Dominion of Canada, pub-
lished in 1882, the Cambrian rocks of Nova Scotia are made to extend
from near the northeastern point of the peninsula south to Sable River,
where they are interrupted by a mass of granite that extends to Har-
rington Harbor. TFrom this point around the western slope to Annapo-
lis Basin they occupy a wide strip along the shore. Asrepresented on
the map they occupy nearly one-half of the area of Nova Scotia.

In 1888 Sir William Dawson reviewed the rocks referred to the Cam-
brian group on the Atlantic coast of Canada,® stating that the Atlan-
tic coast or gold series of Nova Scotia in their western extension
appeared to rest on rocks of Huronian aspect. He also says:

It has unfortunately afforded no well-characterized fossils. The markings called
Eophyton and certain radiating bodies (Astropolithon) found in it are, however, sim-
ilar to those occurring elsewhere in Lower Cambrian rocks. - Murray was disposed to
regard this formation as corresponding to his Iuronian in Newfoundland; but it
does not agree with this either in mineral character or in fossils, and is perhaps
rather to be regarded as a great development of the lowest member of the Cambrian,

an exaggerated cquivalent of the Harlech grits and Llanberris slates. In this case,
however, it may be expected that it will yet afford true Cambrian fossils.4

NEW BRUNSWICK AND CAPE BRETON,

In the report for 1842 on the geology of New Brunswick Dr. Abra-
ham Gesner?® uses the term ¢ Cambrian system.” He says:

This name has been applied to a group of rocks situated beneath the  Silarian”
strata, from which it is not always separated by any very distinct line of demarca-
tion, so far as its lithological character is concerned. The few organic remains, how-
ever, found in this group are sufficiently characteristic to make it appear that the
forms of animal life during the period of the accumulation of its strata were different
from those found in the upper Silurian rocks.

1 0p. cit., p. 271,

2Supplement to the second edition of Acadian Geology, containing additional facts as to the geolog-
ical structuro, fossil romains, and mineral resources of Nova Scotia, New Brunswick, and Prince
Edward Tsland, London, 1878, pp. 81-83.

30n the Eozoic and Palxozoic rocks of the Atlantic coast of Canada, in compm-lson with those of
western Europe and of the interior of America. Quart. Jour, Geol. Soc. London, 1888, vol. 44, pp. 804-807.
Canadian Record of Science, vol. 3, 1888, pp. 182, 183, 230, 231.

4 Op. cit., p. 805.

5 Report on the geological survey of the Province of Now Brunswick, with a topogmphical account
of the public lands and districts explored in 1842, St. John, 1843, p. 72.
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Thoe rocks of this group extend from the American bonndary line and cross the
St. John a little above the Meductic, and proceed in a northeast direction toward
Bathurst, * * *

The strata consist chiefly of grauwacke, granwacke slate, and clay slate. The gran-
wacke may be compared to a very compact sandstone, There are also beds of con-
glomerate, containing bowlders and pebbles of almost every variety of rock. The
cementing matter is generally calcareous or argillaceous; but it is sometimes silicious,
and the beds change imperceptibly into quartz rock. The slates are of Qifferent
colors; red,blue, and green are often seen. Many of them contain lime, and others
will supply roofing slate. ’

The local details of the distribution of this series are not given, nor
is the locality of the city of St. John mentioned. Portions of the rocks
mentioned by Dr. Gesner are, however, now included in the Cambrian
group.

In his third report Dr. Gesner! recognizes two series of rocks, both
of which are referred to the Silurian age. The upper group consists of
limestones, slates, and sandstones, containing the remains of plants,
mollusks, ete. The older group is formed of conglomerates, gray slates,
sandstones, talcose slates,and the trap beds of Mispeck and Black
Rivers. :

On a map prepared by Dr. James Robb,? the geographic distribution
of the formations described by Dr. Gesner is outlined, and under the
“GCambrian system ” we find the indicated distribution of the Cambrian
rocks to include Carboniferous, Devonian, Lower Silurian, and Cam-
brian as now known. In the text of the volume accompanying the map
Mr. J. F. W. Johnston® describes the geographic distribution of the
rocks and also their general character. He states that the rocks of the
Cambrian are distingunished from those of the Silurian by their greater
hardness and by their containing less lime.

In speaking of the rocks referred to the Lower Silurian and Cam-
brian, by Gesner and Robb, Mr. J. W. Dawsou * states that for the dis-
tribution of these rocks, as indicated on the map, he was indebted
principally to the map prepared by Dr. Robb. Of the rocks he says:

I do not think that at present there is any good ground for separating the so-called
Cambrian rocks from those last mentioned [ Silurian], though it is quite probable that
they may belong to an older formation, or that they may be older members of the
same formation. ’

When relating the results of a visit to New Brunswick Prof. W.
B. Rogers® described, by the aid of a section, the stratigraphic features
exhibited at the junction of the older and less ancient groups of strata
on the St. John’s and Kennebecasis Rivers, a few miles above the city

1Third report on the geological survey of the province of New Brunswick. St. John, 1841, pp 5-11.

2{Letter on the geological structure of New Brunswick.] Report on the agricmltnral capabilities
of the province of Now Brunswick, by J. . W. Johnston. . Fredericton, 1850, pp. 12, 13.

8 Report on the agricultural capabilities of the province of New Brunswick. Fredericton, 1850, pp.
17,18.

4 Acadian Geology, first edition, 1855, pp. 324, 325.

$Remarks on the geology of the noighborhood of St. John, New Brunswick. Boston Soc. Nat.
Hist.,Proc., vol, 7, 1861, p. 176.
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of St. John, as observed by Dr. Robb and himself. Referring to the
probable ages of the two groups he states that the only fossils discov-
ered consist of vegetable impressions found by Dr. Robb at several
localities, and some black scale-like fragments of shells that lhie found
about the city of St. John in loose pieces of siliceous slate. At several
points the layers of rock in piace ar¢ crowded with these remains, the
more entire of which presented the form and markings of a Lingula.

Dr. J. W. Dawson described in 1862 the strata about St. John, and
published a section! that includes the shales and slates of the vicinity
of the ¢ity; and, in the same section, a series of beds which have since
proved to be of Devonian age. He states that the age of the lower
members was less certain. They may represent either the Middle and
Lower Devonian, or may be in part of Silurian age. ¢ The only deter-
minable fossil, the Lingula of the St. John shales, alfords no decisive
solution of this question.”

In proposing a classification for the pre-Devonian rocks of New Bruns-
wick, Mr. G. F. Matthew ® states that Gesuner’s older group is to a
great extent younger than his upper series. He reviews the classifica-
tion of Dr. Dawson? dividing the formations into several groups, pro-
posing the name St. John gronp for Nos. 5 and 6 (in part) of Dawson’s
section of 1862. He says that the St. Jobhn group is formed of several
zones of soft, black, dark gray, finely laminated shales, alternating with
zones of coarser gray slates, containing, numerous thin beds of fine-
grained sandstone, the whole having a thickness of about 3,000 feet.
The fossils noticed were a Lingula, a Conchifer, Annelids and Coprolites.t
The Coldbrook group, No. 6 of Dawson, in part, is given a thickness of
3,000 feet or more composed of greenish gray slate, bright red slaty
conglomerate and dark red sandy shale, with a reddish conglomerate,
grit and hard, gray sandstone. The paper is accompanied by a map
showing the geographical distribution; also a section crossing the dis-
trict in the vicinity of St .Jobn. In a foot-note mention®is made of
the discovery of numerous trilobites of two or three species, but they
were so excessively distorted that the genera could not be made out.

In some observations on the geology of southern New Brunswick,
Prof. L. W. Bailey® reprinted the table of formations published by Mr.
Matthew in 1863. In a table on page 14 he places the St. John group
at the base of the Lower Silurian as an equivalent of the Potsdam or
Primordial of New York and tlie Quebec group of Canada. A full de-
seription of the St. John group is given,” and accompanying it a letter

10n the flora of the Devonian period in northeastern America. Quart. Jour. Geol. Soc. London, vol,
18, 1862, p. 303,

2 Qbservations on the geology of St. John County, New Brunswick., Canadian Nat., vol. 8, 1863. p.
243,

8 Op. cit., p. 242,

4 Op. cit., p. 244.

& Op. cit., p. 247,

6 Obsorvations on the geology of southern New Brunswick, Fredericton, 1865, p. 8.

" Op. cit., pp. 26-3),
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from Mr. C, Fred Hartt,! in which he states that he has recognized four
genera of trilobites from the St. John rocks, viz, Paradoxides, Cono-
cephalites, Agnostus and a new genus (?) allied to Conocephalites.
There are also six species of Brachiopods, belonging to the genera Or-
thisina, Discina, Obolella, and Lingula. Although all of the species are
apparently new, the occurrence of Paradoxides and Conocephalites led
Mr: Hartt to correlate the entire fauna with the Primordial fauna of Bar-
rande. He states that the lower part of the St. John group, at Cold-
brook, has been divided by Mr, IMatthew, on lithological grounds, into
three bands, viz:
No. 1.—The lower or arenaceous band, with no determinable fossils, and con-
stituting passage beds from the Coldbrdok group.
No. 2.—Argillaceous shales, rich in fossils, Paradoxides, Orthisina Y Conoceph-
alites, Obolella.
No. 3.—Carbonaceous shales, full of fossils, Paradoxides, Conocephalites, Or-
thisina, Discina, etc., all much distorted.

In the same year Mr. G. F. Matthew described the Azoic rocks of
southern New Brunswick,? He gave the geographic distribution of
the St. John series, and a detailed section of the formation, to which he
assigned a total thickness of 4,500 feet, He mentions the identification
of the fauna by Prof. Hartt; and refers the St. John group to the Lower
Silurian, correlating it with the Paradoxides harlani beds of Massachu-
setts; with the Paradoxides bennetti beds of Newfoundland; the Lin-
gula flags of Great Britain; the alum-schists of Scandinavia and
«Ftage C” of Barrande in Bohemia.® He states that the upper por-
tion of the section may be the equivalent of the Calciferous, perhaps
the Chazy. The subjacent Coldbrook group is referred to the Huronian,
while the terms Cambrian and Huronian are used as synonyms in their
application to the Coldbrook formation.*

In noticing the discoveries made by Messrs. G. F. Matthew and C. F.
Hartt, Dr. J. W. Dawson refers to the correlation made by Prof. Hartt,
and proposes to call this series, represented in New Brunswick by the
St. Johu slates, the Acadian series® In 1868 he republished all the facts
kuown to him in relation to the St. John group, naming it the Acadian
group, and including it under the Lower Silurian.® The section given
by Mr. Matthew is published, and also descriptions by Mr. C. F. Hartt
of all the species dlbcovered by Messrs. Matthew and Hartt in the St.
John group.”

! Preliminary notice of a fauna of the Primordial period in the vicinity of St. John, N.B. Obser-
vations on the Geology of southern New Brunswick, 1865, pp- 80, 31.

20n the Azoic and Paleozoic rocks of southern New Brunswick. Quar. Jour. Geol. Soc., London,
vol. 21, 1865, pp. 422-434, map.

30p. cit., pp. 426, 427.

40p. cit., p. 427.

®On recent geological discoveries in the Acadian provinces of British America. Am. Assoc., Proc.,
vol. 16,1867, p. 118. Canadian Nat., new series, vol. 3, 1868, pp. 295-297.

6 Acadian Geology. The geological structure, organic remains, and mineral resources of Nova Sco-
tia, New Brunswick and Prince Edw. Island, London, 1868, pp. 637-641, 2d ed.

7 Op. cit., pp. 641-657.
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In 1869 Messrs. Matthew and Bailey! described in a general manner
the rocks referred to the Lower Silurian and stated that this series in-
cludes about 150 feet of slates (holding Paradoxides, Conocephalites,
Agnostus, and other trilobites, besides several genera of Brachiopods),
and an overlying mass, measuring not less than 2,000 feet, of flags and
slates containing Lingule, worm burrows, etc. Under the caption of
¢t Lower Silurian,” the same writers, three years later,? include the St.
John or Acadian group. A brief historical sketch is given, and a list of
fossils that have been described from the formation, with a statement
that the apparent thickness of the whole formation, as measured in the
city of St. John, is about 4,500 feet. Owing to the disturbed condition of
the beds the actual thickness may be much less. If repetitions occur,
the aggregate thickness of the series, exclusive of the lowér red beds—
which have been called Upper Coldbrook—will not much exceed 2,000
feet.® This general description is followed by a detailed one, and a
copy of Mr. Matthew’s section at the city of St. John.! The St. John
group is then described as found in the Kennebecasis Valley, in north-
ern King’s County; in Wickham, Queen’s County; in Nerepis Valley,
and in Charlotte County.

In the supplement to the second edition of Acadian Geology, Dr. J.
W. Dawson?® introduces the term ¢ Cambrian ” and includes under it the
Acadian series of St. John and also the great Atlantic coast series of
Nova Scotia. Nothing is added in the way of descriptive details to
those given in the edition of 1868.

During the survey of the island of Cape Breton, Mr. Hugh Fletcher
discovered near Marion Bridge, on the banksof the Mira River, aseries
of light gray, slaty, fine-grained, feldspathic sandstones, associated
with red and green mottled sandstone in which he found numerous
specimens of Obolella. He points out the lithologic resemblance of
these rocks to the Primordial rocks found by Mr. Alexander Murray in
the southeastern part of Newfoundland and to those on the Strait of
Belle Isle examined by Mr. Richardson.® He also describes a series of
purple, red, and green slates, sandstones, and limestones, that he refers
to the Lower Silurian.” A detailed section of the rocks is given as they
occur along St. Andrew Channel. In one of the greenish and blue
papery slates he found impressions of an Obolella, with the head and
tail of a trilobite, recognized by Mr. Billings asof Primordial or Quebec

1 Romarks on the ago and relations of the metamorphic rocks of Now Brunswick and Maine. Am.
Assoc., Proc., vol. 18, 1869, pp. 182, 183. Can. Nat., new ser., vol. 4, 1869, pp. 326-328.

2 Proliminary report on the geology of southern New Brunswick. Geol. Surv. Canada, Rep. of Prog.,
1870-'71, 1872, p. 134.

80p. cit., p. 135.

40p. cit., pp. 136,137,

5 Supplement to the second edition of Acadian Geology, containing additional facts as to the geolog-
jcal structure, fossil remains, and mineral resources of Nova Scotia, New Brunswick, and Prince,
Edward Island, London, 1878, p. 81. ,

6 Report of explorations and surveys in Cape Breton, Nova Scotia. Geol. Surv. Can., Rep. Prog.
1875-"76, 1877, p. 393.

¥ Op. cit., p. 388.
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group age. In his report for the following year he! described a num
ber of sections, referring them to the Lower Silurian, and mentioning
the occurrence of Lingula, Obolella, and Dictyonema in some of the
beds.

In a report on the slate formation in the northern part of Charlotte
County, New Brunswick, Mr. G. F. Matthew ? states that the St. John
group occurs in the interval between the Kingston or Upper Silurian
rocks and the inclosing Laurentian ridges in King’s County. No details
are given of the St. John group.

A report on the Primordial-Silurian rocks of New Brunswick by Mr.
L. W. Bailey® presents a detailed description of the St. John group. A
section is given of the strata on Rateliffe’s Mill-stream and Handford

_Brook aund local details of geographic distribution. This is accompanied
by a list of the fossils found which were identified by Mr. J. F. Whit-
eaves.

In a later report on the geology of southern New Brunswick* the
Cambrian or Primordial Silurian rocks are described as occupying
basins or trough-like depressions among the older hills of pre-Cambrian
rocks east of the St. John River. ‘

In speaking of the strata carrying the Paradoxides in the vicinity
of the city of St. John, Mr. G. I, Matthew® states that the strata of
the St. John group fill a number of narrow, trough-like basins lying
between the Bay of Fundy and the central Carbouniferous arca of New
Brunswick. A carefully measured and detailed section of the St. John
outcrop is given with a description of the conditions under which the
fossils oceur in the same. A thickness of 2,900 feet is assigned to the
section.

The sawme writer argues in a paper on the ¢ Geologic Age of the
Acadian Fauna”® that on the evidence of the trilobites the St. John
group does not quite correspond to the Menevian of Wales, in the re-
stricted application of that term ; but, as a whole, they indicate the sub-
Jjacent Solva group as the equivalent formation to the St. John group.
He repeats this correlation a year later,” when he says: ¢ Prof. Hartt
fixed the age of the St. John group as nearly as was possible in his time

1 Report on the geology of part of the counties of Victoria, Cape Breton, and Richmond, Nova Scotia.
Geol. Surv. Can., Rep. Prog. for 1876-'77. Montroal, 1878, pp. 420-437.

2 Report on the slate formations of the northern part of Charlotte County, New Brunswick. Geol.
Surv. Canada, Rep. Prog. for 1876-'77. Montreal, 1878, pp. 342, 343.

3Report on the pre-Silurian (Huronian)and Cambrian or Primordial Silurian rocks of southern New
Brunswick. Gool. Surv. Can,, Rep., Prog., 1877-'78, 1879; p. 28DD-34DD.

4Bailey, L. W., G. F. Matthew, and R. W. Ells. Report on the geology of southern New Brunswick,
embracing the counties of Charlotte, Sunbury, Queens, Kings, St. John, and Albert. Geol. Surv. Can.,
Rep. Prog., 1878-1879, 1880, pp. 6D-8D.

5Xllustrations of tha fauna of the St. John group. Royal Soc. Canada, Proc, and Trans., vol. 1, sec.
iv, 1883, pp. 8.-83; pp, 271-279.

§The Geologic Age of the Acadian fauna. The Primitive Conocoryphean. British Assoc. Rep., 54th
mecting, 1884, pp. 742-743. The Geologic A ge of the Acadian Fauna. Geol, Mag., new ser., decade 3,
vol.1, 1884, pp. 470-471.

7 An outline of recent discoveries in the St. John group. New Brunswick Nat. Hist. Soc¢. Bull, No.
4,1885, p. 98,
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as ¢ Primordial,’ or, as we now call it, Cambrian.” He then calls atten-
tion to the article in which he correlated the St. John group fauna with
the Solva group, stating, * In other words, it is the fauna of the older
part of the Lower Cambrian.”

In a preliminary study of the Cambrian fauna of North America! a
review is given of the history of the term ¢ St. John group ” by Mr. C. D.
‘Walcott. In thisthe use of “St. John” was advocated as against “Aca-
dian,” and all species described by Mr. C. F. Hartt in the second edition
of Dawson’s Acadian Geology were illustrated.

‘When discussing the faunas of the St. John group, Mr. Matthew? states
that it is highly probable that the group covers nearly the whole of the
Cambrian age; and that the fauna of the Upper Cambrian is equivalent
to that of the shallow-water deposit of the St. John group near the sum-
mit of the series. The fauna discovered by Mr. Fletcher in the Cam-
brian shales of Mira River, Cape Breton Island, is considered by Mr.
Matthew? tobelong to the Olenus division of the Cambrian fauna. The
species recoguized by him are Peltura scarabecoides, Spharophthalmus
alatus, and Agnostus pisiformis. In the same paper he mentions the
faunas of the Olenus division as found in Newfoundland. (An abstract
of this paper appeared in the Canadian Record of Science, vol. 2,1886,
pDp. 255-258.)

Incited by the announcement of the discovery of fossils beneath the
Paradoxides zone in Sweden and Russia, Mr. Matthew* began anew the
study of the red rocks beneath the Paradoxides zone. These strata
had been spoken of as the upper member of the Coldbrook group?® and as
constituting a series lower than the Primordial rocks at the base of the
Silurian. They were subsequently joined to the St. John group® as the
base of that group. In a later report in 1888, Mr, Matthew” says: ¢ It
is now found that this red series is unconformable, not only to the, St.
John group, but also (as had been previously discovered) to the under-
lying Coldbrook group.” In the valley of Long Reach of the St. John
River Mr. Matthew estimates that the red series has a thickness of 1,200
feet. He compares it with the red shales described by Dr. Murray in
Newfoundland?® and correlates it with the Caerfai group of Wales and
the lower division of the Sparagmite formation of Norway.? A detailed
description of the section is given!® with names of the fossils that have
been found in the various beds. These include trails and casts of marine

10n the Cambrian faunas of North America; preliminary studies. U. S, Geological Survey Bull. No.
10, vol. 2, 1884, p. 289, separately paged, p. 9.

2 Illustrations of the fauna of the St. John group, No. 4, Can. Rec. Sci., vol. 2, 1887, p. 362. (Abstract.)

30n the Cambrian faunas of Cape Breton and Newfoundland. Royal Soc. Canada Proc. and Trans.,
vol. 4, sec. 4, 1887, p. 147. .

40n o basal series of Cambrian rocks in Acadia. Can. Rec. Sci., vol. 8, 1888, pp. 21-29.

8Q0bservations on the geology of southern New Brunswick. Fredericton, 1865, p. 24,

6 Bailey, L. W., and G. F. Matthew. Preliminary report on the geology of southern New Brunswick.
Geol. Surv. Can., Rep. Prog., 1870-'71, 1872, p. 59.

70n a basal series of Cambrian rocks in Acadia. Can. Rec. Sci., vol. 3, 1888, p. 22;

8 Op. cit., p. 23. 2 0p. cit., p. 25, 1 Qp, cit., p. 27.
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worms, tracks, and an unrecognized brachiopod. This paper was fol-
lowed in the same year by an article on the classification of the Cam-
brian rocks of Acadia in which the classification of the Cambrian sys-
tem in Acadia and Newfoundland is given as follows:?

Series A.—The Basal series or Eteminian.

Series B.—The St. John group or Acadian,

Series C.—The Lower Potsdam or Georgian.

Series D.—The Potsdam sandstone and limestone.’

The division of series A was noticed in the preceding paper by Mr,
Matthew. In series B he includes the zone of Paradoxides; describes
the rocks in detail, and gives lists of the genera of the fossils. Series
C, the Lower Potsdam of Billings, he states has not been recognized on
the mainland of Acadia, but is found in the Island of Cape Breton,
where the fossils are Bathyurus, Orthisina, Orthis, Hyolithes princeps.
This series is placed provisionally above B.2 Series D, or the Pots-
dam series of New York and the Mississippi Valley, is stated to be ab-
sent from New Brunswick and, as far as known, from the eastern
border of the continent.?

A reclassification of the Cambrian rocks of North America was pub-
lished in 1888 by Mr. C. D. Walcott as follows :*

TABLE L—Lower Silurian (Ordovician) system.

Subdivisions. ’ Terranes. TFaunas.
Upper Cambrian ....cce.eenee Potsdam, Knox, Tonto, Bell Isle, etc .......... Dicellocephalus or
Olenus,
Middle Cambrian....cc.c..... St.John, Avalon, Braintree ......ceceeaccacacs Paradoxides.
Lower Cambrian ..ceeecvann.. Georgia, Prospect, Terra Nova..ccccceaenanen. Olenetlus.

This is followed by a comparison of typical sections of the Cambrian
system in Sweden, Newfoundland, New York, and the Rocky Mountains.
The section on Manuels Brook, Conception Bay, Newfoundland, where
the true stratigraphic succession of the Cambrian deposits in America,
was first discovered, is given in detail.

On learning of the discovery of the Olenellus fauna beneath the
Paradoxides zone in Newfoundland, Mr. Matthew published a second
paper “On the classification of the Cambrian rocks in Acadia,” in
which he arranged the Cambrian system as it occurs in Acadia as
follows :°

Localities.
D. Upper Cambrian (Potsdam series) ...... vereesteceescratonenseeee. Unknown.
C. Middle and Lower Cambrian—Acadian series ..................... St.John, etc.
B. Lower Cambrian—Georgian series ...... A Cape Breton.
A. Basal Cambrian—Etcheminian series ........... e eeeaieeane —een- St. John, etc.

‘Matthew, G.F. On the classification of the Cambrian rocks of Acadia. Can.Rec. Sci., vol. 3,1888,
H. 72,
*0p. cit., PP 73-74. 3 Op. cit., p. 80.
b ‘sT{m sttatigraphical succession of the Cambrian faunas jin North America. Nature, vol. 38, 1888,
. 551,

50n tho clagsification of the Cambrian rocks in Aecadia. Noi2, Can,Ree. Sci., vol. 3, 1889, p. 310,
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Instituting comparisons between the sections of Sweden and New
Brunswick, he discusses the general relations of the Cambrian fauna
of North America. The organic remains found in band B are an
Agraulos, and at the base of the zone an Ellipsocephalus, of the type
associated with Olenellus (%) kjerulfi in Europe. At the base of band I3
‘he found a species of Obolus which he described as Obolus pulcher.! This
comprises the Lower Cambrian fauna or pre-Paradoxides fauna as
kuown to him from New Brunswick up to date.

In another paper on the *Cambrian organisms in Acadia,” pub-
lished in the same year, he notes the discovery in the lower beds of the
St. John section, beneath the Paradoxides beds, of several varieties of
sponges, & species of Palicochorda and another undescribed species.
Undoubted examples of Platysolenites of Pander also occur.? Men-
tion is made of the discovery above the Paradoxides zone in the Olenus
horizon, of three species of fossils, and above this another stage which he
has placed under the title of Peltura beds, corresponding in age to the
Cape Breton Upper Cambrian beds.

In September, 1889, Mr. Matthew? argues for the uniting of the
Olenellus or Lower Cambrian, and the Paradoxides or Meuevian zone,
as one division of the Cambrian, and the strata above the Paradoxides
zone as the upper division, thus returning to the classification of Salter
and Hicks, adopted for the Cambrian strata of Wales.

The full text of Mr. Matthew’s paper on the Cambrian organisms in
Acadia was distributed in June, 1890. It deals almost entirely with
the pre-Paradoxides or Basal series of the Cambrian section of New
Brunswick, and is accompanied by both tabulated and illustrated sec-
tions and sketch maps of Hanford Brook and Caton’s Island.t It is
referred to at length in the description of the Cambrian rocks of New
Brunswick in this paper (Chapter. 1v).

In a paper read May 28, 1890, Mr. G. F. Matthew gives a detailed
description of the geologic structure of the St. John basin in connection
with three sections crossing it. Turther notice of it will be found in
the summary of our present knowledge of the St. John terrane of New
Brunswick.?

In a list of the geological formations of the Maritime Provinces of
Canada, Dr. George M. Dawson tabulates the Cambrian as follows: ¢

20, UPPOT CADLIAN « o e eeemee e eeemem eeoeenaons { Mir6 and St. Andrew series.
Cape Breton. .
2D, Middle Cambrian .ceeeneeeenioeemeiiioiicianeanns Acadian series.
2. Lower CamubIini «.veee e eenn cee e ceeeaaneaeannns g Atlantic C,(’”t series.
Nova Scotia.

1 Op. cit., p. 306." .

20n tho Cambrian organisms in Acadia. Can. Reec. Sci., vol. 3, 1889, p. 384. ‘

3How is tho Cambrian divided? A plea for the classification of Salter and Hicks. Am. Geol., vol.
4,1889, pp. 130-148.

40n Cambrian organisms in Acadia. Trans. Roy. Soc.'Can., vol. 7, sec. 4, 1890, pp. 136-143.

SMatthow, G. I, Illustrations of the fauna of the St. John group, No.5. Lrans. Roy. Soc.of Canada,
vol. 8, sec. 4,1891, pp. 123-130, pls. II-X VL.

%An Awerican Geological Railway Guide. Jame sMcFarlane. = 2d ed., 1890, p. 52,
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MAINE,

When describing the quartz rock of Bar Harbor, Mount Desert
Island, Prof. C. H. Hitchcock® suggested a Lower Silurian age for the
siliceous slates associated with the coarse sandstone or quariz rock,
by comparison with similar rocks on TFlint Island, of which he had.
stated that the correlation was more from fancy than real argument,
because it reminded him so much of the Potsdam sandstone in its ex-
ternal appearance.

At a later date he says:?

The first rock is a sandstone at Bar Harbor, dipping at an angle of twelve degrees.
Ripple marks cover the surface of many layers, and curious cylinérical stems tantalize
us by their resemblance to fossils, The formation is probably of Cambrian age.

The strata included under the title of ¢Cambrian” about Portland,
Maine, is described by Prof. Hitchcock ? as follows:

These rocks crop out in Saco, a dozen miles west. They are clay slates and indu-
rated argillaceous schists, the latter having a northwest strike, while the rocks of the
older geries run northeasterly. These rocks are in character and position allied to
the Cambrian Paradoxides slates of Massachusetts, and exist in immense mass along
the coast of Maine west of Saco, and in New Hampshire.

The correlation of these beds is based entirely upon their lithological
characters, as no mention is made of any fossils having been found in
them.

In his account of the geology about Frenchman’s Bay, on the coast
of Maine, Dr. W. O. Crosby describes the slate formation. The pre-
vailing rock is a compact and well jointed argillite or clay slate, of
black, drab, and purple tints, with distinct stratification. The author
concluded that these rocks are the newest rocks on this part of the
coast, by their relations in dip and distribution to the present contours
of the land; by their uncrystalline character; by their relations to the
introsives ; by the fossils which theycontain. The latter he describes
as smoothly and even gracefully curved semi-cylindrical grooves and
ridges about a line in diameter; they are often a foot or two in length,
and might sometimes be regarded as annelid trails, but in other cases
they are irregularly branched in a way that would be impossible with
worm-grooves, but is very suggestive of smooth, slender fucoids. The
general conclusion reached was that the Frenchman’s Bay series be-
longed somewhere between the top and bottom of the Cambrian, with
the chances in favor of its being near the latter. In other words, his
observations tended to corroborate the suggestion made by Prof, Hitch-
cock twenty years before. He further states:

1Reports on the Geology of Maine. Second annual report on the natural history and geology of
Maine. Augusta, 1862, pp. 269-271.

2Geology of New Hampshire. Concord, 1877, vol.2, p. 32.

3The geology of Portland. Am. Assoc. Proc., vol. 22, pt. 2, 1873, p. 168.

4Geology of Frenchman's Bay, Maine. Boston Soc. Nat. Hist., Proc., vol. 21, 1881, pp. 111-116.  Geeol-
of Frenchman’s Bay, Maine, just east of Mount Desert Island. Am,Jour, Sci., 3d ser., vol. 23,1882, p. 64
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The resomblance of these rocks to the Acadian slates of the Boston Basin and St.
John is very marked; and I join with Prof. Hitchcock in anticipating the discovery
on the Maine coast of characteristic Primordial fossils.!

In describing a geologic map of Maine, Prof. Hitehcock says that he
is unable to divide the Cambrian and Huronian, owing to a want of
knowledge of their distribution.

They are the talcose and mica schists of the reports, called the Quebee gronp by
H.Y. Hind and Sir W. E. Logan; the St. John’s group in New Brunswick, and the
Merrimack, Rockingham, Kearsage, Andalusite, and Cois gronps of the New ITamp-
shire reports. * * * They were called Cambrian in New Brunswick by Gesner,
and in our second report it was said that this term might nltimately express their
true age. Subsequently Bailey and Matthew referred them to the Lower Devonian
but the drift of opinion is towards the earlier view at present.?

On the map it is very difficult to make out the distribution, owing to
the color of the Laurentian, Silurian, and the Cambrian being appa-
rently identical. The supposed Cambrian rocks of New Hampshire
and southeastern Canada follow up the valley of the St. John River
from a little distance above the entrance of the Allegosh River, and
along the Canadian boundary line nearly to the boundary of New
Hampshire. The Canadian extension of these rocks is described more
in detail and will be mentioned under the head of the Canadian Exten-
sion of the Northern Appalachian District (Chapter 1v). .

In the latest contribution that we have upon the subject of the geo-
logical age of the siliceous slate and associated sandstones or quartz
rocks of Mount Desert, Maine, Prof. Shaler says:?

We note in the first place that there is a total absence of limestones in all the d8c-
tions exposed to view. A careful study of the drift materials on the south part of
Mount Desert and on the Cranberry Islands where we conld hope to find traces of
hidden limestones shows that there are no limy beds in the sedimentary deposits of
thisisland. Tho aggregate thickness of the varions Mount Desert soctions can not be
less than about 6,000 feet and may amount to one-half more than this estimate. It
seems as if this fact must exclude the hypothesis that these strata were formed any-
where in the periods above the level of the Cambrian, for nowhere above that level
do we have any such sections barren of limy matter.

It may be next noted respecting the schistose series of Mount Deserb that those of
its east and west margins are of singularly uniform composition. They were donbt-
less originally shales and thin sandstones of great uniformity of structure. Their
texture is not such as at all points to exclude the preservation of fossils; indeod the
greater portion of the deposits are well fitted to.exhibit organic remains, yet they
have afforded no trace of them. Nowhere ahove the level of the Cambrian scries do
we find any section of this description. On these grounds, it scems reasonable to
place the greater part of the Mount Desert rocks in the lower portion of thé Cambrian
section, if not yet lower in the geological column.

This coincides with the views of Hitchcock and Crosby, that the

strata under consideration are of pre-Silurian and probably of Cambrian
age.

10p. cit., p. 117. |

2Geological map of Maiue (with notes on geology of). In Geology of Northern New England,
1885, p. 2. .

3The geology of the island of Mount Desert, Maine. Eighth Ann. Rep. U. 8. Geol. Survey, pt. 2,1889,
p- 1059,
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NEW HAMDPSIIIRE,

In the final report of the geology and mineralogy of New Hampshire,
Dr. C.'T. Jackson describes the Cambrian system as understood by hin
at that time, and states that metamorphic Cambrian rocks occur in
New Hampshire, but they contain no fossils. He also says:

The oldest transition, or Cambrian rocks, oceur in Maine and Vermont, and dip in
opposite.directions, in(licimtingan anticlinal axis in New Hampshire.

On the eastern side of this axis we discover the first distinct fossils in the slate
strata on the Kennebec River, where the strata dip boldly to the northwestward.

On the western side we have not yet determined the limits of the Cambrian fossils,
but indistinet remains of organic substances, whose natu're is problematical, occur in
the neighborhood of Castleton, and along the western flank of the Green Mountains.
They were supposed by Dr. Carr, who first noticed them, to be graptolites, which are
supposed to be allied to sea-pens. Graptolites are deseribed by Murchison as belong-
ing to the lower part of the Silurian system. He states, however, that these pen-like
serrated fossils have a great vertical range in the older or protozoic rocks, being found
from the lower part of the Ludlow formation down to very aucienti beds in the Cam-
brian system.

Should these fossils prove to be graptolites, they wonld indicate the proximate limits
of the Cambrian rocks on the western side of the New Hampshire anticlinal axis,
where the strata dip to the southeastward.

It will be observed that the strata become mnore and more recent as we proceed
eastward and westward from this axis, as is proved by order of superposition, litho-
logical characters and fossil contents of the rocks.{

Prof. Hitchcock says? that the term Cambrian is misapplied by Dr.
Jackson, and the ideal section showing the structural geology is incor-
rget in many of its details. In the final report of the second geological
survey of New Hampshire he describes the Rockingham mica-schist as
an uncouth mica-schist. The Merrimack group is a micaceous quartz-
ite that has not yet been fully separated from the previous group. It
abounds in beds of coarse, indigenous granite, which seem to have been
altered in situ from the feldspathic conglomerate. In certain parts of
Strafford County the granite beds predominate, forming numerous hills,
while the slate occupies the valleys between.? Some schists with inter-
bedded clay slates which are referred to the Merrimack group, are sup-
posed to be equivalent to the Paradoxides beds of Massachusetts.

The Connecticut Coiis period can easily be divided into three parts: first, the epoch
of the depoqmon of the mountain masses of mllca, second, of hornblende and mica
schists; third, of limestone.*

In the White Mountain region there are several small areas of andalusite slate,
supposed to be the equivalent of the Cos group. * * * * The Cods period was
terminated Ly eruptions of syenitic granite. * * * * The Cols qunartzite now
constitutes a distinct range of mountains.?

The Mount Mote conglomerate is formed of an eruption of igneous
material cementing together the slaty fragments. This is included in the

1 Final report on the geology and mineralogy of the State of New Hampshire, with contributions
towards the improvement of agriculture and metallurgy. Concord, 1844, p. 14,

2History of the Geological Surveys in New Hampshire. Geology of New Hampshire, vol. 1,1874,p. 11,

3 Physical history of New Hampshire. Geology of New Hampshire, Concord, 1874, vol. 1, p. 536.

40p. cit., p. 537, 5Qp. cit., p. 538.
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section between the Huronian and the Helderberg period. On the map
facing page 536 the formations referred to the mica-schist period are
clearly outined. In a subsequent paper Prof. Hitchcock! presented a
table or scheme representing the stratigraphical column of New Hamp-
shire. The Cambrian includes at the summit the Rockingham schists,
and below, in order, the calciferous mica-schist, the Cods group, clay
slates, and Mount Mote conglomerate, The description of the various
formations is given on page 13 and on the map the geographic distribu-
tionis delineated. This paper appears to have been prepared and pub-
lished pridr to the issue of the second volume of the Geology of New
Hampshire? and it does not refer to the volume. On page 674 of the
latter work the formations in New Hampshire are tabulated as follows:

Foet.

( Upper Helderberg (Vermont) 200; Lower Helderberg, 500...... 700

J Calciferous mica schist...oee veeeeenenn. e e e——————— 4,800

. Staurolite 8late ..cveeeieiiiaiar i iaaas we-- 3,000

Paleozoic. Cods group. g Mica schist, often stauroliferous .......... S 3,300

QUATtZitO . oc et i it 1,000

Cambrian slates (Connecticut Valley)..........- . 3,000

Total Pale0Z0iC e coamee vaceercacaceneacancacacancananan 15,800

Kearsarge andalusite group ...... goveecaeccaseaccces iamassoana 1,300

Rockingham micasschisb.......oooiiiiiiiaa.s teemesnennanas 6, 000

Paleozoic?{ Merrimack group ..... e eeetecceiecaceeeecac s sane e 4,300
Ferruginous slates, with steatite (probfl.bly repetition of preced-
ing)eeeeeeinnnnn et meeeestecaeececenaseeneeanaaaaa .

"Total Paleozoic?...cocevieoaananne... ereneeriatneenaann. 11, 600

Under the head of Cambrian, in the Geology of Northern New
England, Prof. Hitchcock says :?

The discussions about the value of the Cambrian series are leading geologists to
assign to this place in the column a thick mass of sediment, usnally without fossils
and largely argillaccous in character. We may for the present place here the follow-
ing groups: (1) Mica-schists of southern New Hampshire. (2) Merrimack group,
including argillo-quartzites in Cois County. (3) Cods group. (4) Clay slates. (5)
Mount Mote conglomerates.

In one of his later papers, Prof, Hitchcock,* in speaking of the various
formations that make up the mica-schist group, says they may be called
Silurian, Cambrian, or pré-Cambrian, according as each author is in-
clined to regard New England as very ancient or on the verge of the
Paleozoic. In a table giving the thickness of the formations® the
Cambrian slate series has a thickness of 4,000 feet; and beneath it

1 Geological map of New Hampshire and Vermont, with notes on topography and geology. In Geol-
ogy of Northern New England, 1874, p. 9.

2 Hitchcock, C. H. Geology of New Hampshire, Concord, 1877, vol. 2.

3Geological map of New Hampshire and Vermont, with notes on topography and geology. In Go-
ology of Northern New England, 1874, p. 13.

4Geological sections across Vermont and New Hampshire. Am. Mus. Nat. Hist., Bull., vol. 1, 1884,
P. 168,

8Op. cit., pp. 178, 179. -
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we find the Crystalline group that was referred to the Cambrian in the
Geology of Northern New England in 1874, as follows:

Crystalline group.
Feet
Calciferous mica-schist and Cois roup ...cuecacmenieeeeiiccmnneenccannnn- 12, 000
Kearsarge group..... ‘eeee- e e e et e aeaeeacmaeaeaneanan 1,300
Rockingham mica-schist..... e eem e aeeeeseacceeceececaraeanaceae ey 6, 000
Merrimack group ...coviiiiiriiimer i eannn eeeeo et ameaaaeaanann 4,300

Beneath the Merrimack group the Huaronian is placed, with a thick-
ness of 12,000 feet. . ’

In a tabulation of the geological formations of Maine, New Hamp-
shire, Vermont, Massachusetts, Rhode Island, and. Convecticut, by
Prof. Hitchcock,! the caleiferous mica-schist, staurolite slate and schists,
quartzite, andalusite schists, and Rockingham mica-schists are in-
cluded in the Cambrian. In a foot-note he says that the quartzite,
staurolite slate and schist, and the calciferous mica-schists may yet
prove to be Silurian. In his ‘classification of the Paleozoic rocks of
New England he places under Cambrian the St. John or Braintree slate,
Taconic slate, and Roxbury conglomerate.

In a table published in 1890 he includes only the Potsdam, Georgia,
Acadian, and the Taeonic slate (in part) in the Cambrian. All of the
foliated crystalline rocks of New England are classified as pre-Cam-
brian.?

EASTERN MASSACHUSETTS.

The references to the argillite and limestone in which the Cambrian
fannas have been found, in the Boston and Narragansett Basins, occur
in most of the publications relating to the geology of eastern Massa-
chusetts. In 1818 Messrs. J. I'. and 8. L. Dana stated that the argil-
lite was the oldest rock known in the region.® Its distribution is shown
in a general way upon the map accompanying the report. It is stated
to be subjacent to the syenite in Milton and Braintree, and to be
stratified. In the works of Prof. Amos Eaton* the rocks of eastern
Massachusetts are shown in sections, but nothing is added to the data
given by the Messrs. Dana. '

The next description of the geology of Boston and vicinity, by Dr.
J. W. Webster,”> mentions that the light gray clay slate is the only rock
found on the Boston Peninsula in situ. He noticed the presence of the
slate in Quincy and also at Nahant.

I Maine, New Hampshire, Vermont, Massachunsetts, Rhode Island, and Connecticut. (Geological for-
mations.) Macfarlane’s Am. Geol. R. R. Guide, 1879, p. 56.

2 Idem., second edition, 1890, p. 86.

3Qutlines of the mineralogy and geology of Boston and its vicinity, with a geological map. Am.
Acad. Arts and Sciences, Memoirs, vol. 4, 1818, pp. 120-223.

4An Index to the Geology of the Northern States, with a transverse section from Catskill Mountain
tothe Atlantic. Leicester, 1818, pp. 53. A Geological and Agricultural Survey of the District Ad-
joining the Erie Canal, Albany, 1824, pp. 163, plate.

5 Remarks on the geology of Boston and its vicinity., Boston Jour. Phil. and Arts, vol. 2, 1824, pp.
277-292.
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In 1832 Prof. Edward Hitchcock! deseribed the argillite in the viein-
ity of Boston, and stated that the unstratified rocks were of igneous
origin and intrusive among the stratified rocks. A general description
of the argillite is given in the text with localities, and on the map the
geographic distribution, as known to him, is delineated. Thisincludes
the Quincy locality. In the final report of the Massachusetts sarvey
Dr. Edward Hitcheock, in speaking of the argillaceous slate of the east-
ern part of the State, says that owing to its intimate connection with vari-
eties of rock referred to the Graywacke group it ought to be described
as one of the members of it, although marked as a distinct deposit on the
map. He considered this slate as older than the graywacke, because
fragments of the slate occur in one of the varieties of conglomerate of
the graywacke.? On the same page, in describing the limestone in the
southwest part of Attleborough,he says small beds of compact light
gray limestone occasion the red sandrock. He did not see much of it
in place, buf the numerous blocks in the stone walls indicated its ex-
istence in that locality. On the map accompanying the report the ar-
gillaceous slate is shownin éastern Braintree, the central part of Quincy,
and thence extends across Milton and Dorchester to Roxbury. A small
outecrop is also indicated on the north side of Nahant. The North' At-
tleborough locality of the Cambrian as now known is covered by the
Carboniferous (No. 17 of the legend of the map). The description in
the report of 1841 is essentially the same as in the preliminary report of
1833.

In an article on the crystalline limestones of North America Dr. T.
S. Hunt? suggests that the limestones interstratified with the red slates
at Attleborough, as described by Dr. Hitcheock, may correspond to
those which with similar slate and sandstone are met with at the hase
of the Carboniferons formation in'Canada and in New Brunswick.

The long silence in relation to the geologic age of the altered rocks
of eastern Massachusetts in the vncmlty of Braintree was finally broken
in 1856 Ly the announcement of Prof. W. B. Rogers that trilobites of
the genus Paradoxides had Dbeen discovered at a quarry in a belt of
siliceons and argillaceous slate lying on the boundary of Quincy and
Braintree, about 10 miles south of Boston. In announcing this discov-
ery he compares the species found- with Paradoxides spinosus of Bar-
rande. He states:*

The rock in which these fossils occur is a compact, dense, rather fine-grained, sili-
co-argillaceous slate or slaty sandstone, containing little or no carbonate of lime.
* % * * * One of the most curions facts relating to the trilobite of the Quincy

and Braintree belt is its seeming identity with Paeradorides harlani, described by
Green in his Monograph of North American Trilobites.

1 Report on the geology of Massachusetts, examined under the direction of the government of that
State dnring the years 1830 and 1831. Am. Jour. Sci., vol. 22, 1832, pp. 1-70, with map.

2 Final report on the geology of Massachusetts, 1841, vol. 2, p. 537, Amherst.

8 Am, Jour. Sei., 2d ser., vol. 18, 1854, p. 199,

4 Proofs of the Protozoic age of some of the altered rocks of eastern Massachusetts from fossils
recently discovered. Am. Acad. Proc., vol. 3,1856, p.317.
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He adds further:

‘The occurrence uf well preserved fossils among rocks so highly altered and so con-
tiguous to great igneous masses as are the fossiliferous slates of Quincy may well
encourage us to make careful search in other parts of New England where heretofore
such an exploration would have been deemed useless.! ‘

Prof. Louis Agassiz, in commenting upon the announcement of Prof.
Rogers, said that, geologically speaking, its importance could hardly
be overestimated. We have now, he remarked, a standard level upon
which to build up the formation of the metamorphic rocks.? Prof.
Rogers also communicated the knowledge of the discovery of the
Braintree fossils to Prof. J. D. Dana, in a letter dated August 13, 1856.3
He states that his attention was called to the locality by Peter Wain-
wright, Esq., who resided in the vicinity of the quarry.

Dr. Isaac Leat visited the Braintree quarry, and in reporting upon it
to the Philadelphia Academy of Natural Sciences stated that he
agreed with Prof. Rogers in placing this formation among the more
ancient of the Paleozoic periods. - It lies directly on the granite rocks,
or rather it is squeezed in, and is embraced by these rocks (on the east
and west sides), which are disturbed by an upheaval.” He considered
the trilobite found there to be undoubtedly the same as described by
Prof. Green many years before nnder the name of Paradoxides harlani.

Prof. W. B. Rogers again called attention to the Braintree locality °
for the purpose of noting the fact that the formation was among the
oldest of the Paleozoic series, and situated somewhere about the level
of the Primal rocks (Potsdam sandstone and the Protozoic sandstone
of Dr. D. D. Owen), containing Dikellocephalus in Wisconsin and Min-
nesota.

In 1856 Prof. C. T. Jackson® described the rock at Braintree as a
blue gray, argillaceous slate, containing silicate of lime but no carbonate,
and some disseminated iron pyrites. The stratification of the rock, as
indicated by its grain and cleavage, dips to the north 50°, and runs east
and west. The existence of the genus Paradoxides in the argillaceous
slates of Braintree, proves them tobelong to the lowest of the fossiliferous
Silurian rocks, and he believed them to be the geological equivalents
of the argillaceous slates of Sweden, which are in a similar manner dis-
rupted by the intrusion of syenite.

! Am, Acad., Proc., vol. 3, 1856, p. 318. 21Ibid., p. 319.

3Discovery of Paleozoic fossils in eastern Massachusetts. Am.Jour, Sci., 24 ser., vol. 22, 1855, pp.
296298,

4[On the trilobite formation at Braintree, Massachusetts.] Phila. Acad. Sci., Proc., vol. 9, 1858,
p. 205. '

5[On trilobites from Braintree and on the geologic relations of the district.] Boston Soc. Nat.
Hist., Proc., vol. 6, 1856, pp. 27-29, 40, 41.

¢[On the Braintree argillite and its trilobites.] Boston Soc. Nat. Hist., Proc., vol. 6, 1856, pp. 42-44,
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In arranging the collections of ‘the State cabinet of Massachusetts,
Dr. Edward Hitchcock placed the rock near Boston which carries the
trilobites in the Silurian and Cambrian.! .

Prof. W: B. Rogers sent to Mons. J. Barrande? a photogmph of the
Paradoxides found at Braintree. Barrande compared it with Paradox-
ides spinosus and concluded that Paradoxides harlani was a synonym of
Paradoxides spinosus.

In 1861 Prof. Rogers® announced the discovery by Mr, Norman Eas-
ton of pebbles carrying fossils of the Potsdam fauna in Carboniferous
conglomerate north of Fall River, Massachusetts. He thought the forms
distinctly recognized in the pebbles were Lingula of two species, resem-
bling Lingule prima and L. antique of Emmons, from the Potsdam sand-
stone of New York, and that the rocks from which the pebbles were
derived were probably closely connected in time with the period of the
Braintree Paradoxides beds. The conglomerate in which the pebbles
occur is considered to be of Carboniferous age.

