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SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY, 1928 

MOHAINES AND SHOHE LINES OF THE LAKE SUPERIOH BASIN 

By FR A.NK LEVERETT 

INTRODUCTION 

SCOPE OF THE REPORT 

The district discussed in this report embraces the 
entire northern peninsula of Michigan and the parts of 
northern Wisconsin and northeastern Minnesota that 
were covered by a readvance of the Superior-lobe of 
the Labrador ice sheet late in the Wisconsin stage of 
glaciation. Part of the northern peninsula of Michi
gan is outside the linlits of the Lake Superior drainage 
basin, but the Superior lobe passed over it in this read
vance to reach the basins of Lake Michigan and Lake 
IIuron. There is, however, a slnall area in Iron County 
nnd southeastern Gogebic County, Mich., which was 
not overridden by the readvancing Superior lobe. 
This area is included in the present report in order to 
bring out the contrast between its features and those 
produced by the. Superior lobe at the later time. A 
sinlilar comparison is also made between the glacial 
features of the Superior lobe in northern Wisconsin 
and northeastern Minnesota and those imnlediately 
outside the lnnits of the readvance. 

TIME GIVEN TO THE INVESTIGATION 

The studies on whieh this report is based began in 
the field season of 1905, during which three or four 
counties in the east end of the northern peninsula of 
Michigan were examined. No further work was done 
in this district until 1909, .when studies were made 
along the inunediate border of Lake Superior in Mich
igan and to some extent in Wisconsin and Minnesota. 
This work was continued in 1910 and 1911, so that 
ncarly the entire district had been examined by the 
end of the 1911 field season. In 1912 -about three 
wecks was spent in running levels to shore lines in t~e 
northern peninsula, and in each of three subsequent 
years-1913, 1914, and 1916-this district received 
three or four weeks' attention in connection with other 
studies in Minnesota. In 1919 about five weeks 
was spent in Menominee County, Mich., and a num
ber of places farther east, including Drummond Island. 
The entire time taken in field work in the several years 
amounts to about 16Y2 months by the writer and 
about 6 months by his assistants. 

WORK BY ASSISTANTS 

The assistants were furnished by the Michigan Geo
logical Survey durjng part of the work in that State. 
Although they did very little independent work on 
the surface geology, they were very helpful in run
ning out side lines and filling in intervals between 
traverses made by the writer, as well as by their com
panionship in breaking courses through the woods in 
unsettled or very thinly inhabited parts of the district. 

G. E. Tower, a student of the University of Michi
gan, and W. C. Gordon, of the l\1ichigan Geological 
Survey, assisted in 1905; L. H. Wood, of the Western 
Normal School of Michigan, in 1908; 1. D. Scott, of 
the geological department of the 'University of Michi
gan, in 1910; L. G. Hornby, university student, in 
1912; and R. W. Peterson, of the Michigan Agricul
tural College, in 1919. In the Minnesota work assist
ance was furnished by the State Geological Survey, 
connected with the University of Minnesot.a. This 
included the services of A. H. Elftman for a few days 
in 1913 and a considerable part of the services of F. 'V. 
Sardeson for a period of years. -The eA1>enses of the 
work by Doctor Sardeson prior to 1912 were met by 
the United States Geological Survey. The Wiscon
sin Geological Survey contributed the services of F. T. 
Thwaites and an assistant in running levels to high 
shore lines at Bayfield and on Oak Island. Some of 
the writer's work in Wisconsin was done in company 
with Samuel Weidman, of the Wisconsin Geological 
Survey, who was' making investigations preparatory 
to a general report of his own on northern Wisconsin 
for the State survey. , 

NATURE OF COUNTRY AND CHARACTER OF'INVESTIGATION 

The present report on the glacial and lake features of 
the Lake Superior Basin is made as a report of progress 
rather than of a completed study. Owing to the 
imperfect development of roads or line~ of travel, the 
sparseness of settlement, and the uncleared and brushy 
condition of much of the land bordering this basin, it 
was found to be impracticable to work in the detail 
that is done in more fully -cleared and well-settled 
districts. As a consequence there has been very little 
consecutive tracing of the courses of shore lines and of 

1 
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other features that need close work for complete 
mapping. The entire set of beaches has been crossed 
along a number of lines leading from the shore of Lake 
Superior up to the limits of lake action, but these 
traverses have only served to show that the develop
ment of beaches was not at all uniform, there being a 
larger number of definite beaches on certain lines of 
traverse than were found on neighboring lines. It 
has thus become apparent that a complete correlation 
of beaches can be made only by detailed work that will 
entail much more time and expense than it has seemed 
best to allot to the study of the region at present. The 
extent of lake action has been determined with close 
approximation, however, and a large amount of 
information concerning the tilting of shore lines has 
been collected. The direction of the melting away 
of the border of the ice sheet has been somewhat fully 
worked out, and the relation of the lake stages to the 
ice has been determined to some extent. There are, 
however, a few matters of uncertainty as to the cor
relation of some of the moraines with shore lines that 
it has been found difficult to clear up, and for these a 
tentative correlation is the best that can now be given. 

RESTRICTION TO LATE PART OF GLACIAL EPOCH 

This region has experienced not only repetition of 
glaciation from one direction but also a marked shifting 
of ice movement in the last glacial stage, so that trans
portation of glacial debris and striation of rock ledges 
are far from uniform in direction. Thus at times the 
ice passed southward across the west end of the Lake 
Superior Basin with a surprising disregard of the topog
raphy, whereas at other times the ice movement was 
markedly controlled by the topography, and the axial 
direction was through the basin from its northeast to 
its southwest end. The present report deals almost 
entirely with the latest ice movement that affected 
the Lake Superior Basin. The disappearance of the 
ice from this basin occurred very late in the Wisconsin 
stage of glaciation. Indeed, this basin seems to have 
been about the latest part of the northeastern quarter 
of the United States to lose its ice covering. 

This report supplements Monograph 53 by carrying 
the description from the north end of the Huron and 
Michigan Basins to the west end of the area of the great 
Laurentian lakes. Taken in connection with that 
monograph, it sets forth how the ice front made its 
final retreat and how ponded waters were formed in 
front of it; how earth movements as well as ice barriers 
have been influential in controlling the extent and the 
outlets of the waters; and how the present Great Lakes 
have come to have their drainage connections and 
discharge to the Gulf of St. Lawrence. As yet there 
is lacking an adequate report on the Green Bay Basin 
and certain other parts of the west side of Lake 
Michigan, though the features, (m the west side of the 

,south end of the basin have been covered by the writer 

in Monograph 38 and those of southeastern Wisconsin 
by W. C. Alden in Professional Paper 106. There is 
also lacking an adequate study and treatment of the 
Ontario Basin, the Georgian Bay Basin, and the 
nortpern part. of the Superior Basin-much of whi~h 
falls to the Canadian geologists. 

EARLY EXPLORATIONS AND INVESTIGATIONS 

The Lake Superior shores were visited by mission
aries, explorers, and traders as early as the second 
half of the seventeenth century, or fully 250 years 
ago. A map of Lake Superior coast line published 
in Paris in 1672 shows that most of the shore had 
been explored by persons skilled in observation and 
mapping. This map is reproduced in the Foster and 
Whitney report on the Lake Superior land district 
published in 1850. An interesting compilation of 
journals of these early explorations, by Louise Phelps 
Kellogg, entitled "Early narratives of the Northwest, 
1634-1699," was published by the Scribners in 1917. 

Over a century ago, in 1820, Henry R. Schoolcraft 
conducted a scientific expedition to the upper Great 
Lakes, giving attention to their shore features as well 
as the mineral formations. He noticed evidence of 
lake action at high levels in the form of both shore 
lines and lake deposits. These features were also 
noted by the British traveler Dr. John Bigsby at an 
even earlier date, his observations having begun in 
1817 and his papers being published in 1821. A paper 
by H. W. Bayfield outlining the geology of. the Lake 
Superior basins appeared in 1829. A report by Dou
glass Houghton on the copper of the Lake Superior 
Basin appeared in 1834, and his offical· reports as 
State geologist of the First Geological Survey of 
Michigan for 1840, 1841, and 1842 deal to some 
extent with the northern peninsula. After the dis
continuance of this geological survey arrangements 
were made by Houghton with the United States 
General Land Office to combine a geological survey 
with the linear land survey in the northern peninsula. 
This work, which began in 1845, was terminated 
near the end of the first field season by the drowning 
of Houghton in Lake Superior in October, 1845. His 
notes and maps, however, were brought out the fol
lowing year by Bela Hubbard, and with them the 
notes of William A. Burt, an engineer in the land 
survey. The township plots made in the survey 
carry numerous notes on the geology and topography. 
The cliffs marking high shore lines are accurately 
shown in many places and for considerable distances. 
The Land Office report for 1847 contains geologic 
observations by John Locke on the northern peninsula 
of Michigan. 

Brief reports on the Lake Superior mineral land 
district were issued in 1845 and 1846 in congressional 
documents, which the writer has not seen. One of 
22 pages, with maps, by John Stockton included 
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.reports by J. B. Campbell, G. N. Sanders, and A. B. 
Gray. Another of about 25 pages was' prepared by 
WilliaIn Bartlett and David Tod. 

The transportation of a boulder of copper from the 
south shore of Lake Superior by drift agencies and 
the occurrence of drift furrows, grooves, scratches, 
and polished surfaces were brought to notice in 1847 
by Forrest Shepherd in two articles in the American 
Journal of Science. 

In 1847 Congress passed an act providing for geo
logic exploration of the'Lake Superior land district, 
and C. T. Jackson was appointed to lead the surveJ 
}Iis explorations were carried on for two field seasons 
and a report of about 800 pages was issued. 1 This I 
report refers briefly (p. 389) to the occurrence of 
,several terraces, each of which marks an ancient lake 
level; also to lake action at high level on the Pictured 
Rocks, between the present towns of Grand Marais 
and Munising. The bouldery tracts on the site of 
the present city of Sault Ste. Marie were also cor
rectly interpreted as the product of a higher lake 
level. 

On the resignation of Jackson the survey was con
tinued and coinpleted under. the direction of J. W. 
Foster and J. D. Whitney. Their reports, commonly 
known as the Foster and Whitney reports, embrace a 
'vohune of 224 pages on the copper lands, submitted 
as Part I in April, 18~0, and a report of 406 pages on 
general geology and the iron region, submitted as 
Part II in N ovelnber, 1851. Foster and Whitney 
were aided in the field work by S. W. Hill and E. 
Desor and by Jalnes Hall, who served aspaleontologist. 
Their report contains papers by 1. A. Lapham and by 
'Charles Whittlesey, chiefly on tl,lC Wisconsin portion 
'of the district. The studies set forth in Part II ex
tended around the entire lake border of the northern 

, peninsula as far as the head of Green Bay and em
braced the islands fr0111 Drmnmond Island to Mackinac 
Island. Desor presented in this report and also in 
papers for the Boston Society of Natural History, the 
Alnerican Journal of Science, and foreign journals 
discri~ninating and interesting discussions of the sur
face geology. I-Ie inclined, however, to the view that 
the surface boulders and the surface sand at all alti
tudes are due to the action of lakes rather than of 
glaciers, but was correct in holding that the lakes 
succeeded the glaciers in occupying this country. He 
discussed in son1e detail old shore lines on Mackinac 
Island. Whittlesey contributed a chapter to the Foster 
and Whitney report on the fluctuations in the level of 
the present lakes and on n1agnetic variations. 

In 1847, by congressional action, a survey of the 
Chippewa land district of Wisconsin was authorized, 
and D. D. Owen was appointed as the head of the 
survey. fIis report of 134 pages, submitted in April, 
1848, appears as Senate Executive Document 57 of the 

1 Mossagos and Docs. 1849-50, pt. 3; 31st Cong., 1st sess., S. Ex. Doc. 1, vol. 3, 1849. 

Thirtieth Congress. It embraced a report by his 
assistant, J. G. Norwood, and covered a considerable 
part of northern Wisconsin, including notes of journeys 
through the district on different routes. These notes 
are essentially a journal, with but little generalization 
or interpretation, owing to the insufficiency of the 
data. Pains were taken with barometric observations, 
'in order to obtain reliable data as to the altitude of 
Lake Superior. The report is embellished with arti~tic 
sketches by Owen, and the map is of interest in show
ing the state of knowledge of lakes, drainage, and rock 
outcrops. Studies were continued by Owen and Nor
wood after making this prelilninary report. N 01'

wood's work, en1bracing the field seasons of 1847, 
1848, 1849, and 1850, was the basis for a report of 
about 200 pages, included in Owen's "Geological 
survey of Wisconsin, Iowa, and Minnesota," published 
in 1852, It comprised the Minnesota as well as the 
Wisconsin shore of Lake Superior and extended across 
to Mississippi, St. Croix, and Wisconsin Rivers. The 
conditions of streams as to rapids and rock outcrops, 
the lakes, and the general topographic features are 
well brought out. It was also noted that there are 
swampy channels across the divide between the Great 
Lakes and Mississippi drainage basins at severf!.l places. 
In this final report only a few pages were contributed 
by Owen on the district bordering Lake Superior. 

A chapter by Charles Whittlesey on the Wisconsin 
part of the country bordering Lake Superior appears 
in Owen's report just cited. It discusses the features 
resulting from glaciation and from lake occupancy and 
considers the clays to be fresh-water deposits. In 1851 
Whittlesey brought out two papers, one of which is 
incorporated in Foster and Whitney's report, and deals 
with low beaches on the borders of the lakes now 
referred to the Nipissing Great Lakes, and the other 
is a general paper on the superficial deposits of the 
"northwestern part of the United States" (that is, 
Ohio, Michigan, Illinois, and Minnesota), published 
in the Proceedings of the American Association for 
the Advancement of Science. Whittlesey also pub
lished brief papers ill the Cleveland Annals of Science 
in 1853 and 1854 on the drift and "drift etchings" of 
this region. 

At about the time surveys were in progress under 
Foster and Whitney and under Owen a study of the 
features of the Lake Superior region was made by 
Louis Agassiz, the results of which appear in the vol
ume of 428 pages entitled "Lake Superior; its physical 
character, vegetation, and animals compared with 
those of other and similar regions, with a narrative of 
the route by J. Elliott Cabot," issued in 1850. This 
was preceded by a short paper published in the Pro
ceedings of the American Association -for the Advance
ment of Science for 1849 on the "Terraces and ancient 
river bars, drift, I boulders, and polished surfaces of 
Lake Superior," in which the terraces were referred 
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to lake action. A chapter of the volume mentioned, 
"Erratic phenomena about Lake Superior," was pub
lished in the American Journal of Science in 1850. 
The opinion is expressed in this volume that earth 
movements rather than the cutting away of a land 
barrier have brought about changes in the lake level. 
The influence of the ice sheet as a barrier was not 
mentioned, though· Agassiz, like Desor, considered 
glacial action to have operated during at least part 
of the period of drift deposition. 

From about 1855 to 1870 there appears to have been 
little study of the surface features of the Lake Superior 
Basin in progress in any of the three States bordering 
the lake, and writings on this subject were restricted 
to an occasional brief paper. A paper by Charles 
Whittlesey on "Fresh-water glaGial drift of the North
western States" (Ohio to Minnesota) was issued in 
the series of Smithsonian Contributions to Knowledge 
in 1866. In 1870 G. R. Stuntz, a laIid surveyor, 
published a note in the Proceedings of the American 
Association for the Advancement of Science on the 
rise of water in the southwest end of the Superior 
Basin and the encroachment of Lake Superior on areas 
that once sustained forest growth, as shown by the 
presenc.e of stumps. In 1871 N. H. Winchell contrib
uted a short paper to the American Journal of Science 
suggesting that Lake Superior at a former high stage 
had discharged southward through the Au Train
Whitefish Valley to Little Bay de N oc, af'the north 
end of Green Bay. . 

There was in this period a State Geolo'gical Survey 
of Wisconsin, under the direction of J. G. Percival in 
1855 and 1856 and of James Hall and J. D. Whitney 
for a few years later, but its investigations pertained 
largely to the fossiliferous rock formations, including 
the geology of the . lead regioIi. A State Geological 
Survey of Michigan, under the direction of Alexander 
Winchell, was instituted in 1859 and issued a report 
in 1860. This report pertains almost entirely to the 
southern peninsula, and studies by Winchell in the 
northern peninsula were restricted largely to the vicin
ity of Drummond Island and along St. Marys River 
up to the Sault. 
. The State Geological Survey of Michigan was re
vived in 1869 and, under the direction of Alexander 
Winchell, studies were pursued for four years in the 
northern peninsula on the iron-bearing formations by 
T. B. Brooks, on the copper-bearing formations by 
R. W. Pump elly , and on the Paleozoic formations by 
Carl Rominger. The results of these investigations 
are embraced in volumes 1 and 2 of the Geological 
Survey of Michigan, which contain only incidental 
notes on the surface geology, chiefly in the Rominger 
report. A continuation.of the investigation of the 
iron formations of the northern peninsula was made 
by Rominger as State geologist in 1876 to 1880, .and 
his report forms volume 4 of the Geological Survey of 

Michigan. This volume also contains but little ma
terial on the glacial deposits, but it coy-ers the topog
raphy in some detail. 

A State Geological Survey of Wisconsin was organ
ized in 1873, with I. A. Lapham as State geologist and 
R. D. Irving, T. C. Chamberlin, and Moses Strong as 
assistants. The northern part of the State was assigned 
to Irving, who, with E. T. Sweet, covered most of the 
area bordering Lake Superior. The variations in the 
topography and structure or texture of the glacial de
posits are set forth in a general way in volume 3 of the 
Wisconsin Geological Survey, and also the evidence of 
lake action up to heights of 300 to 500 feet above 
Lake Superior. The reports were published under the 
administration of T. C. Chamberlin as State geologist, 
and the glacial interpretations were thus brought to a 
standard corresponding to that developed by Cham
berlin in his studies of glacial formations in eastern 
Wisconsin. 

The State Geological and Natural History Survey of 
Minnesota was organized in 1872 under the direction 
of N. H. Winchell, State geologist, and the work was 
carried through vigorously to its completion in 1900. 
The northeastern part ·of the State was studied with 
considerable care by N. H. Winchell and U. S. Grant. 
The rock formations rec~ived the major part of their 
attention and that of their assistants, A. H. Elftman, 
J. E. Spurr, and H. V. Winchell, and of Alexander 
Winchell, who spent some months in the region. The 
principal moraines, the high shore lines, and the bear
ing of glacial striae were studied in the field and briefly 
discussed in the reports. Warren U phanl lnade a 
more special study and prepared a comprehensive out
line of the glacial and lake features of northeastern 
Minnesota for the annual report for 1893, and Grant 
and Elftman prepared· papers for the American Geo
logist\ dealing with special features of the drift in that 
part of the State. A. C. Lawson ran several lines of 
levels back from the Lake Superior shore to determine 
the height of the old lake levels. The results appear 
in the Twentieth Annual Report of the Minnesota,. 
Survey for 1891. It seems that Lawson did not reach 
the highest limits of lake action with these levels, ex
cept in the vicinity of Duluth, and did not trace the 
beaches across the intervals between the.lin~s of levels 
sufficiently to establish their correlations. His results, 
therefore, throw but little light upon the amount of 
uplift any particular beach has suffered. In 1901 N. 
H. Winchell prepared a special paper on the glacial 
lakes of Minnesota, which was published in the Bulle
tin of the Geological Society of America and describes 
the relation of lakes to the retreating ice border: 
Most of the material embraced in this paper had been 
presented in his official reports some years earlier. 

The moraines and ice lobes are graphically delin
eated in Chamberlin's volume 1 of the Wisconsin 
Geological Survey 'for the region bordering Lake 
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Superior and also in his paper on the terminal moraine 
of the second gln.cial epoch published in the Third 
Annual Report of the United States Geological 
Survey, for 1881-82. The relation of the Superior 
basin to the lobation of the ice is particUlarly set 
forth. Though Chamberlin's conclusions were correct 
in the main, it now appears that the Superior lobe had 
its greatest extension westward into Minnesota prior 
to the ice invasion from Manitoba which brought in 
the gray drift; also that the moveinent through Kewee:'" 
naw Bay did not have sufficient strength to extend to 
the Chippewa Valley, the Chippewa lobe being fed 
by ice canied fl:om the part of the basin west of the 
I(eweenaw Peninsuln.. . 