Various communications were made to the Boston Society of Natural
History respecting the - Paradoxides fauna at Braintree, by Messrs.
Jules Marcou and C. T. Jackson in 1861 and 1862. Trom that time
until 1869 little attention appears to have been given to the Braintree
rocks: In the latter year Prof. N. S. Shaler* described the rocks jn the
vicinity of Boston, and referred to the argillites of Braintree, stating
that they were deposited in deep water. In 1870 Dr. T. S. Hunt ex-
amined the rocks near Braintree, and stated that the unaltered argil-
lites of Braintree, holding the Primordial fauna, were observed by Prof.
Shaler and himself to rest directly upon a hard porphyrite felsite of
the ancient series. He says:® '

The fact that the Primordial strata of Braintree have suffered no metamorphism is
the more significant, since the beds of similar age in New Brunswick and Newfound-
land rest nuconformably on crystalline strata supposed to belong to the same ancient
series that underlies the Braintree beds, and are, like these, unaltered sand and mud
rocks.

In 1875 Mr, W, W. Dodge® described the rocks at and about Brain-
tree in the Boston Basin with great detail, and accompanied this with
a discussion of the correlation of the Paradoxides beds with the various
lower Paleozoic rocks of Europe.

In the same year, in some remarks on Massachusetts geology, Dr. T.
S. Hunt? reaffirms his observation on the relations of the fossiliferous

! [Catalogue of State cabinet and notes on motamorphic rocks) 6th annual report of the Secretary
of Massachnsetts Board of Agriculture, cte., by Charles L. Flint, Boston, 1859, p.iv.

2Trilobiten der Primordial-fauna in Massachusetts. Neues Jahrh. fiir Minoral., 1860., pp. 429-431.

# On fossiliferous pcbbles of Potsdam rocks in Carboniferous ¢ nglhmerate north of Fall River,
Massachusetts. Boston Soc. Nat. Hist., Proc,, vol. 7, 1861, pn. 389-391.

40n the relations of the rocks in the vicinity of Boston. Boston Soc. Nat. Hist., Proc., vol 13, 1869,
pp. 172-178.

50n tho geology of the vicinity of Boston. Boston Soc. Nat. Hist., Proc., vol. 14, 1871, p. 48.

6 Notea on the geolo;:y of eastern thss'tclma(st.ts Boston Soc. Nat. Hist., Proc., vol. 17, 1875, pp.
388-419. : '

?{Remarks on Massachusetts geology.] Boston Soc. Nat. Hist., Proc., vol. 17, 1875, pp. 508-510.
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rocks of Braintree and St. John, New Brunswick, to the subjacent
crystalline Huronian strata.

The 'following year Prof. W. O. Crosby described the Geological Map
of Massachusetts, and said:! ]

Although the fossils characteristic of the Acadian group have been found at only
one locality in Massachusetts, viz, Hayward’s quarry, in Braintree, yet most observ-
ers agree that the greater portion of the slates in the vicinity of Boston are probably
of Primordial age; and I have so represented them on the map.

The strata referred to are then described in a general way.

In 1875 Prof. W. B. Rogers? announced the discovery of impressions
suggestive of the fossil Lingula mentioned by him from Fall River, in
pebbles of the conglomerate, at Newport, Rhode Island. The pebbles
consist of a gray siliceous rock or quartzite.

The memoir of Prof. W. O. Crosby on the Geology of eastern Massa-
chusetts, with its accompanying map, appeared in 1880. He says:?

The Paleozoic rocks of eastern Massachusetts occur, as already indicated, only in
limited basins or depressions excavated in the ancient crystalline formations.

The most diligent search, continued for many years, by, in the aggregate, a small
army of observers, has failed to bring to light, among the rocks of the Boston Basin,
more than one locality affording fossils. This is the celebrated slate quarry of the
sounth shore of Hayward’s Creek, in the extreme northeast corner of Braintree.

Prof. Croshy* concludes that the Paradoxides bed in Brain-
tree is the established base line for the stratigraphy of the Boston
Basin; and that all the rocks in the Boston Basin above the Shawmut
group, and including the Paradoxides bed, belong to one and the same
essentially conformable series; although (p. 186) there is in the Boston

-Basin essentially but one conglomerate and .one slate, and the former
underlies the latter. From this it follows that the slate is of Primor-
dial age, and the conglomerate must be of the same age, or older. The
conglomerate is stated to pass gradually into the slate, and a detailed
description of these two formations is given as they occur in the Boston
Basin. On the map a part of Nahant is colored to indicate the Cam-
brian slate. In the text he describes white and gray limestones that in
texture are very compact and highly crystalline or saccharoidal. These
have a thickness collectively of perhaps 20 feet. He assigns to the
conglomerate a maximum volume not exceeding 1,000 feet; and con-
siders that the greatest thickness of the slates cannot be much less than
that of the conglomerate, though in some ecases falling below 500 feet.®

Dr. M. E. Wadsworth,’ in discussing the relation of the Quincy gran-
ite to the Primordial argillite of Braintree, states that Dr. Hunt was

1 Report on the geological map of Massachusetts, Boston, 1876, p. 40.

2(0n the Newport conglomerate. Boston Soc. Nat. Hist., Proc., vol. 18, 1875, p. 100, .

3Contributions to the geology of eastern Massachusetts. Boston Soc. Nat. Hist., Occasional papers,
No. 3, 1880, p. 181,183.

10p. cit., pp. 184, 185. 50p. cit., p. 266,
60n the relation of the Quincy granite to the Primordial argillite of Braintree, Massachusctts.
Boston Soc. Nat. Hist., Proc., vol. 21, pp. 274-277, 1882,
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mistaken inregarding the granite as of Huronian age, as was Prof. Shaler
in regarding it as a metamorphosed sedimentary rock. He says the
argillite is surrounded by intrusive granite of a later age, thus adopt-
lug the view advanced by Dr. Hitchcock in 1832. In describing the
slates, he says they dip a little west of south at an angle of 55°, nearly
asgiven by Mr. Lea. He thinks that, judging from their writings, Profs.
Rogers and Shaler based their conclusions regarding the dip of the
argillite upon its structural character. In another paper, published
the following year, Dr. Wadsworth discusses the argillite and couglom-
erate of the Boston Basin,! and concludes from studies made by him that
there are at least two distinet argillites. One like that underlying the
conglomerate on Beacon street, Boston, and resembling in some of its
characters the Paradoxides argillite at Braintree. The second is of
coarser grain, often more'decidedly arenaceous, and generally of a gray,
hlack, or reddish color, and forms the Somerville argillites (* Cam-
bridge slates.”) It is stated:?

So far as we have any evidence at present the oldest surface rocks in this basin
are the argillites and the schists of allied character. Of these we only know the age
of & very small area in Braintree and Quincy. * * * Older rocks than the Brain-
tree (Paradoxides) argillites may exist, but of their existence we thus far have no
proof. .

The discovery of fossils of Lower Cambrian age near North Attle-
borough, Bristol County, Massachusetts, by Prof. N. 8. Shaler,® located a
second area of Cambrian rocks in eastern Massachusetts. He describes
the geographic distribution and the character of the rocks, and in an
accompanying paperin connection with Mr. A. T, Foerste gives a descrip-
tion of the fauna. As the description of the strata and the fauna
is that which is given in our summary of the present kuowledge of the
rocks of eastern Massachusetts, it is here omitted.,

In a review of the stratigraphic position of the Olenellus fauna by
Mr. C. D. Walcott in1889,* it is shown that the Paradoxides fauna of
Braintree, Massachusetts, of St. John, New Brunswick, and of south-
eastern Newfoundland, is superjacent to the Olenellus fauna, and thus
above the Olenellus fauna as found at North Attleborough by Prof,
Shaler. This is presented more fully in a paper in the Tenth Annual
Report of the Director of the U. S. Geological Survey.®

In a sketch of the physical history of the Boston Basin, Prof. W. O.
Crosby® mentions the old and more or less altered or metamorphic slates
of the Braintree quarry, and states it to be clearly established that the

1The argillite and conglomerate of the Boston Basin. Boston Soc. Nat. Hist., Proc., vol. 22, 1883,
Pp.130-133.

2Qp, cit., pp. 132,133,

30n the geology of the Cambrian district of Bristol County, Massachusetts. Bull. Mus. Comp.
Zodl. Harv. College, vol. 16, 1888, pp. 13-26.

4 Stratigraphic position of tho Olencllus fauna in North Awmerica and Europe. Am. Jour. Sci., 3d
ger., vol. 37, 1889, pp. 374-392; vol. 38, 1889, pp. 29-42,

8The fauna of the Lower Cambrian or Olenellus zone. 10th Ann. Rep. U. 8. Geological Survey, 1890,
pp. 500-763, plates 49-98.

$ Physical Hist.:)ry of the Boston Basin, Lowell free lectures, 1889-1890. Boston, 1889, pp. 22.
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granite is eruptive through, and therefore newer than the Primordial
slate. The evidence of the trilobites shows that the slates were formed
very far back in geological time, and near the base of the recognized
geological formations. In a résumé of the geological history of the
Boston Basin,!a general description of the Primordial slates and quartz-
ites and their physical relations is given.

In mentioning the discovery of fossils in the limestones at Nahant, Mr.
A. T, Foerste correlated the Nahant limestone with the red slates of
North Weymouth, and concluded that they are stratigraphically beneath
the Braintree Paradoxides beds, and that the red slates of Mill Cove at
North Weymouth are of Olenellus age and beneath the Paradoxides
strata.? - , '

In 1889 Mr. A. C. Lane described the geology of Nahaut from a miner-
alogical standpoint,®and in the following year Prof. J. H. Sears pub-
lished a description of the stratified rocks of Essex County, which in-
cludes the limestones and associated slates of Nahant. He mentions
finding Hyolithes princeps, Hyolithes communis var. emmonsi, Hyolithes im-
par, and Stenotheca rugosa.* He also discovered an outcrop of the Lower
Cambrian limestone in a valley between Prospect Hill and Hunslow’s
Hill, in Rowley, in which fragments of Hyolithes occur.

PALEONTOLOGY.

NEWFOUNDLAND.

The first announcement of the discovery of the Cambrian fauna in
Newfoundland appears to be by Mr. J. W, Salter® in the description of
Paradoxides bennettii. He referred the species to the ¢ Lingula flags or
Zone Primordiale.”

From collections made by the Canadian Geological Survey Mr. E.
Billings described in 1861°% the fauna from the Cambrian strata on the
north side of the Straits of Belle Isle, on the Labrador shore, at I’Anse
au Loup, and assigned it to the horizon of the ‘ Lower Potsdam,” corre-
lating it with the fauna found in Franklin County, Vermont, which is
described in the same paper. The species described are Palwophycus
incipiens, Archeocyathus atlanticus, Obolus labradoricus, Obolella chro-
matica, 0. (Kutorgina) cingulata, Conocephalites miser, Bathyurus senectus,
B. parvulus, Salterella rugosa, S. pulchella, and 8. obtusa. The uew

10p. cit., pp. 19-22.

2'Thie Paleontological horizon of the limestone at Nahant, Massachusetts. Boston Soc. Nat. Hist.
Proc., vol. 24, 1889, pp. 261-263.

3Geology of Nahant. Boston Soc. Nat. Hist. Proc., vol. 24, 1889, pp. 91-95.

4The stratified rocks of Essex County. Essex Institute Bull., vol. 22, 1880, p. 32.

©On the fossils of the Lingula flags or *‘ Zone Primordiale.” Quar. Jour. Geol. Soc., London, vol.
15, 1859, p. 552.

8 Paleozoic Fossils, vol. 1. Containing descriptions and figures of new or little known species of
organic remains from the Silurian rocks. 1860-1865. Montreal, 1865, pp. 426. . (Of this volume Pp.
1-24 weroe issued in November, 1861 ; pp. 25-56 issued Januvary, 1862; pp.57-168 issued June, 1862; pp.
169-344 issued February, 1865; pp. 395-416 publisbed in Canadian Naturalist, vol. 5, 1860, pp. 301-324.)
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genera are Archweocyathus, Obolella, Kutorgina, and Salterella. In
reprinting, in 1865, the article published in 1861, Mr. Billings added
anew species, Archwocyathus profundus ; and in the same year described
Acrotreta gemma from near Portland Creek.

The mode of occurrence of the Cambrian section and fauna on the
northwest coast of Newfoundland is given by Sir William Logan in the
description of the geological section near Bonne Bay.!

From a collection of fossils from Newfoundland sent by Mr. Alexan-
der Murray to Mr. 1. Billings, there  was described in 1865 Bathyurus
gregarius=Solenopleura gregarius from the Paradoxides horizon of south-
east Newfoundland.?. Subsequently he 3 described the fauna found at
Great Bell Island and also ¢ Fossils from the Menevian Group,” under
which we find Qbolella 2 miser, Straparollina remota, Hyolithes excel-
lens, Agraulos socialis, A. strenuus, A.affinis, Solenopleura communis, Ano-
polenus venustus, Paradoxides tenellus, P. decorus, Iphidea, n.gen., Iphidea
bella, Stenotheca pauper, Scenella, n. gen., Scenella reticulata. Also from
the shalesand sandstones of Great Bell Island, Conception Bay : Eophy-
ton linnwanum, E. jukesi, Arthraria antiquata, Lingula murrayi, Lin-
gulella (?) affinis, L. (?) spissa, and Cruziana similis.

With the exception of Obolella ? miser, Solenoplew ra communis, Steno
theca pauper, and Scenella reticulata the species described in 1872 were
republished in the appendix to the report of progress of the Geological
Survey of Newfoundland for 1881.

In 1878 Mr. J. . Whiteaves described* a new species of Lingula, L
billingsiana, from the shales of Kelley’s Island, and republished Mur-
ray’s geological section on Manuel’s Brook, southeast Newfoundland,
with a list of fossils collected there as follows: 1. Agnostus acadicus ;
2. Agnostus (sp. undet.); 3. Microdiscus punctatus; 4. M. dawsoni ; 5.
Conocephalites tener ; 6. C. baileyi; T. C. orestes?; 8. Paradoxides
sp. undet.), stating that Nos. 1, 3, 4, 5, 6, and possibly 7, are common to
the Primordial slates of St. John, New Brunswick, and to the shales of
Manuel’s Brook.

In 1887 when reviewing the Cambrian faunas of Cape Breton and
Newfoundland Mr. G. F. Matthew® described a new species from the
Olenellus zone, Solenopleura bombifrons, and identified from Manuel’s
Brook Paradozides sp., Agnostus gibbus (2), Agraulos socialis, and Hy.
olithes sp. From Trinity Bay he identified in addition to the species
mentioned by Mr. Billings Focystites sp., Agnostus levigatus, A. punctu-

1 Geological Survey of Canada ; report of progress from its commencement to 1863. Montreal, 1863.
pp. 865-867.

2 Paleozoic Fossils, vol. 1. Containing descriptions and figures of new or little known species of
organic remains from the Silurian rocks. 1860-1865, p. 363.

3 On sowe fosails from the Primordial rocks of Newfoundland. Canadian ‘Tatura.llst, new ser., vol.
6, 1872, pp. 465-479.

40n some Primordial fossils from sout,hea,stcm Newfoundland. Am. Jour. Sci., 3d ser., vol. 16, 1878,
. 226. s
50n the Cambrian faunas of Cape Breton and Newfoundland. Roy. Soe. Canada Proc. and Trans.,
vol. 4, soc. 4. 1887, pp. 147-157.
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osus, var., Agnosti of three other species, and Microdiscus punctatus.
From Highland Cove in the same bay, Paradoxides davidis, Oentro-
plewra loveni, Agnostus punctuosus, var., A. brevifrons, A. lavigatus, A.
acadicus, var. declivis.

In connection with the study of the stratigraphy of the Cambrian
rocks of Newfoundland, the writer described ' a number of species from
the lower or Olenellus zone, and the middle or Paradoxides zone.
From the former there were Obolella atlantica, Coleoloides, n. gen.,
Coleoloides typicalis, Hyolithes terranovicus, H. similis, Helenia, n. gen.,
Helenia bella, Microdiscus helena, Olenellus (M.) broggeri, Avalonia, n.
gon., Avalonia manuelensis, Solenoplewra harveyi and S. howleyi. From
the Paradoxides zone there was described the genus Karlia and the
species K, minor.?

In 1890 Mr. O.D. Walcott® described Agraulos strenwus, var. nasutus,
from Manuel’s Brook.

NEW BRUNSWICK AND CAPE BRETON,

The first description of the Cambrian fauna as found at St. John,
New Brunswick, by Mr. C. Fred. Hartt* incloded the following species :
Eocystites primevus Billings, Lingula matthewt, Lingula, n. 8., Obolella
transversa, Discina acadica, Orthis billingsi, Orthis, n. sp., Conocephalites
baileyi, C. matthewi, C. robbi, C. orestes, C. elegans, C. ouangondianus, C.
tener, C. awrora, C. thersites, C. gemini-spinosus, C. halli, C. quadratus, C.
neglectus, C. formosus, Conocephalites, n. sp. (?), Microdiscus dawsoni,
Agnostus acadicus, Agnostus similis, Paradoxides lamellatus.

It appears that the Focystites primevus wassubmitted to Mr. Billings,
to name the genus and species, in manuscript, and was printed in con-
nection with Mr. Hartt’s paper. The Paradoxides micmac, figured by
Dr. Dawson at the close of Mr. Hartt’s paper, was named by the latter
in manusecript.. The figure is a restoration, and no description accom-
panies it. In the report of Messrs. Bailey and Matthew? it is stated
that Mr. E. Billings identified from the St. John group, in the Kenne.
becasis Valley, fragments of Paradoxides and the pygidium of an
Agnostus, three species of Conocephalites, one of Ellipsocephalus, one
of Agnostus, what appeared to be a fragment of Salterella, and speci-
mens of Pal@ophycus of two or three kinds. Among the collections
examined by Prof. J. F. Whiteaves for Professor Bailey® there is a new

1Descriptive notes of new genera and species from the Lower Cawmbrian or Olenellus zone of North
America. U.S. Nat. Mus., Proc., vol. 12, 1889, pp. 33-46. ) '

2Dascriptions of new genera and species of fossils from the Middle Cambrian. U, S.Nat. Mus.
Proc., vol. 11, 1889, pp. 441-446.

3The fauna of the Lower Cambrian or Olenellus zone. 10th Ann. Rept. U. S. Geol. Sur., 1890, p. 654.

4Fossils of tho Primordial or Acadian group at St.John. Dawson, Acadian Geology, 1868, pp. 641-
657.

8Preliminary report on the geology of southern New Brunswick. Geol. Surv. Canad., Rep. Prog.,
1870-1871, 1872, p. 140. ’

SReport on the pre-Silurian (Huronian) and Cambrian or Primordial Silurian Rocks of Southern
New Bruuswick., Geol. 8urv, Can. Rep, of Prog., 1877-'78, 1879, pp. 30, 31 DD,
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species of Agnostus and one of Hyolithes noted in association with
other species described by Mr. Hartt.

In the year 1883 the first of Mr. G. F. Matthew’s! memoirs on the
fauna of the St. John group made its appearance. In thisis given a
brief historical review of the work that had already been done upon
the fauna by Prof. Hartt, and a statement that from the collections made
from time to time during the progress of the Cavnadian geological sur-
vey in New Brunswick Mr. Billings identified. fragments of Ellipso-
cephalus and Salterella and the remains of two species of Hyolithes.

"Besides these, there are the supposed plant remains of the genera Pale-
ophycus, Eophyton, etc., of the higher divisions of the St. John
group.? Mr. Matthew made large collections, which were destroyed by
the great fire at St. John in the spring of 1877. His published studies
were based upon new material collected subsequently to that date.

In the first memoir we find that he recognized three well defined spe-
cies of Paradoxides and six varieties, as follows : Paradoxides lamellatus
Hartt; P. lamellatus var. loricatus Matthew ; P. acadicus Matthew; P,
eteminicus Matthew; P. cteminicus, vars, suricoides, breviatus, quacoensis,
malicttus, and pontificalis.

A review by Mr. C. D. Walcott? of the typical collections upon which
Prof. C. F. Hartt based. his species, led to a revision of the genera and
species, with the following results:

Lingula matthewi........ = Acrothele matthewi.
Discina acadic.coaen ... = Palwcacmea (¥) acadica.
Theca acadica ...........= Hyolithes acadica.
Agnostus similis .........= Agnostus acadicus.
Microdiscus pulchellus. .. = Microdiscus punctatus Salter,
Conocephalites matthewi == Conocoryphe matthewi.
gemini-spinosus .....= Conocoryphe matthewi.
baileyi «ooeeaanaal. = Conocoryphe baileyi.
elegals . coeunccaeae.. = Conocoryphe elegans,
robbi ................== Piychoparia robbi.
formosus..eeeeenal o= robbi.
ouangondianus ......= onangondiana.
ANTOTH e e e ammmns - = onangondiana var. aurora.
quadrata .o ..oeaaol. = quadrata.
OTeSteS.uun vanenaann.. = orestes.
thersites ..o .ceveannn = orestes var. thersites.
tener ................ = tener.
“ neglectus ............ = tener.

The genus Harttia and species, Harttia matthews, is proposed for a
small patelloid form of gasteropod. Mr. Matthew.was requested to give
names to the new species, other than the preceding, and he proposed
Lingula ? dawsoni (p. 16), Hyolithes danianus (p. 20.), Hyolithes micmac

11Nustrations of the fauna of the St. FJohm group. Royal Soc. Canad., Proc. aud Trans., vol. 1, sec. 4,
1883, pp. 87-108. Supplementary section, pp. 271-279.

20p. cit., p. 89. '

30n the Cambrian faunas of North America; preliminary studies. U. S. Geol. Surv. Bull., No. 10,
vol. 2, 1884, pp. 283-354, plates.

Bull. 81——6
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(p. 21), Conocoryphe walcotti (p. 30). The subgenus Salteria was pro-
posed by the author to include the Conocephalites baileyi! of Hartt.

All of the species were figured and described, with the exception of
Conocoryphe walcotti. This included figures of the three species gf
Paradoxides, P. lamellatus Hartt, P. acadicus Matthew, and P. etenlinicus
Matthew. '

Some of the results of Mr. G. F. Matthew’s studies are given in two
papers read before the British Association for the Advancement of Sci-
ence at the Montreal meeting in 1884. ,In one he refers to the geolog-
ical age of the Acadian fauna, and correlates it with the fauna of the
St. John group and that of the Solva group of Wales. In the second
is given a description of the development of Ctenocephalus matthews and
other species of the genus Conocoryphe.?

In Mr. Matthew’s second memoir on the fauna of the St. John group,?
presented to the Royal Society of Canada in 1884, additional notes are
given of the Paradowxides acadicus and P. lamellatus. He proposes the
name Paradoxides micmac for a large species, which he thinks is prob.
ably the one figured in Acadian Geology.* The original species to
which Mr. Hartt intended to apply the name is unknown. The Cono-
cephalites matthewi of Hartt is referred to the genus Ctenocephalus of
Corda. A detailed description is given of the species, and also of the
various stages of its growth, as found in the St. John slates. Conocory-
phe baileyt, C. elegans, and C. walcotti are described and figured. In the
description of the plate® the subgeneric name Hartella is placed after
Ctenocephalus and Bailiella after Conocoryphe.

In 1885 Obolella transversa Hartt was referred by Mr. C. D. Walcott
to the new genus Linnarssonia, together with the closely allied Mene-
vian species, Obolclla sagittalis.®

In a paper read before the Natural History Society of New Bruns-
wick in 1885, Mr. G. IF. Matthew stated” he had found some Pteropods
that appeared to have several distinct septa at the base of the tube.
He sent them to Prof. Hyatt, who wrote that the aspect of the siphon
is due to the compression of the sharper against the flatter side. The
form of the sutures favors this impression. ¢ These fossils with their
distinet septa are startlingly similar to certain forms of Nautiloidea,
but there is no siphon. They, however, confirm Von Jhernig’s and my
opinion that the Orthoceratites and Pteropods have had a common, but
as yet undiscovered, ancestor in aucient times.”

10p. cit., pp. 81, 32.

27he geological age of the Acadian fauna. The primitive Conocoryphean. British Association
Rep., 54th meeting, 1884, pp. 742-743. 'The geologic age of Acadian fauna. Geol. Mag., new ser., decade
3, vol.1, 1884, pp. 470-471.

31lustrations of the fauna of the St. John group, continued; on the Conocoryphea, with further re-
marks on Paradoxides. Royal Soc. Canada, Trans. and Proc., vol. 2, sec. 4, 1885, pp. 99-124.

40p. cit., p. 101, 50p. cit., p. 124.

§Paleontologic Notes. Am,Jour. Sci., 3d ser., vol. 29, 1885, p. 115.

7 An outline of recent discoveries in the St. John group. New Brunswick Nat. Hist. Soc. Bull.,No. 4, .
1885, p. 102,
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The third contribution by Mr. Matthew,! presented to the Royal So-
ciety of Canada in 1885, treats ot the Protozoa, Hydrozoa, Brachiopoda,
Pteropoda, Gasteropoda, Phyllopoda, Ostracoda, and some of the Tril-
obita.

Of the Protozoa, Archwocyathus ? pavonoides, Protospongia? minor,
. ? minor var. distans, the new genus Eocoryne and the species Foco-
ryne geminum ave described. Of Hydrozoa Dendrograpsus ? primordialis
Protograpsus, n. g., with the species Protograpsus alatus. But one spe-
cies of the Echinodermata is mentioned, Focystites primceevus of Billings.
The new forms of Brachiopoda are: Lingulella ? inflata, L. linguloides,
Acrotreta baileyi, A.? gulielmi, IKutorgina latourensis, IL. ¢ pterineoides,
Orthis quacoensis. Of species previously described Lingulella dawsoni,
Linnarssonia transversa Hartt, Linnarssonia misera Billings, Acrothele
matthew: Hartt, and Orthis billingst Hartt, are described and illustrated.

Aimong the Pteropods the new subgenus Camerotheca is proposed,
and the species Hyolithes (Camerotheca) gracilis, H. (C.) danianus, and
II. (C.) micmac are described and illustrated. The genus Diplotheca
includes Diplotheca hyattiana and the variety caudata ; also Hyolithes
acadicus of Hartt, and its varieties, sericea, obtusa, and crassa.

The Gasteropoda include @ notice of the genus Stenotheca and the
description of the new species, Stenotheca hicksiana, S. concentrica, S. ra-
diata, 8. nasuta, and 8. triangularis. The subgenus Parmophorella is
proposed to include the original species, Discina acadica Hartt. Steno-
theca acadice and Harttia matthews Walcott are described and illus-
trated. To the Phyllopoda (%) the new genus Lepiditta, with the species
L. alate and L. curta, and the new genus Lepidilla, with the species
Lepidilla anomala, are referred. Mr. Matthew says that these forms
are very minute, and belong either to lamellibranchs or Phyllopods.
The Ostracod Crustaceans include the new genera Hipponicharion and
Beyrichona. One species is referred to the former genus, H. eos, and
two to the latter, B. papilio and B. tinea. To the ‘genus Primitia he
refers one new species, P, acadica.

The Trilobita include the new species of Agnostus, A. regulus, A.
nartitus, A. vir, A. vir. var. concinus, A. tessella, A. umbo, A. obtusilobus,
and A. acutilobus. Agnostus acadicus Hartt is described and figured and
the variety declivis proposed. MMicrodiscus pulchells Hartt is placed as
a variety of M. punctatus Salter, and a new variety, precursor, is pro-
posed to be included under punctatus. M. dawsoni Harttisalso described
and figured. Of the larger forms of the Trilobita, Agraulos (?) arti-
cephalus is proposed, Solenopleura acadica of Whiteaves is figured and
described for the first time, and Paradoxides abenacus is proposed as a’
new species. A redescription of Paradoxides micmac and the proposal
of a variety, suricus of P. acadicus concludes the references to previ-
ously described species.

;Illuxsbrutioxls of the fauna of the St. John group, continued. No.III. Descriptions of new genera
and specios (including a description of anew species of Solenopleura by J. F. Whiteaves). Royal Soc.
Canada, Trans. vol. 3, sec. 4, 1886, pp. 29-84. (Proc. for 1885.)
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- In a synopsis of the fauna in Division 1 of the St. John group, Mr.
Matthew! notes the occurrence of thirty genera, sixty-five species, and
twenty-one varieties of fossils. He states that in a higher horizon in
the Kennebecasis Bay area he has found the following association of
species : 2

Anopolinus? sp. Agnostus (cfr. Nathorsti, Brogg).
Parobolina ¢ sp. A. (cfr. parvifrons, Linrs.)
Anomocare ¢ 2 sp. A. umbo.

Ptychoparia, £ sp. A. acadicus Hartt, var.

Agraunlos socialis Bill., var. Hyolithes, sp.

Microdiscus punctatus Salter, var.?  Linnarssonia transversa Hartt, sp.
Agnostus acutilobus (cfr. gibbus).

In some preliminary notes on the higher fauna? he says that—
The heavy band of Llack slates which runs through the center of the city of Saint
John has yielded the following species, contained in calcareous nodules:

Ctenopyge (cfr.) spectabilis Brogg. Kutorgina (cfr.) cingulata Bill,
Orthis (cfr.) lenticularis Dal. Kutorgina ¢
These indicate a horizon in the upper part of the Lingula flags.
A series of slates are exposed along the north side of the Kennebecasis Basin, whose
fossils indicate that they also pertain to the upper part of the Cambrian system :
Conocephalites,aspecies withbroad Kutorgina (%), sp.
free cheek and flaring genal Lingulella (cfr.) lepis Salter.

_8pine. Lingulella, sp.
Ptychoparia, a small species. Eophyton linneanum Torrell, var,
Agnostus (cfr.) pisiformis Ang. Eophytera, sp.
A. (cfr.) richmondensis Wal. Arthraria, sp.

In a note to the American Journal of Science Mr. Matthew! states
that he has found Olenellus (?) kjerulfi in the Kennebecasis River
Basin in band ¢ and d of his Division 1; and that the samespecies occurs
in the Cambrian beds of Newfoundland. Upon this reported discovery
Mr. S. W. Ford® endeavored to show that as the species was found at
the base of the St. John Paradoxides beds and at the base of the Swed-
ish Paradoxides beds it was a true Paradoxides, and therefore did not
influence the question of the stratigraphical position of the Olenellus
fauna in North America.

In an abstract of a paper on the Cambrian faunas of Cape Breton and
Newfoundland in the Canadian Record of Science, vol. 2, 1886, pp. 255~
258, that preceded the main report in the Royal Society of Canada
Transactions, Mr. G. F. Matthew points out that the slates of Mira
River, Cape Breton, contain several species of trilobites, which show
that these measures are in the upper part of the Olenus zone or Lingula
flags of Great Britain. The species observed were Peltura scarabeoides

1Synopsis of the fauna in Division 1 of the St. John group, with preliminary notes on the higher
faunas of the same group. New Brunswick Nat. Hist. Soc., Bull. 5, 1886, pp. 25-31.

20p. cit., p. 29. 30p. cit., p. 30. .

4Note on the occurrence of Olenellus (?) kjerulfiin America. Am, Jour, Sci., 3d ser., vol. 31, 1886, p. 472,

5 Note on the agze of the Swedish Parodoxides beds. Am,Jour. Sci., 34 ser., vol. 32, 1886, pp. 473-476,

60n the Cambrian faunas of Cape Breton and Newfoundland. Royal Soc. Canada, Proc. and Trans.;
vol. 4, Sec. 4, 1887, pp. 147-157,
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‘Wahl., Spherophthalmus alatus, and Agnostus pisiformis. There was
also a small Lingulella similar to that which characterizes the upper
flags of the St. John group, and an Orthis similar to Orthis lenticularis
of Dalman.

In discussing the evidence afforded by the smaller-eyed trilobites of
Division 1 of the St. John group, Mr. G. F. Matthew' speaks of their
bearing on the origin of the Cambrian fauna. He also gives a list of
fossils known to him at that date from Divisjon 1 of the St. John series.
The total is thirty genera, sixty-five species, and twenty-one varieties,

.the same as in the paper previously mentioned in the synopsis of the
fauna of the St. John group.? Mention is made by Mr. Matthew of ad.
ditional species from the St. John group in 1888.> In the measures on
the St. John River corresponding to those of Band B in Division 1 of
the St. John Basin,a calcareous organism that may be referred to Old-
hamia has been found. It resembles O.antiqua, but branches less freely.
In the same sandstone oceurs an elegantly ornamented Linguiella (2) of
peculiar form. Mr. Matthew compares it with Lingula ? favosa of the
Eophyton sandstones of Sweden. In Division 2 of the St. John group
were found several genera of seaweeds, among which are two graceful
species related to Taonurus or Spirophyton; also fragments of bodies
of a small crustacean that is probably a Hymenocaris. In a paper pub-
lished soon after on the “Classification of the Cambrian Rocks of Aca-
dia,” Mr. Matthews states* that the Lower Potsdam of Billings, or
Georgian of Mr. Walcott, is found in the island of Cape Breton, where
the fossils are Bathyurus (sub-genus?), Orthisina, Orthis, and Hyolithes
princeps. Remarks upon the affinities of the characteristic genera of
the Georgian and other portions of the Cambrian fauna ocecur in this
paper.

Mr. Matthew presented Part 1v of his illustrations of the fauna of
the St. John group to the Royal Society of Canada in 1887.° The
first species described is the great Paradoxides regina, one of the
largest trilobites yet discovered in the Cambrian rocks. This is
followed by a description of “The smaller trilobites with eyes.” An
undetermined species is referred to the genus Ellipsocephalus, and
Agraulos? whitfieldianus is described with its variety compressa. The
subgenus Strenuella is proposed, with the species Strenuella ? halliana
as its type. A discussion of the genus Liostracus of Angelin is
followed by descriptions of Liostracus tener Hartt, L. ouangondianus
Hartt, and varieties immarginata, aurora, g¢gibba, and plane, and a

! Tustrations of the fauna of the St.John group, No.IV. Pt.I: Description of a new species of
Paradoxides (Paradoxides regina). Part2: Thesmaller trilobites with eyes (Ptychoparide and Ellip-
socephalid®). Royal Soc. Canada Trans., vol. 5, sec. 4, 1888, pp. 115-166.

31llustrations of the fuuna of the St. John Group. Canadian Rec. Sci. vol 2, 1887, p. 361.

3 On the basal series of Cambrian rocks in Acadia. Cunadian Record Science, vol, 3, 1888, pp. 28, 29,

4 Canadian Rec. Sci., vol. 3, 1888, p. 74.

5Xllustratations of the fauna of the St. Johnygroup, No.IV. Pt. 1. Description of a new species of
Paradoxides (Paradoxides regina). Pt. 2. The smaller trilobites with eyes (Ptychoparid® and Ellipso-
cephalid®). Royal Soc. Canada, Trans., vol. 5, sec. 4, 1888, pp. 115-166.
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notice of the development of the young of this species. Under Dty-
choparia, Liostracus Ulnnarssont Brogger is identified from the St
John series. For the nmarrow form he proposes the variety alate, and
this is followed by a description of the development of the young. To
the genus Solenopleura of Angelin he refers the Conocephalites robbi of
Hartt, and gives a description of the development of the young as far
as known to him, A more extended description of Solenopleura acadica
of Whiteaves is given, and the variety elongata proposed.

In the second paper by Mr. Matthews on the classification of the
Cambrian rocks in Acadia! the species Obolus pulcher is described
from the base of Band B of division 1 of the St. John group. In the
middle of the band Mr. Matthews recognized an Agraulos and at the
base an Ellipsocephalus. This paper also contains a discussion of the
Olenellus fauna as found in Nevada. In a paper read later in 1889,
entitled ¢ On the Cambrian Organisms in Acadia,” Mr. Matthew states
that he has found in this lower series beneath the Paridoxides zone a
species that recalls Fucoides circinnatus (p. 384), the Obolus which was
described later, and undoubted examples of Platysolenites of Pander.
In mentioning the fauna and flora ot the Paradoxides beds, he says the
basket sponges and the rod-like sponges (?) are common to both this and
Series B. 1In all the fine layers of this band species of Protospongidze
may be found, but no examples of the typical Protospongia of the Par-
adoxides beds have been observed. A new species of Obolus and three
species of Lingulella are mentioned as being described in the paper, and
the Algw® are represented by several different types, among which are
a Buthotrephis and a microscopic form parasitic on the latter organism.
There are also some quite small oval forms, resembling Hydrocystium,
which may have been algoid. Among the new species of the Paradox-
ides beds is a little Platyceras. He says that Paradoxides pontificalis is
found to be a narrow, and P. micmac a broad form of Paradoxides hicksi
of Wales (p. 385). TFrom stage 2, the Olenus beds, he reports abun-
dant remains of a large Protospougia, including Protospongia fenestrata
of Salter, and P. (?) major of Hicks, and another large species. From
the fossils which appear to have been placed in the upper part of divi-
sion 2 are some that have been found in Kennebecasis Basin of the
Cambrian rocks. These are Leptoplasti, allied to L. stenotus of Ang-
elin, Agnostus pisiformis, var. and Agnostus nathorsti, var. From
division or stage 3, the Peltura beds, he mentions two species, Cteno-
pyge (cf. C. flagillifer and C. spectabilis), Orthis lenticularis, and a Ku-
torgina. At the bottom of the division ZLingulella lepis and another
large species, L. ampla, var.? arefound. These beds are correlated with
beds of Cape Breton containing species of Peltura, ete. (p. 386).

In a papes by Mr. Matthew, entitled ¢ How is the Cambrian divided ¢

1Canadian Record Science, vol. 3, 1889, pp. 303-315. 2Tbid., pp. 383-387.
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A plea for the classification of Salter and Hicks,”! a comparison of the
genera of the different horizons of the Cambrian is made.

In the full paper on the Cambrian organisms of Acadia, published in
1890, Mr. Matthew describes the stratigraphic position of the fauna that
he considers beneath the Paradoxides beds, and compares it with the
lower Cambrian fauna of Sweden and Russia. The new genera and
species described are:?

Phyecoidella, n. g., p. 144. ’

Phycoidella stichidifera n. sp., p. 144.
Palmochorda setacea n. sp., p. 145.
Hydrocytium (?) silicula n.sp., p. 146.
Microphycus n. g., p. 146.

Microphycus catenatus n. sp., p. 146. .
Monadites n. g., p. 147.

Monadites globulosus n. sp., p. 147,
Monadites pyriformis n. sp., p. 147.
Monadites urceiformis n. sp., p. 147.
Radiolarites n. g., p. 148.

Radiolarites ovalis n. sp., p. 148.
Plocoscyphia (?) perantiqua n. sp., p. 148,
Astrocladia (¥) elongata n. sp., p. 148,
Astrocladia (?) elegans n. sp., p. 149,
Astrocladia () virguloides n. sp., p. 149,
Dichoplectella n. g., p. 149.
Dichoplectella irregularis n. sp., p. 149.
Hyalostelia minima n. sp., p. 150.
Obolus (?) major n. sp., p. 155.
Lingulella martinensis n. sp., p. 155,
Leperditia ventricosa n. sp., p. 159.
Leperditia steadi n. sp., p. 160.

He also describes and illustrates :
Buthotrephis antiqua Brongn., p. 144.
Platysolenites antiquissimus Eichw., p. 150,
Obolus pulcher Matth., p. 151.

Volborthella tenuis Schmidt, p. 156.
Psammichnites gigas Torrell, p. 157,
Arvenicolites lyelli Torrell, var. minor, p. 159.

In a note at the close of the descriptions it is stated that he has
learned that a suggestion made by him in reference to Olenellus kjerulfi
has met with acceptance from a number of naturalists and the generic
name Holmia is proposed for Olenellus kjerulfi? Mention is made of the
relations of the genera Olenellus, Olenoides, and Mesonacis.

In his fifth contribution to the illustrations of the fauna of the St.
John group Mr. G. F. Matthew describes the following new genera and
species:* Platyceras aperta, n. sp., p. 132, Agraulos (?) holocephalus, n.
sp., p. 138, Medusichnites, n. gen., p. 143, with five varieties, Lingu-

1 Am. Geologist, vol. 4, 1889, pp. 139-148.

20n Cambrian Organisms in Acadia. Royal Soc. Canada, Trans., vol. 7, 1890, sec. 4, pp. 135-162,

3 0Qp. cit., p. 160.

41linstrations of the fauna of the St. John group No. V. Roy. Soc. of Canada, Trans., vol. 8, 1801,
PD. 130-166, pls. 11-16.



88 THE CAMBRIAN. {BULL.SL

lella starri, n.'sp., p. 146, Lingulella radula, n.sp., p. 147, Eoichnites,
1. gen., p. 148, Ctenichnites, n. gen., p. 151, Ctenichnites ingens, n. sp.,
p. 151, Freena ramosa, n. sp., p. 159, Arenicolites brevis, n. sp., p. 159,
Goniadichnites, n. gen., p. 160, Goniadichnites trichiformis, n. sp., p. 160,
Monocraterion magnificum, n. sp., p. 161.

In addition to the preceding Mr. Matthew has remarked upon several
genera and species that have been previously described from the Cam-
brian rocks. They include: Eocoryne geminum Matt., p. 130, Lepidilla
anomala, Matt., p. 130, Orthis and Orthisina, p. 131, Stenotheca Salter, p.
132, Stenotheca concentrica, Matt., p. 133, var. radiata Matt., p. 133,
Stenotheca triangularis Matt., p. 134. In his remarks upon the genus
Stenotheca he concludes that the type species is not a molluscan shell,
but should be referred to a Phyllopod crustacean. This includes the
typical form, but does not include Discina acadica, of Hartt, as the latter
is a patelloid gasteropod. Conocoryphe walcotti Matt., p. 134, Concory-
phe baileyi Hartt, p. 135, Paradoxides lamellatus Hartt, p. 135, Paradox-
ides micmae, var., pontificalis Matt., p. 136, Agraulos (?) whitfieldianus
Matt., p. 138, Agraulos socialis Bill., p. 138, Medusites princeps Torrell, p.
140, Medusites radiata Nathorst, p. 141, Medusites costata, p. 142, Eoich-
nites linnwanus Torrell, p. 148, Psammichnites Torrell, p. 157, Frena,
Roualt, p. 158, Monocraterion Torrell, p. 160, Monocraterion tentaculatum,
p. 161, Histioderma hibernicum, p. 162.

EASTERN MASSACHUSETTS.

The first description of a fossil from the Cambrian rocks of eastern
Massachusetts is that of Paradoxides karlani, by Dr. Jacob Green,! from
specimens sent to bim by Dr. Richard Harlan, who supposed they came
from Trenton Falls, in the State of New York. It was not until 18562
that the true horizon from which the specimens came was discovered.
In making the announcement of the discovery Prof. Rogers quoted
from Barrande on the distribution of the genus Paradoxides, and stated
that he considered the specimens from Braintree, 10 miles south of
Boston, to be identical with the Paradoxides harlani described by Green
in 1834. He says the fossils in the Braintree quarry are in the form of
casts, some of them of great size and lying in various levels in the
strata, and that as far as he could observe they all belong to one spe-
cies and agree more closely with Barrande’s Paradoxides spinosus than
with any other form known to him. A fine figure of Paradoxides har-
lant was published by Prof. Rogers,’ in his final report of the geological
survey of Pennsylvania, under the name of P. spinosus.

Mons. J. Barrande, in referring to the discovery of Paradoxides in
the slates of Braintree,* institutes a comparison of the specimens from

! Descriptions of some new North American trilobites. Am.Jour. Sci., vol. 25,1834, p. 336.

2Proofs of the Protozoic age of some of the altered rocks of eastern Massachusetts, from fossils
recently discovered. Am. Acad. Proc., vol. 3, 1856, pp. 315-318.

8The Geology of Pennsylvauia, Philadelphia, 1858, vol. 2, p. 816.

¢ Trilobiten der Primordial-fauna in Massachusetts. Neues Jahrb. for 1860, pp. 429-431.
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there and Paradoxides spinosus from Bohemia, and concludes that I’
harlani is a synonym for P. spinosus.

In 1861 Prof. Jackson' exhibited a small trilobite from Braintree of
the species Paradoxides harlani, stating that it seemed identical with
forms from Newfoundland described as Paradoxides bennetti from St.
Mary’s Bay. In a foot-note accompanying a paper on the geology of
the vicinity of Boston, by Dr. T. S. Hunt,? the writer says:

Mr. Billings informs me that he regards the Paradoxides bennettii (Salter) from
Newfoundland as identical with the Paradoxiiles harlani (Green) from Braintree.

A number of collectors obtained specimens of Paradoxides harlani
from the Braintree beds, but it was not until 1861 that a notice of other
species appeared. Mr. Albert Ordway ® stated at a meeting of the Bos-
ton Society of Natural History that he had found a fragment of a trilo-
bite which he referred to the genus Ellipsocephalus. He also reported
finding a distinet fucoidal impression which shows three branches, each
about 4 inches long, but not sufficiently well marked to atford any evi.
dence as to its nature. Mr. Ordway also published a figure of a head
of Paradoxides harlani when comparing that species with Paradoxides
spinosus, Boeck., considered by Barrande identical with P. harlani.t

In his notes on the geology of eastern Massachusetts Mr. W. W,
Dodge® reviews the then existing information in relation to the fauna
of the Paradoxides zone of Braintree—the Braintree slates—mentioning
Paradoxides harlani and a few obscure traces of fossils found at thatlo.
cality. A general description of the Cambrian fauna of Wales is given
in this connection,

The second described species from the Paradoxides beds of Braintree
is Arionellus quadrangularis by Prof. R, P. Whitfield.® Thisis probably
the species of Ellipsocephalus referred to by Mr. Ordway.

A review of the fauna of the Braintree argillites by Mr. C. D, Wal-
cott” included a mention of the species previously described, and a de-
scription of a new Pteropod, Hyolithes shaleri, and a new species of
trilobite, Ptychoparia rogersi. The species described by Prof. Whit-
field as Arionellus quadrangularis was referred to the genus Agraulos.

Under the title of ¢ Preliminary descriptions of North Attleborough
fossils” Messrs. N. S, Shaler and A, F. Foerste® made the most impor-
tant contribution to the Cambrian fauna of Massachusetts since the
discovery of Paradoxides harlani. They identified the fauna as that

1[On a trilobite from Braintree.] Boston Soc. Nat. Hist., vol. 8, 1861, p. 58.

2Boston Soc. Nat. Hist, Proc., vol. 14, 1871, p. 48.

30n the occurrence of other fossil forms at Braintree, Mass. Boston Soc.Nat. Hist. Proc., vol. 8,
1861, pp. 5, 6.

40p. cit., p. 3.

5Notes on the geology of eastern Massachusetts. Boston Soc. Nat. Hist. Proc., vol.17, 1875, pp.
405-407.

¢ Notice of some new species of Primordial fossils in the collections of the Museum, and correction
of previously described species. Am. Mus, Nat. Hist., Bull., vol.1,1884, p. 147.

70n the Cambrian Faunas of North America; preliminary studies. U.S. Geol Surv. Bull. No. 10,
vol. 2, 1884, pp. 323-329. Separately paged, pp. 43-49.

8Bull. Mus. Comp. Zool., Harv. College, vol. 16, 1888, pp. 27-39.
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of the Olenellus zone, as found in the vicinity of Troy, New York. The
species described are:

Obolella crassa, var. H. communis var. emmonsi,

Obolella (1) H. americanus.

Fordilla troyensis. H. princeys.

Lawmellibranch (?) H. billingsi.

Scenella reticulata. " Hyolithellus micans.

Stenotheca rugosa, var. paupera. Salterella curvatus.

8. rugosa var. abrupta. Aristozoé.

S. curvirostra. . Microdiocus bellimarginatus,

Platyceras primaevum. M. lobatus.

Pleurotomaria (Raphistoma) attle- Paradoxides walcotti.
borensis. Ptychoparia mucronatus.

Hyolithes quadricostatus. Ptychoparia attleborensis.

Of these, two genera—Pleurotomaria and Paradoxides—have not
heretofore been found in a strongly marked Olenellus zone fauna. A
comparison of Paradoxides walcotti with specimens of Olenellus asa-
phoides from Troy, New York, of the same size, show them to be generi-
cally, if not specifically, identical. This removes Paradoxides from the
Olenellus fauna.

Under the view that the Olenellus fauna preceded the Paradoxides
fauna Prof. Shaler! speaks of Paradoxides walcotti as the surviving
member of the series, and says the occurrence of the genus indicates
close affinities with the Braintree Cambrian horizon. He made careful
search for indications of the stratigraphic relations of the North Attle-
borough and Braintree section but without success. In mentioning the
Braintree locality it is stated that a number of distinet remains occur
near the Neponset River, and the beds have much the same aspect and
are apparently about the same distance from the syenites as those at
Braintree.”

A notice and description of the fauna found at North Attleborough
from the Olenellus horizon, was followed in 1889 ? by the announcement
of the discovery of Hyolithes in limestone near East Point, Nahant.
Mr. Foerste correlates the limestone and associated shales with those
of North Attleborough, and states that the species of Hyolithes appearg
to be the same as that found at North Attleborough. He proposes the
name of Hyolithes inewquilateralis. From a study of the type specimens
the writer believes it to be identical with H. communis var. emmonst.

As now known, the entire Cambrian fauna from eastern Massachu-
setts includes from the Paradoxides or Middle Cambrian zone four
genera and four species, and from the - Qlenellus or Lower Cambrlan
zone, twelve genera and nineteen species.

10n the geology of the Cambrian district of Bristol County, Massachusetts. Bull. Mus. Comp. Zool.,
Harv. College, vol. 16, 1888, p.21.

2Qp. cit., p.23.

8 Foerste, A. F. The paleontological horizon of the limestone at Nahant, Massachusetts. Boston
Soc. Nat. Hist., Proc., vol. 24, 1889, pp. 261-263.
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APPALACUIAN PROVINCE.

The Appalachian Province includes the outcrops of Cambrian strata
on the line of the Appalachian system of mountains, from the lower
St. Lawrence Valley on the north, to Georgia and Alabama on the
south.

For the purpose of presenting the historical data the province will
be divided as follows:

A. Northern Appalachian district.
B. Southern Appalachian distriet.

NORTHERN APPALACHIAN DISTRICT.

The northern Appalachian.district includes the Hudson River and
Lake Champlain area east of the river and lake and an extension
northeastward into Canada, as far as the vicinity of Cape Rosier on
the St. Lawrence River.

The Hudson River and Lake Champlain area will first be con qulered
It includes the strata referred to the Cambrian, found on the western
slope of the Green Mountains, the foot hills and the more level country
stretching westward toward the Hudson River and Lake Champlain.

The earliest reference in the literature to a distinet formation that is
now referred to the Cambrian is found in a description of the geology
of western Massachusetts and eastern New York. On this account this
formation, the ¢ Granular Quartz,” will be treated historically as it
has been mentioned by authors in Massachusetts, New York, and Ver-
mont, until the year 1861, when its history will be carried forward with
that of the ¢ Red Sandrock ” and the ¢Georgia Slates,” with which
it was then correlated.

GRANULAR QUARTZ.

The first differentiation of a formation referred to the Lower Cam-
brian in America was made by Prof. Amos Faten in 1818.1 Prior to
that time Mr. William Maclure, the pioneer of systematic geology in
America, published a map with descriptions of the rocks of the Ilastern
United States, in which all the strata now referred to the Cambrian
system in the Appalachian range were included in the Transition series,
On his first map? the Transition rocks are represented as extending
from Hudson, in the valley of the Hudson, south to the vicinity of
Poughkeepsie, and thence southwest throughout New York, New Jersey,
Pennsylvania, Virginia, eastern Tennessee, northérn Georgia, and
into Mississippi. ©n the map accompanying a later work? the Frausi-

' An indox to the geology of the Northern States, with atransverse section from Catskill Mountain
tothe Atlantic. Loicestcr, 1818, pp. 62.

20bservations on tho geology of the United States explanatory of a geological map. Am. Phil. Soc.
Trans., vol. , 1809, pp. 411-428, map.

80bservations of the geology of the United States; with remarks on the probable effects that may
be produced by the decomposition of the ditferent classes of rocks on the nature and fertility of soils.
‘With a map and two plates. Am.Phil. Sec. Trans., new ser., vol. 1, 1817, pp. 1-91.
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tion rocks are extended north into the valley of Lake Champlain as far
as the Canadian border. On the south they terminate in Georgia a
short distance south of the Tennessee line. !

In his first publication on the rocks between the Catskill Mountains
west of the Hudson River and the Atlantic Ocean, Prof. Amos Eaton?
separated the ¢ Granular Limestone and Quartz” as No. 2 of the sec-
tion, and an argillaceous and siliceous slate as No. 9, giving the locali-
ties at which they occur. Two years later this classification was re-
viewed® and the ¢ Granular Quartz” dropped out of the nomenclature,
only to reappear again with a very accurate description of the forma-
tion as it occurs in Vermont.* It is interesting to note in this publica-
tion, that the ¢ Granular Limerock ” is mentioned as accompanying the
 Transition Granular Quartz ” from Whitehall on Lake Champlain, to
Barnegat on the Hudson. TUp to this time Prof. Eaton appears to have
regarded the terms ¢ Granular Quartz” and the ¢ Granular Limerock ”
ag interchangeable. In the classification of 1824,° however, the *“Gran-
ular Quartz ” is separated from the ¢ Granular Limerock ” and fully
described. The * Transition Argillite” and the ¢ Primitive Argillite”
are also defined, and some of the localities given are now known as
localities of Lower Cambrian slates. The geologic profile accompany-
ing the memoir of 1824 exhibits the differentiation made by Prof. Eaton
in the classification of the rocks between the primitive granite and the
secondary.

In the geologic nomenclature of to-day the ‘“Granular Quartz” is
included in the Lower Cambrian, and the ¢ Grannlar Limerock” equals
the Trenton-Chazy-Calciferous limestone. The ¢ Primitive Argillites”
of Williamstown Mountain equal the Upper Hudson or Lorraine
shales. The “Transition Argillite” is nearly all Cambrian, with the
exception of a small portion near the Hudson River. The Calciferous
sandrock is of the same age as the “ Transition Argillite.” The Gray-
wacke of Peterborough Mountain, and the Metalliferous limerock is
of Silurian (Ordovician) age. The ¢Transition Argillite” is mostly
of Lower Cambrian age, and much of the so-called Calciferous sand-
rock and Graywacke of the section, represented as resting on the up-
turned edges of the ¢ Argillite,” are portions of the same series to which
the ¢« Argillite” belongs. Near the Hudson River a profound fault

1In a review of Maclure's memoir by C. 8. Rafinesque it is suggested by him that ** We must espe-
cially collect and describe all the organic remains of our soil, if we ever want to speculate with the
smallest degree of probability on the formation, respective age, and history fof our strata.” (Obser-
vations on the geology of the United States of America, by William Maclure; a notice. Am.
Monthly Magazine, vol. 3, 1818, pp. 41-44.) ’

2 An'Index to the Geology of the Northern States, with a transverse section from Catskill Mountain
to the Atlantic. Leicester, 1818,

8Eaton, Amos. An Indexto the Geology of the Northern States, 2d ed., 1820, pp. 154-212.

4 Katon, Amos. A geological and agricultural survey of Rensselaer County, New York, with a geo-
logical profile from Onondaga to Massachusetts, p. 16, plate. Albany, 1822. Memoirs of the board of
agriculture of the State of New York, 1823, vol. 2, p. 9.

b A geological and agricultural survey of the district adjoining the Erie Canal, 1824, pp. 30, 56-58,
plate. Albany.
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with a great horizontal thrust has forced the Lower Cambrian over and
on to the Silurian (Ordovician) rocks. The misunderstanding of the
true relations of these rocks and a dependence upon their lithological
characters led Prof. Baton into an error that has come down to the
present day in memoirs relating to the ¢ Taconic System.”

Prof. Eaton reviewed his work fromn time to time until 1832, when his
final scheme of classification appeared. It is reprinted in the following
tabulation, with the equivalents of his formations as known in the no-
menclature of to-day.!

Eaton’s Nomenclature (1832). 1801,
S Corniferous imerock ...ceevveveencecaanncaenees Upper Helderberg.
E.E [ 3- 9 Geodiferous lIMOroek -« oo veecveverareeanennn. Niagara.
",‘ § 2. Millstone grit and rubble . Oneida, Clinton, Medinas
Eﬁ 1. Second Graywackeslate. Second Graywacke - Utica, Hudson.
Motalliferous limerock....ce.eeeeneianvnccaanen I'ronton.
3. < Calciferous sandrock «-..eecveeernmmecnennoanns Calciferoua.
g' iSparry 111163 (1T | N Trenton, Chazy.
= _ Lower and Middle Cambrian and Silu.
a8 Millstono gritand gray rubble ) First Gray- rian
HT l 2 \\Graywa.cke Slat8. e vaccrnnnns wacke. Hadson.
L‘_‘; Roof slate [ Constderable Hudson, but includes a
1. Argillites Wacke slate »..coocae cacaae eannen.. great mass of Lower Cambrian in
Clay slate 1 Rensselaor County, N. Y.
. ‘| Trenton-Chazy limestone, Calclfewus
& 3. Granular limerock ......c..... PN Coambrian limestone.
E 2. Granular qUATEZ. .. vviemeliereen i eia e, Lewer Cawmbrian.
F‘-la I 1. Granite, Mica slate, Hornblende and Talcose rock | Algonkian, pre-Cambrian, and Ar-
- chean.

The stratigraphic position of the ¢ GranularQuartz” (2 of the Primitive)
is correctly represented, and it is now known to contain Olencllus sp.?
Alarge portion of the strata referred to the ¢ Argillite” (1, of the Tran-
sition) is also known to carry Olenellus asaphoides and to Lelong to the
Lower Cambrian terrane. Inthe text the “ Graywacke slate” (2, of the
Tmnsntlou) is described as resting unconformably upon the upturned
edges of the “ Argillite” (1), and it is so represented in the section. This
is essentially the same as the section of 1820 and as in the more detailed
section of 1824.

Rev. Chester Dewey studied the geology of the vicinity of Williams-
town, Massachusetts, and in 18192 published a short sketch of the
mineralogy and geology of this region. He followed this in 182¢ by a
geologic section from the Taconic range in Williamstown to the city of

. 1Geological Text-book for aiding the study of North American Geology; being a systematic arrange.
ment of facts collected by the author and his pupils under the patronage of the Hon. Stephen Van
Rensselacr. Second edition, 5 plates. Albany, 1832.

?Sketch of the Mineralogy and Geology of the,vicinity of Williams’ College, Williamstown, Massa-
chusetts. (With a map.) Am.Jour. Soi., vol.1,1819, pp. 337-346.
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Troy, on the Hudson.! In this section the relations of the quartz forma-
tion to the mica slates of the Archean are shown, and in a general way
the Lower Cambrian slate is described. This is referred to the Transi-
tion argillite. In 18242 he described the formation more in detail. On
the map accompanying this paper the distribution of the various rock
masses is more accurately given than in any maps published prior to
those of Prof. James D. Dana, when studying the strata referred to the
Taconie system. It exhibits an acquaintance with the surface distribu-
tion of the rock masses and a clear. comprehension of the classification
and correlation of rocks on the principle of lithologic characters. The
distribution of the Granular Quartz and its relation to the subjacent
primitive rocks, or the mica slate of the map, is particularly well worked
out. o

Dr. E. Emmons, a pupil of Prof. aton, adopted the order of succes-
sion of the strata as proposed by Eaton, and separated the ¢ Grauular
Quartz ” (2), “Granular Limerock” (3), and ¢ Argillite” (1) to form a
distinet series of rocks between the ¢ Granite” (1) and the “ Gray-
wacke” (2) of the Transition. To this series of rocks he gave the name
“Taconic,” as Nos. 3 and 1 are largely developed in the Taconic range of
mountains. His central idea was that the rocks were non-fossiliferous
and beneath the zone of animal life, and were separated by their miner-
alogical characters from the subjacent and superjacent rocks.’

In accordance with the belief that the ¢ Granular Quartz” belonged
to a system of rocks which were beneath the zone of animal life, Dr.
Emmons considered it the oldest of the sedimentary rocks, aud far
beneath the Potsdam sandstone surrounding the Adirondack moun-
tains. He thus differentiated the Potsdam sandstone and the ¢ Granu-
lar Quartz” as two distinct formations. The work of Messrs. Dewey
and Emmons added little to the knowledge of the true position of the
¢ Granular Quartz” in the geologic series, as they did not discover
fossils in it or the associated formations.

Prof. H. D. Rogers, in summing up the results of his study of the
marbles and sandstones of the western portion of Berkshire County,
Massachusetts, states that he considered the Berkshire limestone and
marble to be the equivalent of the (Trenton) limestone series of the New

York section ; and that the semi-vitrified gquartz was equivalent to the

sandstone at the base of the same series (the Potsdam sandstone).* In
the same year, 1841, a discussion of these formations was published in

1 Geological section from Taconick range, in Williamstown, to the city of Troy, on the Hudson. Am.
Jour. Sci., vol. 2, 1820, pp. 246-248.

2 A gketch of the geology and iueralogy of the westeru part of Massachusetts, and a small part of
the adjoining States, Am. Jour. Sci., vol. 8, 1824, pp. 1-60.

3Geology of New York, Part 2, comprising the survey of the second geological (Northern) district,
1842, pages 135-164.

4 Some observations on the geological structure of Berkshire, Massachusetts, and neighboring parts
of New York. Am. Phil. Soc. Proc., vol. 2, 1841, pp. 3,4. On the physical structure of the Appa-
lachian Chain, as exemplifying the laws which have regulated the elevation of great mountain chains
genorally, Trans. Am. Assoc. Goeol. Nat., 1842, p. 482.
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the Geology of Massachusetts,' in which the quartzite is deseribed with
many details. In the table on page 303, the * Granular Quartz?” is
placed at the base of the Paleozoic, or Sedimentary series, that is, at
the base of tlie stratified rocks. '

Dr. W. W, Mather,? in his survey of this region, concluded with Prof.
Rogers that the * Granular Quartz” and other rocks referred to the
Taconic by Emmons were the same as those of the Champlain division
of the New York section, modified by metamorphic agency and the in-
trusion of Plutonic rocks. This correlates the * Granular Quartz” with
the Potsdam sandstone. The ¢ Granular Quartz” and the Potsdam
sandstone were referred to the Primal series by Prof. H. D. Rogers3
along with all the quartzites that were found at the supposed base of
the Paleozoic series in the Appalachian region and north through New
York and Vermont into Canada, and westward into the Mississippi
Valley. This reference to the Primal series is more fully described in
the final report of the Geological Survey of Pennsylvania.t

Prof. Ebenezer Emmons described the ¢ Granular Quartz” with con-
siderable detail as the basal member of his Taconic system.® In the re-
ports of 1844 and 1847 its occurrence in western Massachusetts and west-
ern Vermont is noticed, and it is stated that in all probability it occurs
as far north as the Canadian border. Its extension into Vermont had
been previously noted by Messrs. Eaton and Dewey, and we find in the
first annual report of the Vermont survey the statement by Prof. C. B.
Adams® that a quartz rock constitutes the western base of the Green
Mountains from the north partof Addison County to Massachusetts ;
and it is further said” that the quartz rock accompanies the Stockbridge
limestone, disappearing with it in the north part of Addison County,
and that near Lake Dunmore a bowlder was found in the vicinity of the
quartzite beds containing two remarkable species of Polyparia(?). Two
years later, in speaking of an excursion into Bennington County Prof.
Adams says that the Quartz rock may equal the Potsdam sandstone,
but there has evidently been too great a disturbance in this region to
admit of certain conclusions.?

A {ull description of this formation is presented under the heading of

1 Final report on the geology of Massachusets, vol. 2, 1841, pp. 560-593.

2 Mather, William. Natural History of New York. Pt.1, Geology of New York; geology of the
first (southeastern) district. Albany, 1843, p. 438,

30n American Geology and present condition of geological research in the United States, Amwm.
Jour. Sci., vol. 47, 1844, pp. 151-154.

4The geology of Pennsylvania. Philadelphia, 1858, vol. 2, p. 751

5Geology of New York, pt. 2, 00mpri§ing tho survey of the second geological (northern) district.
1842,pp. 1835-164. The Taconic System; based on observations in Now York, Massachusetts, Vermont,
and Rhode Island, pp. i-vii, 67,0 plates, Albany, 1844. Agriculture of New York, vol. 1, pp. 45-112,
plates 21, map. Albany (1846),1847. American Geology, containing & full statement of the principles
of the science, with full illustrations of the charactoristic American fossils. 8vo. Albany, 1856, vol.
1, pt. 2, pp. 122,

S First Annual Report on the Geology of Vermont. Burlington, 1845, p. 57.

70p. cit., p. 61,

87hird Annual Report on the Geology of the State of Vermont. Burlington,1847,p 13,
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“ Quartz Rock ” in the final report of the Geological Survey of Vermont
by Prof. C. H. Hitchcock.! Detailed descriptions are given of its char-
acter as found in Vermont, where it is said to have a thickness of at least
1,000 feet.2 On this same page we read that ¢ much of the quartz rock
in the valley between Bristol and Starksboro can not be distinguished
from members of the red sandrock series.” Several species of fossils
are mentioned as occurring in it; they are:. A species of Lingula, a mol-
lusk, resembling the Modiolopsis, a straight chambered shell (2), a few
crinoidal columns, the Scolithus linearis (Hall), a few fucoids, and some
indeterminable forms which are evidently organic.® The exact geolog-
ical horizon of the quartz rock is not determined.

A this point the review of the literature referring to the ¢ Granular
Quartz ” will be postponed until it is taken up in connection with the
¢ Red Sandrock” and ¢ Georgia Slates” of Vermont. In 1861 the three
formations were practically united in one geologic terrane by the dis-
coveries of Messrs. Billings and Barrande and the correlations of the
Geological Survey of Vermont. A review of the references made to
the Red Sandrock and the Georgia Slates will next be given, and
then the three formations will be considered together as they are de-
scribed in New York and Vermont.

RED BANDROCK.

When describing the formation terminating the Champlain group of
the New York section Dr. E. Emmong correlated the brown or red-
brown sandstone of Vermont, on the eastern border of Lake Cham-
plain, as found at Addison, Charlotte, Burlington, and Colchester, with
the gray sandstones that terminate the Lorraine shales of Jefferson
County, New York.* He thus assigned the ¢“Red Sandrock?” of the
future to the summit of the Lower Silurian.

In presenting the results of his study of a section crossing Vermont
from the Green Mountains to Lake Champlain, Prof. C. T. Jackson®
mentions the occurrence at Burlington Falls of a red sandstone con-
taining numerous beds of baff-colored and blue compact limestone des-
titute of fossils. He referred it to the Potsdam sandstone of Dr. Em-
mons. “ At Willard’s quarry the red sandstone rock alternates with a
bright red slate, covered with ripple marks made by the waters, from
which the sediment was originally deposited.” He further states that
a mile from Burlington, on the Winooski River, large beds of compact
blue and excellent white limestone are found.

Prof. C. B. Adams describes in the first report of the Geological

Hypozoic and Paleozoic rocks. Repotton the Geology of Vermont, descriptive, theoretical, econom-
cal, and scenographical, vol. 1, 1861, pp. 342-357. ‘

20p. cit., p. 355.

* Op. cit., p. 356.

4 Geology of New York, pt. 2, comprising the] survey of the second geological (northern) district.
1842, pp. 123, 124.

¢ Final Report on the Geology and Mineralogy of the State of New Hampshire, with contributions
towards the improvement of agriculture and metallurgy. Concord, 1844, p. 161
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Survey of Vermont the occurrence of roofing slates in southern Ver-
mont ' which he refers to the Taconic slate of Dr. Emwmons, without a
tfurther attempt to assign them to a geologic horizon.

In the following year a section is given of Snake Mountain by Prof.
Adams? in which the Red sandrock is shown resting conformably upon
the Hudson River shale. In 1847 he referred to his studies of the Red
sandrock® and noticed the discovery of fragments of frilobites which
Prof, James Hall identified as Conocephalus.* He next assigned his
Red Sandrock to the Upper Silurian, correlating it with the Medina
sandstone.® Dr. E. Emmons criticised this view of Adams, and stated '
that he was in error. He regarded the formation as of Calciferous or of
Potsdam age as proved by the fossils, stating that the rocks rest on the
Taconicslate.® Prof. Adams reasserted his view in 1848, stating that no
line of fracture occurred above the Trenton limestone,and that the Snake
Mountain section showed that it contained Utica and Hudson River
rocks. Later, Dr. Zadock Thompson adopted the view that the Red
sandrock was in its natural position on the summit of Snake Mountain,®
The view that the Red sandrock series was the equivalent or the Me-
dina of the New York section was sustained by Prof. W. B. Rogers®
and the Medina or Clinton age of the “ Red sandrock ” was supported
by the Geological Survey of Vermont.!?

Mr. E. Billings, on learning of the discovery of fossils in the ¢ Red
sandrock ” near Swanton, Vermont, by Dr. G. M. Hall and Rev. J. D.
Perry, visited the locality and found a sinall Theca and a Conocepha-
lites. Upon this paleontological evidence hereferred the strata to about
the horizon of the Potsdam sandstone, to which position it Las since
been assigned by most authors who have had occasion to mention it.!
Mr. Billings also corrected the statement of Prof. Hall, that the trilo-
bites of the Georgia slate were from the Hudson terrane, and referred
them to the Primordial or Lower Potsdam. This transterred the Geor-
gia series and the associated ¢« Red sandrock ” to the Cambrian.'?

I have thus far referred only to the ¢ Red sandrock,” as it was men-
tioned more ‘definitely, and assigned to a geological position prior to
the argillaceous and arenaceous shales and slates that overlie it. As
the “Red sandrock” and these shales or slates will be spoken of together

1 First Annual Report on the Geology of Vermont. Burlington, 1845, p. 35.

2 Second Annual Report on the Geology of the State of Vermont. Burlington, 1846, p. 163.

3 Third Annual Report on the Geology of the State of Vermont. Burlington, 1847, pp. 13-15.

4 Letter on certain fossils in the Red sandrock of Highgate. Third Aunual Report on the Geology of
the State of Vermont. Burlington, 1847, p. 31. .

50n the Taconic System. Am. Jour. Agrie. and Sci., vol. 6,1847, p. 260,

6 (On the Taconic System.) Am. Jour. Agric. and Sci., vol. 6, 1847, p. 260.

?On the Taconic Rocks. Am. Jour. Sci., 2d ser., vol. 5, 1818, pp. 108-110.

8 Geology of Vermont. Nat. Hist. of Vermont, Burlingten, 1853, Appendix, p. 45.

9 (Notes on the geological structure of western Vermont.) Report on the Geology of Vermont, vol.
1, 1861, pp. 326, 327. .

10 Hitchcock, C. H.  Report on the geology of Vermont. Notes on the sections, vol. 2, 1861, p. 650.

1'On tho age of the red sandstone formation of Vermont. Am, Jour. Sci., 2d ser., vol. 32, 1861, p. 232,

120n Prof. J. Hall's claim to priority in the determination of the age of the red sandrock sories of
Vermont. Am. Jour. Sci., 24 ser., vol. 33, 1862, pp. 370-376.

Bull. 81 7
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hercafter, I will now go back and give a short résumé of the history of
the latter as mentioned by various authors.

GEORGIA SLATES.

The first notice we find of the slates and shales now referred to the
Georgia terrane of Vermont is by Prof. Amos Eaton, in 1818. The
argillaceous and siliceous slates and, in isolated masses, a graywacke
slate (Nos. 9 and 10 of his figured section) are shown to the east and west
of the Hudson River, the slates on the east alone belonging to the Cam-
brian.! These slates were referred to the transition class.? In the next
edition of his index® these beds are referred to the Argillite (7) and the
Graywacke (9), these terms being then applied to them as seen in Rens-
selaer County, New York, and in all of Eaton’s subsequent publications.
It is the Argillite (1) and the First Graywacke or the Graywacke slate
of the First Graywacke of the nomenclature of 18324 and his paper of
1839.> On Rev. Chester Dewey’s Geological Map of 18246 the -same
area in Rensselaer County is included under the term ¢ Grey Wacke?”
and in part ¢ I'ransition Argillite.”

In detining the limits of the Taconic System in 1844,” the northward
extension of Prof. BEaton’s Argillite and Graywacke of Rensselaer
County into Washington County was called the Taconic slates, and it
was in this series, a mile north of Bald Mountain, that the first fossils
of the Olenellus or Lower Cambrian zone were found by Dr. Asa Fitch.
Theseslates, with their interbedded arenaceous layers, formed the Upper
Taconic of Emmons, which he stated could be traced northward to the
Canadian border. In the map accompanying Dr. Emmons’s memoir on
the Taconic System, published in 1844, all of the strata east of the
Hudson are colored Tuaconic slates, or included in the Taconic system.
The same strata in the map of 1842, published by the Geological Sur-
vey of New York, are included under the Hudson River group.

Dv. Asa Iitch, a practicing physician in Washington County, New
York, studied the local geology, and, under the headings of ¢ Taconic

1The Greywacke or Grit area of the eastern part of Rensselaer County is now koown to be above
the metalliferous limestone of Eaten or the Trenton limestone series of tho New York State Survey.
The recent work of Mr. ‘I. Nelson Dale, of the U. S. Geological Survey, establishes this and proves
that I was incorrect in referrving this area to the Cambrian on the map accompanying the paper on
the Taconic System of Emmons and the use of the name Taconic in geologic nomenclature. (Am.
Jour. Sci., 3d ser., vol. 35, 1888, pl. 3.) It is probable that the eastern portion of the Cambrian area,
as there mapped, to the north of the Berlin Grit area, in western Bennington and Rutland counties,
Vermont, may also prove to be of Lower Silurian (Ordovician) age. (C. D. W., June, 1891.)

2 An index to the geology of tho Northern States, with a transverse section from Catskill Moun.
tain to the Atlantic. Leicester, 1818, pp. 27-30.

3Au index to the geology of the Northern States. 2d ed., 12mo, Troy, N. Y., 1820, p. 163.

4 Geological Text Book, 2d ed., 1832. s

5Cherty lime-rock or Corniferous limerock proposed as the line ot reference for State geologists of
New York and Pennsylvania. Am, Jour. Sci., vol, 36, 1839, pp. 69, 70.

6 A sketch of the geology and mineralogy of the western part of Massachusetts and a small part of
the adjoining States. Am. Jour. Sei., vol. 8, 1824, pp. 1-60.

7 Emmons, E. The Taconic System; based on observations in New York, Massachusetts, Vermont
and Rhode Island. Albany, 1844, pp. i-vii, 67, 6 plates.
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slate” and ¢Taconic sandstone,”! gives a description of the slates and
interbedded sandstone with considerable detail. He thinks that they
may belong to an older system than the New York rocks, but no evi-
_dence is given to support this view. On page 865, Dr. Fitch states that
in the suinmer of 1844 he found at Reynold’s Inn the first fossils known
frown the Taconic slate, and sent them to Dr. Emmons, who named and
published illustrations of two species. Dr. Fitch also describes an
annelid trail, Helminthoidichnites tenuis, from the ¢ Taconic slate” of
Granville.?

Dr. C. B. Adams, of the Geological Survey of Vermont, called the
northward extension of the Upper Taconic slate (of Emmons) of Wash-
ington and Reunsselaer Counties, the roofing slates of the Taconic system,
and included them in his Hudson River group.?

The fossils described from a locality of this horizon, near Troy, New
York, in the paleontology of New York,* were included by -Prof. James
Hall with those of the Hudson River group and were considered to be
of that age. This same view was taken by him of the northward ex-
tension of this series in Vermont, when he described the trilobites from
the shales of Georgia in 1859. At the close of this article he says:*

In addition to the evidence heretofore possessed regarding the position of the shales
containing the trilobites, I have the testimony of Sir W, E. Logan that the shales
of this locality are in the upper part of the Hudson River group, or forming a part
of the series of strata which he is inclined to rank as a distinet group above the ilud-
son River proper. It would be quite superfluous for me to add one word in snpport
of the opinion of the most able stratigraphical geologist of the American continent.

Prof. C. H. Hitchcock,® in speaking of the trilobite rock of Vermont,
from which Prof. Hall’s specimens were obtained, stated that he con-
sidered them as overlying the equivalent of the Oneida, which was
superjacent to the Hudson River Rocks.

The attontion of M. Joachim Barrande having been called to the
fossils found in the Georgia slate, he studied them with great care, and
published an extended review of the literature referring to them, and
discussed the paleoutologic proot of the age of the rocks.” He decided
that the fauna was equivalent to his Primordial fauna of central Bo-
hemia, and that it could not be referred to the Second fauna, as had been
done by the American observers. Under the impression that Dr, Ein-

1 A Historical, Topographical, and Agricultural Survey of the County of Washington. Traus,N.Y.
State Agric. Soc. for 1849, 1850, pp. 830-857.

2Qp. cit., p. 868.

3 First Annual Report on the Geology of the State of Vermont, Burlington, 1845 p.6l. On the
Taconic Rocks, Am.Jour. Sci., 2d series, vol. 5, 1848, pp. 108-110.

4Taleontology of New York, vol. 1, containing descriptions of the organic remains of the lower di-
vision of the New York system, 1847, pp. 252, 256, 257.

5 Remarks upon the trilobites of the shales of the Hudson River group. Paleontology of New
York, vol. 3, supplement to vol. 1, 1859, p. 529.

¢ On‘the geology of Vermont, chiefly in connection with the Taconic System. Boston Soc. Nat. Hist,
Proc., vol. 7, 1861, pp. 426, 427.

7Documents anciens ot nouveaux sur la faune primordiale et le systdme taconigue on Amérique,
Soc. géol. France, Bull,, 2¢ sér., vgl. 18, 1861, pp. 203-321.
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mons’s stratigraphic work was correct, M. Barrande credited him with
having correctly located the Primordial fauna in Awmerica.

In 1861 Prof. Hall changed the reference of the Georgia trilobites
from the Hudson River group to the Quebec group.! In a letter writ-
ten to M. J. Barrande, dated April, 1862, the explanation of this is given.
He states that his own conviction was that the Red sandrock and
the Granular Quartz of Vermout were of the age of the Potsdam sand-
stone and that the schists and shales which held the trilobites belong
between the Potsdam sandstone and the Trenton limestone. He thus
changed his views in relation to the age of the rocks containing Ole-
nellus and other trilobites, and referred them to the lower portion of
what is now designated as the Silurian (Ordovician). He says:

You will understaund, then, that if my views touching the relations of these rocks
are exact the valley of the Hudson River from the high lands on the south of Lake
Champlain, save a small number of inconsiderable exceptions, is occupied by rocks
of the Primordial zone, that is, by rocks placed between the Potsdam sandstone and
the Trenton group. Thus the ITudson River group in its typical localities belongs to
the Primordial period.?

In explaining how he came to adopt the view that the trilobites from
the Georgia slates of Vermont and those described by Dr. Emmons
from the black slates of Washington County belonged to the Hudson
River group, together with the strata in which they were contained, he
says:

I wish to claim nothing for myself or for my former views, for we owe the final
solution of this question to the Canadian survey. Yet there remain some divergent
views in regard to the relation between the shales and the Potsdam sandstone.

He further states that this arose from his seeing the Potsdam sand-
stone run beneath the slate at Whitehall, New York, and a number of
other places; that at no point where the Potsdam sandstone is seen is
there any shale or other formation beneath it, excepting the crystalline
rocks of the Adirondacks. Speaking of the ¢ Granular Quartz,” he says
that it presents the same relation as the Potsdam sandstone to the
schistose rocks; that he has always referred it without hesitation to the
Potsdam sandstone. He held the view that the schistose rocks, with
their impure sandstones, brecciated limestones, and calciferous sand-
rock, are to be placed between the Potsdam sandstone and the Treunton’
limestone group; that the relation of this group of schists or slates to
the Potsdam sandstone seems to be that of an upper formation. In
none of the outerops that he saw in the disturbed region east of the
Hudson was there one that could explain the phenomena presented, on
the supposition that the sandstone is the upper rock. He then quotes
the nomenclature of Eaton to show that it was almost the same as that
finally adopted by the Geological Survey of New York, that is, the order
of superposition of the formations, the ‘ Granular Quartz” being placed
at the base. It is also stated that the graptolites found in the beds

1Correction for the thirteenth annual report. 14th Ann. Rep., State Cab. Nat. Hist., 1861, p. 110.
2 Letter on the Primnordial of America. Soc. géol. France, Bull., 2° sér., vol. 18, 1862, p. 732,
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formerly referred to the Hudson River are considered to belong to the
Primordial fauna.?

The geologists of the Vermont survey in their final report included
the shales and associated slates and arenaceous beds under the title of -
Georgia group. In proposing the name Georgia group to designate
these rocks, Prof. C. H. Hitchcock said :2

We use the term Georgia group to designate this terrain, from the town of Georgia
in Franklin County, whers it is developed in its full proportions and where the most
interesting fossils have been found. It is a name also which does not involve any
theory, and may be used by both parties in the controversy respecting its age, * * *
The Georgiu slate includes what Prof. Emmons has ranked as the black slate, Ta-
conic slate, and roofing slate; and yet not altogether, for we have regarded all the
black slate beneath the red sandrock as belonging to the Hudson River group. The
characteristic trilobites of the Georgia slate are represented by Emmons in his Ta-
conic System, 1844, as found in the black slate.

The following fossils are cited as characterizing the Georgia slate in
Vermont: Barrandia thompsoni Hall, B. vermontana Hall, Bathynotus
holopyga Hall, Graptolithus milesi Hall, the trail of an annelid, and
unknown species of fucoides.3 '

The stratigraphic position of the Georgia series was considered to be
above the sandstone which represented the Oneida conglomerate, and
the thickness of the slate was thought to be at least 3,000 feet.* A
discussion of the stratigraphic position of the faunas found in the
Georgia slates by Prof. James Hall, Sir William E. Logan, and M. J.
Barrande, accompanies the chapter. A fair presentation of the argu-
ment for and against the Silurian age of the terrane is given. In a
note upon the trilobites of the shales of the Hudson River group, in
the same volume, Prof. Hall redescribes the fossils mentioned in his
paper ot 1859. In the second volume of the Geology of Vermont, on
page 799, the *‘sparry limestones” occurring as thin bands in the roof-
ing slate series in Fairhaven, Vermont, are correlated with the red sand-
rock or Winooski marble of the northern portion of the State.

In describing the rocks of Waterville, Maine, Prof. C. H. Hitchcock®
states that the slates are similar in mineralogical structure to the
Georgia slates of Vermont, which are equivalent to the Potsdam sand-
stone. .

With the determination (a) by Mr. E. Billings that the ¢ Red sand-
rock” was of primordial age;® (b) by Mons. Barrande that the fossils
from the Georgia slate belonged to the Primordial fauna; (¢) that the
* Granular Quartz” was the basal member of the Paleozoic, and had
been correlated with the Potsdam sandstone, which, from its included

10p. cit., p.732.
2Hypozoic and Paleozoic rocks. Report on the geology of Vermont, vol. 1, 1861, p. 358.
30p. cit., p. 367. 40p. cit., p. 366.
8 Geeneral report on the geology of Maine. Preliminary Rep. on the Nat, Hist. and Geology of Maine.
Angusta, 1861, p. 233.
6 On the age of tho red sandstone formation of Vermont. Am. Jour. Sci., 2d ger., vol. 32, 1861, p. 232.
i’
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fossils in the Mississippi Valley, was also referred to the Primordial,
. the review of the history of these three Cambrian formations as they
appear in New York and Vermont is carried forward as that of one ter-
rane.

In speaking of the determination of the age of the slates in Georgia,
Vermont, Mr. B. Billings states that Mons. Barrande first determined
their age.! He further says:

At the time I wrote the note on the Highgate trilobites it was not known that
these slates were conformably interstratified with the Red sandrock. This discovery
was made afterwards by the Rev. J. B. Perry and Dr. G. M. Hall, of Swanton.

He also mentions the discovery on the Straits of Belle Isle, by Mr. J.
Richardson, of the Canadian Geological Survey, of Scolithus linearis,
Paradoxides thompsoni, and P. vermontana, and a number of other spe-
cies of which a list would be given further on. He adds:

The sandstones and limestones of the north shore of the straits [of Belle Isle] ap-
pear to be of the age of the Potsdam of Pennsylvania and Tennessee. The form of
the Scolithus is identical with that which occurs in these two States, and some por-
tions of the rock is a coarse red sandstone, exactly like the specimens sent to me
about a year ago from Tennessee by Prof. Safford.

Mention is made of the discovery by Rev. J. B. Perry and Dr. G. M.
Hall of a group of fossils interstratified with the Red sandrock east of
Swanton, Vermont. Of the species fonnd, four occar in the limestone
which overlies the sandstone with Scolithus linearis on the north shore
of the Straits of Belle Isle. :

Taking all these facts together scarcely anything more is necessary to show that
the Red sandrock of Vermont is of the age assigned to it by me from an examination
of Conocephalites at Highgate in July last. * * * Barrande’s opinion, fonnded
altogether upon the aspect of these trilobites is thus completely verified.?

At the close of the paper is a list of the fossils found in Vermont and
on the Straits of Belle Isle, all of which are referred to the Potsdam
group.’ In speaking of the claim of Mr. Billings, that he had identi-
fied the Primordial fauna in the Red sandrock and determined its geo-
logical age, Prof. James Hall* states that he had published sections and
made statements in relation to the age of these rocks to show that he
considered them to be of the age of the Potsdam sandstone of the New
York section. In reply Mr. Billings® said that the sections spoken of
by Prof. Hall do not cross at any point the Red sandrock or Georgia
slates, where they are recognized by Prof. Hall as belonging to the
Potsdam. On the contrary, they are marked on the section as belong-
ing to the Trenton-Hudson series.

1 Further observations on the age of the red sandrock formation (Potsdam group) of Canada and
Vermont. Am. Jour. Sci,, 2d ser., vol. 33, 1862, pp. 100-105. (See note and corrections, same vol., pp.
421-422,) .

2Qp. cit., p. 102. 3 Op. cit., p. 104.

40n the Potsdam sandstone and Hudson River rocks in Vermont. Am. Jour. Sci.,2d ser., vol. 33,
1862, pp. 106-108.

50n Prof.J. Hall’s claim to priority in the determination of the age of the Red sandreck series of
Vermont. Am.Jour. Sci., 2d ser., vol. 33, 1862, pp. 370-376,
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When tracing the formations that occur north of the Vermont and Can-
ada boundary to the southward, Sir William E. Logan stadied a seetion
in the vicinity of Swanton, Vermont, in which the Georgia slates and the
Olenellus fauna occur above the Red sandrock.! The latter are red and
white dolomites in sandy layers. The measurement of this section gave
a thickness of 710 feet, including 190 feet of shale, carrying the fossils
which Mr. Billings described. He traced the rocks of the Swanton sec-
tion north to the vicinity of Saxe’s Mill, near the United States and Cana-
dian border, where a measured section of the dolomitic sandstone gave
a thickness of 1,410 feet.2 These sections cross the Red sandrock forma-
tion of the older authors. The name Red sandrock is a misnomer, as
there is in reality comparatively little sand or arenaceous material, other
than arenaceous limestone of a highly dolomitic character, in the entire
section.

Prof. Jules Marcou took a very active interest in the discussion of
the stratigraphic position of the fauna found in the slates of Georgia,
Vermont, and published numerous papers upon the subject from 1860
to 1888. In a paper published in 18617 he records some of his own
observations, saying that in Vermont the Potsdam sandstone has ex-
actly the same aspect and composition as at Potsdam, in the State of
New York. Near Saxe’s Mills, a mile east of Highgate Springs, it con-
tains two species of Conocephalites, C. adamsi and C. vulcanus. He
states that the formation is broken up into narrow bands that are
numerous and well developed west of Mr. Parker’s farm at Georgia,
and also on the road between St. Albans and Swanton, Vermont; and
that although at first they appear to be interstratified with the Georgia
slates, they are not so, but may be compared with the steps of a ladder
placed over, or even & little wedged into the Georgia slates and Lingula
flags. 1le says:

This group has been known for a long time in Vermont by the name of Red Sand-
rock. * * * Below the Potsdam sandstone lie great masses of slate, fonr or five
thousand feet thick, which for convenience I should divide into three parts.*

These are the Lingula flags, Georgia slates, and St. Albans group.

The Georgia slates are stated to be characterized by Primordial fos-
sils, notably Paradoxides (Olenellus) thompsoni, P. vermontana, Peltura
holopyga, Obolella cingulata, ete.’

Innoting the discovery of fossils in the Winooski nnrble, at Swanton,
Vermont, Mr. E. Billings ¢ states that fossils were discovered by Mr.
Solon M. Allis, of Burlington, Vermont, who sent them to him for ex-

 Geological Survey of Canada; report of progress from its commoncomﬂnt to 1863. Montreal, 1863,
pp. 281, 282,

2Qp. cit., p. 282.

3The Taconic and Lower Silarian rocks of Vermont and Canada. Boston Soc. Nat., Hist. Droc., vol.
8, 1862, pp. 239-253,

1 0p. cit., p. 244. 8 Op. cit., p. 245.

% Note on the discovery of fossils in the * Winooski marble,” at Swanton, Vermont. Am. Jour. Sci.,
34 ser., vol. 3,1872, pp. 145,146. Canadian Nat., new ser., vol. 6, p. 351,

’
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amination. He found a species of Salterella, which he identified as
Salterella pulchella. He observes that the Winooski marble, both at
Swanton and St. Albans, seems to underlie the Georgia slates, and he
says:

It is generally of a reddish, mottled color, but sometimes gray or greenish. The
limestone at the Straits of Belle Isle, in which 8. pulchella is found, is also red, gray,
and greenish ; and is, I have no doubt, of the same age. At this latter locality it
overlies a red or brownish sandstone, conformably, which holds Scolithus linearis. I
consider the Belle Isle sandstone to be the ‘ Quartz rock ” of the Green Mountains of
Vermont. In that case, the limestone at Belle Isle occupies, stratigraphically, the
position of the Stockbridge limestone as represented by Dr. Emmons in his American
Geology, part 2, p.19.!

Under the title “Geology of Vermont,” Prof. C. H. Hitchcock tabu-
lates the formations of that State.? The Potsdam group is made to
include the Red Sandrock, part of the Hudson River slate, part of the
Georgia slate, most of the quartz rock, and the Potsdam sandstone of
West Haven. Speaking of the latter he says, the Potsdam rocks flank
the gneiss upon the west side as far north as Middlebury. He further
observes that the quartz rock is probably the same as the red sandstone ;
that both are overlain by the Levis® limestone, and resemble each other
very much near their supposed union. I find this view of the identity
of those two formations confirmed by the late map of the Canadian sur-
vey, published in 1866.”

In an article on some points in the Geology of Vermont, Dr. T. S.
Hunt states :

It happens, then, from the facts already set forth, that the Potsdam formation,
which at its ontcrop at the foot of the Adirondacks and Laurentides includes only
from 300 to 700 feet of sandstone, is represented a few miles to the eastward by not
less than 2,000 feet of dolomites, sandstones, and slates, and moreover that occupy-
ing a position between the calciferous and chazy formations, which are contiguous
at their eastern outcrop, there becomes intercalated within this short distance a fos-
siliferous group, several thousand feet in thickness.*

The explanation of this is quoted from Logan’s opinion, to the effect
that the Potsdam sandstone accumulated along the shore, while shales
and limestones were accumulating to a greater thickness in the deeper
water of the adjacent ocean. In summing up the evidence as to the
age of the rocks of western Vermont he says:

All the evidence, paleontological and stratigraphical, as yet brought forward
affords no proof of the existence in Vermont of any strata (a small spur of Lauren-
tian excepted) lower than the Potsdam formation, which the present advocates of
the Taconic system regard as forming its summit. * * * That strata still older
than the Potsdam of New York and Vermont were deposited in some portions of the
oceanic aren is apparent from the existence in New Brunswick of the St. John’s
slates holding a Primordial fauna older than the Potsdam, and it is not impossible

10p. cit., p. 351. 2 Am. Assoc. Proc., vol. 16, 1867, p. 120.

8Levis group, inclnding the * Eolian limestones,” * Hudson River limestones,” and the greater por-
tion of the Georgia slate. (Op. cit., p. 120.) :

40n some points in the geology of Vermont. Am. Jour. Sci., 2d ser., vol. 46, 1868, p. 225,
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that their equivalents may underlic the Potsdam formation of Vermont. No such
rocks, have, however, as yet been detected in either Vermont or Canada. !

That Dr. Hunt also confounded the typical Potsdam sandstone of
the Adirondacks, the quartzite of the western base of the Green Moun-
tains, and the Primordial series described by Murray in Newfoundland
is shown by his statement that a few hundred feet of typical Potsdam
sandstone in New York are represented in Vermont, Quebec, and New-
foundland by thousands of feet of strata lithologically very unlike the
type.? .

In 1867 Prof. C. H. Hitchcock identified the Winooski marble of
Vermont as the Red Sandrock, and stated that Olenellus thompsoni and
0. vermontana occurred in the superjacent slaty layers.®> In the same
volume he presents a table of the strata from the Silurian to the De-
vonian, inclusive, as found in Vermont, and in this connection he says
he considers the Taconic to be of Lower Silurian age. This inclnded,
ag described by Emmons, the Georgia slates.*

At the time of the presentation of the two foregoing papers by Prof.
Hitchcock a paper on the Red sandrock of Vermont and its relations
was read by Mr. J. B. Perry.® He concluded that the Red sandrock
was equivalent to the Potsdam, and that the sedimentary beds below
the Potsdam were not Utica or Lorraine, but belong to the Primordial
zone of Barrande. The Potsdam is considered to be the top of the
Primordial, not the base of the Silurian. In the table of formations
the Red sandrock or Potsdam is placed at the top of the Taconic sys-
tem, and the Taconic slate with the quartzite limestone or conglomer-
ate at the base. The following year the same author® again stated
that the Red sandrock was of Potsdam age and not Medina, and he
subdivided the slates below into the Swanton and Georgia series, as
older than the Utica slate, referring them to the Primordial of Bar-
rande.

In a summary of the Geology of Vermont, by Prof. C. H. Hitchcock,?
published in connection with the Geology of Northern New England,
it is stated, under the head of ‘ Potsdam Group,” that it includes (1)
black slate, or part of the ¢ Hudson River slate” of the former report
of the Vermont Survey. (2) Georgia slate. (3) Red Sandrock and
quartz rock at the base of the Green Mountains. (4) Potsdam sand-
stoue, the same as the original beds in New York.

' Op. cit., p. 229.

2 On tho geology of eastern New England. Am. Jour. Sei., 2d ser., vol. 50, 1870, p. 85.

2 The Winooski marble of Colchester, Vermont. Am. Assoc. Proc., vol. 16,1867, p. 119.

4 The Geology of Vermont. Am, Assoc. Proc., vol. 16, 1867, p. 122.

5 Am. Assoc. Proc., vol. 16, 1867, pp. 128-134.

% Querics on the red sandstone of Vermont and its relations. Boston Soc. Nat. Hist., Proc., vol.
11,1868, pp. 341-353.

?The goology of Vermont. In Geology of northern New England, 4to, 1870, p. 2,
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The Red sandrock is described as extending from St. Armand, prov-
ince of Quebee, to Bridport, Vermont.

The brightest red rocks are found along the western border ; so that while the alli-
ance of the red rock of Burlington and the quartzite of Bennington seems incongru-
ous, it is otherwise with the reddish rocks of Monkton and the brown quartz of
Starksboro’ and Bristol.!

It is stated that the name Georgia was applied to the group of slates
carrying Olenellus. It was then supposed that the slates were entirely
distinet from the sandstones, but furtlter investigation has shown an
interstratification, with the presence of the characteristic trilobites
throughout the beds.

Of the % Granular Quartz” on the western slope of the Green Moun-
tains he says:

No rock can be more distinet from all others than the quartzite from the State
line north to Starksboro’, consisting chiefly of pure vitreous silica, sometimes hardly
showing a sedimentary compogition. * * * The group makes a mountain range
throughout, some of the peaks exceeding 3,000 feet in height. * * * An abun-
dance of Scolithus lincarts appears in this formation, and the rock was referred to the
Potsdam in 1841 by T1. D. Rogers and W. B. Rogers, in opposition to E. Emmons, who
snbsequently called it ¢ grannlar quartz,” lying at the base of the Taconic system,
thonsands of feet Delow the former.!

In 1871 Mr. S. W. Ford? published an account of a section of rocks at
Troy, New York, in which he had found the Olenellus fauna. In 1884,
he added?® a description of a section near Schodack Landing, south of
Troy, in Columbia County, New York. By the contained fauna the
strata were correlated with those described by Sir William Logan, in
Vermont, Canada, and Newfoundland.

Prof. J. D. Dana,* from 1872 to 1877 worked out, with considerable
detail, the stratigraphic relations of the ¢ Granular Quartz,” of Berk-
shire County, Massachusetts, to the subjacent Archean and the super-
jacent Silurian limestone, adding many details to the general outlines
published by Messrs. Eaton, Dewey, and Emmons. In the description
of the quartzite, limestone, and associated rocks of Great Barrington,
Berkshire County, Massachusetts,®it is stated that the quartzite of Great
Barrington alternates with mica schist, and that both of the rocks for
the most part overlie the Stockbridge limestone. Of the Green Moun-
tain quartzite, Prof. Dana says: ¢ ¢In the first place there are quartzites
of more than one age in New England, west of the Connecticut River.,” A

10p. cit., p.3.

2Notes on the Primordial rocks in the vicinity of Troy, New York. Am.Jour. Sci., 3d ser., vol. 2,
1871, pp. 32-34. Can., Nat., new ser., vol. 6, 1872, pp. 209-212.