Several papers den.ling with shore lines of this 
region have been brought out by F. B. Taylor. The 
earliest was one on the highest shore of Mackinac 
Island, published in the American Journal of Science 
in 1892, and others in the next five years came out in 
that journal and the American Geologist. It was 
through Taylor's studies that the Nipissing Great 
Lakes and North Bay outlet became clearly differen
tiated from Lake Algonquin, and much of the know
ledge of the Algonquin beach in the Huron and SU}>.e
rior Basins has been furnished by him, largely through 
studies ca.rried on af his own expense. 

Although much work has been done by J. W. 
Spencer on the shore lines of the Huron, Erie, and 
Ontario Basins, he seems to have done but little 
within the region embraced in this report, and this 
region is mentioned by him only in papers giving a " 
c01nprehensive discussion of the Great Lakes region. 
Similarly studies of this region by Warren Upham 
have been confined to the Minnesota border of the 
Lake Superior Basin, but in several comprehensive 
papers he, has considered the" whole basin and the 
basins of the other Great Lakes. 

The surface geology of this region was written up 
by Lawrence Martin for Van Hise and Leith's report 
(Monograph 52 of the United States Geological Sur
vey) after a very rapid reconnaissance covering but 
a few weeks' time. It is not surprising that under 
the~e circu:mstances some of the interpretations are 
either poorly sustained by field observation or based 
too largely on outgrown ideas culled from old reports. 
Instances of such errors and defects are given in con
lleetion with the discussion of features in the body of 
the present report. A paper on the physical geog
l'aphy of Wisconsin, by Martin, issued as Bulletin 36 
of the "\Visconsin Geological Survey, embodies much 
of the saIne material. 

Alllong the latest contributions to the surface 
geology of the region are several bulletins issued by 
the Wisconsin Geological and Natural History Survey 
on soil surveys in charge of A. R. Whitson. The 
bulletins touching" the area embrace.d in the present 
report are Bulletin 31, 011 the Bayfield area; Bulletin 

32, on the northern part of north western Wisconsin; 
Bulletin 43, on Vilas County and portions of adjoin
ing counties;" and Bulletin 47, on northeastern Wis
consin. On the last-named area there is also a report 
by t4e Bureau of Soils 'of the United States Depart
ment of Agriculture, forming part of the report on 
field operations in 1913. The Bureau of Soils has 
also issued a report on the area around Superior, 
Wis., and one on the area around Carlton, Minn. 
The scale of the maps in these reports, being usually 
about 3 miles to the inch and in some maps stiH larger, 
has proved adequate to bring out most of the detail 
of soil variations. As the soil variat"ions bear a close 
relation to the geologic deposits, the distribution of 
moraines, till plains, and outwash gravel plains can 
be determined from the soil maps to a large degree. 

The agricultural conditions and surface features of 
the en tire northern peninsula of Michigan are de
scribed in a report by the present writer published 
in 1911 by the Michigan Geological and Biological 
Survey. A strip along the southern border of the 
northern peninsula was studied by I. C." Russell in 
1904 and 1905, and two reports on surface geology 
prepared by him have been published by the State 
Survey. A report on the agricultural conditions of 
northeastern Minnesota prepared by F. W. Sardeson 
and the present writer has been recently published as 
a bulletin by the Minnesota Geological Survey. It 
is the second of a series of three reports (bulletins 
12, 13, and 14) covering the surface geology of the 
entire State of Minnesota. The Michigan and Min
nesota bulletins deal more largely with soil classes 
than with ge<fl.ogic history, though an outline of" 
geologic history is presented, and moraines, till plains, 
drumlins, eskers, and outwash plains are represented 
on the accompanying maps, which show also the 
character of the lake beds and the position of some of 
the shore lines. A complete tracing of shore lines 
was not attempted in the field because of the wooded 
condi tion and the extr~me difficul ty of tracing such 
features. 

In his report on Isle Royal, published in volume 6 
of the Michigan Geological Survey, A. C. Lane dis
cussed the shore lines and cited evidence that the' 
entire island has been covered by the lake waters 
since the ice sheet melted. 

In reports to the Ontario Bureau of Mines, for the 
period between 1899 and 1907, A. P. Coleman has 
discussed high shore lines on the north side of Lake 
Superior and around Lake Nipigon, of which the 
highest are above the limit of levels of shores on that 
coast seen by A. C. Lawson. Robert Bell briefly 
outlined the origin of the Great Lakes and the History 
of the Lake Superior Basin in a paper published in 
1899 in the Transactions of the Canadian Institute. 

The earth movements in the Great Lake region 
were studied by G. K. Gilbert and the results were 
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presented in part 2 of the Eighteenth Annual Report 
of the United States Geological Survey, for 1896-97, 
and also in the National Geographic 11agazine in 1897. 
George L. Collie has presented a paper in the Bulletin 
of the Geological Society of America citing evidence of 
the rising of water in recent time on the Wisconsin 
shore of Lake Superior. 

Leveling to shore lines bordering the north end of 
Green Bay in Delta County, Mich., was done by 
W. H. Hobbs; and the results were published in Pub
lication 5 of the Michigan Geological and Biological 
Survey. Similar leveling was done by F. B. Taylor 
and J. W. Goldthwait on Mackinac Island and neigh
boring parts of the northern peninsula and the results 

of the basin below present lake waters are indicated 
on a map (pI. 3) taken from Monograph 52, and 
another map (fig. 1) shows the features outside of Lake 
Superior. It appears that the principal deeps of Lake 
Superior lie near the north side, opposite Isle Royal and 
between the Apostle Islands and the north shore. 
There is also an extensive branching deep portion east 
of Keweenaw Peninsula, where one arm runs toward 
Michipicoten Island and the other toward the south 
shore near Grand Marais, and another deep portion 
east of the Apostle Islands, extending northeastward 
between Isle Royal and the Keweenaw Peninsula. 
These deep parts, with the exception of that lying 
southeast of the Keweenaw Peninsula., all trend west-
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FIGURE I.-Generalized topographic map of .the Lake Superior region. Revised from Figure 4 of Monograph 52 

are presented in Monograph 53 of the United States 
Geological Survey. 

TOPOGRAPHY AND DRAINAGE 

TOPOGRAPHIC CONTROL OF THE SUPERIOR ICE LOBE 

THE LAKE SUPERIOR BASIN 

The Lake Superior Basin is the dominating feature 
of this region, for it induced a lobation of the' conti
nental ice sheet and also held the waters of glacial 
lakes that antedated the present Lake Superior. The 
mean water level of Lake Superior is about 602 feet 
above sea level, but the lowest part of the bed of the 
lake is nearly 400 feet below sea level, the maximum 
measured water depth being 978 feet. The contours 

ward or southwestward, in the direction taken by the 
Labrador ice sheet in its passage through the Lake 
Superior Basin. It is very probable that in the east
ern part of the basin the ice moved southward as well 
as westward, and that the Lake Michigan Basin was 
filled by ice flowing through this deep eastern part of 
the Lake Superior Basin. The Keweenaw Peninsula 
and the Huron Mountains are separated only by a 
shallow depression and thus form a great obstacle of 
either southward or westward movement. It is 
because of these prominences that the edge of the 
drift at the limit of the Driftless Area (see pI. 1) lies so 
far northeast in north-central Wisconsin. The relief 
map (pI. 3) also serves to make evident a fact that had 
been determined independently b;y field studies-that 
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the Chippewa drainage basin is likely to have been 
covered by ice nloving into it from the deep part of 
the Lake Superior Basin between Keweenaw Penin
sula and the Apostle Islands instead of through the 
shallow basin in !{eweenaw Bay, as was suggested by 
Cha'mberlin. 

The west end of the Lake Superior Basin has features 
well suited to the development of a double ice lobe, 
with a reentrant at the Bayfteld Peninsula and Apostle 
Islands, mid it did induce such lobation in the late part 
of the Wisconsin glacia1 stage, which is under consid
eration in this report. The latest striae on the north 
shore in the vicinity of Duluth bear west or north of 
west in such a manner as to show an ice movement 
fr0111 the basin up over the high bordering rim. A 
study of the rock constituents of the drift, however, 
shows that there was at SOI11e earlier time a southward 
or southeastward l110velnent past the west end of the 
basin into northwestern Wisconsin, for the upper 
I-Iuronian slate is very plentiful in the drift there, and 
rocks from the Mesabi iron range are also present. 
The Wl'iter's .investigations have served to make it 
clear that this mOVOlnent occurred prior to the west
ward 1110vement through the basin. This is shown by 
the distribution of the Illoraines and of the outwash 

\ fr0111 the Superior ice lobe, as well as by the direction of 
the striae. It is also shown by the relation of the Supe
rior lobe to the ponded waters or glacial lakes formed 
between it and the divide between the Superior and 
Mississippi drainage basins. 

As the highlands next to Lake Superior in Minnesota 
were 1,500 to 2,000 feet above sea level, the Superior 
ice lobe could extend only a few miles over them. Its 
limits were reached on the south side of Cloquet River, 
so that outwash fronl it extended down that river 
valley. At the time of the greatest expansion, of this 
ice lobe the south front of the Patrician ice, which had 
previously extended from the west end of the Lake 
Superior Basin as far south as St. Paul, had already 
been Inelted back so far that it forIlled a junction with 
the Superior ice lobe in Lake County, as shown on 
page 20. 

The prOlninence of the uplands on the south side 
of the Lake Superior Basin, on the Douglas copper 
range and the Bayfteld Peninsula (alt~tude 1,200 feet), 
the Penokee iron range (1,600 to 1,800 feet), the 
Porcupine Mountains (1,400 to 2,000 feet), the 
I(eweenaw copper range and Keweenaw Peninsula 
(1,200 to 1,400 feet), and the Huron Moun tains and high
lands to the south (1,500 to 1,800 feet), served to pre
vent the Superior lobe from extending far beyond the 
rim of the basin in that direction. Its limits in north
ern Wisconsin are only about 30 nliles south of the edge 
of the lake. There was a marked reen tran t in the ice 
border on the Bayfteld Peninsula and a great checking 
of movement in the passage over prominences farther 
east, so that in the lee of the Huron Mountains the' 
ice reached only to the vicinity of Crystal Falls, Mich. 