30n the age of the glazed and contorted slaty rocks in the vicinity of Schodack Landing, Rensselaer
County, New York.. Am. Jour. Sci, 3d ser., vol. 28, 1884, pp. 206-208,

4Green Mountain geology. On the quartzite. Am.Jour. Sci., 3d ser., vol. 3, 1872, pp. 179-186, 250-
256. An account of the discoveries in Vermont geology of the Rev. Augustus Wing. Am. Jour.
Sci., 3d ser., vol. 13, 1877, pp. 332347, 405-419; vol. 14, pp. 36-37, 1877.

50n the quartz, limestone and associated rocks of the vicinity of Great Barrington, Berkshire
County, Mass. Am. Jour. Sci., 3d ser., vol. 4, 1872, p. 362.

SGreen Mountain geology. On the quartzite. Am. Jour. Sci., 3d ser., vol. 3, 1872. p. 181.
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Helderberg quartzite exists at Bernardston, Massachusetts, and another
quartzite of different age, about 3 miles west of Plymouth, Vermont,
is interstratified with gneiss; and then there is the great quartzite of
the Green Mountain range, whose relation to the quartzites interbedded
in the gneiss is unascertained. ¢ We can not assume, therefore, that
this last is all of one geological age.” After examining the quartzite of
Canaan,Connecticut, he wasled to the conclusion from the facts observed
that the quartzite is the inferior rock, and rests unconformably beneath
the limestone.! '

‘When briefly presenting some conclusions concerning the stratigraph-
ical structure of the Cambrian of western Vermont, Prof. C. H. Hitch-
cock? states that Dr. Emmons believed the rocks were deposited against
the western base of the Green Mountains, in order of, first, the Granu-
lar Quartz, then the Stockbridge limestone, and lastly the various slates
which were eapped by the black slates holding Olenellns.  The report
says farther:

Prof. Hitchcock snggested as a better theory of structure, that sediments were formed
contomporanconsly, both upon the Green Mountains and the Adirondack side of the
valley, thus making the granular quartz on the east side of the valley of the same
age with the Potsdam sandstone at Whitehall, N. Y., and clsewhere west of Lake
Champlain. Next, the Calciferous sandstone, Levis, Chazy, and Trenton limstones,
were deposited entirely across the valley and by means of their fossils are now iden-
tified adjacent to both the quartz rock and the typical Potsdam sandstone. Thirdly,
the limestones are succeeded by slates. This theory of original deposition differs from
that of Emmons, in supposing that sedimentation was being eflected both on the
Green Mountain and Adirondack borders, instead of on the former only.?

In summing up the account of the discoverics of Rev. Augustus Wing
in Vermont geology, Prof. Dana says:*

Tho Red sandrock on the west of the Eolian limestone—admitted to he Potsdam or
Primordial in age—and the Quartzyte on the cast which often rises into mountain
ridges, are of the same formation, and come ncarly or quite together in Monkton, on
the northern limits of the limestono avea (p. 414).

The quartzyte of the castern range, with that also of the local belts in the Eolian
limestone area, is regarded as Potsdam (or Primordial) in age, because it contains in
many places Scolithi (worm-burrows) and Fucoids like those found in the Potsdam
sandstone ; because also it adjoins Calciferous limestone beds at the localities just
mentioned in North Middlebury and New Haven; and because it joins the Red sand-
rock in Monkton, and onerock has in many places the character of the other, although
not commonly alike in color, and showing differcnces explainable on the ground of
the greater metamorphism of the quartzyte. ‘In Monkton, the Red sandrock and
the Quartzyte meet in a succession of short anticlinals, thus cutting oil’ to the north
the great troughor synclinal;” and “the Red sandrock ahsolntely overlies the beds of
Red sandrock in one anticlinal and the quartzyte in another anticlinal, and both hold
Scolithus linearis.” &

10p. cit., p. 185,

2Remarks on the stratigraphical structure of the Cambrian and Cambro-Silurian rocks of western
Vermont. Boston Soc. Nat. Hist., Proc., vol. 18, 1875, p. 191.

30p. cit., p. 191.

4 An account of the discoveries in Vermont geology of the Rev. Augustus Wing. Am. Jour. Sci., 3d
aer., vol. 13, 1877, p. 414-416; vol. 14, pp. 36-37.

50p. cit. p. 416,
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Dr. T. S. Hunt, in 1878, gives an historical review of the rocks re-
ferred to the Cambrian and Taconic systems and in this way speaks of
the ¢« Upper Taconic” and refers it to the Cambrian, and the ¢ Granu-
lar Quartz ” to an Archean system. Again, in 1883,~’84,~'86, he went
over the same.ground,” but did not add any original mformatlon upon
the subject. He adopted the view of Prof. Eaton so well expressed in
the section of 1824, and brought down to 1886 the erroneous view of the
unconformity between the Calciferous sandrock and the Argillite. To
the strata which Dr. Emmons included in the Taconic system, in 1842,
he gave the name Taconian, referring them to a pre-Cambrian, Archean,
group of rocks.

In a paper upon the colonies in the Taconic rocks of the borders of
Lake Champlain,® Prof. Jules Marcou gives a résumé of his investiga-
tions in northern Vermont up to date. In the vertical section accom-
panying the geological map, the Potsdam sandstone is placed at the
summit of the upper Taconic series, and then in order below, the Swan-
ton schists, Phillipsburg group, Georgia schists, and the St. Albans
group. On sections in the text the Potsdam sandstone is represented
as unconformably superjacent to the Georgia slates, the Phillipsburg
group, and the Swanton schists, and the St. Albans group. A general
description is given of the formations as interpreted by Prof. Marcou.
As now known the Potsdam sandstone as identified by him, is the Red
sandrock of the Vermont geologists, or the arenaceous magnesian lime- .
stone of Logan. Its stratigraphical position is at the base of the series
described, or at the base of the Lower Cambrian as now understood.

A series of geological sections across Vermont and New Hampshire
by Prof. C. H. Hitchcock* have the Red Sandrock series marked as
Potsdam and the Georgia slate series as Cambrian. The Granular
Quartz of the sonthern portion of Vermont is all marked Potsdam. In
the text® Prof. Hitchcock says:

Three bands of sandstone therefore are referred to the Potsdam in the Cbampl«un
valley : first, the normal gray sedimentary beds at the foot of the Adirondacks,
always known under this name since 1840 ; second, the quartzite on the flank of the
Green Mountains; third, a range of red sandstone and dolomite from the Canada
line to Bridport, where it is succeeded by outcrops of a material not distinguish-
able from the first named band. Partly accompanying the middle band is a series of
slates and hard sandstones, passing into roofing slates called the Georgia group in
the State report, which carries such fossils as Olenellus and Angelina, and is, there-
fore, thought to be somewhat older than the typical Potsdam sandstone.

In the same publication Prof. R. P. Whitfield ® states it to be his

1 Special report on the trap dikes and azoic rocks of southern Pennsylvania, 2d Geol. Surv. Pa., E.,
1878, p. 253.

27he Taconic question in geology. Mineral Physiology and Physiography. A second series of
chemical and geological essays, with a general introduction. 1886, pp. 517-686.

3Sur les colonies dans les roches taconiques des bords du lac Champlain. Soc. géol. France, Bull.,
3me gér, vol. 9, 1880, pp. 18-46.

4 Geological sections across Vermont and New Hampshire. ' Am. Mus. Nat. Hist., Bull., vol. 1, 1884,
Pp. 155-179.

60p. cit., p. 160.

€ Notice of some new species of Primordial fossils in the collections of the Museum, and corrections
of previously described species. Am.Mus. Nat. Hist., Bull., vol. 1, 1884, p, 140.
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impression that the New York typical Potsdam is about equivalent to
the lower portion of the Wisconsin series; and that the Acadian beds
of Canada and Vermont, and perhaps the other Atlantic arecas, are not
appreciably different in age; but the difference in faun® is more the
result of conditions upon which life depended than a difference in time.
This generalization of Prof. Whitfield placed the ¢*Granular Quartz,”
“Red sandrock ” or dolomite, Georgia slate and the Potsdam sandstone
of New York and the Upper Mississippi Valley in one geologic horizon,
the equivalent of the lower beds of the Mississippi Valley section.

In 1888 Prof. N. H. Winchell! correlated the ** Granular Quartz” of
BEmmons’s Taconic system with the Potsdam sandstone, and mentions
its westward extension in the Mississippi Valley. In another paper? he
says that the stratigraphical relations of the ¢ Granular Quartz” and
the Potsdam of New York are the same; that the fossils are cognate
with those of fhe Red Sandrock and with those that have been found
in the Potsdam; that the Red sandrock overlies the Georgia uncon-
formably, and that the stratigraphic relations of the Granular Quartz
and the Potsdam sandstone to the granite are the same as thosec of a
Primordial quartzite of the northwest to the granite.?

In summing up the opinions of the geological position of the quartzite
on the eastern border of the limestone, and between the limestone and
the Archean, Prof. J. D. Dana* says that he pointed out in 1872 that
the quartzite formation in southeastern Dutchess Connty lay between the
limestone and the adjoining Archean, and the same also occurs in other
localities; that he inferred from the position and apparent conforina-
bility that its age was Potsdam or that of the lowest beds of the Lower
Silurian of the region; also,that there is a quartzite west of the border of
the limestone that overlies the limestone conformably, and is an inde-
pendent formation aud newer than the limestone. In his stratigraphic
conclusions at a later date® the Cambrian quartzites are supposed to be
those immediately adjacent to the Archean gneiss and equivalent to
the Potsdan sandstone, while those that occurred at a horizon above
the limestone are supposed to belong to the Hudson period.

In a paper on ¢ The Taconic System and its position in stratigraphic
geology” Prof. Jules Marcou® tabulates the strata referred to the Taconic
system in eastern North America. In this, the Saratoga limestone,
with Dikellocephalus is the summit of the series, above the Red sand-
rock of Vermont and the Potsdam sandstone of Keeseville, New York,

L A great Primordial Quartzite. Am. Geol., vol. 1, 1888, pp. 173-178.

2The crystalline rocks of Minnesota. General report of progress made in the study of their fleld
relations. Statement of problems yet to be solved. Geol. and Nat. Iist., Survey of Minn.,17th Ann.
Rep. for 1888, 1889, pp. 5-74.

30p. cit., pp. 49, 50,

40n Taconic vocks and stratigraphy, with a geological map of the Taconic region. Am.Jour.
Sei., 3d ser., vol. 29, 1885, p. 209.

50n Taconijc rocks and stratigraphy, with a geological map of the Taconic: regions. Part 2. The
middle and northern part. Am.Jour. Sei., 3d ser., vol. 33, 1887, pp. 408-409,

6 Am. Acad., Proc., vol. 20, 1885, p. 224.
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In order, below, comes the Swanton slates, and the Phillipsburgh or
Point Levis group, subjacent to which are the Georgia slates (or Ole-
nellus zone). The Paradoxides zone, the Upper Cambrian or Eophyton
sandstone of Great Bell Island, Newfoundland, and the Aspidella and
Arenicolites slates of St. John’s, Newfoundland, are assembied under
the name ¢ St. Albans group.”

In this table, under the upper formations or “ Potsdain group,” there
are brought together the summit of the Cambrian (the Saratoga lime-
stone) and the base of the €ambrian (the Red sandrock of Vermont),
as well as the Keeseville sandstone; which is the lower portion of the
Upper Cambrian. In the ¢ Swanton slates ” (Trenton-Hudson terrane)
and in the * Phillipsburg or Point Levis group,” we have the Calcif-
erous-Chazy zone. The Eophyton sandstoneplaced beneath the Georgia
slates and the Paradoxides beds is the equivalent of the Saratoga lime-
stone placed at the summit of the series. The Aspidella and Arenicol-
ites slates of St. John, Newfoundland, are of pre-Cambrian age. Thus
the lower or ¢ St. Albans group ” includes pre-Cambrian, Upper Cam-
brian, and Paradoxides zone strata.

In an article on the Winooski or Wakefield marble of Vermont, Prof.
G. H. Perkins' described several sections of the strata containing the
quarries worked for marble, one of which has a thickness of 1,410 feet,
another 790, and another 710 feet. He found Salterella pulchella in the
marble beds and considered the series to be of Primordial age.

When describing a section in the Cambrian formation of western
Vermout in the town of Georgia, Franklin County, Mr. C. D. Walcott?
stated that the section consisted of a massive belt of limestone 1,000
feet in thickness subjacent to a series of argillaceous shales, at the base
of which the Olenellus fauna occurred. He also stated that this section
includes in its vertical range the sections above and below Troy, N. Y.,
in the Hudson River Valley, and those of Newfoundland and the Straits
of Belle Isle. This was followed in the same year® by a detailed de-
scription of the Georgia section, and another section taken near the
Canadian and United States boundary in the township of Highgate.
At this latter locality the Red sandrock series has a thickness of 1,170
feet; the Georgia slates a thickness of 1,000 feet. A list of the fossils
occurring in the strata is given in the tabulated section. Following
the nomenclature proposed by Sir William Logan, the Red sandrock
series and the Georgia slates are referred to the Middle Cambrian sub-
jacent to the Potsdam sandstone of the Adirondacks, apd above the
Paradoxides slates of New Brunswick.t In the same year he deter-
mined by paleontological evidence that the roofing slates of Granville,

1 Am. Naturalist, vol. 19, 1885, pp. 128-136.

2Classification of the Cambriay, System of North America., Am, Jour. Sci., 3d ser., vol. 32, 1886, p. 145.

3Second contribution to the studies of the Cambrian faunas of North America. U.S.Geol. Survey
Bull. No. 30, 1886, pp. 13-20.

4Op. cit., pp. 63, 64.
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*
‘Washington County, New York, which includes green and purple slates,
were of the same geologic age as the Georgia slate.!

The extension of the ¢ Granular Quartz” of the eastern part of New
York into Dutchess County was described by Dr. W, W. Mather? as it
occurred about Stissing Mountain. IHe refers to it as the ¢ Granular
Quartz” and Potsdam sandstone. Within a few years Prof. John C.
Smock?® examined the geological structure of the mountain, stating
that the quartzite was unconformably superjacent to the Archean
rocks; and that no fossils had been found in it. In the description of
the Primordial rocks of the Wappinger Valley, by Prof. W. B. Dwight,*
mention is made of the quartzite about Stissing Mountain, as well as
the discovery by himself and Mr. C. D. Walcott of Middle® Cambrian
remains in the arenaceous quartzite and limestones on the flanks of the
mountain, It is thus correlated with the Olenellus beds of the Georgia
series of Vermont. ‘

At the Ann Arbor meeting of the American Association for the
Advancement of Science, held in August, 1885, Prof. Dwight® an-
nounced the discovery of fossiliferous Potsdam strata at Poughkeepsie,
New York. He says?:

Lithologically, the rock is here very variable. It is everywhere calcareous, all its
varieties effervescing freely with acids. It is also everywhere more or less arena-
ceous, often conspicuously so; from being compact and massive it changes to a rock
fissile into thin slabs or to one splitting into the thinnest leaves, which are covered
w ith loose sand as they decompose.

This rock passes on the one hand into a smooth fine-grained, ar, "’l“‘lceOl’lS limestone,

and then into a very fissile calcareous shale or, on the other hand, into a quartzite,
somewhat calcareous.

An account of the localities at which the rock occurs aud a list of
eleven species of fossils are given. This paper was published more in de-
tail in the number of the American Journal of Science for February,
1886, and was accompanied by a map on which the geographic distribu-
tion of the Potsdam and related strata are shown.?

Prof. Dwight? announced in 1889 the discovery of fossiliferous strata

'Walcott, C.D. Cambrian age of thoe roofing slates of Granville, Washington County, New York.
Amw. Assoc., Proc., vol. 35,1887, pp. 220, 221.  (Advance sheets published 1886.)

2 Natural Hist.of Now York. Partl. Geology of Now York; Geology of the first (southcastern)
district. Albany, 1843, pp. 418, 423, 436, 437.

3A geological reconnoissance in the crystalline rock region, Dutchess, Putnam, and Westchestor
Countios, Now York. ‘Lhirty-ninth Ann. Rep. State Mus. Nat. Hist., 1886. pp. 166-185.

4Primordial rocks of the Wappinger Valley limestones and associatod strata. Vassar Brothers
Inst., 'Urans., vol. 4, 1887, pp. 206-214. Discovery of additional fossiliferous Potsdam strata and pre.
Potsdan: strata of the Olenollus group ncar Poughkeepsie, N.Y Am. Jour. Sci., 3d ser., vol. 34, 1887,
pp. 27-32.

5 Now classed as Lowor Cambrian,

s Discovery of fossiliferous Potsdam strata at Poughkeepsie, N. Y., Am. Assoc Proc., vol 34, 1886,
PD- 204-200.

7 0p. cit., p. 205.

8 Recent explorations in the Wappinger Valloy limestone of Dutchess County, N. Y., No.5. Dis-
covery of fossiliferous Potsdam strata at Poughkeepsie, N. Y. (illustrated by map, Plate vi). Am,
Jour. Sci., 3d ser., vol. 31, 1886, pp. 125-133. Primordial rocks of the Wappinger Valley limestones
Vassar Brothers’ Inst. Urans., vol. 4, 1887, pp. 130-141, Plate 1.

9 Recont oxplorations in the Wappingor Valley limcstones and other formations of Dutchess County,
N.Y. Am Jour. Sci., 3d ser., vol. 38, 1889, pp. 139-153,
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of the Paradoxides zone at Stissing, Dutchess County. In the lime-
stone and calcareous shale immediately overlying the Oleuellus lime-
stone, at the south end of Stissing Mountain, he discovered a fauna
that is correlated with thé Middle Cambrian or Paradoxides fauna,
thus establishing the middle member of the Cambrian system in addi-
tion to the Lower Cambrian and Upper Cambrian that had been pre-
viously found, in this region. A plate illustrating the fauna accom-
panies the paper.

In 1887 Mr. C. D. Walcott! published a description of the fauna of
the Upper Taconic of Emmons, of Washington County, New York. In
this a statement of the stratigraphic position of the fauna was made,
based on the correlation with the fauna of the Georgia slates of Ver-
mont. This was followed in 1888 by an account of the discovery of
fossilsin the Granular Quartz near Bennington, Vermont.? The discovery
was further described in a paper which followed on the Taconic system
of Emmons,® where an account is given of the mode of occurrence of
the **Granular Quartz” in western Massachusetts and Vermont. The
quartzite is referred tothe Middle (now Lower) Cambrian zoue, of which
the Olenellus bearing shales of the Georgia section are the type. A
description is given* of the slates and shales, and it is stated the forma-
tions of the Upper Taconic have a thickness of 14,000 feet. In these
the Olenellus fauna occurs more or less abundantly at various horizons.
An examination of the sections and the fauna of the ¢ Granular Quartz”
and “Taconic” shales and slates, shows that the former is stratigraphically
and faunally the equivalent of the upper part of the latter; while the
“Granular Quartz” is a sandy depositof the shore line, and the shales and
slates the offshore accumulation of sediments. On the wmap accom-
panying this paper the geographicdistribution of the “Granular Quartz,”
the ¢ Red sandrock” of Vermont, and the Georgia slates and their south-
ward extension as the Taconic slates is represented.

In a tabular view of the American Classification and Nomenclature,
published in 1888, by Prof. Jules Marcou,® the Taconic system is divided
into upper, middle, and lower divisions. In the upper division the
Potsdam sandstone, Swanton slates, Phillipsburg and Point Levis for-
mations are included. The middle division includes the Georgia for-
mation and the St. John or Paradoxides zone, of New Brunswick, of
Braintree, Massachusetts, and of St. Mary’s Bay, Newfoundland. In
the lower division are the Chuar and Grand Caiion formations of the
Grand Cafion, Arizona, the sandstones of Great Bell Island, and the
slates of St. John’s, Newfoundland. The confusion in this table is not

[

! Fauna of the “Upper Taconic” of Einmons, in Washington County, New York. Am. Jour. Sci., 3d
ser., vol. 34, 1887, pp. 187-199. .

2 Discovery of fossils in the Lower Taconic of Emmons. Am. Assoc., Proc., vol. 36, 1888, pp. 212, 213.

3The Taconic System of Emmons and the use of the name Taconic in geologic nomenclature. Am.
Jour. Sci., 3d series, vol. 35, 1888, pp. 220-242, 307-327, 394-401.

40p. cit., pp. 241, 242.

5 American Geologicai Classitication and Nomenclature. Cambridge, 1888, p. 75
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as great as that of the 1885 paper. The Swanton slates, of Hudson
age, and the Phillipsbargh and Point Levis formation of Calciferous
age, are placed with the Potsdam sandstone; while in the Lower Ta-
conic we find the sandstones of Great Bell Island, which are the geo-
logic equivalent of the Potsdam sandstone.

During the summer of 1888 Mr. C. D.Walcott visited Newfoundland
and studied!® a section on Manuel’s Brook, Conception Bay, that extends
from the Archean gneiss up to the Olenellus and Paradoxides zones.
In this unbroken section it was found that the Olenellus fauna occurred
at the base and the Paradoxides fauna above. This necessitated a
revision of the classification of the Cambrian. The Lower Cambrian
with the Olenellus fauna is at the base; next the Middle Cambrian
with the Paradoxides fauna, and lastly the Upper Cambrian or Potsdam
zone, at the summit of which the Dikellocephalus fauna occurs. This
correlation places the ¢ Red Sandrock ” series, the Georgia shale and
slate series, the ¢ Granular Quartz,” and the ¢ Upper Taconic” of Em-
mons beneath the Middle Cambrian or Paradoxides zone of the Atlantic
coast.

In a paper on the fauna of the Olenellus zone? a brief historical re-
view is given of the rocks referred to the Olenellus zone in Vermont
and eastern New York, and also an account of the sections and the dis-
tribution of the fauna.

In a paper read betfore the Geological Society of America, Decemnber
30, 1890, Dr. J. E, Wolft noted the discovery of fossils of supposed
Lower Cambrian age in the limestones of the liast Rutland Valley, Ver-
mont. The limestones rest conformably upon the basal quartzite car-
rying the Olenellus fauna?

Potsdam sandstone.—~The Potsdam sandstone of the Adirondack area
appears only in a few small outcrops in Vermont and eastern New York.
According to Prof. C. H. Hitchcock, there are three different localities
in Vermout:* near the Lake Champlain shorein West Haven, Orwell,
and the east part of Shoreham, in the counties of Addison and Rutland.
There were none of these of sufficient importance to be indicated on the
map of 1877. The outcrops in eastern New York are practically a con-
tinnation of the Vermont exposures. They occur in the vicinity of
Whitehall, New York, and south to Fort Ann, Washington County.

In the review of the references made to the * Red Sandrock ” series
of Vermont, frequent mention has been made of its correlation with the
Potsdam sandstone as well as of the correlation of the ¢ Granular
Quartz” with the Potsdam sandstone of the Adirondackarea, Asnow
known, these two belong to distinct geological horizons, as claimed by

1The stratigraphical succession of the Carabrian faunas of North America. Nature, vol. 38, 1888, p.
551,

2 Walcott, C. D. The fauna of the Lower Cambrian or Olenellus zone. 10th Ann.Rep. U.S. Geolog-
ical Survey, 1890, pp. 509-763.

3 Bull. Geol. Soc. America, vol. 2, 1891, pp. 334-337.

$Hypozoic and Paleozoic rocks. Report on the geology of Vermont, vol. 1,1861, - 265,

Bull, 81—-8
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Dr. Emmons in 1842. As the typical Potsdam sandstone in this dis-
trict is an extension of the sandstone of the Adirondack sub-area within
its borders, the review of its literature will be united with that of the
typical Potsdam of the Adirondack district.

The occurrence of the Upper Cambrian or Potsdam zone as distinet
from the Georgia slate and * Red Sandrock,” is spoken of in the de-
scription of the section crossing the town of Georgia, Vermont,' where
mention is made of the discovery of a fauna closely related to that of
the Upper Cambrian. This is the same horizon referred to on page 17,
par. 14, ,

In a description of a section crossing the typical Taconic area of
eastern New York and western Massachusetts by Mr. C. D. Walcott,?
the typical Potsdam sandstone is not recognized. It isstated that cer-
tain shales designated as Terrane No. 2, may represent the Potsdam
ferrane, or it may be represented by the lower part of the limestones
of Terrane No. 3, or the upper part of the Quartzite of Terrane No. 1.

CANADIAN EXTENSION.

The Canadian extension of the Northern Appalachian District is from
the United States boundary northeast to the vicinity of Point Levis,
Quebec, on the western side of the extension of the Green Mountain or
Sutton Mountain anticlinal, and from Quebec down the south shore of
the St. Lawrence River to Cape Rosier, Gaspé. On the eastern side of
the anticlinal the supposed Cambrian rocks of New Hampshire, cross-
ing the southeastern portion of the province of Quebec, to the Maine
boundary, are also included.

The first notice of the rocks, subsequently referred to the Cambrian
in the vicinity of Quebec, was by Dr. J. J. Bigsby.® He divided the
strata into three series. TFirst, the slaty series, composed of slates and
grauwacke, occasionally passing into a brown limestone, and alternat-
ing with calcareous conglomerate in beds, some of which are charged
with fossils ; second, the limestone series; third, gneiss. In the beds
of this conglomerate on the south side of the St. Lawrence he noticed
the presence of trilobites, encrinites, corallines, and other fossils. He
considered them above the supposed equivalent of the Carboniferous
limestone of the English geologists.

In his description of the succession of the strata at Montmorenci
Falls, Dr. E. Emmous states that the rock forming the falls is a gneiss,
and in the figure illustrating the section the Potsdam sandstone is shown
resting unconformably upon the gneiss and subjacent to the Trenton
limestone, but with a conglomerate between it and the Trenton lime-
stone.t He subsequently correlated the sandstones that are extensively

1'Walcott, C. D. Second contribution to the studies of the Cambrian faunas of North America. U.S.
Geol. Survey, Bull. No. 30, 1886, p. 19.

2The 'l'aconic System of Emmons and the use of the name Taconicin Geologic nomenclature. Am,
Jour. Sci., 3d ser., vol. 35, 1888, p. 240.

30n the geology of Quebec and vicinity. Proc. Geol. Soc., Londen, vol. 1, 1827, p. 37.

4 Geology of the Montmorenci. The American Magazine, vol. 1, 1841, p. 148,
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used in the construction of buildings, both public and private, and in
the fortifications of Quebce, with the gray sandstone tetminating the
Lorraine section of Jefferson County, New York.! These sandstones
were subsequently named the Sillery sandstones by Sir W. E. Logan,
who at first followed the correlation made by Dr. Emmons, and referred
them to the Lorraine shales or Hudson River group.

Inthe report of progress for 1843, of the Geological Survey of Canada,?
an account is given in a very general manner of an exploration by Sir
'W. E. Logan of the rocks on the south shore of the lower St. Lawrence,
near Cape Rosier; and they are further deseribed in the report for
1844, as seen from Cape Chat toward Cape Rosier, going down the river.
This is followed in the report for 1847483 by a description of the rocks
of the extension of the Green Mountains into Canada, and the strata
upon the west which are now supposed to be of Cambrian age. They
were then referred to the Hudson River group, with the possible addi-
tion of the Shawangunk conglomerate. In their extension it is stated*
that these recognized rocks of the Hudson River group have a con-
tinuous run from Lake Champlain along the south bank of the St.
Lawrence to Cape Rosier. .

In a report on the rocks on the south side of the St. Lawrence, in the
report of progress for 1849-°50,° a preliminary description is given of
five masses of rock met with. They include the dark gray slates, gray,
green, and occasionally red shales, hard sandstones, and a red and green
shale that were subsequently largely referred to the Quebec group by
Sir Wm. Logan, and now, in part, to the Cambrian by Dr. R. W, Ells,
In a report for 1852-’53 ¢ a description is given of the strata on the north
shore of the St. Lawrence between Cap Rouge River and Quebec. At
the base there is a succession of hard, sandy layers, with softer shales
that extend along the river shore for some distance, and then thick
beds of sandstone separated by thinner bands of red and green shales,
The red and green shales have a great thickness further down the river.
Mr. Logan says that it would be hazardous to pronounce with confi-
dence what it is, from the probably contorted condition of the strata. In
regard to the sandstones, however (supposed torepresent the Oneida con-
glomerate), no folds have been detected. They are thought to be about
900 feet in thickness. This is the first preliminary description of the
sandstones and shales that were subsequently referred to the Lauzon
and Sillery series of the Quebec group.’

'Geology of New York, part 2, comprising the survey of the 2d geological (northern) district. 1842,
p. 125.

2 [Account of the generalstructureof an extended area in North America.] Geological survey Canada,
report of progress for 1843. 1845, pp. 6-18 [Documentary Edition.]

3Logan, W. E. Geological survey Canada, report for progress 1847—’48 1849, pp. 2-17 [Documen-
tary Edition.]}

40p. cit., p. 17.

5Logan, W. E. |Report on rocks on south sido of the St. Lawrence.] Geological survey Canada,
report of progress for 1849-'50. Toronto, 1850, pp. 32-33.

fLogan, W.E. [Exploration on the north side of the St. Lawrence, between Montreal and Cape
Tourmente.] Geological survey Canada, report of progress for 1852-'53, 1854, pp. 5-74.

70p. oit., p. 34. -
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Dr. J. J. Bigsby,!in describing the geology of Quebec and its en-
virons, states that the Potsdam sandstone only occurs distinetly, as far
as yet known in the neighborhood, at the Falls of Montmorenci; but
at Jeune Lorette there are traces of it. He says that—

The sandstone of Montmorenci has been unhesitatingly declared to represent the
Potsdam rock by the New York State geologists, as well as by Sir Charles Lyell and
Mr. Logan. With these high authorities I have only to concur. Its geological posi-
tion is that of the Potsdam sandstone; but its aspect and mineral condition are very
different from that of Lake Superior and of the Thousand Islands, near Kingston,
Upper Canada.?

In describing the geology of the Falls of Montmorenci, he says:

The sandstone is plentiful on the east bank of the river above the bridge, and is a
yard or more thick, as well as on the west bank both above and below the bridge;
the plane of contact with the enclosing rock being clean and abrupt. Itis white,
brownish red or bright green, in well defined layers. Bowlders of the gneiss occur
init.3

A section is introduced in which the Potsdam sandstone is repre.
sented as beneath the Trenton limestone, and with the latter resting
unconformably against the gneiss. It is stated that the Potsdam sand-
stone at this place has not yet been found to contain organic remains.

Dr. Bigsby described the north shore of the St. Lawrence, from Quebec
to Cap Rouge, as consisting of frequent alternations of gritty gray
sandstone, and red, brown, and black clay shale. On the south side of
the St. Lawrence, near Point Levis, the rocks are stated to be formed of
minute alternations of clay-slate, coarse sandstone, calcareous and other
conglomerates that were met with on the north side of the river.

In the report of progress for 1852-'53, published in 1854, Sir W. .
Logan® describes the red and green shales and green sandstones from
Cap Rouge to Quebec, considering them to belong to the Hudson River
group of the New York section.

In a description of the Silurian rocks of the environs of Quebec, the
same writer ¢ states that the only exposure of the Potsdam formation in
the vicinity of Quebec is at Lorette, where the sandstone is 7 metres in
thickness and without the fossils which characterize the formation in
other parts of Canada. The shales and sandstone of the Sillery forma-
tion are stated to correspond to the conglomerates of the Oneida for-
mation of the New York geologists. This same view was expressed in
the geological essay prepared for the Paris Exposition of 1855 by

- Messrs. Logan and Hunt.

From the collections of fossils made by the Geological Survey of Ca-

nada at Point Levis during the years 1856’57, Mr. E. Billings, paleon-

10n the geology of Quebec and its environs. Quart. Jour., Geol. Soc., vol. 9, 1853, pp. 82-101.

2Qp. cit., p. 84, 30p. cit., p. 88. 40p. cit., pp. 94, 95.

s (Exploration on the north side of the St. Lawrence, between Montreal and Cape Tonrmente.)
Geol. Surv. Canada, report progress for 1852-'563, 1854, pp. 33, 34.

6 (Sur la formation silurique des environs de Québec.) Soc, géal. ance, Bull,, 2° s6r., vol, 12, 1855,
p.505. .
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tologist of the survey, decided that the rocks there and those which had
been associated with them by Sir William E. Logan belonged at the
base of the Lower Silurian and not at the summit, as had hitherto been
Leld. These conclusions were announced by Logan in «a letter to Mons,
J. Barrande published in 1860.! In this letter the whole Quebece group,
from the base of the magnesian conglomerate with their accompanying
magnesian shales, to the sammit of the Sillery sandstone, is stated to
have a thickness of perhaps from five to seven thousand feet. It ap-
pears to be a great development of strata at about the horizon of the
Chazy and Calciferous ot the New York section.

He says heis-not prepared to state that a typical form of the Pots-

dam sandstone is present where the shales are in greatest force.

" Neither amI prepared to assert its absence, as there arein some pla'ces masses of
granular quartzite, not far rémoved from the magnesian rocks of the Quebec group,
whieh require farther investigation; but, from finding wind-mark and ripple-mark
on closely succeeding layers of the Potsdam sandstone where it rests immediately
upon the Laurentian series, we know that this arenaceous portion of the formation
must have been deposited immediately contiguous to the coast of the ancient Silurian
sea, where part of it was even exposed at the ebb of tide. Outin deep water the de-
posit may have been a black, partially calcareous mud, such as would give the shales
and limestones which come from beneath the Quebec group.

In Canada no fossils have yet been found in these shales, but the shales resemble
those in which Oleni have been found in Georgia (Vermont). These shales appear to
be inrterposed between eastward dipping rocks equivalent to the magnesian strata of
the Quebec group, and they may be brought np by an overlapping anticlinal or dis-
location. We are thus led to believe that these shales and limestones, which may be
subordinate to the Potsdam formation, will represent the true Primordial zone in
Canada.®

In 1863 Sir Wm. E. Logan published his great résumé of the work
done by the Geological Survey of Canada from its commencement to
1863.> He describes the northward extension of the Georgia series
and Red Sandrock of Vermont into Canada, stating that they had been
traced but a short distance when they become faulted out and replaced
by alater formation.*

The Sillery shales and sandstones, as well as the conglomerate beds
of Point Levis, Quebec, are deseribed in detail and assigned to about the
horizon of the Calciferous-Chazy formations of the New York section.
The Levis and Sillery formations are referred to the Quebec group, and
the latter series is traced southwestward along the western base of the
Sutton Mountain range. The Levis formation is divided into seventeen
parts, consisting of alternating calcareous shales, argillaceous shales,
limestone conglomerate, and gray sandstone. The upper beds consist of

1Logan, W. €. Remarks on the faunn of the Quobec group of rocks and the Primordial zone of Can-
ada. Canadian Naturalist,vol. 5, 1860, p. 475; vol. 6, 1861, pp. 106-120; Am, Jour. Sci., 2d ser., vol. 31, 1861,
Pp. 216-220. Remarques sur la faune des roches du groupe de Québec et sur la zone primordiale da
Canada, Soc. géol. France, Ball,, 2¢ sér., vol. 18, 1861, pp. 309-314.

2Awm, Jour. Sci., 2d ser., vol. 31, p. 219,

3 Geological Survey of Canada, Report of progress from its commencement to 1863. Montreal, 1863,
pp. 983.

40p. cit., p. 285.
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red and green shales with thin layers of gray sandstone or quartzite in
which Lingula and Obolellawere found. At the summit of the red and
green shales, interstratified sandstones appear and succeed the shales,
with a thickness of about 2,000 feet, forming the Sillery division of the
Quebec group (p. 232). Subsequently he! divided the Quebec group
into three parts: Levis or lower ; Lauzon or middle ; and Sillery or up-
per. The Lauzon or middle division embraces the red, green, and pur-
ple slates of the section above and below Quebec and on the island of
Orleans. The only fossils known were Obolella pretiosa and fragments
of Lingula. The sandstones and accompanying shales of the original
Sillery were referred to the Sillery or upper division with the exception
of those separated to form the Lauzon. The Levis, or lower division,
was distinguished by its yellow, dark and black shales and the presence
of numerous graptolites and Calciferous-Chazy fossils. .

Up to this time none of the rocks of the Quebec group had been
referred to the Cambrian system,or to an equivalent formation, beneath
the Calciferous zone of the New York series. Messrs. Billings, Hall,
and Barrande spoke of the Primordial character of some of the fossils
of the Point Levis conglomerate, but the series as a whole was referred
by Mr. Logan to the Calciferous-Chazy zone.

Sir W, E. Logan also described the conglomerate beds of Bic Har-
bor and Trois Pistoles on the shore of the St. Lawrence River, where
bowlders of limestone were found containing fossils of the Olenellus
fauna.? The shales in which the bowlders occur are supposed at the
present time to be of Upper Cambrian age.

The report on the south shore of the St. Lawrence River below Que-
bec, by Mr. James Richardson, contains the information that another
series of rocks came to the surface, differing from those farther to the
west. He says:

These rocks have heretofore been classed with those of the Quebec groap, but they
appear to underlie them unconformably, and being in some places marked by fossils
which Mr. Billings considers to be of Potsdam age, they are now placed in the upper
part of the Potsdam group.?

They consist at the summit of a light drab quartz rock with intercal-
ated beds of conglomerate holding limestone pebbles in an arenaceous
matrix, the whole forming a series 600 feet in thickness. Thisis super-
jacent to a series of gray sandstones and interstratified shales with a
thickness of 700 feet in which near the base a conglomerate occurs;
below this a third division of gray limestones and limestone conglom-
crate oceurs in beds of from 1 to 6 inches thick. A species of Salter-
ella was observed in the limestone, and a species of Archaocyathus in
the shales. The third seriesis assigned a thickness of 700 feet; and the

tLogan, WE, Report of, for 1866. Geol. Survey Canada, report of progress from 1863 to 1866, 1886,
p. 4. .

2 Geological Survey of Canada, report of progress from its commencement to 1863. Montreal, 1863,
p. 260. :

2Report on the south shore of the St. Lawrence, below Quebec. Geol. Survey Canada, report prog-
ress for 1866, to 1869, 1870, p. 120.
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entire section 2,000 feet. A number of species of the Olenellus fauna
were found in the pebbles of the conglomerate near St. Denis Station
on the Grand Trunk Railway, and also at Bic Harbor.!

The reference by Mr. Richardson of the rocks mentioned in the pre-
ceding paragraph to the Potsdam zone is objected to by Dr. A. R. C.
Selwyn.? He says that after examining a considerable portion of these
supposed Potsdam rocks, there is in his opinion at present no sufficient
evidence, either paleontological, stratigraphical, or mineralogical, for
separating this belt from other very large areas of the Quebec group,
hitherto assigned, the larger part to the Lauzon, but in some places
also to the Levis and Sillery formations. He states that on any map
now published it is best to include the whole of the rocks of this great
fossiliferous belt in one group, as the data are insufficient to separate the
Potsdam zone from the other rocks of the Silurian. The group referred
to is No. 1,2 the Lower Silurian. The second is ¢ the volcanic group,
probably Lower Cambrian.” Group No. 2 is described as consisting of
a great variety of crystalline, suberystalline, and altered rocks, includ-
ing red, gray, and greenish siliceous slates and argillites, great masses
of diorite, epidotic and serpentinous breccias- and agglomerates, etc.*
Of the age of this group he says:

If fossils are found I should expect them to indicate a lower horizon than the Levis
formation, probably not far removed from that of the St. John group and Atlantic
coast series of Nova Scotia, or Lower Cambrian.b

This series forms part of the Sillery formation of Mr. Logan.

In speaking of the referecnce of the Voleanic gronp to the Cambrian
Dr. Selwyn quotes from the paper read before the Royal Society of
Canada in May, 1882, as follows:

The upper portion of this series was designated ‘‘ the volcanic belt” from the asso-
ciation with it, especially on the southeast side of the main axis, of a great variety
of what were considered to be altered eruptive and irruptive rocks, but whether
the strata forming this igneous belt are more nearly allied to the Lower Cambrian
than to the Upper Huronian is not, fossils being absent, easily determined.

On the map of the Dominion of Canada geologically colored from
surveys made by the Geological Corps from 1842 to 1882, under the
direction of Dr. Selwyn, there is quite a broad belt of rocks colored
Cambrian that extends from Cape Rosier on the Gaspé Peninsula
southeasterly along the shores of the St. Lawrence to Point Levis, Que-

.bec. From Point Levis it turns more to the south, extending along the
western margin of the Archean anticlinal to Mississquoi Bay, at the
foot of Lake Champlain. A narrower strip is represented as extending

10p. cit., p. 130.

2 Report of observations on the stratigraphy of the Quebec group and the older crystalline rocks of
Canada. Geol. Survey Canada, report of progress, 1877-'78, 1879, p. 4A. Can. Nat., new ser., vol. 9,
1879, pp. 17-31. )

30p. cit., p. 3A. 40p. cit., p. 5A. &80p. cit., p. 6A.

SNotes on the geology of the southeastern portion of tho Irovince of Quobee. Geol. Survey
Canada, report of progress, 1880-'81-'82, 1883, p. 2A..
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from the north end of the Archean anticlinal or axis, along the eastern
side of the latter to Lake Mewmphremagog. A smaller area is colored
Cambrian in the southeastern part of the Province of Quebec, near the
Maine boundary, at the northeastern corner of New Hampshire. In a
map of a part of the Province of Quebec published in 1887, the dis-
tribution of the Cambrian about the Sutton Mountain anticlinal, or
the Archean axis, extending north from the Green Mountains, is given
more in detail than in the map of 1882.

In the table of the geological formations, accompanying Macfarlane’s
American Geological Railway Guide, Dr. T. S. Hunt places the follow-
ing groups in the Lower Cambrian, in descending order:!

Potsdam.

Sillery.

Acadian (Menevian).
Lower Taconic.

This same nomenclature is followed in the list of the geological forma-
tions of Canada on page 52.

In a report on the explorations and surveys in the interior of the
Gaspé Peninsula, Mr. A. P. Low? states that the Cambrian system is
represented along the Ste. Anne River and along the east and west
flanks of Table-top Mountain, by gray and black shales, limestones,
and limestone-conglomerates of the Levis formation. He says:

These form but a small part of the great area of these rocks, which stretches from
Cape Rosier along the gouth side of the Gulf of St. Lawrence to Quebec and thence
through the Eastern Townships into the United States.

In describing the Silurian rocks on a previous page ® he says the
limestones rest in places upon a pinkish or gray sandstone of no great
thickness, which is seen on the Ste. Anne and Matane Rivers and on
the west side of Lake Matapedia. This sandstone is supposed to be
the lowest part of the system.

In his surveys of the eastern portion of the Province of Quebec, Dr.
R. W. BElls * included in the Cambrian the extension to the northeast of
those rocks described as Cambrian by Dr. Selwyn. Asdescribed in the
reports of the Geological Survey of Canada for 1886,1887,they consist
for the most part of hard yuartzite interstratified with mica schists and
black slates. Dr. Ells also referred the trappean rocks of Broughton to
the Cambrian, All of this series, as described by Dr. Selwyn and Dr.
Ells, is unconformably overlapped by the Sillery red slates, conglomer-
ates, and sandstones. Itis not improbable that some of the strata
referred to the Lower Cambrian may prove to belong to that system of
rocks, butin the absence of fossils it is very uncertain whether the strata

I Dominion of Canada. (Geological Formations.) Macfarlane's Am. Geol. R. R. Guide, 1879, p. 51.

2 Bxplorations and surveys in the interior of the Gaspé Peninsula, 1883. Geol. Surv. Canada, 1882-'83-
1884, p. 14F.

3 Op. cit., p. 12F,

4 Second report on the geology of a portion of the Province of Quebec. Geological Survey Canada,
new ser., vol. 3, 1889, pp. 1IK-120K.
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under consideration should be referred to the Cambrian or to some
of the pre-Cambrian series of rocks. In areview of Dr. Ells’s work by
Mr. C. D. Walcott? it is snggested that from the occurrence of Lower
Cambrian fossils (the Olenellus fauna) in grayish limestone interbedded
with purple, green, and black slates, in Washington County, New
York, the rocks containing them ocenpy a similar stratigraphic position
to those described by Dr. Eils in the Canadian section. Dr. Ells con-
sidered that portions of the strata referred to the Lower Cambrian are very
much like those of the gold series of Nova Scotia, while, in part, they re-
semble the Cambrian of New Brunswick. Stratigraphically they occupy
a position between the chloritic and micaceous schists of the Arcliean
and the superjacent Sillery. ?

The Canadian extension of the rocks referred to the Cambrian System
by Prof. C. H, Hitchcock in New Hampshire is represented upon the
geological map of Canada, published by Sir William E. Logan in 1864 as
the Quebec group, thus being identified with the Quebec group seriecs
upon the western side of the Gaspé limestone series, Refereuces have
been made to them by various anthors who have written upon the geol-
ogy of the townships of eastern Quebec, but not in a manner to distin-
guish the strata now referred to the Cambrian.

When describing this belt of rocks in 1886, Dr.R. W. Ells® states that
Prof, Hitchcock has referred a belt composed principally of blackish,
wrinkled slates and schistose sandstones, which form a ridge extending
northeast from the vicinity of Canmaan, between Hall’s and Indian
streams to the Quebec boundary, to the Lower or Cambrian system.
The strata present awell defined anticlinal structure,which is recognized
in the adjoining townships of Emberton and Ditton in Quebee, and
northeast past the outlet of Lake Megantic and onward to the Maine
boundary. The slates are penetrated by quartz veins, which in places
have proved more or less auriferous.

In character and aspect the gold-bearing slates of Ditton and the area to the north-
east almost exactly resemble, as already intimated, the rocks of the Nova Scotia gold
geries.* .

As far as known no fossils have been found in this series to identify
the horizon, in either New Hampshire, Canada, or Maine. This is true
also of the second area inclosed on either side of the Stoke Mountains
and the Sherbrooke anticlinal. The strata forming the western area
west of Sutton Mountain anticlinal have already been mentioned.

The presence of rocks of supposed Cambrian age is indicated on the
geological map of Canada, published in 1882, on the eastern side of
Hudsow’s Bay, near the mouth of Big Whale River, and in the vicinity

1 Areview of Dr. R. W. Tlls's second report on the geology of a portion of the Province of Quebec,
with additional notes on the **Quebec group.” Am. Jour. Sci., 3d ser., vol. 39, 1890, p. 101-115.

2 Ells, R.'W. Second réport on the geology of a portion of the Province of Quebec. Geol. Surv.
Canada, vol. 8, 1889, p. 87K.

3Report on the geology of a portion of the eastern townships of Quebec. Geol, Surv, Canada, 1886,
new ser., vol. 2, 1887, pp. 24J, 256J.

40p. cit., p. 25d.
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of Richmond Bay. The observations upon which this identification is
based were made by Dr. Robert Bell, who explored the east coast of
Hudson Bay in 1877. He names the series the Manitounuck group,
correlating it with the Nipigon series north of Lake Superior. By com-
bining the sections of slates and sandstones he obtains a thickness of
2,800 feet for the entire section on this part of the coast.!

References to the occurrence of rocks of supposed Cambrian age on
Lakes Mistassini and Mistassinis are made by Mr. A. P. Low in his
report on the Mistassini expedition. The limestones, owing to the
" absence of any fossil remains, have been referred to the Cambrian hori-
zon on account of their lithologic resemblance to Cambrian rocks of the
east side of James Bay.?

A map of Lake Mistassini accompanies the report, on which the
bhoundary between the Laurentian and supposed Cambrian formations
is traced.

Dr. George M. Dawson tabulates the formations; he refers to the
Cambrian in Ontario and Quebec as follows: 3

3b. Sillery and Levis.

3a. Calciferous.

2¢. Upper and Lower Potsdam,

2b. Keweenian.
2a. Animikie.

SOUTHERN APPALACHIAN DISTRICT.

The Southern Appalachian district includes the outcrops of strata
reterred to formations of the Cambrian group in northern and central
New Jersey, southeastern and southern central Pennsylvania, western
Maryland, Virginia, and North Carolina, eastern Tennessee, northwest-
ern Georgia, and northeastern Alabama.

NEW JERSEY.

In a table showing the geologic succession of the lower Secondary
or Appalachian rocks as they occur in New Jersey, Prof. Rogers+*
places as No. 1 of the series of formations a compact and very quart-
zose sandstone, of light bluish gray color, approaching to white. He
discovered the formation in only three or four small isolated areas along
the western outcrops of the Primary rocks. Prof. Cook refers to this
sandstone lying upon the gneiss as the ¢ Potsdam sandstone ” as known
in New York. Itisonlya few feetin thickness.> Inasubsequentreport
a sketch is given of a section at Franklin Furnace, which shows the sand-

1Report on an exploration of the east coast of Hudson’s Bay, 1877. Geol. Surv. Canada, Rep. Prog.
for 1877-78. 1879, p. 17C.

2Report of the Mistassini Expedition, 1884-'85. Geol. and Nat. Hist. Surv. Canads, new ser., vol. 1,
1885, p. 31D.

3 Macfarlane James: An American Geological Railway Guide. Second ed., 1890, p. 58.

4 Description of the Geology of the State of New Jersey, being a final report. Philadelphia, 1840, p. 45.

5 Report of Prof. George H. Cook upon the geological surveyof New Jersey, and its progress during
the year 1863, 1864, p. 6, par. 9.
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stone resting unconformably on the gneiss and passing conformably be-
neath the superjacent Magnesian limestone.! There are also doubtfully
included under the ¢ Potsdam sandstone” several outcrops of quart-
zite and conglomerate, and the conglomerates and sandstones of the
Green Pond Mountain range. On thelarge geological map of northern
New Jersey, published in 1874,> the “ Potsdam sandstone” includes
shales, sandstones, slaty grits, quartz rock, and the Green Pond Moun-
tain couglomerate ; this entire series is represented by ome color,

. extending on the trend of the Green Pond Mountain range from the
New York boundary southwesterly into the central portion of Morris
County.

In the annual report for 1884 the Green Pond Mountain rocks are
included with the ¢ Devonian and Silurian rocks.”?® This leaves the
so-called ¢ Potsdam sandstone ” as the only Cambrian formation within
the State. The following year reference is made by Prof. Cook* to the
contact phenomena with the Paleozoicrocks. In New Jersey one point
is at «“ Owen’s Island,” in Sussex County, two-thirds of a mile south of
the State line, as described by Prof. Rogers in his report of 1836. At
this point the sandstone dips 20° northwest, and the Archean 70° to
the southwest. Near Franklin Furnace a similar unconformity occurs,
and the same conditions appear persistent along the entire northwestern
margin of the highlands in New Jersey, though no other actual contact
has been observed along this line, :

In a paper presented to the Geological Society of America December
31, 1890, Prof. Frank L. Nason stated he had found fossils of Lower

» Cambrian age in the quartzite resting on the pre-Paleozoic rocks at
Hardistonville, Sussex County, New Jersey, and at Franklin Furnace,
in -the same county. He also discovered fragments of a species of
Kutorgina in the superjacent limestone.’

DELAWARE.

In the northwestern corner of the State of Delaware there is a trian-
gular area of sandstone referred to the ¢“Potsdam ” sandstone by Mr.
Fred. D. Chester. He states that it extends into Pennsylvania, and is
best exposed beyond the State line.

At Nivin’s limestone quarry a mass of quartzite forms what is clearly an anticlinal
fold, over which is a corresponding anticlinal of Magnesian limestone.$

The extension of this sandstone into Pennsylvania is shown upon the
map of Chester County, Pennsylvania, where it occurs in the township
of London.

! Geology of New Jersey. Newark, 1868, p. 72.

2000k, Geo. H. Geological Survey of Now Jersey. (Map of) northern New Jorsey, showing the
iron-ore and limostone districts. 1874, in two shcets. :

3Cook, Geo. . Goological Survey of New Jersey. Annual report of the State goologist for the
yeoar 1884, 1884, p. 29.

4Contact phenomena with the Paleozoic rocks., Geological Survey of New Jersey. Annual Report
of the Stato Gool. for 1885. Trenton, 1855, pp. 53-55. :

$Unpublished.

$Preliminary notes on the geology of Delaware—Laurentian, Pal ic, and Cret: areas. Phila.
Acad. Sci. Proc., vol. 36, 1884, p. 248,
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PENNSYLVANIA.

In the second annual report of the State geologist of Pennsylvania,
Prof. H. D. Rogers summarizes in a table the order of stratitication,
the geographical position, composition, and thickness of the lower
Secondary formation in Pennsylvania, east of the Susquehanna River.!
The description of formation No. I, or the sandstone of the South Moun-
tain, is as follows:

In the ascending order, the first formation which we meet with, reposing on the
primary ro¢ks of the South Mountain, * * * isaremarkably compact and rather
fine-grained sandstone, usually white or of some light shade of gray. * * * The
formation ranges, according to my present belief, from the Delaware, at Easton, more
or less interruptedly across the State to the Maryland line, pursuing an undnlating,
irregular Delt, coinciding with the northern and northwestern side of the chain of
hills most commonly called in this State the Sonth Mountain, the prolongation of the
Highlands of New York and of the Blue Ridge of Maryland and Virginia.2

It contains, as far as yet examined in Pennsylvania, very few organic remains, the
best defined species discovered in it being a marine plant, indicative of the oceanic
position into which the materials of this stratum were originally swept.

I have satisfied myself that this rock is not confined to the Appalachian region of
Pennsylvania, but that it possesses a prodigiously extensive range, not only through
Maryland and Virginia, but in a contrary direction through New Jersey and New
York, and I believe beyond those limits, constituting everywhere the lowermost for-
mation of the widespread Secondary strata which it encircles in a somewhat inter-
rupted belt, following the primary bonndary of these rocks from Tennessee to Lake
Champlain, and thence northwestward to the northern shores of Lake Huron and
Lake Superior.?

Prof. Rogers recognized the sandstone at many points in New Jersey
and New York, and considered it identical with the formation in north-
eastern New York, described by Prof. Eaton under the name of Cal-
ciferons sandrock,® and states that it is probably the same sfratum
which Dr. Bigsby has mentioned as existing on the north side of Lake
Huron® In the table showing the order of stratification, formation No.
I is assigned a probable thickness of 1,000 feet.

A description is given in the third report® of the geographic distri-
bution of the sandstone as it occursin the various counties of the south-
eastern portion of the State.

In Northampton and the eastern cocner of Lehigh the sandstone * * * issub-
ordinate in importance to the gneiss and other primary rocks on which it rests.”

1Second Annual Report on the Geological Exploration of the State of Pennsyivania. Harrisburg,
1838, oppo. p. 19.

20p. cit., p. 21.

30p. cit., pp. 22, 23,

17he Potsdam sandstone was not differentiated from the calciferous sandrock by Eaton. He in-
cluded the sandstone and the superjacent calcareous sandstone, under the common name of calciferous
sandrock, as one formation.

50p. cit., p. 23,

¢ Jtozers, Henry D.  Third Annual Report of the Geological Survey of the State of Pennsylvania.
Narrisburg, 1839, pp. 14-16.

7Qp. cit., p. 15.
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In the fourth report! formation No. 1 is spoken of as the extensive
slate and sandstone formation constituting ¢ The lowest member of our
older Seccondary or Appalachian rocks.” 'I'he slates of the I’igeon
Hills are referrved to the lowest Secondary formation of the State, and
the strata comprise different portions of formation No. I, consisting of
dark slate and alight colored sandstone. The stratigraphic succession
of the various beds referred to formation No. I of South Mountain, south-
west of the Susquehanna, is given in detail. The intercalated limestone
bed is considered to belong to the upper part of the division,? and there
is a bluish slate interstratified in the sandstone. In the report of the
following year® the geographical range of the rocks of the South Moun-
tains from the Delaware to the Schuylkill is oatlined. The white and
gray sandstone of formation I is not a continuous stratum in the belt
of the South Mountains where they traverse Northampton and Lehigh
Counties, but it is very probable it occurs at the base of all the primary
ridges, buried under a deep covering of loose diluviam.* Mention is
made of its various points of outerop and its occurrence in Berks
County, and many details are given of the distribution of the sand-
stone and the mode of its occurrence in relation to the subjacent pri-
mary rocks. .

Tu his grand summary of the geology of Penusylvania, Prof. H. D.
Rogers gives a synoptic description of the Primal series or ¢ Potsdam ”
sandstone of New York, as follows:?

The Primal series, under its-fullest and most diversified condition, or that which it
wears 1 the Appalachian chain in Pennsylvania, Virginia, and Tennessee, is a thick
fourfold group composed of two slates and two great arenaceous rocks in alternation:
(1) The highest or Primal newer slate is a greenish and brownish talco-argillaceous
slate, sometimes very soft and shaly. In Pennsylvania it has a thickness of about
700 feet. (2) The next, the Primal white sandstone, is a compact, white and yellowish,
fine-grained, vitreous sandstone, often containing specks of Kaolin. This rock, which
is of easy recognition and of an iminense range, has a thicknessin some parts of the
Blue Ridge of Virginia of at least 300 feet. This is the Potsdam sandstone of New
York. (3) The Primal older slate is a brown and greenish gray sandy slate, contain-
ing much feldspathic and talcose matter. It has hitherto disclosed no fossils. The
thickness of this bed iu the Atlantic slope in Pennsylvania is several hundred feet.,
and in the Blue Ridge of Virginia is not less than 1,200 feet. (4) The Primal con-
glomerate, the lowest of the yet distinctly recognized formations of the Primalseries,
is a heterogeneous conglomerate of quartzose, feldspathic, and slaty pebbles, imbed-
ded in a talco-silicious cement. The thickness of this rock in Virginia and Tennes-
seo, north of which it has not been discovered, is at least 150 feet.

In New York and the Northwestern States this series presents a materially different
type, the Primal white sandstone being almost the sole representative.

Thickness.—The thickness of the entire sories is considerably more than 2,000 feet.

'Rogers, H,D. Fourth Annual Report on the Geological Survey of the State of Pennsylvania.
Harrisburg, 1840, pp. 33-35.

2Qp. cit., p. 41.

3Rogers, H.D. TFifth Annual Report on the Geological Exploration of Pennsylvania. Harrisburg,
1841, pp. 16-26.

40p. cit., pp. 26, 27.

8 The Geology of Pennsylvania. Philadelphie, 1858, vol. 2, pp. 751, 762,
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Geographical distribution.—In its geographical distribution this primal series ranges
coextensively, or nearly so, with the other formations of the older Paleozoic division
to be presently traced; that is to say, it shows two great continuous outcrops, one
stretching southwest along the Appalachian chain and the other west from the St.
Lawrence, through New York, Canada West, Northern Michigan, Wisconsin, and
Minnesota beyond the Mississippi. Itis probably likewise brought to the day in
the anticlinals of Missouri, Arkansas and Texas, which elevate the gneissic strata on
which it rests,

The only fossils found were a peculiar fucoid in the newer Primal
slate, annelid borings in the Primal white sandstone, ¢ one or two
brachiopodus mollusks, especially lingula. In Wisconsin and other
northwestern localities this formation contains several species of tri-
lobites, and abounds in lingule, obolus, and an orbicula,”? Trilobites
were also found on Lake Champlain.

Under the heading of ¢ Equivalents” is the following:

These strata seem to be on the horizon of the lower Festiniog group or lingula
flags of England, and equivalent to the obolus and lingula sandstone of Sweden and
Russia. They represent, too, the primordial zone of Bohemia, and are therefore on
the borizon of the very dawn of discovered life.?

This summary of Prof. Rogers gives his 1nformat10n respecting the
Primal series in Pennsylvania, Virginia, and Tennessee up to the time of
publication. Under the heading of ¢ Depositions and disturbances of
the Primal period,” he discusses the probable conditions under which
the sediments were deposited, and sums up the period as one of vast
duration ; ¢ an enormous age of quiet sedimentation with almost no
life in the wide turbid sea.”® The paleontological record for the Primal
series is given a very few words: Three or four fossils known in the
white sandstone, and a vaguely defined plant in the subjacent shale
in the Appalachian region. But in Wisconsin, the white sandstone
imbeds, on a succession of thin tloors, some seventeen more species.
Two of these are identical with those of the eastern outcrop, so the
total number of species known atthat date was eighteen. The distribu-
tion of the Primal series in Pennsylvania is tabulated in volume I* and
local details are given in the description of the various counties in which
outcrops of the rocks and slates occur,

On an accompanying geological map the geographic distribution of
the Primal series is delineated. As a whole it extends with many in-
terruptions diagonally across the southeastern portion of the State,
from South Mountain in Adams County to Northampton and Bucks
Counties, on the Delaware River.

Two maps of sections also accompany the report of 1858. On the
line of section No. 2, the Primal is represented, in Northampton County,
at Frey’s Run and along Durham Creek to the Delaware River. At
Attleborough, in Bucks County, a synclinal of the Primal sandstone
is represented as occurring in the midst of the older Primal slate.

10p. ¢it., p. 751 20p. eit., p. 752. 80p. cit., p. 781, 4Qp. cit., pp. 122, 123.
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Section No. 3 crosses the Primal slate in Berks County and repre-
sents the Primal sandstone dipping southeasterly from the Primal
slate forming Mount Pleasant.” The Primal sandstone is shown again
in Montgowmery County at Barren Hill and it is placed in the midst of

¢ Primal mica slate.”

Section No. 4, in crossing Lancaster and Chester Counties, passes
through the Primal series at Neversink Hill, near Reading, and also at
‘Welsh Mountain, where the Primal sandstone is represented as forming
a low anticlinal, ‘

On the line of section No. 5, the Primal sandstone occurs to the west
of the Primal slates and gneiss that form Millbough Iill in Berks
County. In Lancaster County, on the line of the same section, the
sandstones occupy the south end of Welsh Mountain. In Mine ridge
the Primal slates and guneiss are represented as much distorted, while
the sandstone forms an anticlinal and synclinal axis.

Sections Nos. 7 and 8 cross the South Mountain in Adams and York
Counties ; and the entire section of the mountain is represented as
Primal, as stated in the text. The rocks of Pigeon Hills, to the south-
east in section 7, are also referred to the ¢ Primal” and to the ¢ Primal
slate, altered and crystalline;” and the same reference is made of the
southwestern extension of the slates of the hills where crossed by sce-
tion 8.

I have been unable to find any account of original researches upon
the Primal rocks during the period between the final report of Prot, I,
D. Rogers and the renewal of their study by Prof. J. P. Lesley in 1873.

In a paper by the latter, on the iron ore of the South Mountain of
Cumberland County, a diagrammatic sketeh is given of a cross-section
of the county at Carlisle, in which the ¢ Potsdam ” sandstone rests on
the gneiss for a long distance.! On the following page a sketch of a
section shows the sandstone, resting on the Azoic slates and gneiss;
and beneath is a series of iron ore bearing slates that, in turn, are sub-
jacent to the Calciferous sandstone and Trenton limestone.

In describing the Cornwall iron mines and some related deposits, in
Pennsylvania, Dr. T. S. Hunt? refers Prof. Rogers’s Primal slate of the
mines to a portion of the Lower Taconic series of Emmons and beneath
the horizon of the Potsdam sandstone of the New York system. This
reference carries with it the ores which are found in Pennsylvania
along the borders of the Mesozoic and Red Sandstone formations of this
portion of the State.

In another paper Dr. Hunt nctes the discovery by Prof. Prime of a
species of Monocraterion, in the Auroral limestone of Pennsylvania,
and says:

'"T'he iron ores of the South Mountain along the line of the Harrisburg and Potomac Railway in
Cumberland County, Pennsylvania. Am.Phil. Soc. Proc., vol. 13, 1873, p.4.

2The Cornwall iron mine and some related deposits in Penusylvania. Am. Inst. Mining Eng., Trans.,
vol. 4, 1876, p. 320.
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These same limestones in Pennsylvania, which belong to the Lower Taconic series
of Emmons, have also afforded an undescribed species of Lingula.?

In reporting on the Paleozoic rocks of Lehigh and Northampton
Counties Mr. Fred. Prime, jr., states that the very lowest beds of the
Potsdam sandstone are actually pudding-stones, containing pebbles the
size of a man’s fist and larger, and fragments of red, unaltered ortho-
clase, The upper beds are composed of a hard, compact quartzite con-
taining greater or less quantities of feldspar nodules. The sandstone
often, as elsewhere, contains.Scolithus.? He gives the geographic dis-
tribution of the sandstone as found about the South Mountain in the
two counties mentioned. Of the upper Primal slates he says:

Next above the Potsdam sand stone occur hydromica slates, which Rogers has called
the Upper Primal slates, but which really form a portion of the No. II limestone,
and gradually pass into this. They overlie the Potsdam conformably and are far
more persistent in their occurrence,? ‘

In the limestone he found specimens of the genus Monocraterion in
Lehigh County, specimens of Lingula, and a single specimen of an
orthoceratite.* In the vicinity of Allentown and Bethlehem the sand-
stone is about 25 feet thick. The contact between the gneiss and the
sandstoneis distinctly seen about 2 miles from Allentown, on the Lehigh
Valley Railroad track. (Prof. Prime’s paper was also printed in the
Awmerican Journal of Science, under the following title: ¢ On the Dis-
covery of Lower Silurian Fossils in Limestone Associated with Hydro-
mica Slates, and on other points in the Geology of Lehigh and North-
ampton counties, Eastern Pennsylvania.”)s

The species of Monocraterion was described and illustrated by Prof.
Prime in 1878.f It is stated to be from the Siluro-Cambrian limestone.

Prof. Rogers referred nearly all of the strata of the South Mountain,
southwest of the Su squehanra River, to the Primal series, He says:

In its geological constitution this tract is without much variety, for it contain
scarcely any rocks except those of the Primal series.”

He describes the ridges as composed of the Primal white sandstone
and the intervening valleys and plateaus of the Primal upper slate.
These strata are represented as very much disturbed and extensively
metamorphosed. This view is not accepted by Dr. Persifor Frazer, who
says that in his report of 1875 (Second Geological Survey of Pennsyl-
vania, CC) it is clearly shown, both in the text and in the graphic
illustrations, that the Potsdam or Primal formation of Rogers is want-
ing over all that country with the exception, perbaps, of scattered
patches on the northwestern flank of the South Mountain chain.?

10n the history of the crystalline stratified rocks. Am. Assoc., Proc., vol. 25, 1876, p. 208.

20n the Paleozoic rocks of Lehigh and Northampton Counties, Pennsylvania, Am.Phil. Soc., Proc.,
vol. 17, 1878, pp. 248, 249,

30p. cit., p. 249. 4Op. cit., p. 251.

8 Am. Jour. Sci., 3d ser., vol. 15, 1878, pp. 261-269.

624 Geol. Sur., Penn., DD, 1878, pp. 79-80.

7The Geology of Pennsylvania. Philadelphia, 1858, vol. 1, p. 203.

8 Frazer, Persifor, jr. (On the relations of the South Mouuntain rocks in Pennsylvania.) Am. Inst.
Mining Eng., Trans., vol. 7, 1879, p. 336,
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In noting the discovery of the Martic anticlinal in Lancaster County,
Dr. Frazer calls attention to its exposing fundamental gneiss and gran-
atoid beds in the new railroad cuttings along the left bank of the Sus-
quehanna River and how it sheds off to the north and to the south at
least 16,000 feet of Primal (Cambrian?) slates.! In a special report
upon the geology of Lancaster County the same writer describes the
character and mode of occurrence of the ¢ Chikis” quartzite. The
actual thickness of the quartzite above water level is mot much over
300 feet,> Between the limestones and the quartzite there is, he says—

A vast series of hydro-mica schists and ‘decomposed argillaceous slates, which in-
sensibly grow in the deep more and more chloritic until this mineral lends its color
as well as its name to the larger part of the whole formation, but generally the
chloritic series is divided from these nacrites by a quartzite.?

He says further:

A vast series of slates intervene between the lowest rocks of all on the Susque-
hanna and the formation last described.4

As the result of his survey of the southern parts of Montgomery,
Bucks, and Philadelphia Counties, Mr. Chas. E. Hall® decides that the
South Valley Hill hydromica and chlorite slates, which were consid-
ered by Prof. Rogers as equivalent to his Primal of the North Valley
Hill, are not altered Primal slates, but no other than a series of slates
overlying the limnestones of No. II or the slates of the Hudson Period.
He also gives a description of the Primal quartzite of Rogers, speaking
of it as the Potsdam sandstone.! He gives his opinion of the age of
the sandstone known as the Edge Hill Kock, in Chester County, as
follows : “The Itacolumite, or Edge Hill Rock, I consider proven, be-
youd dispute, to be the equivalent of the Potsdam sandstone.”

In a memoir upon the geology of the southeastern portion of Penn-
sylvania, Dr. Persifor Frazer gives a summary of the general charac-
ters and geographical distribution of the Primal quartzite and the sub-
jacent and superjacent schists. The upper division of the Primal of
Rogers is referred to No. IIT or Auroral, and the chloritic schists, sub-
jacent to the quartzite, are referred to the Huronian, the quartzite alone
representing the Primal or Potsdam of Rogers.® The geographic dis-
tribution of the formation in Chester, Lancaster, York, and Adams
Counties is represented on the map accompanying the memoir.

Prof. Lesley, in his description of the geology of Chester County,
after the surveys of Messrs. Rogers, Frazer, and Hall ? writes :

'[Note on the Martioc anticlinal and on ripple marks on a slab of limestone]. Am.Phil Soc., Proc.,
vol. 17, 1878, p. 725.

2 The geology of Lancaster County. Second Geol. Survey Penn., Rep.Prog.in 1877, CCC. Harris-
burg, 1880, p. 7.

30p. cit., p. 5. 4 0p. cit., p. 8

5 The geology of Philadelphia County and of the southern parts of Montgomery and Bucks. Second
Geol, Survey Pa., C6., 1881, pp. xvii-xviii, 93.

¢ Op. cit., pp.7, 8. 7 Op. cit., p. xvii.

8 Mémoire sur la Géologie do la partie sud-est de 1a Pennsylvanie. Lille, 1882, p. 75.

9 The geology of Chester County, after the surveys of Rogers, }razer,and Hall. Second Geol. Sux.,
Penn., CCCC; 1883, p. viii. ) o ’

Bull. 81——9
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Dr. Frazer divides the Potsdam sandstone formation into an upper and a lower.
* % * The upper, or Kennett rock division, he identifies with Mr. Hall’'s Edge Hill
rock. .

The lower is the Toughkenamon division. Dr. Frazer himself says
that the latter, or the lower division, ¢“is composed of weathered particles
of a gneiss or syenite loosely compacted and laminated.,” The second or
Kennett rock is the upper division and ¢ it is a thin-bedded rock, lying
in plates of fairly parallel sides, composed of fragments of white limpid
quartzite, and is generally large-grained. ”?

Prof. Lesley quotes Prof. Rogers’s description of the Primal series as
it oceurs at various localities in the county, together with many of
Dr. Frazer's observations; stating that he described three principal and
a few very subordinate and doubtful areas of the Primal rock north of
the Chester Valley. One important conclusion of Dr. Frazer’s is here
quoted:

In mentioning thus the ¢ Primal,” the quartzite and quartzose sandstone alone are
considered here. It will be seen further on that abundant evidence sustains the view
that the greater part if not all of the weathered foldspar porphyries, conglomerates,
&c., in the townships both north and south of the Chester Valley are really Lower
Potsdam. The effect of this would be to add a border of these rocks to the area of
the (silicious) Potsdam as at present indicated on the map, and thus contract by this
much the remaining area of real Azoic or Hypozoic.?

The report of Mr., E. V. D’'Invilliers upon the geology of the South
Mountain belt of Berks County contains an extended description of the
¢ Potsdam” sandstone, or No. 1 of Rogers’s classification. The opening
paragraph throws a doubt upon the correlation that has been made of
this lower sandstone with the Potsdam sandstone of New York:

It would be safer to name this formation the Reading Sandstone; but in the descrip-
tions of its outcrops along the Little Lehigh, the Lehigh, and the Delaware Rivers,
in vol. 1 of this report, it has been called Potsdam Sandstone, taking for granted that
any sand formation underneath the Magnesian limestones of the Great Valley must
Ve the same sand formation which in northern New York underlies the Corniferous
[Calciferous?], Chazy, and other limestones of the Mohawk Valley.3

The lower sandstone or conglomerate and the lower Primal slates of
Rogers were not recognized in Berks County.

The lowest bed of the sandstone, always seen resting on the gneiss, is a coarse con-
glomerate of angular quartz rock fragmentsof all sizes in a silicous paste. * * *
The term sub-Potsdam conglomerate would express its position underneath the Pots-
dam quartzite white sandstone proper, belonging to it by conformity, and separated
from the gneiss by nonconformity.4

A detailed description of the outcrop of the sandstones and their
general character follows. - Certain areas of slate exist in places be.
tween the sandstone and the Magnesian limestone and are referred to
the Primal series. Where the slate is not present the limestone is im-

1Geological notes in the several townships of Chester County. Second Geol. Surv, Penn. The ge-
ology of Chester County. C4,1833, p.307.

2The geology of Chester County, after the surveys of Rogers, Frazer, and Hall. Second Geol. Surv.
Penn., CCCC; 1883, p. 159.

3 The geology of the South Mountain Belt of Berks County. Second Geol. Surv. of Penn., D3, 1883
vol. 2, p. 99.

4 0p. cit., p. 100.
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mediately above the Potsdam sandstone. ¢Its place in the series is
next above the Potsdam sandstone formation No. I.”!

In a lecture upon the geology of Philadelphia, Prof. H. (Jarvﬂl Lewis
describes the Primal slates and Potsdam sandstone as follows:

On top of the gneiss and at the base of that great group of fossiliferous rocks known
as the Paleozoic System, is a peculiar formation in the middle strata of which occur
the oldest fossils yet found in the vicinity of Philadelphia. The lower part of the
formation is the pale sandy slate which forms Edge Hill and Barren Hill, and the
northern base of Chestnut Hill. The slates are closely folded and stand often almost
perpendicular. * * * A sandstone, which fromits great development at Potsdam,
N. Y., has been named from that place, overlies the slates and often contains long
tubular fossils, known as Scolithus linearis, which appear to be the casts of worm-
holes. * * * On top of t].JiS fossiliferous sandstone is a series of soft, iron-bearing
shales, often decomposed into variegated clays, carrying extensive beds of iron ore
(limonite).?

The ¢ Potsdam” sandstone is described by Prof. Fred. Prime, jr., as
it occurs in Lehigh and Northampton Counties. It rarely exceeds 25
feet in thickness, and there are no underlying rocks of any thickness
between it and the unconformably subjacent Laurentian rocks. The
Primal upper slate of Rogers is classed with the Siluro-Cambrian lime-
stone.?

Prof. J. P. Lesley’s hand atlas of the sixty-seven counties of Pennsyl-
vania contains a description of the rocks referred to the Potsdam
quartzite, No. I, of Rogers, in each of the counties in which they occur;
and the geographic distribution is shown upon the maps of the counties.
The text presents the best general statement of the distribution of the
strata now referred to the Cambrian in Pennsylvania that has yet been
published.*

Prof. Lesley’s résumé was followed in 1886 by an important contri-
bution by Dr. Persifor Frazer entitled ¢ A sketch of the Geology of
York County, Pennsylvania.” In adopting the classification of the
Geological Congress for the system he places under the heading “Cam-
brie” the Hellam quartzite or Potsdam sandstone.® The lower series
or talcose slates of Rogers are considered in all probability as identical
with the Azoic schists; and it is stated that abundant instances occur
of the unconformable contact of the quartzite upon the supposed equiv-
alent schists in Chester County. On the geological map accompanying
this memoir the details and distribution of the Potsdam formation are
delineated. The talcose schist of Rogers, or the upper member of his
Primal series, is referred to the ¢ Siluric” as “hydro-mica schists.”®

Dr. T. Sterry Hunt objects to the interpretation of Prof. Rogers, that

1 Op. cit., p. 137, .

27'he geology of Philadelphia. Fraunklin Inst. Jour., 3d ser., vol. 85, 1883, p.425.

3Geology of Lehigh and Northampton Counties. Second Geol. Surv. Penn., D3, vol. 1, 1883, pp. 210,
212

4 A goological hand atlas of the sixty-seven counties of Pennsylvania, embodying the results of the
Verity field work of the survey, from 1874 to 1884. Second Geol. Surv. Penn., X, 1885, pp. cxii.

5 General notes. Sketch on the geology of York County, Pennsylvania. Am. Phil Sec., Proc., voL
23, 1886, p. 398.

80p. cit., p. 400,
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the Primal sandstone, Auroral limestone, and Matinal shales of central
Pennsylvania are represented in southeastern Pennsylvania. He criti-
cises the correlation upon the evidence of the presence of Scolithus lin-
earis, stating that he has shown it to be very distinet from that found
in the Potsdam sandstone. The argument for thisis given in his ¢ Azoic
Rocks of Pennsylvania.”! In a later publication Dr. Hunt concludes
that—

There is, in fact, up to this time, no evidence that the typical Potsdam sandstone
and Calciferous sandrock of northern New York exist in eastern Pennsylvania; but
on the contrary there are many reasons for supposing that in this region, as in east-
ern Canada and along the eastern side of the Champlain and Hudson River Valleys, the
period of these two subdivisions of the New York system is represented by the First
Graywacke of Eaton, the Upper Taconic of Emmons, which, as will be shown farther
on, is now recognized as contemporaneous with the typical Potsdam and Calciferous
subdivisions. Rocks supposed to represent this Graywacke series are found in the
great valley of Pennsylvania, and these, together with the divisions immediately pre-
ceding them—namely, the Primitive quartz rock, the Primitive lime rock, and the
transition argillite—which constitute the Lower Taconic of Emmons—are, as we shall
endeavor to show, represented by the so-called Primal, Auroral, and Matinal of the
southeastern area.? )

He vefers the sandstone, limestone, and shale to his pre-Cambrian
Taconiansystem, correlating the formations with the Granular quartzite,
Granular limestone, and Transition argillite of the eastern New York
section. This correlation, made long before by Prof. Rogers, is sus-
tained by the latest observations. The ¢ Granular quartz” of Eaton’s
section is known to be of Lower Cambrian age; thelimestoue, of the
Trenton-Chazy horizon, and the argillite is referred to the Hudson ter-
rane. If the correlation based upon lithologic characters and strati-
graphicposition by Messrs. Rogers and Hunt be correct, then the quartz-
ite of southeastern Pennsylvaniais of Cambrian age, and the limestones,
with their superjacent shales and schists, are the equlvalents of the
Trenton and Hudson terranes.

The statement that the Upper Taconic of Emmons is contemporane-
ous with the typical Potsdam and Calciferous subdivisions is no longer
sustained, as the Upper Taconic of Emmons is mainly the Lower Cam-
brian of the New York section.

In a discussion on the rocks of Pennsylvania and New York, Mr: T,
D. Rand ? mentions the Cambrian of Chester Valley, near Philadelphia,
and, as undetermined, the hydro-mica schist of the South Valley Hill.
He states that the Potsdam really exists in between the schist and the
limestone, which refers the schist to the Archean. The sandstone is
very thin, but it rests upon the Laurentian shore of the ancient ocean,
which explains the differences of thickness as compared with the rocks
to the northwest.

1Special report on the trap dikes and Azoic rocks of southeastern Pennsylvania. Second Geol.
Surv, Pa., E. 1878, pp. 134-139.

2The Taconic Question in Geology. Mineral Physiology and Physiography. A second series of
chemical and geological essays: 1886, p. 534.

3 A discussion on the rocks of Pennsylvania and New York. New York Acad. Sci., Trans., vol. 8,
1889, pp. 50, 51.
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MARYLAND.

A brief description is given by Prof. P. T. Tyson, in his first report,’
of the rocks in Maryland referred to the Primal series of Rogers. Two
formations are referred to the Primal: (1) a hard sandstone; and (2) a
slate, varying in color from gray to brownish and greenish. On the
map accompanying the report the geographic distribution of the Primal
series is indicated.

VIRGINIA.

One of the earliest attempts to differentiate, by, lithologic characters,
the formations of the Blue Ridge of Virginia is on the map of a section
crossing it east of Winchester.? The Transition, or blue limestone, is
represented as passing beneath the limestone shale that, in turn, dips
beneath a gray schistose rock. This section is of interest only when
interpreted by the later sections of Prof. Rogers.

Prof. William B. Rogers describes in the Second Report of the Prog-
ress of the Geological Survey of Virginia the Primal series in the
central counties of the State, or of the Great Valley, as follows:

(No. 1.) This rock or group of rocks, which is frequently exhibited in extensive
exposures along the western side and base of the Blue Ridge, more especially in the
middle counties of the valley, is usunally a compact, rather fine-grained, white or
yellowish gray sandstone. Where resting on the declivity of the ridge it presents a
gontle inclination to the northwest—while the;subjacent and more ancient strata of
the ridge, in almost every instance, dip steeply to the southeast. In Page, Rocking-
ham, Augusta, and Rockbridge counties this rock forms the irregular and broken
ranges of hills lying immediately at the foot of the main Blue Ridge, and sometimes
attaining an altitude little inferior to that of the principal mountain. A level region,
sometimes of considerable breadth, and strewed profusely with the fragments of this
rock, in general intervenes between these rugged hills and the first exposures of tho
valley limestone. * * * Talcose and micaceous matter make their appearance in -
it. * * * 'This micaceous and talcose variety is sometimes found in the same hill
underlying the more purely silicious rock. The latter, in nearly all the exposures
from the Balcony Falls to Thornton’s Gap, as well as in various other places, exhibits
vague, fucoidal and zoophytic impressions on the surfaces of bedding, together with
innumerable markings at right angles to the stratification, penetrating in straight
lines to great depths in the rock, and from their frequency and parallelism deter-
mining its cleavage in nearly vertical planes. These markings are of a flattened,
eylindrical form, from one-cighth to one-tenth of an inch broad, giving the surface of
the fractured rock a ribbed appearance, and resembling perforations made in sand
which have been subsequently filled up without destroying the distinctness of the
original impression. Precisely similar markings are found in great abundance in the
white compact sandstone occurring at a higher point in the series, associated with
numerous unequivoecal impressions of fucoides.

The extent to which these sandstones are developed is comparatively inconsidera-
ble in the southern and northern counties of the valley, and their structure and com-
position are in many respects materially changed.’

1 First Report of the State Agricultural Chemist of Maryland. Amnnapolis, 1860, pp. 84, 35.

2Clemson, Thos. G.: Notice of a geological examination of the try between Fredericksburgh and
‘Winchester, in Virginia, including the gold region. Geol. Soc. Penn., Trans., vol. 1, 1835, map, oppo.
p. 298,

3Second report of the progress of the geological survey of the State of Virginia, for the year 1887.
Richmond, 1838, p. 14. '



134 THE CAMBRIAN. {BULL. §1.

The description of formation No. I in the third annual report is as
follows:

The lowest of the Appalachian rocks consist for the most part of a close-grained
white or light gray sandstone, in some places containing beds of a rather coarse con-
glomerate of white silicious pebbles. Near the bottom in many instances a brown-
ish slaty sandstone occurs alternating with the former, while towards the top or
approaching the next formation, the sandstone passes into reddish and brownish
and olive-colored argillaceous slates.

This formation in Virginia is exclusively confined to the western slope of the
Blue Ridge and the narrow belt of rugged hills and imountains extending thence to
the commencement of the valley limestone.! :

In a paper on “The Lower Silurian brown hematite beds of America,”
Mr. B. 8. Lyman states that all these beds seem to lie within the Vir-
gnia and Pennsylvania geological formation No. I, wholly below the
Calciferous Sandrock of No. I1.2

On the map accompanying the reprint of the annual reports and

- other papers on the geology of the Virginias, published in 1884, Prof.
Rogers has included under one color, formations I to III or the Primal,
Auroral and Matinal series. On the large series of sections, however,
the three are differentiated and No. I or the Primal series is shown in
sections 1 to 19, and also in 89.

Prof. W. M. Fontaine has added many details to the section of the
Primal series described by Prof. Rogers, at Balcony Falls in Rockbridge
County. The sketch of the Balcony Falls section? is supplemented by
that of Rockfish Gap and Harper’s Ferry.

For a further notice of the results of Prof. Fontaine’s work the reader
is referred to the description of the Cambrian rocks of Virginia.

In a note upon the Potsdam or Primal group of Virginia, prepared for
Macfarlane’s American Geological Railway Guide, Prof. W. B. Rogers
puts as equivalent formations No. I of the Pennsylvania and Virginia
surveys or Primal of the annual reports and Potsdam group. The
latter is used in the nomenclature of the rocks of Virginia and West
Virginia. In the note explaining the Potsdam group, he says:

The Potsdam, or Primal group, includes in Virginia, where complete, besides the
Potsdam proper, the ferriferous shales next above, and the slates, shaly grits, and con-
glomerates, below this formation. Itis exposed in varying mass and completeness
on the western slope and in the west flanking hills of the Blue Ridge throughout
much of its length, often, by inversion, dipping to the southeast, in seeming con-
formity beneath the older rocks of the Blue Ridge, but often, also resting unconform-
ably upon or against them. These older rocks, comprising masses referable probably
to Huronian and Laurentian age, include also a group of highly altered beds, corre-

sponding apparently to the copper-bearing or Keweenian series of northern Michigan,
and perhaps to the lately described Dimetian rocks of Wales.+

!Report of the progress of the geological survey of Virginia, for 1838 (Richmond, 1839), p.6. A re-
print of the aunnal reports and other papers, on the geology of the Virginias, New York, 1884,
Pp. 197, 198.

20n the Lower Silurian brown hematite beds of America. Am. Assoc., Proc., vol. 16, 1867, p. 114.

3 0n the primordial strata of Virginin. Am. Jour. Sci., 3d ser., vol. 9, 1875, pp, 363-369.

4Rogers, W.B. Virginia and West Virginia. [Geological formations.] Macfarlane’s Am. Geol.
R. R, Guide, 1879, p. 181.
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It will be noticed that Prof. Rogers adopts the sawme reference for the
ferriferous or iron-bearing slates and shales that his brother did for the
supposed equivalent formation in Pennsylvania.

Prof. J. L. Campbell published two papers in 1879,! in which the
Primal series of Prof. Rogers is described. These were followed in 1880
by a revised description of the Silurian formation in central Virginia.?
His observations will be noticed in the section on the Cambrian rocks
of Virginia. In another paper he gives a definition of the ¢ Primordial”
as follows :

The Primordial.—The great bed of ferriferous shales and sandstones skirting the
western hase ot the Blue Ridge from Tennessee to the Potomac; in the npper part of
formation No. I of Prof. Rogers’s Appalachian series.?

The most complete and detailed description of the formations re-
ferred to the Primal series of Rogers is that of Prof. W. M. Fontaine,
published in 1883.* The section is formed of conglomerate at the base,
subjacent to shales, npon which the so-called Potsdam quartzite rests.
The upper member of the Primal series is the ferriferous shales. The
eutire thickness of this section is given as 2,380 feet, and the data
given by Prof. Fontaine will be used largely in the summing up of our -
knowledge of the Primal series in Virginia. The reader is referred to
that section for further details.

In an article upon the iron ores of the valley of Virginia, Mr. Audrew
McCreath divides the ¢ Primal or Potsdam sandstone” (Primal or Pots-
dam formation) into (1) lower slates, (2) sandstone, (3) upper slate.

First. In the lower slates, or those geologically underneath the Potsdam sandstone
occurs & red hemitite ore, sometimes in beds of considerable thickness and of good
quality. Thisis the so-called ‘specularore” of the Blue Ridge, and it has been quite
extensively developed at numerous points, notably in Botetonrt and Bedtord Coun-
ties. * * * Secoud. In the Potsdam sandstone itself, important beds of iron-ore
have been observed. The ore is generally a close-grained, brittle, dark brown hem-
atite, invariably cold-short. In Rockbridge County a bed of it fully ten feot thick is

- exposed for a considerable distance on the Vesnvins property. * * * Third. The
upper slates, however, are by far the most important from an economical standpoint,
forming, as they do, one of the richest repositories of brown hematite iron ore in
Virginia. They intervene between the Pofsdam sandstone and the base of the cal-
ciferous limestone, and they are found all along the western slope of the Blue Ridge—
being geologically coextensive withit. They are generally more or less digintegrated,
or decomposed into variegated clays; and while they may not always carry a contin-
uous ore bed, yet, wherever the formation exists, deposits of iron ore of greater or
less extent may be confidently looked for.b

!Silurian formation in ¢entral Virginia. Am. Jour. Sei., 3d ser., vol. 18,1879, pp. 16-29. Geology of
Virginia; Balcony Falla; The Blue Ridge and its geological connections. Some theoretical consider-
ations. Tbid., pp. 435-445.

2The Silnrian formation in central Virginia (revised). The Virginias, vol. 1, 1880, pp. 41-45, 54-56.

87The ineral resources and advantages of the country adjacont to the James river and Kanawha
Canal and the Buchanan and Clifton Forge Railway. 'The Virginias, vol. 1, 1880, p. 3.

1 Notes on the mineral deposits at certain localitics on the western part of the Blue Ridge. The
Virginias, vol. 4,1883, pp. 21, 22, 42-44.

-6 The iron ores of the valley of Virginia. Am. Inst. Mining, Eng., Trans., vol. 12, 1884, pp. 18--20.
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In the sheet of sections accompanying “The Virginias” by Prof. Wil-
Jiam B. Rogers, printed in 1884, section 9 crosses the Primal series of
Rockbridge County, about 30 miles north of Balcony Falls. On the
eastern slope of the Blue Ridge a small synelinal basin of the Primal
series is represented as resting in a hollow in the gneiss; on the western
slope, the Primary series is shown as it occurs in numerous sections
crossing the Great Valley and the Blue Ridge. The editor of the sec-
tions, Mr. Jed. Hotchkiss, states in the note accompanying them that the
sections are ¢ exact reproductions, in so far as the geology is concerned.
of the sections as Prof. Rogers left them.” Irom this it is evident that
Prof. Rogers became aware of the presence of the Primal series on the
upper eastern slope of the Blue Ridge in Rockbridge County after the
publication of the third annual report in 1839, as he stated then that
the Primal rocks were confined to the western side of the ridge.

Messrs. J. L. and H. D. Campbell, while studying the geological re-
lations of the Snowdon slate quarries in Amherst County, on the borders
of the counties of Rockbridge and Bedford, discovered the presence of
the Baleony Falls series of Cambrian rocks and found that the quartzite
passed beneath the slate of the quarries.! On the map accompanying
the paper (p. 170), an ideal section shows the shales and conglomerates
resting on the gneiss beneath the sandstone, which they have referred
to the Potsdam owing to its carrying Scolithus borings, and above the
latter is the slate belt, in which the quarries are located. Under the
title of ¢ Geology of the Blue Ridge near Balcony Falls, Virginia; a
modified view,” Prof. Campbell corrects the statement made in a former
paper, in the American Journal of Science in 1879, that the rocks of the
southeast slope are of Archean age. He adds a sentence as follows:

‘We may conclude, therefore, that this portion of the Blue Ridge has been formerly
spanued by a grand arch. or series of arches, of Cambrian age, upturned perhaps at
the time of their upheaval—the broken fragments of which have been carried away,
and only the abutments left to tell the story of a great catastrophe.?

In a letter on relation of Archean and associated formations in Vir-
ginia, Prof. W. M. Fontaine states that he finds in Virginia a valuable
guide to the true base of the Potsdam in the conglomerates.

The lowest conglomerate is not always seen. It is often very coarse, with pebbles
sometimes 4 to 5 inches in diameter, and composed of Laurentian or Huronian ma-
terial, according to the nature of the underlying rock. The matrix is often shaly or
slaty.

1t is the conglomerates overlying this stratum that afford the best guide, for they
may always be seen.

They are simply pebble beds in the slate or shale. The pebbles are from the size
of a musket bullet down, and usually of quartz, often pink in color. The pebbles
look as if they had been scattered over a muddy bottom, forming a very peculiar
conglomerate in which all the material except the pebbles is a fine slate or shale.
Sometimes some partially decayed feldspathic matter occurs with the pebbles.

1The Snowdon slate quarries. The Virginias, vol. 5, 1884, pp. 162, 163,
2Geology of the Blue Ridge near Balcony Falls, Virginia; & modified view. Am. Jour. Sci., 3d ser.,
1884, vol. 28, pp. 222, 223,
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These shaly conglomerates, as we may call them, might sometimes be mistaken for
certain amygdaloids of the Huronian when the latter are weathered, but careful ex-
amination will always detect the difference. I have never seen any shaly conglom-
erate in the Huronian.

I am now of the opinion that the conglomerates at the railroad bridge at Harper's
Ferry are these lower Potsdam strata, but would require a reexamination of them
beforé I make up my mind positively. I am also inclined to think that Frazer’s
Mountain Creek conglomerate is the satne.! )

During the year 1885 Prof. H. D. Campbell published a more detailed
account of the discovery of the Potsdam group east of the Blue Ridge.
A résumé of the section is given as it occurs on the northwestern slope
of the Blue Ridge at Balcony Falls for the purpose of comparing the
rocks as found upon the southeastern slope. On the eastern slope the
strata lie in a basin of Archean rocks forming a synclinal, a section of
which practically reduplicates the lower portion of a section of the
¢ Potsdam group ” of the western slope. A map and figure of the sec-
tion accompany the paper.? In a second article in connection with his
father, the Camwbrian-Primordial (No. 1 of Rogers) is described in con-
siderable detail,® and mention is made of the discovery of another area
referred to the “Potsdam group” on the eastern slope of the Blue
Ridge, at Tye River gap, in Nelson County. )

Prof. J. J. Stevenson identifies the Cambrian rocks, crossing Mont-
gomery, Pulaski, and Wythe Counties, as the Lower Knox shales and
* the Potsdam of the Tennessee section. Under the title ¢¢ Cambrian ”
he says:

Here are_placed the Lower Knox shales and the Potsdam. The former are prob-
ably equivalent to the Hydromica schists of Pennsylvania and the lower part of the
Calciferous of New York ; the latter is the Potsdam of New York, vastly increased in
thickness.

No fossils were observed in the Knox or the Potsdam shale with the
exception of Scolithus linearis. The geographic distribution of the for-
mations referred to the Cambrian is shown on a map accompanying
the paper. Further reference will be made to Prof. Stevenson’s paper
in describing the Cambrian rocks of Virginia.*

In a paper read before the Geological Society of America December
31, 1890, by Messrs. H. R. Geiger and Arthur Keith, it is stated that
the shales and quartzite at Harper’s Ferry represent the Hudson and
Medina series and not the Primal series as stated by Profs. Rogers and
Tontaine. . They present a number of sections showing the stratigraphic
position of the beds. In these the normal succession is limestone,
shales, and sandstone. The shales succeed the limestones, and overlap

!(Letter on relations of Archean and associated formations in Virginia.) Geol. Chester Co., Pa.,
2d Gool. Surv., C4, 1883, p. XV.

2 The Potsdam group east of the Blue Ridge at Balcony Falls, Virginia. Am. Jour.Sci.,3d ser.,
vol. 29, 1885, pp.470-474.

3 Roview of William B. Rogers’s Geology of the Virginias. Am. Jour. Sci., 3d ser., vol. 30, 1885, pp.
364-368.

4 A geological reconnaissance of Bland, Giles, Wythe, and portions of Pulaski and Montgomery
Counties of Virginia. Am. Phil. Soc. Proc., vol. 24, 1887, pp. 86-87.
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upon the pre-Paleozoic rocks, the quartzite in turn resting upon the
shales. This makes the limestones repreésent the Great Valley lime-
stone of Virginia or the Calciferous-Chazy-Trenton belt ; the shales, the
Hudson series, and the sandstone, the Medina series of the New York
section.! .

lNdRTH CAROLINA.

As now known the Cambrian rocks of North Carolina are confined to
the extreme western boundary, where the Ocoee conglomerate and
Chilhowee sandstone series extend across from Tennessee. This was
recognized by Prof. J. M. Safford in his work in Tennessee ; and Prof.
W. C. Kerr notes the occurrence of thin- bedded, siliceous shtes at Paint
Rock, on the State line. He says of them:

They are called by Prof. Safford, the geologist of the State of Tennessee, Chil-

howee sandstones, and are set down conjecturally by several eminent geologists as

- Potsdam sandstone. They have never yielded any fossils by which their geological
horizon might be determined. A few very thin beds of argillaceous slate are found
interpolated here and there between the quartzose strata.

Passing up the deep gorge which the river has excavated, the quartzites are soon
found to be interbedded with and are finally replaced by shales and grits, the latter
generally fine, but occasionally approaching in appearance a breccia or conglomerate.
These are succeeded by heavy beds of argillaceous slates and shales, which in turn
give place, at Warm Springs, to a heavy bedded blue and gray limestone. This is
followed by a calcareous, compact, fine-grained sandstone, which presently passes
into a gray, much jointed quartzite rising in vertical cliffs along the river for 2 miles,
and succeeded by a well characterized coarse conglomerate with bluish gray slates
and shales, at and below the mouth of Laurel River. A little above this point comes
in a very extensive and conspicuous bed of feldspathic quartzite, or petrosilex, which
continues for more than a mile, and then graduates through a gneissoid rock into a
series of gray, drab, and mottled argillaceous slates and shales. This succession of
quartzites, grits, shale, limestone, and conglomerate occupies in direct cross section
a space of more than 10 miles. I have elsewhere referred to the identity of this for-
mation with that which is so conspicuous on Valley River, and shall therefore call it
the Cherokee Slates. They pass in a northeast course up the Laurel Valley and
through the Smoky or Unaka Mountains into Tennessee.?,

In a note on the occurrence of metamorphic Silurian rocks in North
Carolina, Prof. I. H. Bradley states that the rocks about Franklin are
of Lower Silurian age, and the marbles of Murphy and vicinity are the
equivalents of the Knox limestones of Tennessee, which are of Quebec
group age’ This statement of Prof. Bradley’s is noted here, as it is
probable that the formations examined by him are equivalent to those -
exposed on the French Broad, between Warm Springs, North Carolina,
and Paint Rock. If so, they may be of Cambrian age. In a paper pub-
lished the following year, Prof. Bradley refers*to the strata in the
vicinity of Murphy, in southwestern North Carolina, and takes the view

I Bull. Geol. Soc. America, vol. 2, 1891, pp. 155-163.