But still farther east the land on the south side of the 
basin is low, much of it less than 800 feet above sea 
level, and the ice extended with but little hindrance 
across the northern peninsula of Michigan into the 
Lake Michigan Basin. The lake beaches in this east
ern part of the Lake Superior Basm show an uplift 
of about 400 feet since the ice disappeared; so at the 
time of the ice ~ovement from the Lake Superior to 
the Lake Michigan Basin the checking effect of the 
northern peninsula was probably much less than it 
would be under present conditions of altitude. 

TOPOGRAPHIC PECULIARITIES AROUND THE BASIN 

Although the relief of this region is great enough to 
have exerted a marked control over the ice movement, 
the highest tracts on the border of the Lake Superior 
Basin show only a moderate depth of dissection or 
valley cutting. This dissection is not of a narrow, 
youthful sort, but the slopes are gentle and the valleys 
wide open. The valleys were excavated in early 
geologic time and then filled by Cambrian and later 
sediments. This filling was then largely removed by 
the action of streams prior to the glacial epoch, and 
what has been termed a fossil topography was un
covered. Broad lowlands such as border the Bayfield 
and Keweenaw Peninsulas and the lowland at the 
head of the lake were not so markedly reexcavated, 
and thus they retain the Cambrian sediments. These 
sediments are trenched by small valleys, which"became 
filled with glacial deposits and are now traceable 
mainly by borings, for the present streams follow them 
to only a slight degree. On the south shore of Lake 
Superior these filled valleys have rock beds much below 
the level of the lake. Near the head, at Superior, 
Wis., the drift extends 550 feet below the lake level. 

In the eastern part of the northern peninsula of 
Michigan the Cambrian and later rock formations 
form what are termed belted lowlands, in which resis
tant formations present steep escarpments at their' 
outer edges and softer formations occur in the inter
vening troughs and fade out ~t their edges. From 
St. Marys River westward to the Manistique drainage 
basin the escarpments face northward. Thence they 
curve around to the southwest and run into eastern 
Wisconsin. Where the trend is west the ice was 
obliged to rise over these escarpments. But in the 
southwestward-trending part the latest axial move-, 
ment of the ice seems to have been in -line with the 
troughs and escarpments. The trough occupied by 
Green Bay thus had an ice lobe distinct from that 
in the Lal{e Michigan Basin. The highest escarp
ments rose 200 to 400 feet above the troughs. They 
are now largely buried under the glacial deposits and 
their preglacial relief is made known only~by borings. 
The Keweenaw Peninsula and Isle Royal present a 
series of sharp ridges of resistant rocks separated by 
narrow troughs with softer strata. Those on Isle 
Royal are nearly in the line of the ice movement, 
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though Lane reports a slight difference in course. 
The latest ice movement in the eastern part of the 
Keweenaw Peninsula was in the same general direction 
as the troughs and ridges and there was but slight depo
sition in the trough or on the ridge. But in the 
renlainder of the peninsula the westward ice move
ment crossed over ridges and troughs and filled the 
troughs with the glacialluaterial. 

DRAINAGE 

LAKE SUPERIOR TRIBUTARIES 

The tributaries of Lake Superior in Minnesota,Wis
consin, and Michigan are nearly' all small streams. 

o 
I 

25 
I 

and Lake 11ichigan drainage basins is nearer to Lake 
Superior than to Lake Michigan in the northern pen
insula of Michigan. A considerable part of the drain
age basin of St. Louis River lies outside the limits of 
the Lake Superior ice lobe, but with this exception the 
streams that drain to Lake Superior in these three 
States lie within the limits of this ice lobe. 

In much of the Lake Superior Basin the present 
streams are controlled but slightly by preglacial val
leys. Those valleys were so completely filled by drift 
back of the ranges, as well as next to the lake, that 
they not only have failed to control the courses of the 
postglacial streams but are known only by means of 
borings. In crossing rock ranges the streams form 

50 Miles , 
FIGURE 2.-Map of St. Louis River drainage basin, Minnesota and Wisconsin 

. The largest is St. Louis River, with a drainage area of 
about 3,500 square miles, and the second in size the 
Ontonagon, with a drainage area of 1,400 square miles. 
Only one other, Bad River, has even 1,000 square 
miles of drainage area, and most of them have less 
than 250 square miles. The divide between Lake Su
perior and the Hudson Bay drainage system in north
eastern Minnesota lies only a few miles back from 
the shore of the lake, and the divide between Lake 
Superior and the Mississippi drainage system is' also 
close by the lake in northeastern Minnesota and north
ern Wisconsin. The divide between the Lake Superior 

numerous rapids and cascades. In Minnesota and 
parts of Michigan where rock ranges are close to the 
lake shore cascades occur on many streams near the 
mouths, and thus are especially favorable for the 
development of water power, for at such a site nearly 
the entire flow of the drainage basin can be utilized. 
Surveys have been made of several of the minor 
tributaries in Minnesota and of St. Louis River, and 
some of the results are given below. The altitude 

. of the land close to the lake is greater in Minnesota 
than in Wisconsin and in much of Michigan, and 
thus sO'me of the small Minnesota soceams have a de-
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scent of 1,000 feet or Inore in their short courses to the 
lake. On intei'stream areas in northeastern Minne
sota there is usually a rise of 400 feet, and in places 
nearly 1,000 feet, within a mile of the lake. 

On the headwaters of many of the streams that flow 
to Lake Superior in the three States there are a large 
nmnber of lakes, which serve as storage reservoirs to 
supply a flow through dry seasons of ,the year and thus 
add to the water-power value of the strearllS. 

St. Louis River heads in western Lake County, 
Minn., and has a general southwestward course for 
about 60 miles (by direct line), southward 25 miles to 
Mirbat, thence eastward, southeastward, and finally 
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the 3,500 square miles in the drainage basin only 60 
square Iniles lies in Wisconsin. The greater part of 
the basin is a plain which is between 1,200 and 1,500 
feet above sea level, or 600 to 900 feet above Lake 
Superior, but the altitude of the extreme headwaters 
on the ranges is nearly 1,800 feet. St. Louis River 
reaches Cloquet at an altitude of 1,172 feet and within 
a mile makes a descent of 67 feet, which is divided 
between two dams at the city. The stream falls 
about 500 feet between Cloquet and Fond du Lac, a 
distance of about 14 miles. -The Great Northern 
Power Co. has diverted a considerable part of the 
flow into a canal near Thomson, 5 miles below Cloquet 
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FIGURE 3.-Map and profile ot canal ot Great Northern Power Co., St. Louis River 

northeastward into Lake Superior. (See fig. 2.) 
Only the PllJ't of its course below Mirbat lies in the 
area covered by the Superior ice lobe. A considerable 
part of the basin above Mirbat was covered by ice 
that caIne in frOln the northwest and deposited a 
sheet of clayey calcareous till. But the headwaters 
are outside the limits of this drift, as well as of the 
drift of the Superior lobe, and they were covered by 
ice COl1llng in frOln the north, which left a very stony 
drift deposit. The linllts of the drainage basin on the 
north are in general at the Mesabi iron range, but it 
receives one tributary, Enlbarrass River, which brings 
in drainage fron1. territory north of the range. Of 

(see fig. 3), and has developed a head of 378 feet where 
the canal is returned to the river. There is still a 
fall of 90 feet unutilized below the tailrace of the power 
plant. The stream reaches lake level at Fond du Lac, 
several miles above its mouth, for a northward differ
ential uplift has caused the lake to rise on its south 
shore and flo.od tributary valleys. Although the 
stream makes a descent of about 470 feet in 9 miles 
below Thomson, it does not have rock cascades such 
as are characteristic of the lower ends of the minor 
streams. It cuts very little into the rock but has 
eroded deep channels in the glacial deposits, which are 
banked here against the south face of the _rock range 
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that forms the north border of the Lake Superior 
Basin. Its course does not run through a preglacial 
valley, either here or across the rock range, for the 
range seems to have no break in this vicinity, con
tinuing at an altitude of 1,100 feet or more from the 
west end of Lake Superior some distance beyond 
Thomson, the place where St. Louis River leaves it. 

Martin,2 in maps as well as in discussion, makes it 
appear that a small stream having the present course 
of St Louis River below Thomson worked headward 
across the rock range above Thomson and captured a 
large drainage system that had been flowing to the 
Mississippi. The present writer's investigations, how
ever, and indeed those by Winchell many years ago 
have shown that the ,St. Louis River basin carried a 
lake outside the limits of the Superior lobe, which was 
held up by that ice lobe until it had shrunk to a position 
between Cloquet and Thomson, near Scanlon, when 
it was drained southwestward into Kettle River. With 
the further shrinking of the Superior ice lobe the drain
age led down the present course of the river about to 
Thomson, where it entered a lake (Lake Duluth) that 
stood about 500 feet above the level of Lake Superior. 
As the lake level dropped the river lengthened its 
lower course, and it has come to its present condition 
without any such piracy as was pictured by Martin. 
The idea that such piracy may have occurred in pre
glacial time is also unsupported by any evidence, thus 
far obtained, for, as indicated above, no break in the 
rock range such as a preglacial drainage line should 
have made has been brought to light. 

A survey of St. Louis River for a distance of 149.4 
miles from Scanlon to the Duluth & Iron Range Rail
rpad crossing near Skibo was made by the State drain
age commission in 1910 to determine chiefly the power 
possibilities of the river. The results are given in 
Plates 76 to 82 of an atlas accompanying the commis:' 
sion's report of water-resources investigations for 1909-
1912. Recommendations as to tlie placing of dams 
or the location of the best power sites are presented 
on pages 500-502 of that report. Surveys made by 
the State drainage commission also cover parts of 
certain tributaries of St. Louis River, Embarrass River 
having been surveyed for 21 miles from its mouth, and 
Cloquet River as far up as B,rimson, where it is crossed 
by the Duluth & Iron Range Railroad. (See pIs. 
15-18 of the atlas.) The feasible power sites on these 
tributaries are also discussed on pages 502 and 516-518. 
These surveys show a very moderate rate of fall in the' 
sections covered, compared with the fall between 
Thomson and Fond du Lac (52 feet to the mile), in 
the lower course of St. Louis River. The fall on St. 
Louis River in the 146 miles downstream from the 
Duluth & Iron Range Railroad crossing to Cloquet is 
only about 400 feet, or less than 3 feet to the mile. 
Cloquet River falls about 260 feet in the 70 miles 
-from the Duluth & Iron Range Railroad crossing to 

2 Martin, Lawrence, U. S. Geol. Survey Mon. 52, figs. 9, 10, 1911; Wisconsin Geol. 
.survey Bull. 36, fig. 176, 1916. 

its mouth. Another large tributary, Whiteface River, 
falls 384 feet in 80 miles from the Duluth & Iron 
Range Railroad crossing to its mouth. 