2 Reporb of the State Geologist of North Carolina. Raleigh, 1869, p. 29.

8 Note on the occurrence of metamorphic Siturinn rocks in North Carolina. Am. Jour. Sci., 3d ser.,
vol. 8 1874, p. 390.

4 On the Silurian age of the southern Appa.l'whmns Am. Jour. Sci., 3d ser., vol. 9, 1875, pp. 286, 382.
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already mentioned. There is, however, more or less of uncertainty
in relation to the identification of the rocks about Murphy and on the
line of the Hiwassee River; so much so that outside of the recognized
Chilhowee strata I think it would be very hazardous to state that the
Cambrian is represented in southwestern North Carolina. In his de-
scription of the stratified rocks, Prof. Kerr states that so far as known
the Primordial is represented only in its lowest member, where it crosses
the northwest border in. a few points along the Smoky Mountfain.! A
description of the section upon the French Broad, from Paint Rock to
‘Warm Springs, is reprinted by lLim (pp. 138, 139), with the statement
that Prof, Safford makes the Paint Rock sandstones to be Chilhowee
or Potsdam; the grits and conglomerates below and above Warm
Springs to be Ocoee or sub-Potsdam; while the limestone is referred
to the Knox Dolomite, which is above the Potsdam.? He also gives
Prof, Bradley’s identification of the rocks that belong to Cherokee
County in the southwestern portion of the State.

TENNESSEE.

The classification adopted by Dr. Gerard Troost, in his fourth report
as geologist of the State of Tennessee, is as follows:3

1. Primordial, or Primitive, or Crystalline.
2. Transition or Fragmentary.

3. Secondary or Sedimentary.

4, Tertiary or Upper Secondary.

In mentioning this classification he says:

I should have confined myself to the two first parts of this division, the Primordial
and Transition series, as they constitute the greatest part of the district that I have
examined.

This nomenclature is used in the fifth annual report, where he states
that the Crystalline Primordial rocks form the highest part of the
Appalachian Chain. The line of contact of the Primordial rocks with
the Transition or Fragmentary coincides in a general way, but not
exactly with the boundary line between Tennessee and North Carolina.

The country lying between the Great Smoky Mountains and the Cumberland
Mountains, or East Tennessee, is for the most part composed of strata of grauwacke,
sandstone, and limestone alternating with each other, and in which organic remains
are rarely found; these strata are highly inclined, approaching in some places
towards the vertical, dipping more or less towards southeast and running nearly
parallel with the Smoky Mountain ridge; they are covered in several places by
horizontal strata of limestone of a dark gray, approaching to a black color, and hav-

ing a granular structure. It is in some places characterized by Maclurites, Le Sueur,
Conotubularia, nobis, Isotellus, Dekay, and several species of Calamopora, Goldf, ¢

On the map and sections aécompamying the report the Primordial or
Crystalline series is colored blue, and the Secondary or Grauwacke

! Report of the geological survey of North Carolina, vol.1,1875, p.115. Raleigh.

2 Op. cit., p. 140. .

8 Fourth report of the geologist of the State ot Tennessee, Nashville, 1838, p. 630.
4 Fifth geological report on the State of Tennessee. Nashville, 1840, p. 5.
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series, composed of grauwacke, slaty granwacke, sandstone, and lime-
stone, which extend from the Primordial series to where they are lost
under the Cumberland Mountains, is colored yellow, thus roughly out-
lining the relations of the Cambrian and pre-Cambrian rocks of east-
ern Tennessee. '

Before publishing the Sixth Annual Report, Dr. Troost read Murchi-
son’s ¢ Siluria,” and also the observations of Prof. Sedgwick on the
Cambrian rocks of Wales. In discussing the changes of nomenclature
made necessdry in accepting the views of Messrs. Murchison and
Sedgwick, he says:

After havingspointed out, in'my last report, the line of junction of the Primordial
or crystalline rocks in East Tennessee, I mentioned that the country west of the line,
which separates Tennessee from the State of North Carolina, is composed of gran-
wacke, slate, limestone, etc. All this country, according to the views of Murchison
and Sedgwick, belongs to a new division, which they call the Cambrian system.

This series of strata contains few organic remains; in fact, I have carefully exam-
ined, in this respect, the Tennessee strata and have never discovered any in them.!

In his attempt to identify the Cambrian and Siluriansy stems in
Tennessee, he included rocks in the Cambrian system that, under the
original definition of Sedgwick for that system in Wales, is surprisingly
correct. In describing the geographic distribution of the Cambrian
system, he says:

I consider the termination of the Cambrian System towards the west. This system
commences,-as already observed, about the line which separates the State of Ten-
nessee from North Carolina; and, as mentioned in my preceding reports, is also, with
a few exceptions, the line of separation between the transition and primordial strata.
It runs sometimes a few miles into North Carolina; sometimes penetrates, for a few
miles, into Tennessee, forming the great Unica or Smoky Mountain, Bald Mountain,
and Iron Mountains; but the culminating ridge of this mountain chain is mostly
composed of the Cambrian rocks, while south of it the crystalline or Primordial rocks
are found. .

Leaving this ridge in a north, or rather northwest direction, we have a series of
slaty rocks, containing here and there chlorite, passing into talcose slate—or into
quartzite. This series seems to be equivalent to Sedgwick’s Lower Cambrian series;
some extensive strata, mostly of brown or reddish brown, fine grained limestone
occur occasionally in this series; such a stratum is seen about 5 miles west from
the Primordial rocks, crossing, near the Warm Springs in Buncombe County, the
French Broad River. We have then a series of strata of slates and sandstone, and
about 4 or 5 miles west of Newport a limestone stratum appears again, extending
through Cocke and Sevier counties, parallel to the above-mentioned high chain. I
suppose the Lower Cambrian system terminates there. .

Upon the Lower Cambrian rocks follows another series. It is composed of roofing
slate, glossy aluminous slate, and sandstone. A ridge of fine roofing slate crosses
Sevier County. I believe that this series commences with Star’s, Tellico, and Chil-
howee Mountains in McMinn, Monroe, and Blount counties, ranging parallel with the
great Smoky Mountain, extending in a southeastern direction through Sevier County.
I have not been able to trace it further to the northeast. This series seems to be
equivalent to the Middlg Cambrian. * * *

I consider, as stated above, that Bay’s Mountain forms the upper part of the Cam-
brian system—or, that it perhaps belongs to the Old Red sandstone—that hence towards

18ixth annual report of the geological survey of Tennessee, by the State geologist, Nashﬁlle.
841,p.4. .
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the no.rth of that mountain chain another formation commences, which is the Silurian
system of Murchison, and extends northward as far as the line which separates this
State from Virginia—in fact, it continues into that State.!

In his description of Sevier County the roofing slate and other slaty
rocks and the non-fossiliferous limestones are referred to the Cambrian
group.”

Dr. Troost 1dent1ﬁed the Cambrian group in Tennessee with that of
Wales entirely upon the lithologic characters and the absence of organic
remains ; and upon the fact that it was succeeded by a 8eries of lime-
stones from which he obtained and identified Silurian fossils. Although,’
in the light of our present knowledge, there were many inaceuracies in
this correlation it exhibits a comprehensive grasp of the views ex-
pressed by Messrs. Murchison and Sedgwick and unusual clearness in
the correlation of the groups of rocks in the two countries.

In a sketch of the general geology of the Hiwassee copper region
Prof. J. P. Lesley describes the primary region of the Hiwassee and
Ocoee Rivers as a southern prolongation of the metamorphic rocks
of the Blue Ridge, South Mountain, and Highlands of the Middle and
Northern States.

It greatly resembles in every important geological particular the range of the White
Hills in New Hampshire. * * * * They are not primary rocks, granites or por-
phyry, but the Primal and Matinal sandstones, shales, and limestones and conglom-
erates at the bage of the older secondary series, baked, crystallized and upturned in
collapsed synclinal and anticlinal axes.

He describes the section on the line of the Ocoee Rlver as formed of
slightly metamorphosed conglomerate strata.

In places these rocks are a simple pea conglomerate, quartzose, and interstratified
with the hardest homogeneous blue and gray grits and scarcely altered.?

The preceding correlation was based upon the view that the strata
now referred to the pre-Cambrian Algonkian series were metamor-
phosed Primal and Matinal rocks, corresponding in age to the unal-
tered Primal and Matinal rocks to the westward. That they might
form a great group of strata beneath the Primal and superjacent to the
Primary proper, or Archean, was not at the time entertained by the
writer. ¢

In 1856 Prof. J. M. Safford published his first report of ¢‘A Geological
Reconnaissance of the State of Tennessee,” in which he classified the
formations as follows:# *

Formation I,—The mica slate group.
II.—The Ocoee conglomerates and slates.
III.—The Chilhowee sandstones and shales.
IV.—The Magnesian limestone and shale group.

10p. cit,pp 5, 6. 20p. cit., p. 28.

3 Firat anunual report of the board of directors of the Hiwassee Mming'Compn.ny, made May 11, 1853,
New York, 1853, p. 16,

4 A Geological Recon i of Ten ; firat biennial report. Nashville, 1856, pp. 151-154.
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Formations ILI and IV were referred to the Cambrian system, and
the formations above IV to the Silurian and Devonian systems, etc.

The term Cambrian was used provisionally to unite the first two fos-
sil-bearing formations. The upper portion of formation No. IV, or the
limestone member, was subsequently, in 1869, referred to the Knox
dolomite.

This preliminary report was followed in 1869 by the volume on
“ Geology of Tennessee,” in which all the strata now referred to the
Cambrian are deséribed in detail.! A map illustrating the geographic
distribution of the formations in the State, and a transverse section
from the North Carolina line west, showing the stratigraphic relations
of the formations, accompanies the volume.

In speaking of the age of the metamorphic rocks of eastern Tennes-
see, which have been referred to by various authors as altered Silurian
rocks, Prof. Safford says :

I have no reason for believing that this group within Tennessee includes the
metamorphosed Leds of any formation of more recent date than the Ocoee conglom-
erate and slates. A portion of the beds are certainly referable to the Ocoee group;
the remainder, although conformable, may be older, and most likely are. * * *
In the northern part of the State, at many points, the passage of the Ocoee beds into
gneiss is gradual and apparent. A considerable part, indeed, of our metamorphic
rocks can be, I think, thusreferred to these beds. The question as to the greater ago
of other parts is not so easily settled, and must remain open for the present. Iknow
of no sufficient reason for referring any of these rocks to the Huronian or Laurentian
series of Canada.?

‘It will thus be seen that the line of demarcation between the pre-
Cambrian rocks and the Cambrian rocks has not been closely defined
in Tennessee. Itis only by comparison with the more clearly defined
line found in the sections of the Blue Ridge in Virginia that we are led
to consider that the metamorphosed rocks belong to an Algonkian
group between the Cambrian and the Archean. The studies which are *
now in progress under the direction of the Geological Survey clearly
demonstrate this, and give as the base of the Cambrian a series of sand-
stones. Where the sandstones and conglomerates are made up of the
material derived from the adjacent Algonkian or Archean rocks they
will necessarily have something of the charactér of those rocks, and it
may be difficult in many instances to indicate the actual line of demarc-
ation, especially where the basal beds have been more or less altered
and disturbed by the subsequent folding, faulting, and compression
that accompanied the Appalachian uplift.

As defined by Safford, Series II, or the Potsdam group of Tennessee,
consists of—

1. The Ocoee conglomerate and slates.
2. The Chilhowee sandstone.
3. The Knox group of shales, dolomites, and limestones.

3Geology of Tennessee. Nashville, 1869, pp. 182-226. 20p. cit., pp. 177, 178,
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As known to me at the present time the dolomites and limestone are
referred to the Lower Silurian, as the equivalent of the Calciferous and
Chazy zones of the New York section. This refers the Knox shale to
the Upper Cambrian. Prof. Safford states that it is not easy to separate
lithologically the Ocoee sub-group from the Chillowee, as they often run
into each other. The distinction between the latter and the Knox is
much more apparent.! '

The Ocoee Conglomerate—The typical section of the Ocoee conglom-
erate in the gorge of the Ocoee River, is described by Prof. Safford as
follows :

The strata are well displayed. They are, in general, coarse gray conglomerates,
talcose, chlorite and clay slates repeatedly interstratified, all having a semi-metamor-
phic aspect. Theslates predominate, andof these, the greenish and light bluish gray,
or the chloritic and talcose varieties, are the most abundant. * * * The middle
part of the section presents little conglomerate, but in the upper part it abounds.

* * * The lower part of the gorge has several bands of conglomerate.?

The thickness of the Ocoee formation was not determined. Provis-
ionally it was estimated to be more thaun 10,000 feet (p. 186). Asshown
on the map, the main portion of the Ocoee conglomerate occurs south of
Nolichucky River. InJohnson County,in the extreme northeastern cor-
ner of the State, it occurs as a narrow band next to the metamorphic
series. South of the French Broad River,it occupies a wide belt to the
Georgia line. Prof. Safford says it is truly 2 mountain-making forma-
tion.

The recent work of the U. S. Geological Survey has shown that the
Ocoee conglomerate is of Silurian age, and it is not to be inciuded with
the Cambrian.

The description of the Chilhowee sandstone, and Knox shales and
sandstone, will be given in the summary of the present knowledge of
the Cambrian rocks of Tennessee.

A résumé of the geology is given in a report upon the resources of
Tennessee, by Mr. J. B. Killebrew,® which was prepared by Prof, Saf-
ford. Itis a brief restatement of the character of the formations as
described in the ¢ Geology of Tennessee,” and the geological map ac-
companying it is based upon that published in 1869.

‘When discussing the Silurian age of the Southern Appalachians, Prof.
F. H. Bradley considered that the Knox group, of Safford, included the
Quebec group and the Calciferous; the Chilhowee sandstoue repre-
sented the typical Potsdam; and the Ocoee the Lower Potsdam or Aca-
dian group. He also thought that the rocks of North Carolina, south
and west of the Little Tennessee, together with the metamorphic area
of Georgia, north of a line parallel with and 10 miles south of the Chat-
tahoochee (and probably that south of this line), and the entire meta-
morphic area of Alabama, are Silurian or newer, with the possible excep-

10p. cit., p.182. 20p. cit., p. 184.
8 Resources of Tennessee, Nashville, 1874, pp.26-46.
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tion of two or three small patches not over 10 miles in diameter.! A
description of sections from Athens and Knoxville, Tennessee, to Mur-
phy, North Carolina, accompany the paper.

The descriptive notes and conclusions of Prof. Bradley were followed,
in 1883, by the expression of a somewhat similar view of the age of the
Southern Appalachians by Mr. J. B. Elliott,?in which he concluded with
Bradley that the metamorphosed strata east of the unaltered Ocoee and
other ¢ Lower Silurian” rocks were formed of metamorphosed strata of
the Knox section,

In the table of formations accompanying Macfarlane’s American
Geological Railway Guide, Prof. J. M. Safford arranges the formations
now referred to the Cambrian in the followmg descending order :

3b. Knox shale.

3a. Knox sandstone.

2b. Chilhowee sandstone.
2a. Ocoee group. ”

He places as equivalent formations, following Dana’s Manual, the
Ocoee and the Acadian; the Chilhowee and the Potsdam; the Knox
sandstone and the Calciferous; and the Knox shale and the Quebec.
This is the classification suggested by Bradley.®* The Metamorphic
group, No. 1, beneath the Ocoee group, is correlated with the Archean.

In an attempt to assign to the proper stratigraphic horizon the rocks
referred to the Cambrian group in the United States and Canada, Mr.
C. D. Walcott correlated the Knox shale and sandstone with the Pots-
dam sandstone. The supposed subjacent Chilhowee sandstone and
Ocoee conglomerate were referred to a position corresponding to the
horizons of the Olenellus and Paradoxides faunas.* Subsequently,
references to the two formations were omitted, pending an investiga.
tion of their true stratigraphic position. The discovery, in 1889, of the
Olenellus fauna in the shales resting conformably in the Chilhowee
series, thus verifying Prof. Safford’s section, affirms the correlations
of 1883, except that it carries the Middle Cambrian zone above the
Chilhowee sandstone and drops the Ocoee, if it proves to be beneath
the Chilhowee quartzite, back into the Basal Cambrian,

GEORGIA.

Of the Transition, or older fossiliferous rock formation, Mr. George
White said, in 1849, that it has been less explored than any other part
of the geology of Georgla.

That part of it which extends from the western base of the primary rocks to the
Chattoogatta range of mountains, and which forms the valley of the Oostanaula

10n the Silurian age of the Southern Appalachians. Am. Jour. Sci., 3d ser., vol. 9, 1875, pp. 279, 280.

2The age of the Sonthern Appalachians. Am.Jour. Sci., 3 ser., vol. 25, 1883, pp. 282-298.

3Tennesseo. (Geological formations.) Macfarlane’s Am. Geol. R. R. Guide, 1879, p. 196.

4The Cambrian System in the United States and Canada. Washington Phil. Soc., Bull, vol. 6, 1883,
P.100. Second contribution to the studies of the Cambrian faunas of North Awerica. U.S. Geol. Sur-
vey, Bull. No. 30, 1886, p. 63,
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River, belongs probably to the older series of the New York formations, as those por-
tions which have been examined contain Potsdam sandstones, Calciferous sandrock
and limestones of the Trenton group. Very few fossils have been found in it.!

This brief description is accompanied by a map, upon which the tran-
sition or oldest fossiliferous formations are indicated by ome color, in
the northwestern corner of the State.

As in the case of North Carolina and Alabama,along interval elapsed
between the first geological survey and the renewal after the conclu-
sion of the civil war. In 1876 Mr. George Little published an account
of the geological formations in Georgia,to accompany Janes’s Hand-
Book of the State. He divides the Lower Silurian into two periods,

The hydromica schists of the copper-bearing series of the Mobile mine and Duck-
town, and Ocoee conglomerates and slates along the Ocoee River on the Tennessce
line, and on the Etowah River, near Cartersville, are the lowest in position of the
rocks in the State, and form a group of (2) Primordial rocks corresponding to what
is called the (2a) Acadian epoch in Canada. The conglomerate is made up of feld-
spar and a bluish quartz. The slates are hard and siliceous. This group of rocks is
overlaid in the Cohutta Mountains, and on Pine Log Mountain in Bartow County,
by a saadstone called the Chilhowee, from a mountain of that name in Tennessce,
corresponding to the Potsdam sandstone in New York, * * * and belongs
also to the (2) Primordial period and to the (2b) Potsdam epoch. This sandstone
appears in the north of Haralson and Paulding counties, and in Yonah Mountain,
White County, and Tallulah Mountain, Habersham County, being at all these places
altered into gneiss by metamorphisin.

The next period, called (3) Canadian, embracing the (a) Calciferous * * * of New
York, * * * the (b) Quebec epoch in Canada, and the (¢) Chazy limestone of New
York, is represeuted by impure sandstones and cherty dolomitic limestones in the north-
western counties ; by a sandstone on the western slope of the Cohutta Mountains; and
in the metamorphic region to the eastward and southward by calcareousschists, hydro-
mica schists, marble, and itacolumite of the Quebec epoch, and by calcareous schists
of the (a) Calciferous epoch.?

This a.rran:gemeht follows that of Prof. Safford in Teunessee except
that the Knox sandstone and the Knox shales are not included.

In a work on ¢ The Commonwealth of Georgia,” prepared under the
direction of J. T. Henderson® in 1885, there is a general description of
the geology of the State. The Acadian or the Ocoee and Chilhowee
formations and the Kuox shales are all recognized. Reference to this
description will be made in the summary of our present knowledge of
the Cambrian rocks of Georgia.

In the Tenth Census report a brief résumé of the geology is glven
with relation to the soils formed from their decomposition. In this Mr.
A. R. McCutchen states that the aggregate thickness of the groups,
estimating the Primordial at 8,000 feet, and taking the maximum thick-
ness of each of the higher groups, amounts to about 20,000 feet. The
Primordial and Calciferous are followed by rocks referred to the Quebec

1Statistics of the State of Georgia. Savannah, 1849, p. 22,

2Little, George. Geological survey of the State of Georgia. Hand-book of the State of Georgia,
with gevlogic map of State, by T. P. Janes, 1876, p. 37.

3Geology (of Goorgia). The Commonwealth of Georgia, The countryl; the people; the produce
tions, Adtlanta, 1885, pp. 73-117.

" Bull, 81—=10
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group; first by about 2,400 feet of shales, and then by 5,000 feet of
cherty limestones!. Combining these estimates we have 8,000 feet of
Primordial and 2,400 feet of shales corresponding in position to the
Knox shales, which gives a total of 10,400 feet for the Cambrian rocks
of Georgia, as estimated. This paper is accompanied by a section
crossing Dade, Walker, and Gordon Counties in northwestern Georgia.
The stratigraphic relations of the Cambrian rocks are shown as they
occur in Gordon County. '

A geological section of the Cambrian rocks of northwestern Georgia
has recently been published by Mr, C. Willard Hayes of the U. 8.
Geological Survey. It is referred to in the description of the OCambrian
rocks of Georgia.?

ALABAMA.

The report of Prof, M. Tuomey for 18582 contains a very general
description of the formations of the State, and on the accompanying
map *the Silurian and Devonian formations are included under one
color, so that it is impossible to differentiate that portion of the Silu-
rian formation which has subsequently been found to belong to the
Cambrian group. In a general north and south section, showing the
disposition of the strata, the Silurian and Devonian rocks are repre-
sented as unconformably subjacent to the Coal Measures and mountain
limestone.

A long interval elapsed between the work of Prof, Tuomey and the
organization of the geological survey under Prof. Eugene A. Smith,
In the report of progress of the latter, for the year 1875, a general
description of the geological formations of Bibb, Shelby, Talladega,
and Calhoun Counties is given. In this area there is a large develop-
ment of metamorphic rocks described by Prof. Smith in the report for
1874.¢ Of this series he says:

On the southeastern border of the Silurian formation in Alabama, from the Georgia
line to the northeast corner of Chilton County, a stratum of crystalline limestone,
almost pure carbonate of lime, may be traced by its occasional exposures, * * *
Succeeding this limestone and apparently overlying it couformably * * * jga
geries of semi-metamorphic strata between 15,000 and 20,000 feet in thickness, strik-
ing northeast and sonthwest and dipping at high angles (45°) southeast. This series,
beginning below, is composed of greenish gray hydro-mica slates (talcoid slates, nac-
reous argillites, talcose slates), passing upwards into a conglomerate by enclosing
lumps of quartz; these slates are succeeded by thick beds of quartzite, alternating
with greenish cbloritic schists, The quartzite in places is a thin-bedded silicious
slate, again a thick-bedded quartzose conglomerate, and still again a laminated
quartzose or arenaceous rock, not very coherent, and enclosing small grains of quartz,

1 Northwest Georgia. (Geologic description.) Tenth Census U. 8., vol. 6; Report on Cotton Pro-
duction in the United States, Part 2, 1884, p. 287.

* The overthrast faults of the southern Appalachians. Bull. Geol. Soc. America. Vol. 2, Feb.,1891,
p. 143, pl. 3-

3 Second biennial report on the geology of Alabama. Montgomery, 1858, pp. 168.

¢Geologioal survey of Alabama. Report of progress for 1874, Montgomery, Alabama, 1875. .
21-25.
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This series of quartzites in their several varieties makes up the main body of the
Blue Mountains range in Alabama.

These strata are the probable equivalents in Alabama of the Ocoee conglomerates
and slates of Prof. Safford, of the Tennessee survey, by him referred to the Silurian -
age underlying the Potsdam. By Prof. Sterry Hunt the entire system of crystalline
schists has been referred to pre-Silurian and pre-Cambrian age. My own observations
in the field while inclining me to the latter view, havenot been sufficiently extended to
enable me to form an independent judgment on this point. * * * Mr. ', H.
Bradley refers to the Lower Silurian all the metamorphxc rocks of North Carolina as
far east as Franklin.? )

This metamorphic belt is apparently the same as the altered Silurian
rocks of Prof. Bradley, as stated by Prof. Smith, and also of the altered
rocks forming the northward extension of the Blue Ridge through Ten-
nessee, Virginia, and Maryland into Pennsylvania, where it forms the
South Mountain,

In the report for 1875 Prof. Smith states that he has followed the
Tennessee subdivisions as found in Prof, Safford’s published volume.?
Under the caption of ¢ Lower Silurian,” the Primordial or Cambrian
period is divided into (1) Acadian epoch and (2) Potsdam epoch. The
Acadian slates and conglomerates of Talladega County are considered
to be the exact equivalents of Safford’s Ocoee slates and conglomer-
ates.® The direct superposition of the sandstone referred to the Pots-
dam, upon the Acadian slates, is not well shown in Alabama. The
formation consists of fine-grained conglomerate, heavy-bedded sand-
stone, and sandy shale. The most characteristic markings of the rocks
of this formation are the sandy rods, caused by the filling in with sand
of the burrows of a marine worm, Scolithis linearis.*

The Knox sandstone and Knox shales are referred to the Canadian
period, thus following Prof. Safford’s arrangement in Tennessee. The
Kuox sandstone is considered to rest upon the sandstone referred to
the Potsdam, but no contact of the two formations in such a position is
known to him. The sandstone is a calcareous sandstone associated with
hard calcareous shales.

The Knox shales are very similar to those of Tennessee, and succeed
conformably the Knox sandstone. The line between the Knox shale
and the Kuox dolomite is difficult to draw since the lower part of the
dolomite contains beds of blue limestone similar to those in the upper
part of the shale. This report contains much detailed information of
the strata referred to the Cambrian in Alabama, and will be principally
used in the description of the Cambrian rocks of that State.

In a paper on the iron ores of Alabama, with special reference to
their geological relations, Prof, Smith states that the Potsdam sand-
stone frequently contains large amounts of iron, principally as limonite.
In the Kahatchee hills, in Talladega County, the sandstone is some-
times impregnated with iron in the form of specular ore or as magnetite.

1 Op. cit., pp. 21, 22.
' 3Report of progress of the geological survey of Alabama for 1875, Montgomery, 1876, pp. 7,8,
. #0p.cit,, p. 127, _ 40p. cit., p. 14,
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Small beds of limonite are found in the Knox sandstone and Knox
shales.! In 1878 the same writer published an outline of the geology
of Alabama accompanied by a map of the State, based upon that of
Tuomey, published in 1858. Of the age of the metamorphic rocks he
says that until further examination he leaves the question of age an
open one, except in two instances, in which he believes at least a part
of them are metamorphosed Silurian beds.?

The classification and general description of the formations is essen-
tially the same as that contained in the reportas of 187475,

In a report on the physico-geographical and agricultural features of
Alabama, Prof. Smith notes the character of soil produced by the rocks
of the different formations, from the Potsdam to the Coal measures.’
This paper was also printed in a general description of the State of
Alabama, in vol. 6, of the Tenth Census.*

A Drief description of the Cambrian rocks of Alabama is given by
Prof. BEugene A. Smith, in a report on the geological structure and de-
scription of the valley region adjacent to the Cahaba coal field? A
summary of it is given in the description of the Cambrian rocks of
Alabama. ’

References are made to the geology of Alabama, in a general way,
by Dr. T. S. Hunt, Prof. Smith, and various mining engineers, but I
have not, with the exception of the preceding notice, met with original
contributions to the knowledge of the Cambrian rocks, since the pub-
lication of Prof. Smith’s detailed description.

PALEONTOLOGY.

NORTHERN APPALACHIAN DISTRICT.

The first discovery of fossils in rocks, now referred to the Lower
Cambrian, was made by Dr. Asa Fitch.® In the summer of 1844 he
found trilobites in a black slate in Washington County, New York,
which was referred by Dr. E. Emmons to the Taconic slate or Argillite
(1 of Eaton). Dr. Fitch sent the fossils to Dr. Emmons, who described
from them two species of trilobites under the names of Atops trilineatus
and Elliptocephalus asaphoides.” Believing that the rocks in which the
trilobites occurred were unconformably beneath the Potsdam sandstone,

1The iron ores of Alabama, with special reference to their geological relations. Am. Assoc. Proc.,

vol. 27, 1878, pp. 247, 248,

2Qutline of the geology of Alabama. Berney’s Hand-Book of Alabama, 1878, p. 140.

8 (Greological features and divisions of Alabama.) Geol. Survey of Alabama. Report for 1881 and
1882, 1883, pp. 178-181; 192-210.

4General description of the State of Alubama. Tenth Census U.S.,vol.6. Report on cotton pro-
duction in the United States, part 2, 1884, pp. 19-69. ’ )

5 Geological Survey of Alabama. Report on the Cahaba coal field, part 11, 1890, pp. 148-150. (Issued
January, 1891.)

¢ A Historical, Topographical, and Agricultural Survey of the County of Washington, Trans N, X,
State Agric. Soc. for 1849, 1850, p. 865.

7The Taconic System, based on observations in New York, Masaaqhuset.ts‘ Vermont, and Rhode
Island, p. 20,21 Albany, 1844,

-



WALCOTT. | PALEONTOLOGY—APPALACHIAN. 149

Dr. Emmons called them the oldest known fossils in America. In the
same work Dr. Emmons described Fucoides rigida, F. flexuosa, Gordia
marina, Diplograptus simplex, and others of Silurian (Ordovician) age
that he referred to the Taconie system,

The second description of fossils was made by Prof, James Hall in
the Paleontology of New York, vol.1, 1847. TUnder the title ¢ Descrip-
tion of fossils of the Hudson River group,” the following species were
described as new: Orbicula celata (p. 290), Orbicula ? crassa (p. 290),
Avicula ? desquamata (p. 292), Theeca ? triangularis (p. 313), Metoptoma ?
rugosa (p. 306), Palwophycus virgatus (p. 263), and Agnostus lobatus (p.
258). A description and figures are given of Olenus asaphoides, Em-
mons, on pages 256, 257, pl. 67, figs. 2a~c. In a later publication' he
identified Conocephalus and Olenus from the Red Sandrock formation
of Highgate, Vermont, but did not assign them to a geologic horizon.
In studying a collection sent to him by Rev. Zadock Thompson, Prof.
Hall determined and described Olenus thompsoni, O. vermontana, Peltura
(Olenus) holopyga, referring them to the Hudson River group.? He
supported this reference by the statement that Sir William Logan re-
ferred the shales containing the fossils to the upper part of the Hudson
River group. In 1860° he proposed the genus Barrandia, to include
Olenus thompsont and O.vermontana. The genusBathynotuswas estab-
lished to include Olenus (Peltura) holopyga. In 1861* the reference of
these trilobites was changed from the Hudson River group to the Quebec
group ; and a little later a strong defense was made of the reference of
the fossils of the Georgiaslates to the Hudson River and Quebec groups,
the authority of Sir William E. Logan for the stratigraphic position of
the rocks being cited.’ Discovering that the proposed generic name,
Barrandia, was preoccupied, he substituted the name Olenellusin 1862.5
This .is the first introduction of the name which is now given to the
Lower Cambrian fanna.

The last reference of Prof, Hall to the fauna is the proposal of the
genus Discinella for what he considered to be a small brachiopod, but
which investigation proves to be the operculum of Hyolz‘thellus micans,”

In notes on the fossils of Washington County, Dr. Asa Fitch® de-

! Hall, James: Letter on certain fossils of the red sandrock of Highgate. 3d .Annual Report on th®
Geology of the State of Vermont. Burlington, 1847, p. 31.

2 Remarks upon the trilobites of the shales of the Hudson River group. Paleontology of New York,
vol. 3, supplement to vol. 1, 1859, pp. 525-529.

3Notoupon the trilobites of the shales of the Quebec group in the town of Georgia, Vermont.
13th Annual Report State Cab. Nat. Hist., 1860, pp. 113-119. Report npon the geology of Vermont, vol.
1, 1861, pp. 367-372.

4 Hall, James ; Correction for the 13th Ann. Rep. 14th Ann.Rep. State Cab. Nat. Hist., 1861, p. 110,

6 Hall, James: Letter on the Primordial of America. Soc. géol. France, Bull., 2°86r vol. 19, 1862,pp,
725-734.

S Supplementary note to 13th Annu. Rep. State Cab. Nat. Hist. N. Y. - 15th Ann. Rep. State Cab. Nat.
Hist. N Y., 1862, p. 114.

7 Notes on some new and imperfectly known forms among the brachiopoda, etc. 23d Ann. Rep. N.
Y. State Mus. Nat. Hist., 1873, p. 246.

8 A Historical, Topographical, and Agricultural Survey of the County of Washmgton Trans.N. Y.
State Agric. Soc. for 1849, 1850,



150 THE CAMBRIAN. . [BULL.SL

scribes Palwophycus rectus (p. 862), Buthotrephis (?) asterotdes (p. S63),
Helminthoidichnites tenuis (p. 866), from the slates now referred to the
Lower Cambrian. He also mentions Pal®ophycus virgatus Hall, Butho-
trephis (?) flexuosus Emmons (p. 862), and Gordia marina of Emmons
as Helminthoidichnites marina (p. 868).

The fauna of the ¢ Red sandrock” of Vermont was first discovered
by Prof. C. B. Adams in 1847,! who sent the specimens to Prof. James
Hall. The latter identified Conocephalus, but did not refer the fossils
to any geological horizon. Prof. Adams in 1848* mentions the Cono-
cephalus and also an Atrypa, like Atrypa hemispherica (equivalent to
Camerella ? antiquata Billings).

Mr. E. Billings, as paleontologist to the Geological Survey of Canada,
took up the study and correlation of the older paleozoic faunas, and
was the first to assign the fossils described by Prof. Hall to a pre-Pots-
dam horizon and to correlate the strata containing them with the
Upper Primal sandstones of Pennsylvania, and the limestones of the
Straits of Belle Isle.?

In 1861 he described a number of Lower Silurian fossils from the
“Potsdam group ” of Vermont and assigned the following species to the
horizon of Paradoxides thompsoni of Hall: Paleophycus congregatus, P.
incipiens, Obolella (Kutorgina) cingulata, Orthisina festinata, Camerella
antiquata,Conocephalites adamsi, C. teucer, C. vulcanus, C. arenosus.

A little later he published a note on the ¢ Red sandrock ? formation
of Vermont,*in which he refers the formation to the base of the Lower
Silurian somewhere within the horizon of the Potsdam and identifies
Conocephalites from the formation. In reprinting in 1865 the article
published in 1861° he correlates the primordial fauna of the * Red sand-
rock ” of Vermont with that of Newfoundland and Labrador, and refers
them to the Potsdam group, stating that there is no paleontological
evidence of precise similarity of age, but the general affinities and scope
of the fossils and the physical relations of the rocks prove that there
can be no great difference. . '

Under the title ¢ On some new species of fossils from the limestone
near Point Levi, opposite Quebec,”® Mr. Billings described the fauna
collected by the Geological Survey of Canada from the limestone con-
glomerate. He designated the rocks simply as Limestone Nos. 1, 2, 3,
and 4, not recognizing at the time that the bowlders were transported
and imbedded in a secondary deposit; and that the fossils in thebowl-

131 Annual Report on the geology of the State of Vermont. -Burlington, 1847, pp. 31.

20n the Taconic rocks. Am. Jour. Sci., 2d ser., vol. 5, 1848, p. 109.

3Paleozoic fossils, vol. 1. Containing descriptions and figures of new or little known species of or-
ganic remains from the-Silurian rocks. 1860-1865. Montreal, 1865, pp. 1,2.

¢Billings, E.: Onthe age of the Red sandstone formation of Vermont. Am. Jour. Sci., 2d ser., vol.
82, 1861, p. 232,

5Billings, E.: Palezoic Fossils, vol. 1, 1865, p. 371.

60n some new species of fossils from the limestone near Point Levi, opposite Quebes. Canadian
Nat., vol. 6, 1860, pp. 301-324, '
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ders were of Upper Cambrian age while those of the limestone ma-
trix, which resembled in character the limestone of the bowlders, was de-
posited in situ, and carried the Calciferous fauna. As far as I have
been able to separate the species by a study of the material from the
bowlders and the limestone matrix the following may be referred to the
Upper Cambrian or Potsdam fauna: Camerclla calcifera?, Agnostus
americanus, A. orion, A. canadensis, Dikelocephalus magnifiéus, D. plani-
Jrons, D. belli, D. owent, D.megalops, D. cristatus, Arionellus cylindricus,
A. subclavatus, Menocephalus sedgiwicki, M. globosus, Conocephalites zen-
keri, Asaphus illenoides.

Mr. T. Devine, of Quebec, having discovered several nearly perfect
trilobites in the conglomerate limestone at Point Levi, described two
species of them. One as Olenus ? logani,' the other as Menocephalus sal-
teri? In a foot-note accompanying the description of Olenus ¢ logani
Mr. Billings states that the species is unquestionably congeneric with
those which he had described as Dzkelocephalus bellt and D. oweni from
the same locality.

To the species described from” Point Levi in 1860 Mr. E. Billings
added in 1865° Dikelocephalus devinei, D. hisingeri, D. affinis, D. 8esos-
tris, D. selectus, and D. pauper. He also figured in this connection Ole-
nus ? logani, Devine and Menocephalus salteri, Devine.

In 1872 Mr. Billings returned to the study of the fossils of the older
Paleozoic rocks and described one new genus and several species found
in bowlders, of several beds of conglomerate at St. 8imon, below Que-
bec, as follows: The genus Obolella and the species Obolella gemma and
0. circe, Platyceras primwvum, Hyolithes americanus, H. communis, H.
princeps, H. micans. On page 240 of the same volume the genus Hyo-
lithellus is proposed for the species Hyolithes micans ; and on page 351
he notes the discovery of Salterella pulchelle in the Winooski marble
of Vermont.*

The Cambrian fauna of northern Vermont was- further enlarged in
1884 by Prof. R. P. Whitfield® describing Orthisina orientalis (p. 144),
Nothozoa vermontana (p. 144), Dikelocephalus, marcoui (p. 150), and
Angelina hitchcocki (p. 148); all of which were referred by him to the
horizon of the Potsdam sandstone.

The oldest Phyllopod crustacean, Protocaris marshi, was described
by Mr. C. D. Walcott®in 1884 from the Georgia slates of Vermont,

1Description of a new trilobite from the Quebec group. Canadian Nat., vol. 8, 1863, p. 95.

20p. cit., p. 210

3 Palcozoic Fossils, vol. 1,1865, pp. 195-200.

40n some new species of Potsdam fossils. Canadian Nat., vol. 6, new ser., 1872, pp. 213-226, 240.

Noto on the discovery of fossils in the ‘* Winooski Marble' at Swanton, Vermont. Am.Jour. Sei.,
3d ser., vol. 8, 1872, p.145. Canadian Nat., new ser., vol. 6, 1872, p. 851.

5 Notice of some new species of Primordial fossils in the collections of the Museum, and correction
of previously described species. Am, Mus. Nat. Hist. Bull., vol. 1, 1884, pp. 139-154.

$0n the Cambrian faunas of North America; preliminarystudies. U.S. Geol. Survey, Bull No. 10,
1884, p. 50.
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where it is found in association: with Olenellus thompsont and 0. vermon-
tana. The latter was referred to the new genus Mesonacis in 1885.!

Mr. S. W. Ford began, about 1868, a study of the rocks and fossils
of the hills east of Troy, New York, from which vicinity the first fossils
of the Olenellus fauna, found in New York, were obtained. These
were described by Prof. Hall, in 1847, and referred by him to the Hud-
son River group. Entering into correspondence with Mr. E. Billings,
and comparing the fauna he found at Troy with that from below Que-
bee, referred by Mr. Billings to the Lower Potsdam, he concluded that
the strata containing the fauna at Troy should be referred to an equiv-
alent horizon. In his first paper” he mentions finding eighteen species,
eight of which are referred to described species and ten remained to be
described. Mr. Ford published a number of papers from 1871 to 1885,*
in which he described the rocks, and fossils found in them, that occur
near Troy, and also a little south of Schodack landing, in Columbia
County, N. Y. The fossils described by him are: Protocyathus rarum,
Archaocyathus rensselwricum, Obolella nitida, Scenella retusa, Hyolithes
emmonsi, H. tmpar, Agnostus nobms, Leperditia troyensis, Microdiscus
meeki, M. speciosus, and Solenoplewra nana. One of the most interest-
ing of Mr. Ford’s studies is that on the embryonic development of
Olenellus asaphoides. From the data thus obtained he decided that
the Olenellus fauna followed the Paradoxides fauna in time.*

1Paleozoic notes ; new genus of Cambrian trilobites Mesonacis. Amn.Jour. Sci., 3d ser.,vol. 29, 1885,
Pp. 328-330.

2Ford, 5. W.: Notes on the primordial rocks in the vicinitylof Troy, New York. Am. Jour. Sci., 3d
ser., vol.2, 1871, pp. 32-34. Canadadian Nat., new ser., vol. 6, 1872, pp. 209-212.

3Descriptions of some new species of primordial fossils. Am. Jour. Sci., 3d ser., vol. 3, 1872, pp. 419-
422,

On some new species of fossils from the Primordial or Potsdam group of Rensselaer County, New
York. Am.Jour, Sei., 3d ser., vol. 5, 1873, pp. 211-215.

Remarks on the distribution of the fossils in the Lower Potsdam rocks at Troy, New York, with de.
scriptions of a few new species. Am. Jour. Sci., 3d ser., vol. 6, 1873, pp, 134-140.

Note on the discovery of a new locality of primordial fossils in Rensselaer County, New York.
Am. Jour. Sci., 3d ser., vol. 9, 1875, pp. 204-206.

On additional species of fossils from the primordial of Troy and Lansingburg, Rensselaer County,
New York. Am.Jour. Sci., 3d ser., vol. 11, 1876, pp. 369-371. '

Note on Microdiscus speciosus. Am. Jour. Sci., 3d ser., vol. 13, 1877, pp. 141, 142,

On some embryonic forms of trilobites from the primordial rocks at Troy, New York. Am. Jour.
Sei., 3d ser., vol. 13, 1877, pp. 265-273.

Two new species of primordial fossils. Am. Jour. Sci., 3d ser., vol. 15, 1878, pp. 124-127.

Note on Lingulella ceelata. Am. Jour. Sci., 3d ser., vol. 15, 1878, pp. 127-129.

Note on the development of Olenellus asaphoides. Awm.Jour. Sct., 3d ser., vol. 15, 1878, pp. 129, 130.

Ob certain forms of Brachiopeda occurring in.the Swedish primordial. Am. Jour, Sci., 3d ser.,vol. 15,
1878, pp. 364-366. '

Note on the trilobite Atops trilineatus of Emmons. Am. Jour. Sci., 3d ser., vol. 19, 1880, pp. 162, 153.

Remarks on the genus Obolella. Am, Jour. Sci., 3d ser., vol. 21, 1881, pp. 131-134.

On additional embryonic forms of trilobites from the primordial rocks of Troy, New York. Am.
Jour. Sei., 3d ser., vol. 22, 1881, pp. 250-259.

Note on the dxscovery of primordial fossils in the town of Stuyvesant, Columbia County, New York,
Am. Jour. Sci., 3d ser., vol. 28, 1884, pp. 35-37.

4 Embryonic forms of trilobites from the primordial rocks of Troy, New York. Am. Jour, Sci., 3d
ger., vol. 22, 1881, pp. 250-259.
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In 188G Prof. William B. Dwight announced the discovery of the
fannn of the Potsdam zone in limestone near Poughkeepsie, New York.
He gives a list of eleven species as follows:!

Lingulepis pinnaformis. Ptychoparia (Conocephalites) n. sp.
Lingnlepis minima. Dikelocephalus sp.

Lingulepis acuminata (probably). Ptychaspis sp.

Obolella (Lingulella) prima. Stromatocerinm ¢

Obolella sp. Remains of crinoid columns.

Platyceras sp.

The review of the Olenellus or Lower Cambrian fanna by Mr. C. D.
Walcott in 1886 2 resulted in the description of the following species
from Vermont: Climacograptus? emmonsi (p. 93), Orthisina transversa
(p. 121), Scenella ? varians (p. 127) and Microdiscus parkeri (p. 157). This
was followed in. 1887® by an account of the discovery of a number of
new species of fossils from the Upper Tacounic slate of Tmmons in
Washington County, New York. The new species described are as
follows :

Lingulella granvillensis. Leperditia (I) dermatoides.
Linnarssonia taconica. . Microdiscus connoxas,
Orthis salemensis. Olenoides fordi,
Modiolopsis (??) prisca. Solenopleura (¥) tumida.
Hyolithellus micans, var. rngosa. Ptychoparia (?) fitchi.
Aristozoa rotundata. ) P. (}) clavata.

In deseribing a section of the Cambrian rocks in northern Vermont
notice is taken by Mr. Walcott of the occurence in the upper beds of a
fauna resembling that of the Upper Cambrian or Potsdam zone.!

In a paper announcing the discovery of the fossiliferous strata of the
Paradoxides zone at Stissing Mountain, Dutchess County, New York,
Prof. W, B. Dwight?® identified Hyolithes billingsi 2 (p. 143) and described
as new Leperditia chenina (p. 144), Kutorgina stissingensis (p. 145), and
Olenoides stissingensis (p. 147), correlating the fauna with that of the
Middle Cambrian of the Rocky Mountain province.

In a review of the Lower Cambrian fauna by Mr. C. D. Walcott, pre-
pared for the Tenth Annual Report of the U. . Geological Survey,
number of new species and genera are proposed, most of which are de-
seribed in a preliminary paper published in the Proceedings of the U,
S. National Museum.® These are Archwocyathus dwighti (p. 34), Plan-

t Recent explorations in the Wappinger Valley limestone of Dutchess County, New York. No. 5;
Discovery of fossiliferons Potsdam strata at Poughkeepsie, Now York. Am.Jour. Sci.,3d ser., vol.
31, 1886, p. 131.

28econd contribution to the studies of the Cambrian faunas of North America. U.S. Geol Survey,
Bull. No. 30, 1886.

3¥auna of the ‘‘ Upper Tacomc " of Emmons, in Washmgton County, Now York. Am. Jonr. Sci.,
3d ser., vol. 84, 1887, pp. 187-199.

4Second contribution to the studies of the Cambrian faunas of North America. T.S. Geol. Survey,
Bull. No. 30, 1886, pp. 17,19.

5 Recent explorations in the Wappinger limestones and other formatlona of Dutchess County, New
York. Am.Jour. Sci-, 3d ser., vol. 38, 1889, pp. 139-153.

6 Deseriptive notes of new genera and species of the Lower Cambriam or Olenellus zone of North
America. U.S8. Nat. Mus. Proc., vol. 12, 1889, pp. 33-46. '
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olites annularius (p. 34), Agnostus desideratus (p.39), and Zacanthoides
eatoni (p. 45), from Washington County, and Camerella minor (p. 36),
from Dutchess County, New York; Kutorgina cingulata, var. swanto-
nensis (p. 36) from northern Vermont.

In 1890 thefollowing new species weredescribed : ! Trachyum vetustum,
Dawson, from Metis, Canada; Phyllograptus cambrensis, from Georgia,
Vermont; Stenotheca (¥) rugosa var. acuta-costa, erecta, and levis, Pla-
tyceras dawsoni, from St. Simon, Quebec; Olenoides ellsi, from below
Quebee, Canada; 0. desiderata,from Highgate Springs, Vermont; Cono-
coryphe reticulata, from Washington County, New York; Ptychoparia
metisensis and Agraulos redpathi, from below Quebec.

SOUTHERN APPALACHIAN DISTRICT.
NEW JERSEY, ETC.

The Cambrian fauna of New Jersey, Delaware, Pennsylvania, Mary-
land, and Virginia is thus far restricted to the presence of the Annelid
boring Scolithus linearis. It is extremely probable that trilobites and
other fossils will be found in the Granular Quartzite series, or the basal
quartzite and the immediately superjacent shales and limestones.

TENNESSEE.

The Cambrian fauna of Tennessee consists of Scolithus linearis tubes
found in the Chilhowee sandstone; while in the shales just above the
sandstone occur numerous Annelid trails, a species of Hyolithes like
H. americanus, an Ostracod crustacean, Isoxys chilhoweana, and a spe-
cies of Qlenellus closely allied to Olenellus thompsoni and 0. asaphoides
in that portion of the head preserved.?

From the upper part of the Knox shale Prof. J. M. Safford® has
named, without description or illustration, several species, as follows:

Crepicephalus similis, Safford.
roanensis, Safford.
tennesseensis, Safford,

Lonchocephalus fecundus, Safford,

Agnostus arcanus, Safford.
Lingula prima ¢ Conrad.

Quite a large fauna occurs at this horizon in the collections of the
Geological Survey which has not yet been studied with care. As far
as examined it appears to be of the type of the Upper Cambrian of the
Mississippi Valley.

1 Walcott, C. D.: The fuuna of the Lower Cambrian or Olenellus zone. 10th Ann. Rep. U. 8. Geol.
Surv., 1890, pp. 598-855.

21bid,, p. 626.