The minor tributaries of Lake Superior entering 
from Minnesota have a rapid fall from source to 
mouth, except for' very short sections through lakes or 
swamps. The data on the fall in the lower courses of 
several of these streams presented below are taken 
from the report of the State drainage commission for 
1909-1912. There is a striking contrast between the 
gradient of Pigeon River, a stream that forms the 
international boundary for much of its course, and 
the minor streams entering Lake Superior between the 
Canadian line and the head of the lake at Duluth. 
Pigeon River has a drainage basin of 628 square miles, 
or more than double that of any of the other minor 
streams. This difference may account for a part of 
the difference in gradient, but not a large part. Un
like the other streams, it has a comparatively gentle 
slope from the general plateau level in its lower course, 
and a distance of 30 miles is embraced in a fall no 
greater than is made in one-third that distance on 
some of the other strearns. The chief cause for the 
lower gradient seems to be found in the location of 
Pigeon Eiver along somewhat weaker strata than those 
encountered by the other streams. Pigeon River has 
scoured practically to' lake level up to a distance of 
1 Y2 miles from its mouth, but the other streams de
scend over rock beds to points within a few rods of the 
lake. 

Drainage areas and descent of minor tributaries of Lake Superior 

River 
Drain- Altitude 
:r~~ at source 

Square 
miles Feet 

Pigeon _______ 628 1,650 

Brule __ ~ ______ 282 1,850 

Devil Track_ _ 75 1, 920 

Cascade______ 84 1, 950 

Poplar ____ ~___ 144 (?) 

Temperance__ 198 1, 850 

Cross_________ 32 (?) 

Manitou______ 71 (?) 

Baptism_____ _ 135 1, 850 
Beaver Bay _ _ 120 1, 700 

Gooseberry___ 85 1, 700 

Lester________ 55 (?) 

Character of drainage basin 

Flows through lakes; has three 
notable falls. 

Sources of main stream and of 
tributaries are in lakes. 

Heads in small lake and flows 
through larger one ( D e v i I 
Track) with area of 3 square 
miles. 

Receives overflow from . Devil 
Track Lake at high lake stages; 
other reservoirs in smaller 
lakes in upper course. 

MaI.1Y lakes within its drainage 
area give good reservoir effect. 

Divides the discharge from Brule 
Lake with Brule River, nearly 
equally, and flows through a 
chain of small lakes. 

Descends nearly 800 feet in lower 
6 miles. 

Has few lakes large enough for 
good reservoirs. 

Do. 
Has few lakes or reservoir sites. 

Large tributary enters near 
mouth. Has numerous other 
tributaries. 

Has numerous tributaries, but 
U'ot good reservoir sites. 

Has cascades in lower course and 
.swamps in upper. 

At two of the heaviest falls on Pigeon River log 
chutes have been ~onstructed . 
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Data from S1trvey of Lake S1tperior tributaries in Minnesota. 

Dlstallco 
fl'Ollllllouth 

MiZel! 
O. 75 
.95 

1.8 
1. 85 
2. 7 

0.02 
.3 

1.0 
2. 5 
3.9 
4.1 
5. 0 
6. 0 
6.6 

O. 1 
.85 

1.0 
1.3 
1.8 
3.0 
4. 0 
5. 8 
6. 6 
8.0 
8. 9 

0.05 
. 1 

1.0 
2. 0 
3. 0 
4.0 
5.0 

0.05 
.5 

1.0 
2. 0 
3. 0 
4.0 
5. 0 
6. 0 

O. 3 
.35 

1.2 
1.5 
2.7 
4.0 
5.0 
6. 0 
7.2 
7.2 
7. 5 
8. 2 

Gooseberry River, Lake County 

Location 

li'oot of rapids ______ ~ ________________ _ 
Head of rapids ______________________ _ 
l!"'oot of rapids'T _____________________ _ 
I-lead of rapids ______________________ _ 
Forks in sec. 2L ____________________ _ 

Beaver Bay River, Lake County 

Foot of falls _____________ .. __________ _ 
Iiead offalls ________________________ _ 
Head of rapids ______________________ _ 
Highway bridge _____________________ _ 
Foot of rapids ______________________ _ 
Head of rapids ______________________ _ 

Baptism River, Lake County 

Foot of rapids ______________________ _ 
li'oot of falls ________________________ _ 
Crest of falls ________________________ _ 
li'oot of rapids ______________________ _ 
Head of rapids ______________________ _ 

-------------------------------------Highway bridge _____________________ _ 

Highway bridge _____________________ _ 

Manitou River, Lake County 

Foot of falls ________________________ _ 
Crest of falls ________________________ _ 

Temperance River, Cook County 

li'oot of rapids ______________________ _ 
Head of rapids ______________________ _ 

--------r----------------------------

Cross River, Cook County 

]i'oot of rapids _______________________ _ 
Head of rapids _________________ . _____ _ 
li'oot of rapids _______________________ _ 
Head of rapids ______________________ _ 

-Foot-;ii;id~~~====================== Crest of dam ________________________ _ 
Upper end of pond ___________________ _ 
End of survey _______________________ _ 

Altitude 
above Lake 

Superior 

lJ'eet 
7 

120 
168 
215 
241 

3 
114 
303 
313 
335 
400 
424 
485 
486 

1 
68 

125 
128 
241 
373 
442 
505 
575 
704 
733 

o 
54 

204 
285 
371 
482 
703 

o 
162 
203 
284 
345 
425 
450 
463 

17 
113 
236 
391 
592 
678 
738 
781 
848 
858 
858 
867 

Data from survey of Lake S1tperior tributaries in Minnesota-Con. 

Distance 
from mouth 

Miles 
O. 3 
1.0 
2.0 
2. 5 
2. 8 
2.8 
4. 0 
5.1 
5. 6 
5. 6 
6.2 

O. 15 
.35 

1.0 
2.0 
3. 0 
4.0 
5. 0 
6.0 
6. 8 

O. 5 
1.0 
2.0 
3.0 
4.0 
5.0 
6. 0 
7.0 
7. 2 

0.0 
1.5 
1.7 
1.7 
2.0 
2. 4 
3. 45 
3. 5 
5. 0 
6.05 
6. 1 
8. 15 
9.2 

10. 5 
11. 5 
14.95 
17.45 
17.45 
19.1 
19.8 
19.8 
21. 95 
24.45 
27.85 
28.8 
29. 7 
29. 7 
30.05 
30. 05 
30.4 
30. 4 

Poplar River, Cook County 

Location 

Highway bridge.:. ____________________ _ 

Foot of rapids _______________________ _ 
Foot of logging dam _________________ _ 
Crest of dam ________________________ _ 

Highway bridge _____________________ _ 
Foot of logging dam _________________ _ 
Crest of dam ________________________ _ 
End of survey _______________________ _ 

Cascade River, Cook County 

Foot of falls _________________________ _ 
Crest of falls ________________________ _ 

End of survey _______________________ _ 

Brule River, Cook County 

Highway bridge _____________________ _ 

End of survey _______________________ _ 

Pigeon River, on international boundary 

Head of Pigeon Bay _________________ _ 
Foot of rapids _______________________ _ 
Foot of Big Falls ____________________ _ 
Crest of Big Falls on low dam _________ _ 
Upper end of pond ___________________ _ 
Head of rapids ____ ' __________________ _ 
Foot of rapids _______________________ _ 
Head of rapids ______________________ _ 

Foot of rapids ________________ .:. ______ _ 
Head of rapids ______________________ _ 
East boundary of Indian reservation ___ _ 

Arrow River ________________________ _ 
Foot of rapids _______________________ _ 
Foot of falls ________________________ _ 
Crest of faUs on low dam _____________ _ 
Upper end of pond ___________________ _ 
Foot of Partridge Falls _______________ _ 
Crest of falls ________________________ _ 
West boundary of Indian reservation ___ _ 
Missaich River ______________________ _ 
Portage Brook ______________________ _ 
Stump River ________________________ _ 
Foot of dam ________________________ _ 
Crest of dam ________________________ _ 
Foot of dam ________________________ _ 
Crest of dam ________________________ _ 
Foot of dam at South Fowl Lake ______ _ 
Crest of dam ________________________ _ 

Altitude 
above Lake 

Superior 

Fp.et 
71 

197 
353 
423 
608 
619 
620 
634 
648 
650 
652 

8 
132 
226 
398 
556 
688 
735 
817 
840 

18 
74 

228 
320 
415 
554 
681 
763 
768 

o 
3 

17 
111 
111 
152 
163 
190 
198 
223 
241 \ 
271 
288 
322 
331 
379 
519 
652 
652 
664 
714 
714 
725 
746 
748 
762 
782 
791 
808 
828 
834 
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The streams entering Lake Superior from Wisconsin 
are shown in Figure 4. They are very irregularly 
distributed, being numerous and nearly parallel in part 
of the area and relatively scarce and more winding 
in other parts. This difference is due largely to dif
ferences in the character of the deposits, there being 
many streams in clay areas and relatively few in the 
loose-textured drift. On the Bayfield Peninsula the 
drift is very loose textured and wide areas of it have 
no surface streams. The character of the erosion in 
the clay areas is well shown in the topographic map of 
the Superior quadrangle. This map also shows a 
short section of the Douglas copper range and south 
of it an area of loose-textured drift with relatively 
few streams. This map also shows by contours the 
highest waterfall in Wisconsin (pI. 4), that made by 
Black River in descending from the copper range at 

o 
I 

25 
I 

50 Miles 
I 

the 'lake by direct line and probably 30 miles by the 
meanders of the stream. Its gradient here has been 
greatly reduced as a result of the northward differ
ential uplift which has affected this region and which 
has caused estuarine conditions on the lower course 
of St. Louis River. The bottOlll lands are lllarshy for 
several miles up the Nemadji Valley, and the l'iver 
has built along its immediate banks natural levees 
that stand above the remainder of the valley bottOlll. 

The Nemadji River Basin held a small glacial lake 
in its headwaters in Carlton County, Minn., called 
Lake N emadji, which discharged westward to Moose 
Horn River at Moose Lake village, and thence south
ward by way of Kettle and St. Croix Rivers to Mis
sissippi River, as described on pages 55 and 56. The 
portion of its drainage system included in this glaciftl
lake bed is younger than that on the highest areas 

FIGURE 4.-Map showing streams entering Lake Superior in northern Wisconsin 

Manitou Falls, in sec. 21, T. 47 N., R. 14 W., where 
the river drops about 160 feet, from a point above the 
960-foot contour nearly down to the 800-foot contour. 
Before leaving section 21 the river gets below the 
700-foot contour, thus making a'-descent of more than 
260 feet in passing through a single section. The river 
has a 3I-foot fall above Manitou Falls, where it cuts 
the C9Pper range in the SE. U sec. 28. 

The westernmost stream entering the lake in Wis
consin is Nemadji River, of which Black River is a 
southern tributary. It has a drainage basin of about 
400 square miles, of which 60 per cent is in Minnesota 
and 40 per cent in Wisconsin. N emadji River drains 
the part of the Lake Superior Basin lying southwest of 
the head of the lake. The river and its northern tribu
taries and the lower courses of its southern tributaries 
are in a clay plain in which no rock ledges are encoun
tered. The southern tributaries head on or south of 
the Douglas copper range and descend from the range 
to the clay plain over low cascades and rock rapids. 
N emadji River is only 'about 20 feet above Lake 
Superior at the mouth of Black River, 10 miles from 

bordering it, which was in operation during the exist
ence of the lake. 

\ Between the Nemadji drainage basin and the Bay
field Peninsula there are several small streams 
classed as rivers, though none of them have drainage 
areas of 200 square miles. Some of them cross the 
copper range and have cascades on its slope, but 
several head near the base of the range and flow 
almost wholly on the clay plain bordering Lake 
Superior. Bois Brule River is the largest of these 
streams, the area of its drainage basin being estimated 
at 162 square miles. Its headwater portion is of 
exceptional interest, for it carries the outlet of. the 
glacial Lake Duluth, which covered at its greatest 
expansion the whole west end of the Lake Superior 
Basin from points as far east as the Huron Mountains. 
This headwater portion of Bois Brule River flows in 
a broad swampy channel that opens at its south end 
into St. Croix Lake, which discharges through St. 
Croix River to the Mississippi. Illlmediately south 
of' the copper range there was in the drainage basin 
of this stream a _ small lake, here named glacial Lak 
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Brule, which antedated Lake Duluth and through 
which Lako Duluth disc~arged after the ice lobe had 
shrunk away frolll the copper range far enough to 
let its water pass into this sillall glacjal lake. 

East of the Bayfield peninsula is the Bad River 
drainage syStOlll, in which White River is a large 
tributary. The entire drainage system eillbraces 
about 1,000 square luHes, of which fully 350 square 
nliles is drained by White River. A large part of the 
drain ago basin is in a clay plain, which borders Che
qualnegon Bay of Lake Superior and which was covered 
by the waters of Lake Duluth. ..The headwater 
strealllS head anlong or south of high rock ranges, the 
nlost prominent of which is the Penokee iron range, 
but thoro are others nearer the lake. Several cascades 
OCCllr where the streanlS cross these ranges and also 
in their courses between' the ranges. But after the 
several tributaries unite to forill Bad River the stream 
flows in a clay plain without encountering rock ledges. 
White River is in the clay plain except in its headwaters. 

There was a SIll all glacial lake, Lake Ashland, which 
antedated Lake Duluth in occupying part of the 
drainage basin of Bad and White Rivers and which 
discharged across the Bayfield Peninsula into glacial 
Lake Brule through a channel passing just south of 
the site of Iron River village.. With the recession of 
the ice border fronl the Bayfield Peninsula, Lake 
Duluth gained access to the Bad River drainage basin. 
Its altitude was but little lower than Lake Ashland, 
perhaps 20 feet lower. 

Montreal River, which forms part of the boundary 
between Wisconsin and Michigan, has a drainage area 
of 280 square miles, of which nearly 200 square miles 
is in Wisconsin and only 85 square miles in Michigan. 
The 111ain streanl is about 50 miles long and heads on 
a table-land south of the Penokee iron range at an 
altitude of .about 1,600 feet. It makes scarcely one
fourth of the 1,000 feet fall to Lake Superior in three
fourths of its course, the great descent being in the 
rOluaining lower fourth, where there are several water
falls, including one of 35 feet only· a quarter of a Inile 
fr01u its lllouth. Gogshungun River, a branch of the 
Montreal, has a length of about 30 Illiles and a descent 
of 500 feet. It breaks through the Penokee iron range 
in sec. 27, T. 46 N., R. 2 E., and has falls in that part 
of its course, but the headwaters are sluggish. 

There are two streanlS of considerable size in the 
western part of the northern peninsula of Michigan
Black River, with a drainage area of 250 square miles 
and Pros que Isle River, with 390 square miles. Each 
hoads in the. north edge of Wisconsin and traverses 
the entire width of the peninsula. A considerable part 
of the drainage area of each stream is south of the 
Penokee-Gogebic iron range, and in that part the 
stromllS are rather sluggish. In crossing the range 
and the copper range, farther down, the streams have 
rapids and cascades that promise to be of much value 

100874°-29-2 

in water-power development, as they occur so near 
the mouth of the river. The area drained by these 
streams lies west of the Porcupine Mountains and of 
Lake Gogebic. 

The Porcupine Mountains are drained largely 
through Carp River, which flows into the lake at their 
western base. Its sources are at the base of knobs 
in this group of steep hills and ridges, at an altitude 
600 to 700 feet above the lake. The highest knob 
stands about 1,400 feet above lake level, and others 
reach an altitude of 1,000 feet or more above the lake. 
This group of hills stands very close to the shore of 
Lake Superior. From the Porcupine Mountain~ 
westward in to Wisconsin the copper range lies so 
close to the shore of Lake Superior that the clay plain 
is reduced to a strip only 1 or 2 miles wide. This strip 
is crossed by a multitude of short streams running 
directly to the lake. From the Porcupine Mountains 
eastward past the Ontonagon Valley to the Keweenaw 
Peninsula a clay plain several miles in width lies 
between the lake and the copper range, and, like the 
plain west of the Porcupine Mountains, is crossed by 
numerous 0 small streams running directly down the 
slope to the lake. These streams have cut sharp deep 
trenches in the plain, which make the east-west roads 
difficult to construct. The existing roads, therefore, 
nearly all follow north-south lines or lines parallel to 
the streams inste~d of crossing them. A single main 
road runs from east to west close to the lake shore, 
where the trenching by the streams is shallow. 

Ontonagon River has a drainage system embracing 
about 1,400 square miles and is the largest of the Lake 
Superior tributaries entering in Michigan. The ex
treme headwaters drain about 50 square miles in 
Wisconsin. Several streams 30 to 50 miles or more in 
length are brought together in a single river. at the 
outer or south border of the copper range, about 2 
miles south of Rockland, Mich., and 15 miles in 
direct line from the shore of Lake Superior at Onto
nagon. Gogebic Lake lie~ in the course of the west
ernmost tributary and has a length of fully 15 miles. 
Its trend is toward Lake Superior, but its outlet runs 
for more than 20 miles eastward, parallel with the 
lake shore, along the south base of the copper range 
and receives the main south branch of the river mid
way of this course. It is probable that Gogebic Lake 
lies in a preglacial valley whose continuation extends 
northward from the lake to Lake Superior, beneath 
a moraine that here fills a gap in the cdpper range and 
through a plain north of the moraine, now drained by 
Iron River. The main south branch may have passed 
through the copper range at a break about 5 miles 
farther west than the one now utilized by Ontonagon 
River and have traversed the part of the clay plain 
now drained by Portage River, northward from the 
copper range. The middle branch of Ontonagon River 
finds a direct continuation along the present lower 
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course, and the east branch seems likely to have had 
a preglacial drainage similar to that of the present 
stream and to have joined the middle branch just south 
of the copper range. As there are only a few places 
where this drainage system encounters rock ledges, 
rapids. and falls are less numerous and conspicuous 
here than on some of the snlaller drainage systems 
farther west. At the gap in the copper range south 
of Rockland the drainage is so concentrated as to give 
a large flow, and the valley there is sufficiently narrow 
to be easily dammed to a considerable height. -The 
banks or bluffs consist of clay, which is so compact 
that it would allow hardly any leakage. 

There are a number of small rivers both east and 
west of the Ontonagon which head in the copper 
range and flow across a clay plain to Lake Superior. 
The longest are about 25 miles in length, but most of 
them are only 10 to 15 miles. Few of them cut deeply 
enough to reach rock. Montreal River drains the 
interior of the eastern part of the Keweenaw Peninsula 
and flows through a trough between rock ranges to a 
point near its mouth, where it turns southward and 
falls rapidly over rock ledges just before entering the 
lake. Eagle River and other small streams drain the 
slopes of this peninsula and have falls where they cross 
rock ridges. 

Sturgeon River has a drainage basin of about 725 
square miles on the southeastern slope of the Keweenaw 
Peninsula and on the highlands south of Keweenaw 
Bay. It does not discharge directly into Lake Supe
rior but into Portage Lake, from which there is an 
outlet discharging into Keweenaw Bay. More than 
200 sq uare miles of the Keweenaw Peninsula aside 
from the Sturgeon River -drainage basin is tributary 
to Portage Lake. The lake and its outlet are at the 
level of Lake Superior, as are also Torch Lake and an 
~nlet· to Portage Lake which leads southeastward across 
the peninsula past Hancock and Houghton. A ship 
canal now connects the head of this inlet with Lake 
Superior by a cut about 30 feet deep across a gravel 
bar of Nipissing age. 

The lower course of Sturgeon River for a distance of 
about 15 miles has almost no fall, for differential 
uplift has converted this part into a marshy estuary, 
through which the stream now flows in a meandering 
channel. The stream flows in a relatively low clay 
plain for about 15 miles before it enters this marsh. 
The headwater part of the river is on a tract of hills 
standIng 1,600 to 1,800 feet above sea level; thus the 
descent is fully 1,000 feet from source to mouth. At 
least 80 per cent of this fall is made in the upper half 
of the course. The headwater tributaries encounter 
a few rock ledges and have rapids and low cascades, 
and some of the western tributaries to the lower part 
of the river come in over rock ledges, but the main 
stream is nearly free from rapids for the greater part 
of its course. 