3 Geology of Tennessee. Nashville, 1869, p. 212,
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GEORGIA.

A trilobite was sent to the great exhibition in London in 1851 said
to be found somewhere in Georgia. Mr. J. W. Salter! describes the
species as Conocephalus antiquatus, comparing it with C. striatus of the
Primordial rocks of Bohemia. The exact locality from which this spe-
cies came was not known until collections were made in northwestern
Georgia by the U. S. Geological Survey in 1885. It was then found to
be associated with a fauna much like that of the Middle Cambrian fauna
of the Rocky Mountains. The specimens occur in and upon siliceous
concretions imbedded in the Coosa Valley shales of Floyd County and
to the southwest in Alabama.

A second species was described by Mr. C. D. Walcott in 18389 as Ole-
noides curticei. It occurs on and in siliceous concretions found in the
shales of the Coosa Valley.2.

ROCKY MOUNTAIN PROVINOCE.

The area of Cambrian rocks in this province includes the Cambrian
outerops of northern and western Utah, Nevada, eastern Idaho, and
the Gallatin River district of Montana. The Canadian extension is con-
sidered separately.

. UTAH AND NEVADA.

During the progress of the geological survey of the fortieth parallel,
under the charge of Mr. Clarence King, Prof. I'. B. Meek described two
species of trilobites from Antelope Spring, Nevada, Pardoexides (?) neva-
densis and Conocoryphe (Conocephalites) kingi, referring them to the Pri-
mordial zone.?

In the following year Prof. J. D. Whitney exhibited before the Cali-
fornia Academy of Sciences some fossils that had been collected by Mr.
J. E. Clayton near Eureka, Nevada. He referred them to the age of the
Potsdam sandstone, identifying Agraulos oweni, M. and H., or a species
closely resembling it; Lingulepis prima, Obolella, Conocoryphe, Para-
doxides, ete.t A note on the occurrence of the Primordial fauna in
Nevada was also senf to the American Journal of Science by Prof.
‘Whitney. In this he mentions the occurrence of certain Primordial
species, and the persistence with which these constantly recurring tri-
lobites and brachiopods are found at various localities. In Bohemia
they occur in argillaceous 'shales; throughout the United States, from
New York to the Rocky Mountains, in the Potsdam sandstone, or in
shales or slates ; in Texas, and now in Nevada, in limestones.’

10n the fossils of the Lingula-flags or * Zone Primordiale.” Quart. Jour. Geol. Soc., London, vol.
15, 1859, p. 554. .

2 Doscriptions of new genera and species of fossils from the Middle Cambrian. ' U. S. National Mu-
seum Proc., vol. 11, 1889, p. 443. .

8 Deascriptions of fossils collected by the United States Geological Survey, under the charge of Clar-
ence King, esq. Phila. Acad. Sei., Proc., vol. 22, 1870, pp. 62-64.

4[On some fossils from Eureka, Nevada.] California Acad. Sci., Proo., vol. 4, 1871, p. 200.
. 5Note on the occurrence of the ** Primordial Fauna" in N?vada. Am, Jour. Sci., 3d ser., vol, 3,
1872, p. 85. :
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In the Sixth Annual Report of the U. S. Geological Survey of the
Territories, Prof. F. H. Bradley states that his section along the Wa-
satch range of Utah is not complete. The bedded guartzites, referred
to the Potsdam from the character of the overlying strata, rest uncon-
formably upon the ¢ Metamorphic,” No fossils were found in the
quartzite or in the superjacent gray and caleareous shales. The lime-
stone above the shales is referred to the Niagara.!

During the progress of the survey west of the one hundredth merid-
ian Mr. G, K. Gilbert visited the Antelope Spring locality, discovered
by Mr. J. E. Clayton, and mentioned by Prof. Whitney when calling
attention to the I’rimordial fossils found there. The fauna occurs in a
blue gray, calcareous shale, some 200 feet in thickness. In addition to
the species described by Mr. Meek, he collected Bathyurellus (Asaphis-
cus) wheeleri, Agnostus, and Discina. Beneath the blue gray shales is
a massive gray limestone, 900 feet in thickness, superjacent to a vit-
reous sandstone.? From our present knowledge of the Cambrian rocks
in Nevada, the gray limestone, blue gray shales, and an upper gray
limestone some 200 feet in thickness all belong to the Cambrian.

The section of the Oquirrh range at Ophir City, Utah, was found by
Mr. Gilbert to have, near its base, 100 feet of light gray limestone con-
taining Conocoryphe and Dikelocephalus. Subjacent to this a nas-
sive limestone with coralline mottling extends downward some 300 feet
to an argillaceous shale, in which Mr. J. E. Clayton found Olenus gil-
berti* At the south end of the Timpahute range of eastern Nevada
Mr. Gilbert also discovered a succession of shales and sandstones, in
which be found Conocoryphe in the lower portion, and above, a band
of purple ripple-marked vitreous sandstone, with bands of siliceous
shale.* The descriptions of Olenus (Olenellus) gilberti and 0. (0.) how-
elli of Meek are printed on pages 182 and 183 of Mr. Gilbert’s report.

In the same volume Mr. E. E. Howell states that at Pioche, Nevada,
the massive quartzite forming the base of the section is subjacent to
about 400 feet of arenaceous and calcareous shales of a reddish yellow
color, containing in the more calcareous portions several types of
Primordial fossils in great abundance® From the material found by
Mr. Howell, Mr. Meek described two species of trilobites, Olenellus
howelli and 0. gilberti.

On the map accompanying the Wheegler survey reports, published
in 1874, the Cambrian rocks are included under the same color with
those of the Silurian.

1 Report of Frank H. Bradley, geo’ozlst of the Snake River division. U.S.Geol. Sarv. of the Terr.,
6th Ann. Rep., 1873, p. 194,

2 Report on the geology of portious of Nevada, Utah, California, and Arizona, examined in the years
1871and 1872. Report on Geog.and Geol. Expl and Survey west of the 100th meridian, in charge of
Lieut. Geo, M. Wheeler, vol. 3, Geology, 1875, p. 167.

3 0p. cit., pp. 166, 167.

10p. cit., p. 169,

5 Report on the geology of portions of Utah, Nevada, Arizona, and New Mexico examined in the
yeoars of 1872 and 1873. Rept. Geog. and Geol. Expl. Sur. west of the 100th mer., in clmrge of Lieut.
Geo. M. Wheeler, vol. 3, Geology, 1875, p. 258.
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A reconnaissance of the northwestern portion of the Wasatch Moun-
tains in Utah was made by Prof. F. H. Bradley in 1872, He found that
the crest and eastern slopes are composed of quartzite and limestone.

The former, a white and ferruginous quartzite, 1,500 feet in thick-
ness, was referred to the Potsdam, and a band of superjacent gray
calcareous shale, 1,000 to 1,200 feet thick, to the Lower Silurian. The
section as arranged by Prof. Bradley is as follows:!

1,900 to 2,000 feeb. ... ..o vimeen it Lower
4, Gray calcareous shales, 1,000 to 1,200 feet ........... ) Silurian,

* 5. White and ferruginou tzite, base pebbly, 1,500
o ormugTnons auarialte, baso peb, 1O potsdam.

3. Blue and gray magnesian limestones, partly pebbly, §Upper % and

Under the title of ¢ Paleozoic subdivisions of the fortieth paral-
lel” Mr. Clarence King describes the strata referred to the Cambrian
system. This includes 12,000 feet of quartzites and argillites in the
Big Cottonwood Cafion section of Utah, superjacent to which is a shaly
zone some 75 feet in thickness, carrying well defined Primordial fossils.
He says: .

Comparing the quartzites and argillites with those of the Cambrian section in
Wales, the likeness is too great to pass unnoticed, and in view of the enormous de-
velopments of these low-lying rocks, as compared with the Silurian lying above the
Primordial horizon, I have determined to draw a line at the upper limit of the Pri-
mordial period to include the uppermost members of the Potsdam epoch and to con-
sider the whole underlying conformable series as Cambrian down to the point of
their nonconformity with the Archean. In the extreme east of our work, in the re-
gion of the Rocky Mountains, the Cambrian formatton is of variable thickness and
nowhere reaches an exposure of over 100 feet. In middle Nevada the uppermost zone
of the Cambrian, equivalent to the calcareous and argillaceous shales of the
Wahsatch, is an immense body of dark limestones at least, 3,000 feet in thickness
carrying Primordial fossils-throughout; the downward countinuation of the series
being there entirely hidden by the overlying Quaternary desert.?

This general definition of the Cambrian is accompanied by a list of
the fossils described by Messrs. Hall and Whitfield.

The Cambrian section of Big Cottonwood Cafion referred to by Mr.
King is described by Mr. S. F. Emnmons with more detail.’ On the
west side of Box Elder Peak, near the little village of Call’s Fort, in
a body of dark blue argillaceous slates in the lower portion of the Ute
limestone body, Mr. Emmons states that the following fossils of the
Quebec group wete found: Dikelocephalus wasatchensis, D. gothicus,
Crepicephalus (Loganellus) quadrans, and Lingulepis ella.* In the sec-
tion on Muddy Cafion, within 25 feet of the base of the series, occurs a
body of calcareous shales, interstratified with narrow beds of a dark,

1Explorations of 1872; United States Geological Survey of the Territories, under Dr. F. V. Hayden;
Snake River division. Am.Jour. Sci., 3d ser., vol. 6, 1873, p. 104.

2King, Clarence: Paleozoic subdivisions on the 40th parallel. Am. Jour. Sci., 3d ser., vol. 11, 1876, p.
476.

3 Hague, Arnold, and $. ¥. Emmons; Descriptive Geology. U, §. Geol. Expl. of the Fortieth Par.;
vol. 2, 1877, pp. 366, 367, ’

40p.cit., p. 405,
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fine-grained limestone, which contains abundant organic remains.
Two species were recognized, - Dikelocephalus quadriceps and Conocep-
phalites subcoronatus.! The reference of the fossils at Call’s Fort and
Muddy Caifion to the Quebec group was on the authority of the paleon-
tologists. More recent studies of this fauna, by Mr. Walcott, in con-
nection with the section at Big Cottonwood Cafion prove that the fauna
mentioned at these localities is a portion of the Middle Cambrian fauna,
and that the Upper Cambrian strata are absent in the section by non-
deposition.”

In the Weber Cafion region of the Wasatch Mountains, 800 to 1,000
feet beneath limestones referred to the Devonian, there were obtaided
from a shaly limestone three forms of trilobites, which Mr. Emmons
thought probably indicated the horizon of the Potsdam group. One
was identified as Ogygia parabola and another as Crepicephalus allied to
C. diadematus.?

In the Oquirrh Mountains, at Ophir City, Utah, the section discloses
a thickness of about 400 feet of compact reddish white Cambrian
quartzite, above which are about 100 feet of greenish yellow clay slate,
in which numerous trilobites and primordial fossils occur.®

In the Schell Creek Mountains of Nevada there are limestones in
which primordial fossils have been fourd overlying heavy bodies of
quartzite. Among the organic remains of this range two species have
beenidentified : Crepicephalus (Loganellus) anytus and Lingulepis mera.t

At the northern end of Pogonip Ridge, of the White Pine Mountains
of central Nevada, Mr. Arnold Hague mentions the presence of obscure
outerops of mica slates and black arenaceous and argillaceous slates
and shales, in turn overlaid by an undetermined thickness of a compact,
vitreous, steel-gray.quartzite, closely resembling the Cambrian quartz-
ites of other Nevada localities. Above this quartzite, and forming the
lower beds along the greater part of the ridge, occurs the Pogonip lime-
stone, which extends to the top of Pogonip Mountain, with a thickness
of from 3,000 to 4,000 feet of strata. They dip with an angle of 240 to
300 eastward. The lower beds are a fine-grained, somewhat siliceous,
black limestone, varying considerably in compactness and bedding, and
frequently passing into calcareous shales. Higher up in the series, they
develop more of a dark blue color, banded with layers of fine arena:
ceous limestones and occasional cherty bands a few inches in thickness.?
From the lower beds of the limestone series he collected thirteen species
of Upper Cambrian fossils.

Mr. Hague states that in Eureka mining district, northwest of White
Pine, the section of Prospect Mountain has the same lithologic habit as
that at White Pine, and carries throughout the greater partof the forma-

10p. cit., p. 410, 80p. cit., p. 44
20p. cit., p. 377, 40p. cit., p. 486.
*Hague, Arnold, and S.F. Emmons: DPescriptive Geology. - U. §, Geol. Expl.of the 40th Par. ;
Clarence King, vol. 2, 1877, pp. 542,543, :
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tion Primordial fossils, showing beyond doubt that the two series of
beds are the same and equivalent to the Potsdam sandstone of Wiscon-
sin, This statement is followed by a list of fifteen species, all of which
belong to the Upper Cambrian fauna.!

The collections madeé by the officers of the Fortieth Parallel Survey
were studied and reported upon by Messrs. Hall and Whitfield. Of
the fauna referred to the Potsdam period they say : ¢ Although there is
not a single species common to the two regions, yet there is such a close
generic resemblance as toleave no doubt whatever of the positive iden-
tity of the formations.,” They mention the resemblance between the
fauna referred to the Potsdam zone in Texas and the Upper Mississippi
Valley, Wisconsin, Minnesota, etc.> In speaking of the trilobites from
the base of Ute Peak, Wasatch range, Utah, they state that the fauna
is referred to the Quebec group on the evidence of the Brachiopodus
and Molluscan fauna.> There must have been some confusion in rela-
tion to the occurrence of trilobites and the Molluscan fauna, as the tri-
lobites belong to the Lower Cambrian zone, and have nothing in com-
mon with the fauna which they refer to the Quebec group.

In the comprehensive review of the geology of the fortieth parallel,
Mr. Clarence King describes the Cambrian and Silurian rocks largely
from the data published inthe volume of Messrs. Hague and Emmons?
and in the recapitulation of the Paleozoic he gives a condensed descrip-
tion of the Cambrian as known to him in Utah and Nevada. The base
of the Cambrian is never seen. This is explained by the fact that the

Jambrian sediments accumulated in the deep valleys between the Ar.
cheanridges,and that thelower beds havenot subsequently been brought
up to the surface. Under the term Cambrian he includes all of the rocks
of the lowermost Paleozoic exposures up to and including the whole of
the Primordial, thus following approximately the eastern nomencla-
ture. In describing the rocks referred to the Cambrian he says:

Thus far, among the reported occurrences of the rocks of this horizon in the Cor-
dilleras, the locality at the mouth of Big Cottonwood Cafion must remain as the finest
example aud the stratigraphical type. The lowest member—the Cottonwood slates,
a group about 800 feet thick, which here rest upon highly metamorphic Archean
schiets—has thus far yielded no organic forms. Though searched by us with consid-
able care, it presented no indications of life. The rocks are dark blue, dark purple,
dark olive-green, and blackish drgillites, all highly siliceous, and as a group sharply
defined from the light-colored quartzitic schists which conformably overlie them,
This second group, by far the greatest of the whole Cambrian series, is a continuous
zono of schists which have a prevailing quartzitic character, though varied with con-
siderable amount of argillaceous matter. It would seem to Le the product of a fine-

grained arkose formation, simply compressed into dense schists. From 8,000 to 9,000
feet thick, it has a general unitormity of lithological condition from bottom to top,

! Op. cit., pp. 547, 548.

*Hall, James, and R.P. Whitfield: Paleontology (of the 40th Parallel). General remarks. U.S.
Geol. Survey of the 40th Parallel, vol. 4, 1877, pp. 199, 200.

30p. cit., p. 200.

$Systematio Geology: U. S. Geol, Exploration of the 40th Parallel, Clarepce King, geologist in
pharge, vol. 1, 1878, pp. 164-189.
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except that in the region of T'win Peaks are some phlogopite schists and siliceous
zones carrying considerable imugcovite. The phlogopite members recur in the Egan
Cafion region. The prevailing colors of this member are gray, greenish gray, drab,
and pale brown; neverdark colors. Conformably overlying it are 2,500 to 3,000 teet
of cream-color and salmon- color and white quartzites and quartzo-feldsites. Occa-
sional sheets of conglomerate are seen in the quartzites not far below the summit of
the Cambrian.!

The details of the Cottonwood Cafion section to this point have not
been quoted, as these rocks are beneath the line provisionally drawn
between the Cambrian and pre-Cambrian rocks. This will be noticed
under the description of the Cambrian rocks of the Rocky Mountain
province. Above the quartzite series there is a thin series of green
siliceous argillites which are usually not more than 75 or 80 feet thick,
in which fossils of a Primordial typehave been found. A deseription is
given of the Cambrian as recognized in central Nevada, and a compari-
son made between it and the Cambrian of the Mississippi Valley and
the Wasatch section. A complete list of the fossils of the Utah and
Nevada Cambrian is given on page 231, and on page 233 a list of those
from the Quebec group, eight of which are from the Middle Cambrian
zone, and will be mentioned under the description of the Cambrian
fauna of the Rocky Mountain province. The geographic distribution
of the Cambrian rocks and their mode of occurrence, as shown in cross-
section, is represented on the sheets of the atlas accompanying the
report:

In 1882 Mr. Arnold Hague published a preliminary report on the
geology of the Eureka district,? which was followed in 1883 by the
abstract of a report on the geology of the district.® In this latter re-
port a detailed description is given of the Cambrian rocks of the Pros-
pect Mountain section. It is accompanied by a map of the district and
a plate of sections showing the relation of the Cambrian rocks to the
superjacent formations. ’

The fauna of the Cambrian rocks of the Eureka district was de-
scribed and illustrated by Mr. C. D. Walcott in 1834, A short descrip-
‘tion of therange of the species is given, also a tabulation of the Paleo-
zoic section of Central Nevada, showing the vertical range of genera.s
This was republished in 1886 with greater detail,’ accompanied by an
original description of the Big Cottonwood Cafion section (pp. 38, 39),
and a section in the Highland range, 125 miles south of the Eureka
section (pp. 33-35), with notes upon the section at Pioche and Ophir
City. : ' ’

1Qp. cit., pp. 229, 230. -

2 Report on work in Eureka district]. 2d annual report U. S. Geol. Survey, 1880-'81. pp. 21-35, 1882.

3 Hague, Arnold: Abstract of report on geology of the Eureka distrizt, Nevada. T.S.Geol.Surv.,
3d annual report, 1881, 1882, pp. 237-290, 1883.

4 Paleontology of the Eurcka district. U.S. Geol, Survey, Monograph vol. 8, 1884.

b S8econd contribution to the studies of the Cambrian faunas of North America. TU.S, Geol, Surv.,,
Bull. No. 30, 1886, pp. 30-33,
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IDAHO.

In a letter to Prof J. D. Dana, dated Fort Hall, Idaho, July 7, 1872,
Prof. F. H. Bradley wrote to announce the discovery of the Quebec
group. In a limestone he found many trilobites, some gasteropods and
brachiopods, and beneath the limestone a compact ferruginous quartz-
ite, which from its position he considered as representing the Potsdam
sandstone.! Near Malade City he discovered a series of limestones con-
taining Conocoryphe, Bathyurus, Dikelocephalus, Agnostus, etc. He
states in a later report that—

The first examination of these Malade rocks was made at a point where the section
terminated below in a very quartzitic sandstone, which occupied the relative posi-
tion of the Potsdawn, and was accordingly referred with doubt to that group in a let-
ter extract which was published in the August number of the American Journal of

Science. Later examinations have shown that this was really a part of the true
Quebec, whose base is not here exposed.?

The fossils collected by Prof. Bradley were studied by Mr. F. B.
Meek, who identified the genera Agnostus, Conocoryphe, etc., along
with several genera of the Lower Silurian fauna, and gave Prof. Bradley
the paleontologic data for his correlation.?

It is to be bornein mind that at the time of the worl referred to, the
Quebec group was made to cover the horizons of the Potsdam, Calcif-
erous, and Chazy of the New York section. Again, throughout the
writings of Messrs. Hayden, Bradley, and Meek there are found many
references to the Quebec group, of strata that belong to different forma-
tions. This confusion arose primarily from the misinterpretation of the
mode of occurrence of the Upper Cambrian and Lower Silurian faunas
at Point Levis, Canada, the typical locality of the Quebec group.

The Cambrian rocks north of Malade City were studied by Dr. A. C.
Peale in 1877, in the Portneuf and Bannock ranges. He also visited
the Bear River range. Several carefully measured sections are pub-
lished with a summary of the rocks referred to the Silurian that will
be referred to in the description of the rocks of Idaho.*

The northern end of the Portneuf range, in the vicinity of Mount Put-
nam, came within the Teton district of Prof. Orestes St. John. The
central portion of the mountain is formed of ancient quartzite, alter-
nating with slaty micaceous shale, which alternates with limestones
above; and on the northern’ terminus of Mount Putnam there is an
exhibition of the full series'of the Paleozoic formations as developed in
this region.®

10n the discovery of the Quebec formation in Idaho. Am.Joar. Soi., 3d ser., vol. 4, 1872, p. 133.

2 Bradley, I'rank IL.: Report of Frank H. Bradley, geologist of the Snake River division. T.S. Geol.
Surv, of the Terr., 6th Ann. Rep., 1873, p. 201.

8 Preliminary paleontologioal report, * * * with remarks on the ages of the rocks, etc. U. S.
Geol, Surv. of the Territories, embracing portions of Montana, Idaho, Wyoming, and Utah, 6th Ann.
Rep., 1873, pp. 431, 432.

4Report on the geology of the Green River district. U. 8. Geol. Surv. of the Terr., 11th Ann. Rep.,
1879, pp. 567-572, 599, 613-616.

& Report of the geological fleld work of the Teton division. U.S. Geol. Surv. of the Tery,, 11th
Axn. Rep., 1879, pp. 477-484. .

Bull. 81—11
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On the map accompanying the twelfth annual report of the Hayden
survey, issued in 1883, the geographic distribu tion of the strata re-
ferred to the Silurian (which includes the Cambrian and the quartzite
referred to the Potsdam and a portion of the limestones referred to the
Quebec) is delineated asit occurs in southeastern Idaho. This is based
on the work of Messrs. Bradley, Endlich, St. John, and Peale, of the
Hayden survey.

MONTANA.

During the field season of 1872 Dr. I'. V. Hayden made a geologic
reconnaissance of certain portions of Montana and noted the presence
of limestone on the Gallatin River, above Gallatin City, that contained
numerous fossils. The thickness of the entire series of strata referred
to the Lower Silurian is estimated at 1,600 feet. The massive lime-
stones referred to the Potsdam group are about 400 feet thick and
pass gradually down into 50 feet of thinly lJaminated, cherty limestones
or calcareons mud layers, with abundant organic remains. These are
separated by a purplish sa ndstone that rests upon variegated shaly
clays, yellow, green, etc., then hard, dull purplish brown quartzose
sandstones, which in turn are underlaid by alternating sandstones
and clays, the whole having a thickness of over 1,000 feet.!

The fossils collected were studied by Mr. F. B. Meek, who identified
the genera Lingulepis, Conocoryphe, Bathyurus, Acrotreta, Hyolithes,
and Agnostus from the beds of the east side of the Gallatin River.?

Strata of ¢ Primordial age” were discovered by Messrs. Dana and
Grinnell upon the southwestern slope of Little Belt Mountains and the
south extremity of the Belt range of mountains; these are referred to
with certainty, owing to the finding of Primordial fossils.®

In 1884 Dr. F. V. Hayden revisited the Gallatin River locality, in
company with Dr. A, C. Peale.* The section near the mouth of the
East Gallatin River was studied in detail by Dr. Peale and two litho- ~
logically well defined-groups determined.

In the report of the following year the East Gallatin group is spoken
of as probably Middle Cambrian.’

In his administrative report to the Director of the U. S. Geological
Survey for the field season of 1889, Dr. A. C. Peale tabulates the Gal-
latin River Paleozoic section, and includes under the Cambrian the
Gallatin limestone, 835 feet in thickness, and the Gallatin sandstone,
415 feet. Beneath the Gallatin limestones are 5,000 feet of conglomer-

1Report of F. V. Hayden, U. S. Geol. Sur. of the Terr., 6th Ann. Rep., 1873.p.72.

2Preliminary paleontological report, . . . with remarks on the ages of the rocks, etc. U.S.
Geol. Sur. of the Territories, embracing portions of Montana, Idaho, Wyoming, and Utah; 6th Ann.
Rep., 1873, pp., 431, 432.

3Geological report. "Report of & geological reconnoissance from Carroll, Montana Terrritory, on
the Upper Missouri, to the Yellowstone Park and return, made in the summer of 1875, by Wm. Lud-
low; 1876, p. 22.

4Adwministrative Report Montana Division. TU.S. Geol. Survey, 6th Ann, Rep., 1884-'85, 1885, pp. 49-
51
$Ibid., U. S, Geol, Survey, 7th Ann. Rep. for 1885-86, 1888, . 86.



- WALGOTT. ] CANADIAN EXTENSION, . 163

itic micaceous sandstones, with bands of siliceous limestones and indu-
rated clay shales, which he refers to the Algonkian.!
4

CANADIAN EXTENSION.

The discovery of rocks of Cambrian age in the western portion of
Biitish Columbia is of recent date. During the summer of 1883 Dr.
G. M. Dawson and Mr. R. G. McConnell investigated the Paleozoic rocks
on the line of the Canadian Pacific Railroad and discovered at the Crow
Nest Pass a great thickness of limestone of Devonian age, beneath
which is a great series of slaty and quartzite rocks. No.fossils were
found in the beds, but some were found in detached fragments, which
are referred to the Cambrian.? In the report published in 1886 Dr.
G. M. Dawson says that of the rocks referred to throughout his report
as Cambrian no complete general section can be offered. Along the
line of the Columbia Valley the basal beds were not observed. The
compouent beds of the great Cambrian series are, in the main, quartz-
ites and quartzitic shales, passing into argillites, occasionally including
limestones or more or less calcareous or dolomitic materials and con-
glomerates.’

Near Waterton Lake a section was measured 3,000 feet in thickness ;
another at South Kootanie Pass had a mininum (estimated) thickness
of the outeropping Cambrian beds of 11,000 feet, and it included
neither the summit nor the base of the series. Other sections were
measured, but none were found in which the whole volume of the form-
ation could be ascertained.

Dr. Dawson compares these sections with that of the Wasatch Moun-
tains of Utah; and more recent discoveries have shown that they are
quite similar in character. If the view of separating the pre Olenellus
beds from the Cambrian is accepted, most of the South Kootanie
Pass rocks will be referred to the Algonkian, corresponding in this
respect to the Algonkian (?) of the Big Cottonwood section of the
‘Wasatch Mountains, Utah.

Dr. Dawson further states that Mr. H. H. Winwood announced the
discovery of Cambrian fossils in the Kicking Horse Pass in a letter
to the Geological Magazine in 1885.° From among the specimens
obtained at that time Mr. C. D. Walcott recognized Olenellus howells
and Olenoides levis, trilobites characteristic of the Prospect Mountain
group of Nevada.® Numerous other references occur in Dr. Dawson’s
report in connection with the description of the local details of the

1 Administrative Report, Montana Division. TU. 8. Geol.Surv.,10th Ann. Rep., 1890, p.131.

2Dawson, Geo. M.: Recent geological observations on the Canadian Northwest Territory. Soience,
vol. 3,1884. p. 648.

3Preliminary report on the physical and geological feature of that portion of the Rocky Mountains
between lat. 49° and §1° 30'. Geol. Survey Canada, new ser., vol. 1, 1886, p. 157B.

40p. cit., p. 158B.

6Geological age of the Rocky Mountains. Geol. Mag., new ser., dec. 3, vol. 2, 1885, p. 240.

6 Preliminary report on the physical and geological features of that portion of the Rocky Mountains
between Jatitudes 49° and 51° 30'.  Geol, Surv. Canada, new ser., vol. 1, 1886, p. 140B.
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geology. One of these refers to the finding of a specimen of Ptychopa-
ria owent M. and H. on the Cascade River in débris brought down from
the mountain, indicating the presence of the Cambrian in the Cascade
Mountains.!

An admirable map accompanies Dr. Dawson’s report, and includes
the region between latitude 49° and 50° 30’. The geographic distribu-
tion of the Cambrian quartzite series and its relations to the superja-
cent Carboniferous and Devonian rocks is delineated, and their strati-
graphic position is shown in an accompanying diagrammatic section.

‘Wheun exploring the Yukon district in 1887 Dr, Dawson 2 discovered
that the country north of Dease Lake had a granitic nucleus with Paleo-
zoic rocks on its flanks, ranging from the Cambrian to the Carboniferous.
No details are given.

The detailed exploration of the Paleozoic rocks west of the great
Archean area, near the border of British Columbia and Alberta, was
undertaken by Mr. R. G. McConnell, and his resnlts are presented
in the annual report of the Canadian Survey for 1886. The Castle
Mountain group, a great limestone formation, has a known minimum
thickness of 7,700 feet. The lower portion is of Cambrian age, and the
upper part forms the base of the Lower Silurian (Ordovician). Beneath
the Castle Mountain group the Bow River series forms a great thick-
ness of dark colored argillites, associated with some sandstones, quartz- -
ites, and conglomerates. The portion exposed bas an estimated thick-
ness of 10,000 feet, and in the upper part of it occur the fossils men-
by Dr. Dawson, Olenellus gilberti, etc.> The occurrence of fossils of
Cambrian age in the lower portion of the Castle Mountain group is
noted on page 28D of the report.

The fauna from the slates or shales at the base of the Castle Moun-
tain group, in the Mount Stephen section, was described by Dr. C.
Rominger in 1887,* and reviewed by Mr. C. D. Walcott in the following
year.? ] '

In noticing the two papers just mentioned Mr. R. G. McConnell gives
arésumé of the section at Mount Stephen. He states that no fossils
have been detected in the lower part of the Bow River series, but speci-
mens of Olenellus gilberti were found by Dr. Dawson in 1884 about 2,000
feet below the top of the formation.  The next fossiliferous zone occurs
near the junction of Bow River and Castle Mountain groups, where
Paradoxides was found ; and a third zone, between 3,000 and 4,000 feet
higher up, carries the fauna described by Dr. Rominger.®

10p. cit., p. 143B. .

2Notes on exploration in Yukon District. Science, vol. 10, 1887, p. 165.

3Report on the Geological Structure of a portion of the Rocky Mountains, with a section. Geol.
Surv. Canada, Ann. Report, new ser., vol. 2, 1887, pp. 24-30 D.

4 Description of Primordial fossils from Mount Stephens, Northwest Territory of Canada. Phila.
Acad. Sci. Proc., 1888, pp. 12-19, PL 1.

5Cambrian fossils from Mount Stephens, Am. Jour. Sci., 3d ser., vol. 36, 1888, pp. 161-166.

¢Notes on the geology of Mount Stephen, British Columbia. American Geologist, vol. 3, 1889, pp.
23-25.
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In a ¢ Note on the geology of the Selkirk Range,” of British Colum-
bia, Dr. George M. Dawson states that the Olenellus fauna has been
found 3,000 feet down in the Bow River series.! He refers the Niscon-
lith, and the lower 15,000 feet of the Selkirk series, of the Selkirk sec-
tion, to the Cambrian, and correlates them with the Bow River and lower
portion of the Castle Mountain series of the western side of the Rocky
Mountains. (The details of these series are given in chapter 1v, of this

paper.)
PALEONTOLOGY. °©

The first description of Cambrian fossils from the Rocky Mountain
provinece is that by Mr. F. B. Meek, in 1868, who described from the
material discovered by Mr. Clayton at Silver Peak, Nevada, Ethmophyl-
lum whitneyi and E. gracile2 Shortly after he changed the reference
of these species to Arch®ocyathus, making A. whitneyi and A. gracile.
In 1870 he added Paradoxides ? nevadensis and Comnocoryphe (Conocepha-
lites) kingi, from Antelope Spring, Nevada. From the known position
of the genus Conocephalites the two species were referred by him to the
Primordial zone.*

In 1872 Prof. J. D. Whitney calls attention to the occurrence of the
Primordial fauna near Eureka, Nevada, at a locality discovered by
Mr. J. E. Clayton. He identified a species closely related to Agraulos
owent of Meek and Hayden, and fragments of the genera Conocoryphe,
Paradoxides, Lingulepis, and Obolella.® A notice of this discovery was
also published in the proceedings of the California Academy of Sci-
ences in the same year. (Vol. 4, p. 200.)

From the Upper Cambrian rocks of gsoutheastern Idaho and southern
Montana, Mr. F. B. Meek described in 1873 Iphidea #? sculptilis (p. 479),
Agnostus bidens (p. 463), Conocoryphe (Conocephalites) gallatinensis (p.
485), Bathyurus ? haydeni (p. 482), B. serratus (p. 480), Bathyurellus
(Asaphiscus) bradleyi (p. 484), Bathyuriscus wheeler: (p. 485, foot-note).
It is stated on page 465 that Bathyuriscus (Dikelocephalus ?) truncatus
is described in the report. 1t does not, however, appear in the text.
He also identified the species Acrdireta subconica Kutorga (A. atten-
uata proposed if it proved to be a distinct species, p. 463), Hyolithes
gregaria M. & H., Camerella calcifera Billings, and Agnostus josepha,
Hall. Numerous generic references are made from the fragments in the
collection, and in the lists from various localities species of the Calcif-
erous zone of the Lower Silurian (Ordovician) occur, especially in the
list of the collection from Malade City.%

1Bull. Geol. Soc. America, vol. 2, 1891, p. 171,

2Preliminary notice of a remarkable new genunsof Corals, probably typical of a new family, * * *
from the Silurian rocks of Nevada Territory. Am. Jour, Sci., 2d ser., vol. 45, 1868, pp. 62-64,

3Note on Ethmophyllum and Archmocyathus. Am. Jour. Sei., 2d ser., vol. 46, 1868, p. 144.

4Meek, F. B.: Descriptions of fossils collected by the U.S. Geological Sarvey, under the charge of
Clarence King, esq. Phil, Acad. Sci. Proc., vol. 22, 1870, pp. 62-64.

5Note on the occurrence of the * Primordial Fauna® in Nevada., Am. Joar. Sci.,3d ser., vol. 3,1872,
pp. 84, 85, .

SPreliminary paleontological report, * * * with remarks on the ages of the rocks, etc. TU.S..
Geol. Surv. of the Terr., embracing portions of Montana, Idaho, Wyoming, and Utah; 6th Aunual
Report, 1873, pp. 463-487.
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From the collections made by the geologists of the Wheeler survey
west of the one hundredth meridian, Dr. C. A. White describes, in a
preliminary report, Cruziana linnarssoni, C. rustica, Acrotreta ? subsidua,
Trematis pannulus, and Agnostus interstricta. He also identified Hyo-
lithes primordialis Hall 2; and published the manuscript description by
‘Mr. Meek of Olenellus gilberti and O. howelli? From the strata re-
ferred to the age ‘of the Quebec group he describes Acrotreta pyxidi-
cula (p. 9) and Dikelocephalus flagricaudus (p. 12). The former species
was subsequently identified by Mr. C. D. Walcott as Acrotreta gemma
of the Upper Cambrian, and the latter species is referred to the Middle
Cawmbrian fauna as Zacanthoides flagricaudus. The manuscript deserip-
tions of Olenellus gilberti and O. howelli by Mr. Meek were also printed
in 1876 under the names of Olenus (Olenellus) gilberti and 0 (0.) howelli
in the report of Mr. G. K. Gilbert.?

The species described by Dr. White in his preliminary report of 1874
were redescribed and illustrated by him in 1875. In addition to the
species mentioned in the preliminary report he describes and illustrates
Concoryphe (Ptychoparia) kingi Meek (p. 40) and Asaphiscus wheeleri
Meek (p. 43.)°

The two species described by Mr. Meek from Antelope Spring, Utah,
in 1870, were redescribed and illustrated by him in 1877, under the
names of Conocoryphe (Ptychoparia) kingi and Paradoxides ? nevadensis.
In the description of the latter species he gave reasons for believing that
the generic reference was incorrect, and that the species belonged to an
undescribed genus. For this genus, if the species proved not to be
Paradoxides, he proposed the genus Olenoides.*

The description of the collections of the Fortieth Parallel Survey by
Messrs. Hall and Whitfield added a large number of new forms to the
Middle Cambrian fauna.®

The new species described are:

Obolella discoidea, p. 205.

Lingulepis mera, p. 206.
¢ minuta, p. 206. o

Kutorgina minutissima, p. 207,

Leptena melita, p. 208,

Crepicephalus (Loganellus) haguei, p. 210.
(Loganellus) nitidus, p. 212.
(Loganellus) granulosus, p. 214.
(Loganellus) maculosus, p. 215,

1 Preliminary report upon invertebrate fossils collected by the expeditions of 1871, 1872, and 1873,
with deseriptions of new species, pp.27. Geog.and Geol. Sar. west of 100th Mer., Lieut. Wheeler
in charge, Washington, 1874, pp.4-12.

2Report on the geology of pertions of Nevada, Utah, California, and Arizona examined in the years
1871 and 1872 Report on Geog.and Geol. Expl.and Sur.west of 100th Mer., vol. 3, Geology, 1875, pp.
182, 183,

3Report upon the invertebrate fossils collected in portions of Nevada, Utah, Colorado, New Mexico,
and Arizona by parties of the expeditions of 1871-'74. Wheecler's Expl. and Sur. west of the 100th
Mer., vol. 4, pt. 1, 1875.

47. S. Geol. Expl. of the 40th Parallel, vol. 4, pt. 1,1877, pp 20-25.

51bid., vol. 4, 1877, pt. 2, pp. 205-246.
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Crepicephalus (Loganellus) unisulcatus, p. 216.
(Loganellus) simulator, p. 218,
(Loganellus) anytus, p. 219.

(Batbyurus) ¢ fngulatus, p. 220.
Conocephalites (Pterocephalus) laticeps, p. 221,
Ptychaspis pustulosa, p. 223.

Chariocephalus tumifrons, p. 224,

Dikelocephalus bilobatus, p. 226.
multicinctus, p. 226.
flabellifer, p, 227.

Agnostus communis, p. 228,
neon, p. 229.
prolongus, p. 230.
tumidosus, p. 231.

Lingulepsis ella, p. 232,

Conocephalites snbcoronatus, p. 237,

Crepicephalus f (Loganellus) quadrans, p. 238.

Dikelocephalus quadriceps, p. 240.
wasatchensis, p. 241.

? gothicus, p. 242.

Ogygia producta, p. 244,
parabola, p. 245,
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Of these species those from Lingulepsis ella to Ogygia parabola, in-
clusive, are referred to the Quebec group, and the others to the Pots-
dam. The descriptions are accompanied by fine illustrations of all the

species mentioned.

In 1880 Dr. OC. A. White referred his Acrotreta ? subszdua, described

in 1874, to the genus Acrothele of Angelin.!

The qtudy of a collection made by the U. 8. Geological Survey from
‘the Eureka district, Nevada, gave Mr. C. D. Walcott material for the

description of a number of new species from the Cambrian.

include the following:?

Acrothele ? dichotoma, p. 14.
Scenella ? conula, p. 15.
Kutorgina whitfieldi, p. 18,
prospectensis, p. 19.
Orthis eurekensis, p. 22.
Stenotheca elongata, p. 23.
Agnostus richmondensis, p. 24.
geclusns, p. £5.
Olenellus iddingsi, p. 28.
Dikelocephalus nasutus, p. 40,
richmondensis, p. 41.
? angustifrons, p. 42.
jole, p. 43.
marica, p. 44.
f expansus, p. 45.
Ptychoparia (¥) prospectensis, p. 46.
(%) linnarssoni, p. 47.

They

! Note on Acrothele. U.S. Nat. Mus. Proc., vol. 3, 1880, p. 47.

2 Paleontology of the Eureka district. U.S.Geol. Surv., Monograph, vol. 8, 1884, pp. 11-64.
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Ptychoparia (?) (Solenopleura) (?) breviceps, p. 49.
(?) pernasutus, p. 49.
(Euloma ?) dissimilis p. 51.
occidentalis, p 51. ®
similis, p. 52.
similis, var. robustus, p. 53.
(Euloma ?) affinis, p. 54.
lmviceps, p. 54.
(Pterocephalus) occidens, p. 58,
Anomocare ¢ parvam, p. 59.
Agraulos? globosus, p. 61.
Arethusina americana, p. 62.
Ogygia? spinosa, p. 63.
(1) problematica, p. 63.

The following genera and species are mentioned and illustrated:

Protospongia fenestrata, p. 11.
Lingulepis mera, p. 12.
? minuta, p.13.
Lingula ? manticula, p. 13.
Obolella discoidea, H. & W., p. 14.
Acrotreta gemma, Billings, p. 17.
Under thisspecies are also included dcrotreta subconica and 4. atienuata,
Meek, 1873, and dcrotreta pyxidicula, White, 1874,
Kutorgina sculptilis, Meek, p. 20.
The synonymy of this species includes Iphidea (1) sculptilis, 1873, and
EKutorgina minutissima, H. & W., 1877,
Leptena melita, H. & W., p. 22.
Hyolithes primordialis, Hall, p. 23,
Agnostus bidens, Meek, p. 26.
communis, H. & W., p. 27.
neon, H. & W., p. 27.
prolongus, H. & W, p. 28,
Olenellus gilberti, Meek, p. 29.
howelli, Meek, p. 30.
Dikelocephalus bilobatus, H. & W., p. 40,
osceola, Hall, p. 40.
? quadriceps, H. & W., p. 45.
Ptychoparia oweni, M. & H., p. 55.
Under this species are placed as synonyms Conocoryphe (Ptychoparia)
gallatinensis, Meek, 1873, Crepicephalus (Loganellus) centralis, Whit-
field, 1877.
anytus, H. & W., p. 56.
granulosus, P. haguei and P. nitidus, H. & W., p. 57,
Under the latter species Crepicephalus (Loganellus) simulator, H. &
W., 1877, is placed as a synonym.
unisulcatus, H. & W., p. 38.
s+ (Pterocephalus)laticeps, H. & W., p. 59.
Ptychaspis minuta, Whitfield (%) p. 60.
Chariocephalus (%) tumifrons, H. & W., p. 61.

Notes on the genus Acrotreta of Kutorga are given on page 16; and
observations on Olenellus howelli on pages 32-39.
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In 1886 Mr. O. D. Walcotl reviewed the species which he then con-
sidered to belong to the Olenellus, or Middle Cambrian fauna.!
The following new species were described from Utah and Nevada:

Eocystites 1% longidactylus, p. 94.
Orthis ? highlandensis, p. 119.
Hyolithes billingsi, p. 134.
Leperditia ? argenta, p. 146.
Olenoides typicalis, p. 183.
levis, p. 187. .
Ptychoparia housensis, p. 201.
piochensis, p. 201.
Crepicephalus liliana, p. 207, .- °
augusta, p. 208.
Orytcocephalus, new genus, p.210.
Oryteocephalus primus, p. 210.
© Bathyuriscus howelli, p. 216.

The genus Ethmophyllum, described by Mr. Meek in 1868, and the
species placed under it referred in the same year to Archaeocyathus, is
redefined as the genus Ethmophyllum, with Bthmophyllum whitneyi as
the type (p. 81.) Hthmophyllum gracile Meek is placed as a synonym of
the latter species. Descriptions and illustrations of the following
species also appear in this work:

Protospongia fenestrata, Salter, p. 90.
Lingnlella ella, H. & W. p.97.
Acrotreta gemma, Billings, p. 98.
Kutorgina pannula, White, p. 105,
prospectensis, Walcott, p. 106.
Acrothele subsidua, White, p. 108.
Scenella ¥ conula, Walcott, p. 127,
Stenotheca ? elongata, Walcott, p. 129,
Agnostus interstrictus, White; p. 149.
Olenellus iddingsi, Walcott,p.170.
gilberti, Meek, p. 170.
Olenoides nevadensis, Meek, p. 181,
spinosus, Walcott, p.184.
¥ flagricaudus, White, p.185.
quadriceps, H. & W., p. 187.
wasatchensis, H. & W., p. 189.
Ptychoparia kingi, Meek (sp.), p. 193.
quadrans, H. & W., p. 199,

? prospectensis, Walcott, p. 202.
subcoronata, H. & W., p. 205.
Anomocare ? parvuam, Walcott, p. 209,
Bathyuriscus productus, H. & W., p.217.

Asaphiscas wheeleri, Meek, p. 220.

A discussion of several of the genera is also presented.

In a paper on the stratigraphic position of the Olenellus fauna Mr.
C. D. Walcott reviewed the stratigraphic position of the fauna de-
scribed in Bulletin 30 of the U. 8. Geological Survey, and referred the

! Second contribution to the studies of the Cambrian faunas of North America. U. S. Geol. Survey,
Bull. No. 30, 1886.
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following species, formerly assigned to the Lower Cambrian fauna, to
+ the Middle Cambrian zone, considering the Olenellus zone to include
only the Lower Cambrian fauna.! The species are:
Protospongia fenestrata, Salter.
Eocystites ? ? longidactylus, Walcott,
Leperditia argenta, Waicott.
Agnostus interstrictus, White.
Olenoides nevadensis, Meek (sp.).
quadriceps, Hall & Whitfield (sp.). =
wasatchensis, H. & W. (sp. )
spinosus, Walcott.
typicalis, Walcott.
Ptychoparia housensis, Walcott,
kingi, Meek (sp.).
piochensis, Walcott.

? prospectensis, Walcott..
quadrans, H. & W. (sp.).
subcoronata, H. & W. (sp.).

Bathyuriscus howelli, Walcott.
productus, H. & W. (sp.).
Asaphiscas wheeleri, Meek.

Ptychaspis piochensis occurs 100 feet above the Olenellus zone proper,
in the Highland range section, but as it also occurs 1,137 feet higher
up in the same section, it is now referred to the Middle Cambrian fauna
and not to the Olenellus fauna.?

The presence of Cambrian fossils at Kicking Horse Pass of the Rocky
Mountain division of the Canadian Pacific Railway was announced by
Mr. H. H. Winwood in 1885.> Indirect reference was also made to this
by Dr. G. M. Dawson in 1834.* The specimens obtained at that time
were examined by Mr. C. D. Walcott, who recognized Olenellus howelli
and Olenoides levis, trilobites charaecteristic of the Prospect Mountain
group of Nevada.®

During the survey by Mr. R. G. McConnell of the section along the
line of the Canadian Pacific Railway there was discovered at Mount Ste-
phen a zone of fossiliferous slate 2,000 feet above the base of the Castle
Mountain limestone. From the collections obtained Dr. C. Rominger -
described the new genus Embolimus and five new species of trilo-
bites, viz: Ogygia klotzi, O. serrata, Embolimus spinosa, B. rotundata,
and Conocephalites cordillere. He also identified Menocephalus salteri ?,
Billings, Bathyurus #, Agnostus (*‘ compare A. interger Barr”), and the
genera Orthis, Obolella, Kutorgina, Leptena %, Metoptoma, and Hyo-
lithes.®

1 Stratigraphic snccession of the Olenellus fauna in North America and Europe. Am. Jour. Sci.,
3d ser., vol. 37, pp. 374-392; vol. 38, 1889, pp. 29-42.

2Qp. cit., p. 387.

2 Geological age of the Rocky Mountains. Geol. Magazine, new ser., deo. 3, vol. 2, 1885, p. 240.

*Recent geological observationson the Canadian Northwest Territory. Secie nce, vol. 3, 1884, p. 648.

& Preliminary report on the physical and geological features of that portion of the Rocky Mountains
between latitudes 49° and 51° 30’. Geol Surv. Canada, new ser., vol. 1, 1883, p. 140B.

¢ Description of Primordial fossils from Mount Stephen, Northwest Territory of Canada. Philadel-
phia Acad. Sci., Proc., 1887, pp. 12-19.



WALCOTT. | WISCONSIN. 171

A review of Dr. Rominger’s work on the Mount Stephen fossils by Mr.
C. D.Walcott resnlted in his determining that Embolimus spinosa, Rom.=
Zacanthoides spinosus, Walcott; Embolimus rotundata, Rom.=Bathyuris-
cus howelli, Walcott; Ogygia serrata= Olenoides nevadensis, Meek ; and
that Conoceplialites cordillere, Rom.=Ptychoparia cordillere, Rom.
(sp.), and Ogygia ?? klotzi, Rom., are new to the previously known
Cambrian fauna. The genus Zacanthoides is proposed to include Ole-
noides typicalis, 0. spinosus, 0. levis, and O. flagricaudus,described in 1886.
There were also identified from the material studied by Dr. Romingep
Agnostus interstrictus, Acrotreta gemma, Kutorgina prospectensis, and
Hyolithellus micans.! Subsequently from the collection studied by Dr.
Rominger there weére described by Mr. Walcott, Lingulella macconelli
Crania ? columbiana, Acrotreta gemma var. depressa, Orthisina alberta,
Platyceras romingeri, Karlia stephenensis, Bathyuriscus (Kootenia)
dawsoni, and the genus Ogygopsis was proposed to include the Ogygia
klotzi of Rominger. Linnarssonia sagittalis was also identified.?

In 1890 Mr. C. D. Walcott ® described thrée new species from the
Highland range section of Central Nevada, referring them to the Upper
Cambrian. These species are Hyolithes attenuatus, H. curvatus, and H.
(%) corrugatus.