The area from the head of Keweenaw Bay eastward 
to the Huron Mountains is drained through several 
small streams, of which Silver, Slate, and Huron 
Rivers are the largest. They rise about 1,000 feet 
above the lake and consequently have a rapid descent 
with numerous ca::)cades. They are much like the 
small streams on the Minnesota shore of Lake Superior, 
but their lower courses lead through a lowland several 
miles wide, which was covered by the waters of glacial 
Lake Duluth. 

FrOIn the Huron Mountains eastward to White
fish Bay, at the.southeast end of Lake Superior, there 
are about 20 small streams called rivers, as well as 
numerous creeks, which make a rapid descent to the 
lake, with numerous cascades. At several places a 
head of 100 feet or more could be easily developed for 

. water power. The largest' of these streams drains 
less than 200 square miles and most of them less than 
100 square miles each. They are thus of little value 
for water power except where a great head can be 
developed. Those having cascades lie west of Grand 
Marais, for the streams east of that village flow 
through a region containing heavy deposits of drift. 
There are cascades in nearly every stream entering 
the lake west of Grand Marais. Anna River, however, 
which enters at Munising, at the head of a bay, seems 
to follow a preglacial drainage line, for its course leads 
through thick deposits of drift .. Some of its eastern 
tributaries cascade over rock ledges to reach the main 
stream. The lower course of Au Train River is con
trolled by. a succession of Nipissing Lake beaches, 
which cause the stream to swing back and forth 
between ridges and flow several miles to reach a dis
tance of only 1 mile by direct course. This river has 
a series of falls just north of the Munising railroad 
bridge, with a descent of about 100 feet, above which 
there is a drainage area of about 80 square miles. 
These falls, ~s well as many others in the Lake Superior 
region, have not yet cut back into the rock bluff so as 
to have a rock gorge below them and are therefore in 
an extremely youthful stage. Dead River, which 
enters Lake Superior in the northern part of the city 
of Marquette, has a 96-foot fall a few miles above the 
mouth, in sec. 9, T. 48 N., R. 26 W., and a descent of 
about 600 feet below this fall over numerous small 
cascades. It is thus far from being a "dead" stream. 
Its drainage basin is about 150 square miles and there 
has been considerable development of its water power. 

Whitefish Bay receives the discharge from Taqua
menaw River, which drains about 800 square miles in 
the eastern part of the peninsula. There are two 
waterfalls a few miles from its mouth, the upper with 
about 40 feet and the lower with about 20 feet fall. 
At the foot of the lower fall the stream reaches the level 
of Lake -Superior, though 15 miles from its lnouth. 
The slack water thus produced is due to the north
ward differential uplift that has caused a rise of the 
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water along the south shore of the lake. The main 
stremn and also an eastern branch lead through 
swanlps frOln points near their sources down to the up
per fall. In a distmlCe of 70 miles above the fall the 
lllain streanl has an average gradient of only 6 inches 
to the Inile. This low gradient and swampy condi
tion is due, to SOille extent, to differential uplift, for 
the streanl is flowing northeastward into the uplifted 
area, and the ledges of the upper fall have risen more as 
a result of this uplift than the headwater part of the 
stromll. The swaInps are largely underlain by clay 
or clayey till of closer texture than that on the border
ing dry IOJld, but sand is present under a considerable 
part of the swanlp land. 

S'1'. MARYS DRAINAGE BASIN 

The main flUlction of St. Marys River is to serve as 
the outlet for Lake Superior. Its tributaries, both in 
Michigan and on the Canadian side, are small and add 
very little to its volume. The falls or rapids at the 
head of this river give a descent of about 18 feet and 
furnish water power of great value, which is already 
largely utilized. In comparatively recent time, per
haps since the beginning of the Christian era, the 
ledges at the rapids on St.Marys River have risen above 
the level of the water of the Lake Huron Basin, through 
northward diffei'ential uplift. Before this ,occurred a 
strait connected Lake Superior with Lake Huron along 
the course of this stream. Whether this uplift is still 
In progress has not been determined. If it is, the fall 
at Sault Ste. Marie will increase to correspond to the 
uplift of this outlet .. 

The preglacial line of connection between the Lake 
Superior and Lake Huron Basins was not along the 
course of St'. Marys River but a few miles farther west. ' 
It led south from Whitefish Bay past Rudyard to 
Pine River and thence to Lake Huron. Wells along 
this line have reached depths about 200 feet lower 
than the surface of Lake Superior without striking rock 
The rock floor of the valley is thus known to be less 
than 400 feet above sea level, and it may be consider
ably lower. The tilting of .the Algonquin beach 
shows that an uplift of 400 feet has occurred at Sault 
Ste. Marie since the beginning of that glacial-lake 
stage. The rock bed of this preglacial channel was at 
that titne below sea level. It probably stood con
siderably above sea level in preglacial time, and it may 
now have recovered only part of its preglacial altitude. 

The principal tributary of St. Marys River in Mich
igan is MlUluscong River, which has a drainage basin 
of 225 square nliles, chiefly in a low clay plain lying 
north of what is lmown as the Niagara escarpment. 
It is a widely branching system, but nearly all the 
streanlS in it are rather sluggish. Other tributaries 
are Charlotte River, to the north of the Munuscong, 
and GogOlnain River to the south. The Charlotte 
drains a fertile farming district; the Gogomain is 
largely in cedar swainp. 

LAKE HURON DRAINAGE BASIN 

Two streams, Pine River and Carp River, lead into 
Lake Huron from the northern peninSUla of Michigan. 
Both of these discharge into St. Martin Bay, at the 
extreme head of the lake. The drainage basin of Pine 
River covers about 280 square miles and is chiefly a 
lowland tract north of the Niagara escarpment. The 
river flows south through a gap in the escarpment, which, 
as already indicated, appears to have been in the pre
glacial line of discharge frOln the Lake Superior to the 
Lake Huron Basin. Pine River, so far as known to the 
writer, has but one rock outcrop along its bed, about 5 
miles south of Rudyard. The strealn is not regular in 
flow, for much of the basin is clay, which sheds water 
rapidly, and thus it has but little discharge in dry 
seasons. 

Carp River drains an area of about 200 square miles 
immediately south and west of the Pine River drainage 
basin, much of which is underlain by limestone thinly 
coated with glacial deposits. Several rock rapids occur 
along the main stream and some of its tributaries. 
There are, however, extensive swamps among the lime
stone .r~dges through which these streams flow. 

LAKE MICHIGAN DRAINAGE BASIN 

From Manistique eastward the drainage into Lake 
Michigan from the northern peninsula goes through 
small streams, none of which has a drainage area of 100 
square miles. The streams head near the' Niagara 
escarpment and flow down the dip slope of the lime
stone, which stands 200 to 300 feet or more above the 
lake, but several of them run through strips of 
swampy land before reaching the lake. Some of the 
swamps are high among the limestone ridges, but the 
lower land near the lake is occupied by sand ridges 
and is relatively dry. A considerable number of the 
swamps have a subsoil of clay or of till thickly set 
with limestone pebbles. 

Manistique River, which enters Lake Michigan at 
the city of Manistique, is one of the largest streams in 
the northern peninsula, its drainage area being about 
1,400 square miles. Some of the largest lakes in the 
northern peninsula are tributary to this river, Manis
tique Lake having an area of about 16 square miles, 
Whitefish Lake 7 square miles, and Indian Lake 13 
square miles. It has a widely branching system, of 
which several streams head in a high moraine on the 
upland south of Lake Superior, their sources being but 
5 to'10 miles from the edge of that lake. These streams 
lead down in converging courses through a great sandy 
swamp and marsh that covers much of Schoolcraft 
County and connects at the east with the Taquamenaw 
Swamp, which is drained to Lake Superior. There are 
narrow strips along parts of the streams which are 
fairly well drained, but the interstream areas are prac
tically undrained and are covered with water through
out much of the year. The sandy condition of this 
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swamp area makes drainage less needful than if it were 
a better soil. There appears to be sufficient southward 
slope in it to give good conditions for extensive drain
age. The fall can not be less than 2 feet to the mile 
and in places may reach 5 feet. A valuable water power 
has been developed at the mouth of this river, where 
the water is held by dams to a height of about 20 feet 
above Lake Michigan. There are" also dams in the out
let of Indian Lake. A large area west of Indian Lake 
has underground drainage which feeds springs that 
discharge into the lake in great volume. 

GREEN BAY DRAINAGE SYSTEM 

Big Bay de N oc, at the extreme northeast end of 
Green Bay, receives several small streams-G"arden and 
Valentine Creeks from the east and Fishdam, Little 
Fishdam, Stlirgeon, and Ogontz Rivers from the north. 
Sturgeon Niver drains about 200 square miles, or more 
territory than all the others combined, and has a 
length, disregarding the river meanders, of" about 50 
miles. It rises in Sixteenmile Lake, on the outer border 
of a moraine that runs along the south shore" of Lake 
Superior, at an altitude of about 300 feet above that 
lake. It encounters rock ledges and has rapids·in the 
southern part of T. 42 N., R. 19 W., aJ;ld at other points 
nearer its mouth, but its "headwater portion is in a sandy 
region with" thick drift. Fishdam, Little Fishdam, 
and Ogontz Rivers, "and Valentine Creek drain large 
swamps and encounter few rock ledges. Garden Creek 
drains a" good farming district on the Garden Penin
sula, with clay-loam soil. 

Little Bay de N oc, at the north end of Green Bay, 
receives Whitefish, Rapid, and Tacoosh Rivers at its 
head and Days and Escanaba Rivers on the west. 
The largest of these streams are Whitefish 'and Esca
naba Rivers, the others being very small. Whitefish 
River, which drains about 350 square miles, has its 
source on the "Calciferous" escarpment near Lawson, 
at an altitude of nearly 1,100 feet. It has a rapid 
fall from source to mouth, much of the way over a 
rock bed in which rapids are numerous, though no 
cascades of note occur. 