INTERIOR CONTINENTAL PROVINCE.

This province includes the Upper Mississippi area, the eastern border
or Adirondack subprovince, the western border or Rocky Mountain
subprovince, and the Llano County area of central Texas and the
Grand Caiion of Arizona as a minor southwestern subprovince.

UPPER MISSISSIPPI AREA.

For convenience of reference the review of the literature pertaining
to Wisconsin, Minnesota, and Iowa is assembled for each State. The
Ozark area of southeastern Missouri is considered separately, and the
Lake Superior sandstones and the controversy in relation to them is
noticed under a distinet heading, after the description of the recogunized
Upper Cambrian rocks of Wisconsin, Jowa, and Minnesota, and their
extension into Canada. This division also includes the references to
~ the Cambrian rocks of Michigan.

WISCONSIN.

In 1843, in notes on the geology of the Western States, Dr. D. D.
Owen called attention to the presence of a sandstone on the Mississippi
River, at Prairie du Chien, visible beneath the Lower Magnesian lime-

! Cambrian fossils from Mount Stephens. Am. Jour. Sci., 3d ser., vol. 36, 1888, p. 165.

2 Descriptions of new genera and species of fossils from the Middle Cambrian. UT.S. National
Museum, Proc., vol. 11,1889, pp. 441-446.

3 Description of new forms of Upper Cambrian fossils. U.S. Nat. Mus. Proo., vol. 13, 1890, pp. 267-279.
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stone of the Wisconsin River.! TFive years later, in the report of a
geological reconnaissance of the Chippewa land district of Wisconsin,
he describes with considerable detail Formation 1, or the lower sand-
stone of the Upper Mississippi. The formation, as a whole, is subdi-
vided into five parts. The lowest part rests upon crystalline and
metamorphic roeks, in the eastern part of the Chippewa land district,
as a coarse sandstone overlaid by a still coarser quartzose sandstone.?
At the Falls of the St. Croix the schistose, silico-ealcareous layers of
the second division are highly fossiliferous. In the third division the
prevailing genera are Lingula and Orbicula® and it is designated as
the ¢ Lingula sandstone.” In speaking of the beds of sandstone
beneath the fossiliferous layers at Mountain Island it is stated that in
all probability this is the western equivalent of the Lingula beds of the
New York Potsdam sandstone.t

A notice of the discovery of the fauna in the lower sandstone of Wis-
consin was communicated by Dr. Owen in 1848 to the Geological So-
ciety of France through a letter to M. de Verneuil.®

In a letter descriptive of the geology of southeastern Wisconsin ad-
dressed to Mr. J. W, Foster, Mr. I. A, Lapham states that—

The Inferior,or Potsdam sandstone,is found at Janesville and above, occupying the
bed of the river. The grains are rounded, smooth, and without apparent cement;
the rock easily crumbles upon exposure; color white or red. The white variety
might be used for the manufacture of glass. The discovery, in 1849, of that singular
and characteristic fossil described by Mr. Hall as Scolithus linearis (New York Pal.,
vol. 1, p.2) in this rock, in Sauk County, may be considered as settling the question
of the identity of this rock with the Potsdam sandstone of the New York reports. It
occupies much of the counties Marquette and Columbia, enters Dane County, and is
seen in the banks of Rock River from Lake Koshkonong to Janesville.

* * * Il Calciferous rock of Eaton.—Resting immediately upon the sandstoue,
at Janesville,is a limestone with grains of the same sand intermixed, giving it the
form and appearance of an oolite limestone ; the amount of sand diminishing as you
rise from the surface of the sandstone. It accords exactly with the description given
of a portion of the calciferous sandstone of New York, and contains the same fucoid
(Palwophycus tubularis), as well as other characteristic fossils. Its character and rel-
ative position also clearly show that it is the same rock that, farther west and north,
is called the Lower Magnesian limestone, by Drs. Owen and Locke.s

In the same report, Mr. Charles Whittlesey describes the sandstone as
it occurs near Wolf River, etc., stating it to be a sandstone easily
crushed between the fingers, which has been so extensively denuded
that it is only here and there that a trace of its former existence is

10n the geology of the Western States. Am.Jour. Sci,, vol. 45, 1843, p. 164.

2Qwen, David Dale: Report of a geological reconnaissance of the Chippewa land district of Wis-
consin, and incidentally of a portion of * * * Towa and of the Minnesota territory. Letter of the
Secretary of the Treasury communicating a report of a geological reconnaissance of tho Chippewa
land district of Wisconsin, ete., by D.D. Owen, Thirtieth Congress, first session, Senate Ex. Doc. No.
57,1848, p. 13.

30p. cit., p. 14,

40p. cit., p. 15.

8 Letter on geology of Wisconsin Territory. Bull, Soc, géol. France, 2¢ sér., vol. 5, 1848, pp. 294-296.

6Lapham, I. A.: “On the geology of the southeastern portion of the State of Wisconsin, being the
part not surveyed by United States geologists.” Rept.on the geology of the Lake Superior land dis-
trict, by Foster and Whitney, part 2, 1851, p. 169,
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left.. On the Upper Menomonee River the sandstone has a thickness
of 150 feet, and the entire thickness is estimated at 200 feet.?

In giving an account of his investigations in connection with the
geological survey under the-direction of Messrs. Fo ster and Whitney,
Prof. J. Hall states:

I have also satisfied myself that the sandstones of the Up‘per Mississippi are of the
same age as the Potsdam sandstones, and that the Lower Magnesian limestone of the
Western geologists is identical with the calciferous sandstone of New York, the next
member of tho series above the Potsdam sandstone. Tlie thin bed of sandstone suc-
ceeding this rock can not be identified as the Potsdam sandstone by itself, but must
be regarded as a repetition of the arenaceous deposits below, which likewise alter-
nate with the calciferous sandstone near its base.?

He thus corroborates the view of Dr. D. D. Owen that the lower sand-
stone of Wisconsin is the equivalent of the New York Potsdam.

In 1851 M. E. Desor called attention to the presence at St. Croix of
a tusstherous sandstone 800 feet beneath that described by Professor
Hall, in which he found fossils.*

In a paper on the paleontology of the lowest sandstone of the north-
west Dr. D. D. Owen states that he observed multitudes of Lingulas
and Orbiculas disseminated in strata abutting against the southwest
side of the trap range that crosses the St. Croix River at the falls.
This was in 1847. During the remainder of this season and in that of
1848 he found finer-grained and more laminated soft sandstones, with
subordinated silico-calcareous layers, charged with Obolus, like those
which characterize the lowest sandstones of Russia. This was in a
section on the Mississippi, between the Falls of St. Anthony and the
mouth of the Wisconsin River. From the results of these observations
he finally developed beneath the Lower Magnesian limestone at least
six different trilobite beds,separated by from 10 to 150 feet of intervening

~ strata.’

In the final report on the geology of the Upper Mississippi Valley, the
same writer describes the lower sandstone as composed of light-colored
quartzose sandstone that forms the greater part of the formation, with
intercalations of magnesian limestone, especially toward its upper part,
where it graduates into Formation No. 2, and at certain localities argil-
laceous, and other beds of a wmixed character form a considerable por-
tion of its lower mass.® In a table of the elementary stratification of
the lowest Protozoic sandstones he places the Lake Superior ferrugi-

1 Remarks upon the section from the falls of Wolf River, through Navarino to Lake Michigan.
Rept. on the geology of the Lake Superior land district, by Foster and Whltney, part 2, 1851, p. 174.

2 Whittlesoy, Charles: The dip, bearing, and thickness of the Silurian groups. Rept.on the geology
of the Lake Superior land district, by Foster and Whitney, part 2, 1851, p. 183.

3 (Geological investigations on Drammond’s Island avd the north shores of Lakes Huron and Michi-
‘gan, ete.) Am. Acad. Proc., vol. 2,1851, p. 254.

4|Potsdam sandstone on the river St. Croix.] Boston Soo. Nat. Hist.Proc., vol. 3, 1851, p. 202.

50n the paleontology of the loweat sandstones of the Northwest. Aw. Assoc. Proc., vol. 5, 1851
pp- 169-172.

6 Geol. Surv. of Wisconsin, Iowa, and Minnesota., and incidentally of a portion of Nebraska Territory,
Philadelphia, 1852, p. 48.



174 THE CAMBRIAN. {BULL. 8L,

nous and argillaceous sandstones, shales, and conglomerates at the base,
assigning it a thickness of 5,000 feet. Above this occur coarse grits and
sandstoues of the Chippewa, Black and Wisconsin Rivers.! The placing
of the lower sandstone of Lake Superior in this position is theoretical.
Above the coarse sandstone the formation is divided into six trilobite
beds, as follows:? '

Table of the elementary stratification of the lowest Protozoic sandstones.—
' - Formation 1. .

Feoet,

degrees of induration, with intercalations of

beds of umlgnesia.u limes‘;oufi, with gilist‘en-

. S On: ing crystalline facets, and calcareo-siliceous

Sixth Trilobite bed... 4 ocﬁite,produced by rounded grains of quartz,

f encased in calcareous cement, containing

Euomphalas and imperfect Trilobites. Lo-
cally with a band of green earth .......... 50to 85

Mammillary and botryoidal layer of white

sandstone ; sometimes banded with yel-

L JOW e e e 5 to 6 inches.

’ I Thick beds of soft, yellowish and brown sand-

€ § emcmme veemee serssecens

f [ Quartzose, light-colored sandstones of various

stone, sometimes with botryoidal, hard, nro-
jecting concretions passing downward into
l fine-grained soft sandstones approaching
BPOI ¢ oie e eie e e 40 to 50
Ash-golored and yeillowish z};gillo-calca,reous
i Tohi and magnesio-calcareous beds, containin
Fifth Trilobite bed... Dikeloce%halue minnesotensis. ’ £
Stillwater Trilobite bed ... ... ccovoeaeann. .. 8to 10
Green,red,and yellowish sandstones with thin,
schistose, dolomitic intercalations ........ 40
Upper, brown dolomitic layers containing
Orthis, Lingulas, and columns of Crinoidea
as at La Grange Mountain................ 4
Alternations of yellow, laminated sandstones,
Fourth Trilobite bed.. g with green particles disseminated.......... 5
Marine Mill Trilobite grit.................. S
Fucoidal layers, and thin-bedded green and
yellow sandstones, at their base often a
band of about 6 inches of green earth used
by the Indians as a pigment .............. 30to 40
Green and red sandstones, charged with sili-
d. cate of Iron...co.veeenniiiiaiiiiei i, 5
Loose, green sand, and soft green sand-
)71 T 15
[ Micaceous sandstone, containing Dikelo-
] Acephalua 'menz"skaensis, D. g;'anulosa, ete —y 3
: qone lternations of green and ferrnginous sand-
Third Trilobite bed. .. StOnes. . . . ... g..-...........% ........... 20
Micaceous sandstones containing D. menis-
Kaensi8, OtC - oo v i eeet e aene 2
Thin layers of green sand, alternating with
green earth, impregnated with silicate of
1 30to 40
Lower, brown siliceo-calcareous and dolo-
mitic bands of Mountain Island, and else-
Where .....cecceimmoee et ciiceae e 4
L Soft, thin-bedded sandstones, with scales of
mica dissewinated.........c....oeaiiill 10to 15
Coverecenannne cesecimescanacs Coarse lingula grit, green, yellow, sometimes
almost white.....cca.ceee.. ceenen . 100 to 130

10p. cit., p. 53. 2 Op. cit., pp. 52, 53.
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Table of the elementary stratification of the Lowest Protozoic sandstones,
etc.—Continued.

Feet.

[ Fine grit. Place of the Menomonie Trilobite
Second Trilobite bed.. grit (1). White and jellow sandstone, and

Obolus layers of Black River ............. 15
Ferruginous Trilobite grits. Schistose sand-
stone, containing fork-tailed Trilobite beds

First Trilobite bed....{ ., and Obolus layers ....ececeoveencvacuanonn. 1to 8
b. Magnesio-calcareous rock, with Obolus and

fork-tailed Trilobite ........... ... ... ... 3
Highly fossiliferous schistose, siliceo-calcare-
ouslayers,interlaminated withargillaceous,
marly beds, charged with snlphate of iron;
the former full of Lingulas and Orbiculas

L (Falls of 8t., Croix) ............. SO 50
( Sandstone, with oblique lines of deposition,
alternating with pebbly sandstones and
I coarse grits of the Chippewa and Black and

Beevcenn socnceccance vacnmas { Wisconsin Rivers near the falls ......._ ... 50 to 100
ll’lace of the Lake Superior forruginous aud

argillaceous sandstones, shales, and con-
glomerates - .oceceeeennimimeeieeaae e aaes 5, 000

The geographic distribution of the formation is shown on the map
accompanying the report.

The local details of the sections in Wisconsin are reported upon by
Prof. B. F. Shumard. Much of the information here given was used
by Dr. Owen in giving the summary of the divisions referred to Forma-
tion No. 1, or the lower sandstone.!

The sandstones of the south shore of Lake Superior are described by
Mr. J. C. Norwood, and a section given of them as seen at the mouth of
Cranberry River. He also describes the sandstones of the St. Croix
River.? ' :

In his annual report of the geological survey of the State of Wiscon-
sin Prof. J. G. Percival describes the lower sandstone with consider-
able detail, but without special addition to the information given Ly
Dr. Owen. He separates, however, the quartz rock of the Baraboo
and of Portland from the Lower sandstone.?

The volume of the geological survey of Wisconsin, by Prof. James
Hall, contains a general account of the Potsdam sandstone. The open-
ing paragraph describes it as follows:

The lowest rock of the series is the Potsdam sandstone, which is known in the north-
west as the Lower sandstone, in contradistinction to the Upper or St. Peter’s sand-
stone, which lies above the Lower Magnesian limestone. This is equivalent to the
Potsdam sandstone in New York, and holds in all respects the same geological position:
it is the lowest fossiliferous rock observed in the geological surveys of New York,

where it received its name,
This rock has been traced, with slight interruptions, westward from Lake Cham-

1Geol. Report of local, detailed observations in the valleys of the Minnesota, Mississippi, and Wiscon-
sin Rivers. Report of a geological survey of Wisconsin, Towa, and Minnesota; and incidentally of
o portion of Nebraska Territory. Philadelphia, 1852, pp. 475-531.

2Geol. Report of a survey of portions of Wisconsin, and Minncsota. Rep.Geol. Surv. of Wisconsin,
Towa, and Mi ta; and incidentally of a portion of Nebraska Territory. Philadelphia, 1852, pp.
275-217.
. % Axnaual Report of the Geological Survey of the State of Wisconsin, Madison, 1856, pp. 92-101.
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plain through Canada to the outlet of Lake Superior and along the south shore of
that lake.!

This is followed by a general account of the formation and of the or-
ganic remains found in it.?

In the same volume Prof. J. D. Whitney prints a brief résumé of the
Potsdam or lower sandstone.?

In a paper entitled “Preliminary notice of the fauna of the Potsdam
sandstone,” Prof. James Hall states that in 1850 he had the opportunity
of tracing the formations from Drummond’s Island and St. Mary’s River
to the head of Green Bay and thence across the country to the Missis-
sippi River.* He comes to this conclusion:

The position of the sandstone on the St. Mary’s admitted of no doubt, and its rela-
tive position to the lower limestone had before that time been well determined, and
the same was likewise ascertained by the several exploring parties along different
lines between Lake Superior and Green Bay.

Throughout Wisconsin there is no difficulty in recognizing the following sequence :

Trenton limestone;

Black River or Buff limestone;

Birdseye limestone;

St. Peter’s sandstone;

Lower Magnesian limestone, or calciferous sandstone;
Potsdam sandstone. .

The St. Peter’s sandstone holds the place of the Chazy limestone of the more
eastern localities, and, with this exception, we have the same sequence that we find
in New York, many of the fossils being common to the limestone of New York and
‘Wisconsin.

Dr. Owen, in his published report, has adopted this view of the sequence, and the
explorations of subsequent years have confirmed the opinions then entertained; and
I believe at this time every geologist will admit the identity of the Potsdam sand-
stone of New York and the Lower sandstone of the Upper Mississippi Valley.

In speaking of this sandstone I shall, therefore, without hesitation,refer to it as
the Potsdam sandstone.’

A list of fossils described in the memoir is given to illustrate their
stratigraphic position. In this list the fauna is divided into that of
the lower beds, middle beds, and upper beds, the latter characterized
especially by the presence of the genus Dikelocephalus. In a supple-
mentary note on the Potsdam sandstone that accompanies the memoir
he gives a résumé of the evidence upon which the lower sandstone of
the Upper Mississippi Valley has been placed in parallelism with the
sandstone of New York, known as the Potsdam sandstone, as follows :

In comparing the older rocks of New York and of the East generally with those of
the West, it should not be forgotten that there is a long interval on the line of the

1 Physical geography and general geology. Geol. Surv. Wisconsin, Report, vol. 1, 1862, p. 14.

20p. cit. , pp. 20-23.

8Stratigraphical geology. Geol. Surv. Wisconsin, Rep., vol. 1, 1862, pp. 140-144.

4 Preliminary notice of the fauna of the Potsdam sandstone, with remarks on the previously known
species of foasils and descriptions of some new ones from the sandstone of the Upper Mississippi Val-
ley. 16th Ann. Rep. Regents Univ. N. Y., State Cab. Nat. Hist. , 1863, pp. 119, 120.

50p. cit., p. 120.

8.0p. cit., p. 209.

? Op. cit., pp. 211-213.
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northern outerop of these ancient strata, between the St. Lawrence and the western
limit of Michigan on the Menomouee River, where we can expect little aid from
paleontology. The fossiliferous beds of these ancient formations in Wisconsin lie to
the west of what appears to have been a great promontory at the time of their
deposition, stretching southward from the region of Lake Superior far into the
ancient sea. The disconnection caused by this promontory between the Ilast and
the West would of itself prepare us to expect a fauna differing in a great degree
from beds of corresponding age on the opposite sides.

It has been shown, by the investigations of the Canadian Survey, that not only the
Potsdam sandstone, but all the fossiliferous beds below the Birdseye and Black River
limestones are absent from Kingston on Lake Ontario to Lacloche on Lake Huron.
From Lacloche to Lake Superior there is a sandstone coming in below the Birdseye
limestone, which, from its position, may be considered of the age of the Chazy! for-
mation and equivalent to the St. Peters sandstone of Wisconsin and Minnesota ; and
it is this sandstone, doubtless, which has been taken for the Potsdam sandstone in
some localities along that line.

The succeeding Birdseye and Black River formation, from Lacloche to Lake Su-
perior, has become a buff-colored magnesian limestone, or weathering externally to
this color, but still holding the characteristic fossils.

In New York a sandstone (the Potsdam) lies immediately beneath a magnesian
limestone (the ¢ Calciferous sandrock ”): this deposit is succeeded by a calcareous
formation (the Chazy), including a sandstone and surmounted by the Birdseye, Black
River, and Trenton limestones.

In Wisconsin, Jowa, and Minnesota, we have undoubted Trenton limestone, and
below it a buff-colored magnesian limestone containing so many of the characteristio
fossils of the Birdseye and Black River limestones as to leave no doubt of the paral-
lelism of these beds with those of New York. Below this magnesian limestone we
have the St. Peters sandstone, corresponding, as already shown, with the Chazy for-
mation; and beneath this a magnesian limestone, which, in its position and litholog-
ical character, corresponds in all respects with the ¢ Calciferous sandrock” of New
York.

It is from all these facts that the lower sandstone of the Upper Mississippi Valley
has been placed in parallelism with the sandstone of New York known as the ¢/ Pots-
dam.”

Notwithstanding, however, that this sequencs is precisely like that observed in New
York, it may not yet be regarded as proved that the sandstone, from which I have
described these fossils, is in all respects the equivalent of the Potsdam sandstone of
New York, Vermont, and Canada. It may represent mnore, or it may represent less
than that formation. The lower accessible beds of the Mississippi Valley may repre-
gent the Potsdam of 150 or 200 feet in thickuess in the typical localities in New York,
while the middle and upper beds of the West may be of epochs not represented in
that part of the series studied in New York ; and in some other places, as in the re-
gions just mentioned, the same epochs may be represented by a shaly or semicalca-
reous deposition, or may be included in the commencement of the Calciferous epoch.
It should not therefore be regarded as decided that the Potsdam sandstone, as devel-
oped in New York, occupies the entire interval from the base of the oldest sedimen-
tary formation of the Paleozic era to the Calciferous sandstone. From what we
know of the primordial fauna in other localities, we are prepared to find beds above
or below, or both above and below, the epoch represented (so far as now known) by
the Poisdam sandstone of New York, and which may still be of the same period.

! The ** Chazy formation” of the Canadian Geological Survey,in its eastern localities, includes a
sandstone which comes in below the greater part of the limestone, leaving frum 10 to 20 feet of
shale and limestone beneath (Geology of Canada, 1863, p. 123). It.is apparently this sandstone of the
Chazy formation, having in Canada a thickness of 50 feet, which has become augmented in its west-
ern extension, while the calcareous part of the formation has partially or entirely disappeared.

Bull. 81 12
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He then enters upon the discussion of the relative age of the sand-
stones of Wisconsin and those of L.ake Superior, and concludes that
while the older beds of the latter area are apparently below the fossil-
iferous beds of the Upper Mississippi Valley, the newer sandstone of
the St. Mary’s River, which is apparently of the age of the St. Peter
sandstoune, or the Chazy formation, will be found overlying the fossil-
iferous sandstone, either with or without the intervention of the Lower
Magnesian limestone.!

On a geological map of Wisconsin published in 1855 Mr. I. A. Lapham
delineates the distribution of a sandstone occurring beneath the Lower
Magnesian limestone. Under the same color he includes the sandstone
on the south shore of Lake Superior, both on the north and southeastern
side of the trap rocks of Keweenaw Point. The distribution of the
fossiliferous sandstone south and southeast and east of the northern
area of the primitive rocks is also laid down.? In a new geological
map of Wisconsin, published in 1869, only the sandstones of the north-
western portion of the State are colored as Potsdam sandstone. In the
vicinity of the shores of Lake Superior the Michigan area on the map of
1855 is left uncolored.

A paper on the age of the quartzites, schists, and conglomerates of
Sauk County, Wisconsin, by Prof. R. D. Irving, proves conclusively
that the quartzites are of pre-Potsdam age, and that the latter are de.
posited unconformably upon the flanks of the hill formed by the quartz-
ites.? The evidence given by Prof. Irving negatives the conclusion ar-
rived at by Dr. Alexander Winchell in his description of the fossils of
Sauk County, where he states that Ptychaspis and Dikelocephalus
occur at the base of the Potsdam, and that the quartzites in question
are the lower beds of the Potsdam formation.* In the region of south-
central Wisconsin, especially in Dane and Columbia Counties, Prof.
Irving obtained a thickness of 800 feet for the lower or Potsdam sand-
stone, and for the superjacent Mendota limestone 30 feet, above which
occurs the Madison sandstone, with a thickness of 35 feet. He refers
only the lower or Potsdam sandstone to the Primordial’

The sketch on the geology of northern Wisconsin by Mr. E. T. Sweet
gives a general description of the Potsdam sandstone, and attention is
called to the fact that all the strata at the falls of St. Croix belong to
this sandstone formation and that none of them are of igneous origin,
as suggested by Dr. Owen.t

10p. cit., p. 220.

?Lapham, L A.: Geological Map of Wisconsin. Milwaukee, 1855. Also a map for 1869.

30n the age of the quartzites, schists, and conglomerates of Sauk County, Wisconsin. Am. Jour.
Sei., 3d ser., vol. 3, 1872, pp. 95-99. Wisc. Acad. Sei. Trans., vol. 1, 1872, pp. 129-137.

4Notice of a small collection of fossils from the Potsdam sandstone of Wisconsin and the Lake
Superior sandstone of Michigan. Am. Jour. Sci., 2d ser., vol. 37, 1864, pp. 226-232.

5Note on some new points in the elementary stratification of the Primordial and Canadian rocks of
ponth-central Wisconsin. Am. Jour. Sci., 3d ser., vol. 9, 1875, pp. 441, 443.

éNotes on the geology of northerd Wisconsin. 'Wise. Acad. Sei. Trans., vol. 3, 1876, p. 51.
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A note on the age of the Crystalline rocks of Wisconsin by Prof. Irving
states that the exact junction between the Potsdam and the Huronian
formations is often to be seen, the almost loose sand of the Potsdam,
with numerous fossils, together with fragwments derived from the
older rocks, lying upon and wedged in between the tilted edges of
Huronian quartzite, schist, or other rock. Txactly similar unconform-
ability is to be seen at the Dalles of the St. Croix River between the
Potsdam and copper-bearing series; the horizontal bedsof the former,
filled with shells of Lingulella, lying directly upon the columar, inela-
phyre (%) of the latter series, the exact junction of the two series being
exposed.!

The description of the geology of eastern Wisconsin by Prof. T. C.
Chamberlin contains a detailed account of the ‘ Potsdam sandstone.”
He says:

That it is the exact equivalent of the Potsdam sandstone of Now York, as would
seem to be implied by the name, is not absolutely certain, bt as the term has been
used to designate this formation in previous reports upon the geology of the State,
and as the weight of evidence and authority favors this view, the name Potsdam
sandstone will be used without further qualification in this report.?

The sandstone varies greatly in thickness, ranging from zero to about
1,000 feet. A detailed account of the formation is given with a list of
the fossils found in the sandstone. The Madison sandstone and Men-
dota limestone are included as subdivisions of the terrane.

Reference to the description of the Lower or ¢ Potsdam ” sandstone
geries of central Wisconsin by Prof. R. D. Irving,® will be made under
the description of the Potsdam terrane in Wisconsin.

A general description of the mode of occurrence and character of the
Potsdam sandstone in the lead regions of northwestern Wisconsin was
published by Mr. Moses Strong in 1877.%

Upon the basis of work in St. Croix, Dunn, and adjacent counties,
Mr. L. C. Wooster subdivided the ¢ Potsdam” as follows:*

The numbers indicate the distances below the Lower Magnesian limestone.

(a) Upper calcareous band: This varies greatly in thickness, and is the probable
northwestern equivalent of the Mendota limestone near Madison; 75 to 85 feet.

(b) Lower calcareous band: The limestone characters and the thickness are more
uniformly persistent than in a; 145 to 195 feet.

(¢) Hudson trilobite beds: Quite rich in trilobites and brachiopods, including one
new species of the former, with several undetermined ones; 150 to 200 feet.

(d) Glanconite layers: These comprise those layers which are very rich in glauco-
nite. Crinoid stems were found in these at Hudson; 160 to 210 feet.

In b, o, and d, the lesser distance from the Lower Magnesian is true for western St.
Croix County, while the greater is nearer true for points east.

'Note on the age of the Crystalline rocks of Wisconsin. Am. Jour. Sci., 3d ser., vol. 13, 1877, p.
308.

2(Geology of eastern Wisconsin.) Geol. Wise., Surv. of 1873-'77, vol. 2, 1877, p. 257.

3 (Geology of central Wisconsin.) Geol. Wisc., Surv. of 1873-'77, vol. 2, 1877, pp. 525-607.

4Geol. Wise. Surv. of, 1873-'77, vol. 2, 1877, pp. 668-688.

5 Work in St. Croix, Dunn, and adjacent counties. Geol. Surv. Wiscousin, Ann. Rep. for 1877, 1878
pp. 36,37,
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(¢) Eau Claire trilobite beds: These hold at least seven species of trilobites, of
which three are new, and a few brachiopods. These beds mark- the lower limit of
calcareous matter in the formation; 450 feet.

(f) Eau Claire grit: These layers mark the upper limit of the coarse sandstones,
almost conglomerates; 680 feet.

The mode of occurrence and character of the ¢ Potsdam” sandstone
in the upper St. Croix district is described in great detail by Mr. Moses
Strong.! In this he shows the unconformity between the ¢ Potsdam”
and the subjacent strata referred to the Keweenawan (Keweenaw)
series, and describes the various sections of the sandstone exposed.
The knowledge of the local details of the distribution and character of
the “Potsdam” sandstone of the Mississippi region north of the Wis-
consin River was increased by him in 1882 by the publication of many
sections and descriptive details that will be used in @ summary of our
knowledge of the Cambrian rocks of that region.”

The « Potsdam?” terrane of the lower St. Oroix district wasdescribed
by Mr. L. C. Wooster in the same volume with the report of Mr. Strong.
This report also contains considerable data that will be referred to in
the description of the Cambrian rocks of the region.’

The geographic distribution of the ¢ Potsdam ” sandstone and its re-
lation to the subjacent pre-Cambrian rocks and the superjacent magne-
sian limestone is shown with great accuracy upon the general geologi-
cal map of Wisconsin, published in 1881, and in the two sections at the
bottom of the sheet. .

A note by A. A. Young on the crystallized sands of the ¢ Potsdam”
sandstone of Wisconsin describes the manner in which the original
grains of the sandstone are surrounded by crystalline envelopes of
quartz.* , )

The summary of the geology of Wisconsin by Prof. T. C. Chamber-
lin contains a description of the rocks of the ¢ Potsdam ” period. These
include the ¢ Potsdam?” epoch, the Lower Magnesian epoch, and the
St. Peters epoch, in part. A general description of the formations, ac-
companied by an account of the life of each epoch, is followed by some
general observations upon the Cambrian age, to which the formations
are referred.’

The occurrence of a conglomerate formed of bowlders from the trap
of the copper-bearing series in a matrix of sandstone that contains frag-
ments of Linguloid shells, apparently Lingulepis pinnaformis, is noted
by Mr. L. C. Wooster at a locality on the St. Croix River. From the
mode of occurrence of the conglomerate he concludes that it must have

'Geology of the upper St. Croix district. Geology of Wisconsin, survey of 1873-1879, 1880, vol. 3, pp.
390-428.

2[Geology of the Mississippi region north of the Wisconsin River.] Geol. Wisconsin, survey of
1873-'79, vol. 4, 1882, pp. 38-91.

3 [Geology of the lower St. Croix district.] Geol. Wisconsin, survey of 1873-'79, vol. 4, 1882, pp. 109~
130. .

4 Further observations on the crystallized sands of the Potsdam sandstone of Wisconsin, Am.,Jour*
Sci., 3d ser., vol. 24, 1882, pp. 47-49.

& General Geology. Geol. Wisconsin, survey of 1873-'79, vol. 1, 1883, pp. 119-200;
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accumulated along a cliff of the copper-bearing rocks and that the age
of the conglomerate must be late ¢ Potsdam.”

In an extended paper on the classification of early Cambrian and
pre-Cambrian formations Prof. R. D. Irving illustrates the unconformity
between the ¢ Potsdam” sandstone and the subjacent Huronian and
Keweenawan rocks. He also discusses the similar stratigraphic rela-
tions of the Cambrian and pre-Cambrian rocks of the Grand Cafion
Region.?

MINNESOTA.

The presence of the lower sandstone along the Mississippi River
below the Falls of St. Anthony to the Iowa line was proved by the
survey of Dr. D. D. Owen in Wisconsin, lowa, and Minnesota. Alter-
nating exposures of the strata occur along the river and some of the
tributaries flowing into it from the west.> On the accompanying map
there is also a narrow area colored Potsdam along the valley of the
Minnesota or St. Peter’s River.

Little additional information in regard to Minnesota was published
until Prof. N. H. Winchell, in the first annual report of the geological
survey of Minnesota, discussed, under the title of ¢ Potsdam Sandstone,”
the Sioux quartzite of northwestern Minnesota, and ¢ The St. Croix
Sandstone,” the fossiliferous sandstone of the southeastern portion of
the State, referred to the Potsdam by Dr. Owen.* Of the term % Pots-
dam,” he says:

This term is strictly applicable only to the sandstones of New York State, to which
the name was first given, and to the equivalents of those strata in their extension
through the West. It has been abundantly proved that the red sandstones of Lake
Superior, however disturbed and cbanged locally, or however much increased in
thickness by the agency of volcanic outbursts, are the exact equivalents of the New
York Potsdam. They occupy the first position over the metamorphic slates of the Hu-
ronian rocks on which they lie unconformably, and from which they differ in being
but slightly and only locally metamorphosed. They retain usually their evidently
sedimentary characters, and have not well preserved fossil remains.5

He states further that in Wisconsin the upper sandstones are found
to lie unconformably upon the red sandstones where they have been
tilted by voleanic agency, thus referring the quartzite of Sauk County
to the Potsdam, and the superjacent fossiliferous, Upper Cambrian
sandstones that have been correlated by authors with the Potsdam of
New York, to his St. Croix sandstone. The red sandstone or Sioux
quartzite is said to be both older than and unconformable with the

1Transition from the copper-bearing series to the Potsdam. Am.Jour. Sci.,3d ser., vol. 27, 1884, pp.
463-465. .

20n the classification of the early Cambrian and pre-Cambrian formations. U. S. Geol. Sarv., 7th Ann
Rep. for 1885-'86, 1888, pp. 365-454.

8Geol. Surv. of 'Wis., Iowa, and Minn., and incidentally of a portion of Nebraska Territory, Phila.
delphia, 1852, pp. 48, 49.

4 General sketch of the geology of Minnesota. Geol. and Nat. Hist. Survey Minnesota, 18t Aun. Rep.
for 1872-'73, 1st ed., pp. 68-80.

50p. cit., p. 68.
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light-colored sandstones that occupy a conspicuous place in the bluffs
of the Upper Mississippi, below the Lower Magnesxa.n limestone. Of
the Sioux quartzite he says that—

Its features here are easily ideutifiable with those of the Potsdam at the rapids in
the St. Mary’s River, at Sanlt Ste. Marie, Michigan. In their passage to the west, the
over-lying, light-colored sandstones seem to become more largely developed. They
acquire a thickness, including the intercalated beds of shale, of about 600 feetin their
exposures along the Mississippi River.?!

Of the fossils collected from the horizontal beds at the Falls of the St.
‘COroix it is said they :
Were described as coming from the Potsdam sandstone, and were supposed to belong
to a horizon much lower than that of the Lingula Beds of the Poisdam of New
York. The name has been still further removed from its original use by the Iowa
geologists, in its application only lo these upper beds, and in giving the name Sioux
quarizite to the western representative of the original Potsdam. Dr. Owen, although
he recognized many points of difference between the Lake Superior and New
York Potsdam, and these light-colored sandstones of the St. Croix and Upper Missis-
sippi, seems not to have noted the important fact that the former are everywhere sub-
jeet to distortions and fractures by volcanic forces, while thelatter are never known
to he disturbed by such causes. Itis true that he embraces both the red and the
light-colored sandstones in the designation of * Potsdam,” and argues at length to
prove the great age of the red. (Geological Survey of Wisconsin, Iowa and Minne-
sota, p. 187.)

It is in accord with geological precedent, therefore, to separate these two sandstone
formations under different names, retaining the name of Poisdam for the older, and
giving provisionally the name of the St. Croix River, on which they are best exposed,
to the latter.

The following reasons may be assigned:

(1) The Potsdam beds were laid down before the close of the voleanic disturbance so
evident in the rocks of the early Silurian and pre-Silurian ages; the St. Croix beds
were deposited and still lie in horizontal layers, unconformably not only over the
Laurentian and latest trappean rocks of the northwest, but also on the upturned
beds of the Potsdamn.?

(2) This reason has little bearing and will not be quoted.

(3) The lithological characters of the Potsdam beds are uniformly different from
those of the St. Croix beds. The former are hard and often vitreous, usually of a
brick-red color. Theirbedding is very distinct, and often separated intoslaty layers
by partings of red shale. They are strongly marked by the so-called fucoidal im-
pressions. They are frequently ripple-marked and sun-cracked. The latter are
white or butf-colored, often friable, and constitute a heavy bedded or massive sand-
stone, of handsomely rounded quartzose grains.

(4) This notes differences in chemical composition.

(6) 3The Potsdam sandstone has a thickness of at least 400 feet; (Note—D. Owen
makes the thickness of the Potsdam (red sandstones of Lake Superior) over 5,000 feet,
See Owen’s report on Wisconsin, Jowa, and Minnesota, p.193); the St. Croix sandstone
also has a thickness of over 500 feet. It is more in keeping with the canons of geo-
logical nomenclature to give separate titles to formations so well defined and so largely
developed.

(7) This givesthe evidence of paleontologic differences. He states
that the fossils of the Potsdam sandstone of New York are Lingula

10p. cit., p. 69. 30p. cit., pp. 69,70, 8 5th does not occur in the original.



WALCOTT.] MINNESOTA. 183

antiqua (Con.) and Lingula prima (Con.),a Discina (or Orbicula), and
uncertain impressions supposed to be of a Pleurotomaria and of crin-
oidal remains. A species of Theca has also been described from Keese-
ville. In comparison to this he cites a large number of species de-
seribed by Owen and Hall from Wisconsin.!

(8) Inthis it is shown that the number of species of the Lake Superior
district and from the New York district, in the sandstone referred by
him to the Potsdam sandstone, are the same, namely three.

Notwithstanding these considerations, it has not been thought best to attempt the
delineagion of the areas of these sandstones separately on the preliminary geological
map accompanying this report.®

A detailed description of the lithological characters of the St. Croix
and Potsdam sandstone is also given.?

The preceding observations by Prof. Winchell have been quoted in
detail as they are the foundation for the theoretical views subsequently
advanced by him correlating the Potsdam saridstone of New York with
various other sandstones of pre-Silurian age,

On the map accompanying the report (opposite p. 45) the Sioux quartz-
ite area of northwestern Minnesota is colored the same as the St. Croix
sandstone of the southeastern portion of the State. In the legend the
color is placed under the heading of Potsdam and St. Croix.

In the fourth annual report Prof. Winchell describes the St. Croix sand-
stone as it occurs in Fillmore County and illustrates the geographic
distribution on an accompanying map.! In some notes on a deep
well drilled at Minneapolis, Minnesota, the same writer states that Nos.
11, 12, and 13 represent the St. Croix sandstone with a total thickness
of 217 feet. Beneath this there is a red marl and red sandstone which he
refers to the same horizon as the catlinite beds of the Sioux quartzite
series. Of No. 14 it is said: “No. 14 may represent the Lingulaflags
or the upper portion of the Potsdam, so called.” No. 15 is correlated
as undoubtedly the upper portion of the great series of marls and sands
which characterize this horizon in Minnesota. ‘It is the same forma-
tion. as the rock that embraces the well known ‘pipestone’ or catlinite
of Minnesota.”®

The Sioux quartzite is referred by Prof. Winghell to the Putsdam
sandstone in ‘'a description of the geology of rocks in Pipestone County
in thesixth annual report. ' It includes the famous pipestone quarry near
the center of Pipestone County.®

A more extended account of the strata referred to the ¢ Potsdam ”
sandstone is published by Prof. Winchell in the tenth annual report

10p. cit., p. 71. 20p. ¢it,, p. 73. 30p. cit., pp. 75-80.

4 Report on the geology of Fillmore County. Geol. and Nat. Hist. Surv., Minnesota; 4th Ann. Rep.
for 1875, 1876, pp. 31-32.

6 Notes on the deep well drilled at East Minneapolis, anesoca, in 1874-'75. Minn. Acad. Sci,
Bull., vol. 1, 1876, pp. 188-189.

s The geology of Rock and Pipestone Couaties. Geol.and Nat. Hist. Survey, Minnesota, 6th Ann.
Rep., for 1877, 1878, p. 97.
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of the survey. In this he affirms that the horizontal fossiliferous beds
referred to the Potsdam by Dr. Owen, Prof. Hall, and other authors is
above the true Potsdam of New York, and that the latter is represented
by the rocks of the copper-bearing series in the west ; also, that no fos-
sils representing the Primordial fanna have yet been discovered in the
west nor have any been found in the western representative of the Pots-
dam; and finally, that the second fauna of Barrande is found in the
Quebee group of Canada and in the St. Croix sandstone of the west,
lying in each case above the Potsdam sandstone.!

An article by Dr. J. H. Kloos, translated by Prof. Winchell, describes
the rocks of the Falls of St. Anthony and the St. Croix River,and gives
a description and a diagrammatic section of the river bank at Taylor’s
Falls, illustrating an unconformity between the Potsdam sandstone and
the subjacent copper-bearing rocks.?

In an account of the geology of a deep well drilled at Minneapolis
Prof. Winchell states that the drill passed through sandstone in the
lower portion of the well as indicated in the following section :3

Feot,
B TR 0) 3 { N ) samecsansssacane 10
2. Trenton 1imestone. .o ceoon. . iooceiemcceeenccaaaenanenens 24
3. Light, crumbling sandstone (St. Peter?) .................. 125
4. Brown-red pipestone ¢lay....eceeeaeiaace i iiaien i, 2
5. Pots@am 8and .coocevecreeiiieeetecmnticcaacaccancacaaaan 42
6. Red quartzite, Potsdam ... ..ceceeimimmnnamannannaaaans 102
7. Light-colored Potsdam sand andshales.................... 722
8. Red Potsdam sandstone and shales at least...........c.... 347

1,374

Particular attention is called to the brown-red pipestone clay of the
section, which is the equivalent of No. 12 of that section on page 212.
No. 6 of the section quoted is compared to a layer of red quartzite, seen
at New Ulm, Minnesota, and at Baraboo, Wisconsin. Commenting
upon this he says: '

Thus we find an interbedded red quartzite in the Potsdam formation similar to
those seen in the same formation in the Black Hills and in several other places in
the Rocky Monntain region.4

Attention is called to this statement as it is a correlation of a quartz-
ite of the Upper Cambrian rocks of the Black Hills with a bed of
quartzite in the Sioux quartzite series of Minnesota and the Bardboo
quartzite series of Wisconsin.

In a tabulation of the strata beneath the lower fossiliferous sand-

1The Potsdam Sandstone. Geol. and Nat. Hist. Survey Minnesota, 10th Ann. Rep. for 1881, 1882,
p. 136.

2 Geological notes on Minnesota. (Translated by N.H.Winchell.) Geol. and Nat. Hist. Survey
Minnesota, 10th Ann. Rep. for 1881,1882, pp. 186-200.

3 The geology of the deep well drilled by C. C. Whelpley at Minneapolis, at the **C" Waghburn Mill.
Geol, and Nat. Hist. Survey Minnesota, 10t.h Ann. Rep. for 1881, 1882, p. 217.

4 Op. cit., p. 214
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stone or St. Croix sandstone, Prof. N. H. Winchell ‘defines the Pots-
dam formation as follows: !
Potsdam formation.—Tilted red sandstones, shales and conglomerates, changed by

igneous gabbros and dolerites locally to red quartzites, felsites, quartz-porphyries
and to red granite. The Keweenian and Huronian in part, in Wisconsin,

He places the Taconic group second and defines it as-follows:

Taconio group.—Horizontal black slates and gray quartzites, with interbedded
limestones and diorites (the Animikie group), changed to tilted slates, quartzites,
iron ores, and silicious marble. The Gunflint beds, the Mesabi iron rocks, the
-Ogishke Muncie conglomerate (?), the Thomson slates and quartzites, the Vermilion
iron rocks; the Huronian in part, in Wisconsin and Michigan.

A description of the Sioux quartzite as it occurs at New Ulm is
given by Prof. Winchell in the second annual report.> In the first vol-
ume of the final report of the Minnesota survey he describes the St.
Croix sandstone as it occurs in Houston, Winona, and Fillmore Counties.?
The entire thickness of the formation in Winona varies from 488 to 553
feet.# TUnder the title of Potsdam quartzite a description is given in
this volume by Messrs, Winchell and Upham of the pre-Cambrian
quartzite of northwestern Minnesota.® _

From the Sioux quartzite series at Pipestone, Minnesota, Prof.
Winchell described, in 1885, Lingula calumet and Paradoxides barberi,
referring them -to the equivalent of the Potsdam sandstone of New
York.®

In a note on the revision of the stratigraphy of the Cambrian in
Minnesota, Prof. Winchell includes under the St. Croix terrane, Jordan
sandstone, St. Lawrence limestone, shales, and Dresbach sandrock.’
It is interesting to note that after the upper member of the St. Croix,
the Jordan sandstone, we find ¢ Potsdam” (2); also after the Dresbach
sandstone at the base and (Potsdam) after formutions placed as pre-
St. Croix.

The geological age of the Sioux quartzite of the pipestone quarries
in Dakota and Minnesota is discussed by Prof. R. D. Irving,® who con-
cludes that their tilted position, great thickness, and lithologica con-
trast with the Potsdam sandstone ‘ make it evident that they are not
merely a downward continuation of that formation, but, on the con-
trary, form a great unconformably underlying series.”

I Notes on tho age of the rocks of the Mesabi and Vermilion iron districts. Geol. and Nat. Hist.,
Survey Minnesota, 11th Anu. Rep. for 1883, 1884, p. 170.

27The geology of the Minnesvta Valley. Geol. and Nat. Hist. Surv., Minn. 2d Ann. Rep. for1873, 1874,
p. 157,

3The Geology of Minnesota. Vol.1, of the Final Report, 1884, pp. 223-227, 257-259.

4Qp. cit., p. 258.

50p. cit. pp. 422-424, 499-503.

¢ Fonsils from the red quartzite at Pipestone. Geol. and Nat. Hist. Sarv. Minnesota, 13th Ann. Rep.
for 1884, 1885, pp. 65-72.

7 Revision of the stratigraphy of the Cambrian in Minnesota. Geol.and Nat. Hist. Survey Minne-
sota, 14th Ann. Rep. for 1885, 1886, p. 337

¥ Preliminary paper on an Investigation of the Archean formations of the Northwestern States. T.
8. Geol. Surv. 6th Ann. Rep., 1883-84, 1885, pp. 201, 202.
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Mr. Warren Upham in notes on the geology of Minnehaha County,
Dakota,! refers to the rocks in various portions of Minn ehaha County
as ¢ Typical Potsdam quartzite,” but he mentions no reasons for conclud-
ing it to be of this age. No fossils were found in it.

In the second volume of the Geology of Minnesota Prof. N. H. Win-
chell states that the St. Croix formation in Wabasha County is about
259 or 300 feet in thickness; and it i3 not known to vary particularly
in its stratigraphic composition from that of Winona Co unty.? In the
account of the geology of Goodhue County he describes the formation
and accompanies it with a list of the fossils found in the St. Croix
formation in the Upper Mississippi Valley.?

In the same volume Mr, Warren Upham describes the St. Croix sand-
stone as it occurs in Chisago County,in the valley of the St. Croix River.t
He also describes the formation as it occurs in Pine County, along the ‘
upper portion of the St. Croix River.’

In an article on the age of the St. Croix sandstone, Prof. N, H,
‘Winchell discusses its relations to the typical Potsdam of New York
and concludes it is a distinet formation,’ In an account of a deep well
drilled at Stillwater, Minnesota, it is stated by Mr. A. D. Meads that—

The well starts at about 740 feet above the sea, and after passing through 701 feet
of drift, white friable sandstone, and green shales belonging to the St. Croix and so-
called Potsdam of the Northwest, enters a series of dark red and brown shales and
brown feldspathic sandstones which exhibited a thickness of more than 1,500 feet.
These gradually assume characters of a volcanic detrital tuffi—‘¢ amygdaloidal,” cal-
citic, kaolinic, still brown, slightly siliceous—and finally at the depth of about 3,300
feet unmistakable beds of trap rock were encountered, alternating with sandstone
beds. At this depth some grains of native copper wereseen in the drillings.”

Prof. N. H. Winchell has recently published his latest conclusions on
the Taconic rocks of Minnesota. On the evidence of the tracks de-
scribed by Mr. G.. F. Matthew® he considers the Taconic (Lower Cam-
brian) age of the ¢ Animike” formation to be sufficiently established,
and thinks the name Taconie should be substituted for Animike.* The
Pewabic quartzite is referred to the base of the ¢“ Animike,” although he
says: ‘it was at first supposed to be the equivalent of the Potsdam
(Paradoxides horizon) which apparently overlies the ¢ Animike.”*

A correction is made in relation to the reference of the stratigraphic
position of the Granular quartz as follows:1*

1 Notes on the geology of Minnehaha County, Dakota. Geol. and Nat. Hist. Survey, Minnesota, 13th
Ann. Rep. for 1884, 1885, pp. 88-97.

2The Geology of Minnesota, Vol.2 of Final Report, 1888, p. 13.

3 QOp. cit., pp.31-36.

4 The Geology of Minnesota. Vol. 2, Final Report, 1888, pp. 407, 409.

80p. cit., pp. 637-642. .

6Geol. and Nat. Hist. Surv. of Minn., 17th Ann. Rep. for 1888, 1889, pp. 56-64.

? The Stillwater Desp Well. American Geologist, vol. 3, 1889, p. 342.

' 8 Am. Jour. Sci., 3d ser., vol. 39, 1890, p. 145.

9The iron ores of Minnesota. Geol. and Nat. Hist. Surv. Minnesota. Bull. No. 6,1891, p. 113.

10 Qp. cit., p. 125.

M Qp. cit. Foot note on pp. 417, 418,
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The writer wishes to correct the view published by him in the American Geologist
a few years ago (“A Great Primordial Quarizyte,” vol. 1, p. 178), that the granular
quar<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>