Rapid River heads in a swamp near Helena station, 
at an altitude of about 1,100 feet, and drains a narrow 
strip along the southwest edge of the Whitefish drain
age basin, the drainage area being about 140 square 
miles. It has rapids at short intervals, as its name 
suggests, from a point near its source to its mouth, 
and there is a cascade of about 20 feet near the county-
road bridge, in sec. 19, T. 42 N., R. 21 W. " 

Tacoosh River heads near Maple Ridge station, at 
an altitude of about 950 feet, and for 15 miles or more 
runs southeastward parallel with the Chicago & North
western Railway. It then turns eastward and enters 
Little Bay de N oc just west of Rapid River. Its 
drainage area is less than 2 miles in average width and' 
is estimated to embrace less than 50 square miles. 

Days River also has its source near Maple Ridge, at 
an altitude of less than 1,000 feet, and drains a narrow 
strip along the west side of the Chicago & Northwest
ern Railway to Brampton station, where it crosses the 
railroad and runs eastward into Little Bay de N oc, 
about 2 miles south of Rapid River. The'drainage 
area is between 50 and 60 square miles. 

Escanaba River drains nearly 1,000 square miles in 
Marquette, Dickinson, and Delta Counties, its head
waters being in the pre-Cambrian hills of western 
Marquette County at an altitude of about 1,600 feet. 
The estimated length of the stream, disregarding minor 
meanders, is about 100 miles, and its descent from 
source to mouth is fully 1,000 feet, thus giving an aver
age fall by direct line of about 10 feet to the mile. 
The river has numerous rapids and small cascades in 
its course and a large cascade near the Princeton 
mine, where there is an available head of 100 feet. 

Ford River drains a narrow strip on the southwest 
side of the Escanaba drainage basin .. Its headwaters 
are near Floodwood and Channing, in northern Dick
inson County, and its mouth just below Escanaba. 
As the altitude at the source is 1,400 to 1,450 feet, the 
stream has a descent of more than 800 feet. There are 
numerous rapids in its bed but no large cascades· 
Limestone bluffs set in near Northland and are present 
at numerous points below. 

The remaining streams of Michigan tributary to 
Green Bay include Cedar River, a small stream in 
Menominee County, that enters Green Bay midway 
between Escanaba and Menominee, and Menominee 
River, which through much of its course forms the 
boundary between Michigan and Wisconsin and enters 
the bay at the city of Menominee. Menominee River 
has numerous cascades which furnish valuable water 
power. A report upon its water power appears in vol
ume 17 of the Tenth Census of the United States. Its 
drainage basin is estimated to be 4,100 square miles, 
of which 1,450 square miles is in Michigan and the 
remainder in Wisconsin. The river is formed by the 
junction of Brule and Paint Rivers near Crystal Falls, 
Mich. 

The entire drainage basin of Brule River in Michi
gan and Wisconsin is outside the limits of the Superior 
lobe of the Labrador ice field. So also are the streams 
from the south which are tributary to Paint River 
above Crystal Falls. The drift of this part of Michi
gan is referred to an ice movement that was much 
more extensive and definitely earlier than that of the 
Superior lobe. The direction of striae and the trend of 
drumlinoid hills show that the movement was west of 
south over this outlying area, whereas the striae and 
the moraines of the Superior lobe show that the ice 
in this later movement was converging toward this 
area from the west and north and east. Paint River 
follows a curving course immediately outside the drift 
of the Superior lobe, its headwaters flowing northeast-
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ward, its 11liddle course eastward, and its lower course 
southward. The sources of the river are at an alti
tude of l110re than 1,600 feet, and so are the sources of 
several northern tributaries that head within the area 
covered by the Superior ice lobe. The altitude at the 
junction of Paint and Brule Rivers is below 1,200 feet. 
The largest cascades are on the n1ain Paint River near 
Crystal Falls. Above Crystal Falls this riyer and its 
several tributaries are in an area with thick drift 'and 
few and small outcrops of l~ock, but below Crystal 
Falls rock ledges are prominent and widely exposed, 
and they continue to be numerous down the Menom
inee and cause several notable cascades. 

Menominee River was shifted several times to cor
respond to changes in the position of the ice border 
and caIne to its present course only when the Green 
Bay ice lobe had shrunk to a position east of its lower 
portion. When this lower course was covered by the 
ice lobe the river turned southward along or near the 
ice border and followed it to the end of the lobe or to 
son1e drainage way that led southward. These tem
porary courses ran through the sandy outwash plains 
which lie between moraines in Marinette County and 
eastern Florence County, Wis. These plains occur at 
lower and lower levels down the valley, and it is evi
dent that the stream shifted from higher to lower 
plains as such plains came within its reach by the 
ice recession. 

Michigamme River, which enters the Menominee 
just below the junction of Brule and Paint Rivers, 
drains a large area that falls within the limits of the 
Superior lobe. Its headwaters gather into Lake 
Michiganune, one of the largest lakes in the northern 
peninsula. Its course extends through a region in 
which rock outcrops are numerous and the drift de
posits more scanty than in bordering districts both 
to the east and to the west. 

Sturgeon River is another large tributary of the 
Menominee which drains a considerable part of Dick
inson County and along which rock ranges are promi
nent. It has a remarkably winding course caused by 
its following swales or depressions that lie between the 
ridges of rock or of glacial material, which have de
flected it some miles to the right or left of a direct 
course. Because of tl1is use of swales,' it has but few 
rock. rapids or cascades. 

The Menominee receives two streams in Menominee 
County, Little Cedar River and Little River, each of 
which :flows through a chain of swamps between 
dl'tunlin ridges, which are numerous in that county. 
Ahnost the entire course of Little River is in swamps, 
and the highest part of this chain of swamps is little if 
any above the highest level of glacial Lake Algonquin. 
'They 1nay therefore have been prevented from develop
'ing a drainage line until the Lake Algonquin waters 
were drawn away. There was also a flooding of the 
.lower course of Menominee River throughout the 
Lake Algonquin stage. 

LAKES 

The great glacial lakes that occupied the Superior, 
Michigan, and Huron Basins and stood at levels con
siderably higher than the surface of the three upper 
Great Lakes are discussed at some length below, and 
their relations to the present Great Lakes are set 
forth. In the present section reference is made to the 
many- small lakes that are still filling basins and depres
sions in the drift deposits or among the rock hills. Al
most all these small lakes are represented on the gla
cial map (p1.1),only those that are too small to appear 
on a map of this scale being omitted. It is obvious 
that although these lakes are widely scattered over 
the region embraced in this report, they are particu
larly numerous in certain places and relatively rare 
elsewhere, also that there are very few of them on the 
smooth clay plains which were covered by the great 
glacial lakes. They are very numerous among the 
rock hills and ridges and on the prominent moraines 
of northeastern Minnesota. They also abound along 
the moraines that form the divide between the Lake 
Superior drainage system and that of Mississippi River 
in northern Wisconsin and the south edge of the west 
end of the northern peninsula of Michigan. There 
are probably more than a thousand of these small lakes 
within the area here discussed. Of these only two 
have an' area so great as 20 square miles-Gogebic 
Lake in Gogebic and Ontonagon Counties, and the 
combined Portage and Torch Lakes, practically a single 
lake, in Keweenaw Peninsula. There are about 40 
with an area of 2 square miles or more, and at least 
100 exceeding 1 square mile. The aggregate area of 
the small lakes exceeding 2 square miles does not 
amount to 200 square miles, and the area of all these 
lakes in the region appears to be between 500 and 600 
square miles. 

Many of the lakes are bordered by swamps in which 
thick deposits, of peat have accumulated. The base 
of the peat is very generally below the level of the 
lake surface, and its growth evidently has reduced the 
areas of the lakes to a large degree. Many lakes have 
been entirely converted into peaty swamps by this 
growth of organic matter. There has been more ex
tinction of lakes by this process than by 'the draining 
away of the water through the cutting down of their 
·outlets. Many of the lakes have no outlet except 
through swamps that connect them, and careful lev-' 
eling has been found necessary to determine the direc
tion of flow across some of the swamps. The drain
age of hot a few swamps and of some open lakes takes 
widely divergent courses. Thus Brule Lake, in Cook 
County, Minn., divided its waters between Brule 
River and Temperance River. On some lakes dams 
or even high-water stages cause a discharge by a 
course different from that of the low-water flow. It 
is because of the presence of these connecting swamps 
that the Indians and explorers and also geologic stud-
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dents have been able to' make their way by canO.es 
thrO.ugh the greater part O.f nO.rthern MinnesO.ta and 
adjacent parts O.f Canada. Such traverses are also. 
pO.ssible at several places in passing frO.m waters trib
utary to' Lake SuperiO.r to' thO.se tributary to' the Missis
sippi, 0.1' to' HudsO.n Bay. SO.me O.f the swamps are in 
the beds O.f the O.utlets O.f glacial lakes 0.1' in the line O.f 
discharge O.f water frO.m the melting ice sheet. 

These small lakes have cO.nsiderable variatiO.n in 
depth, but as yet sO.undings in them are incO.mplete. 
SO.me O.f them are said to' reach a depth O.f 100 feet 0.1' 
mO.re, but the usual depth is much less, and it is dO.~bt
ful if many O.f them are mO.re than 50 feet deep. 

The lakes have great value in water-pO.wer devel
O.pmen t by hO.lding back the discharge after freshets 
0.1' rainy seaSO.ns and giving a steady flO.w thrO.ugh 
dry seaSO.ns. Many O.f them are fed by springs, anO.ther 
impO.rtant factO.r in prO.ducing gO.O.d flO.w in the dry 
seaSO.ns., One O.f the most remarkable springs that 
has CO.me to' tb.e writer's attentiO.n discharges into' 
Indian Lake a few miles west O.f Manistique, Mich. 
It wells up near the west edge O.f the lake in sec. 25, 
T. 42 N., R. 17 W. It is several yards acrO.ss, and its 
depth is said to' be fully 60 feet. The stream flO.wing 
frO.m it is large enO.ugh to' be navigated frO.m the lake 
to' the spring by small gasO.line launches. An area O.f 
several square miles to' the west O.f this spring is free 
frO.m surface streams, and water gO.es into' undergrO.und 
CO.urses thrO.ugh sink hO.les in the limestO.ne. This 
spring, therefO.re, prO.bably affO.rds an O.utlet fO.r an 
undergrO.und drainage system embracing a cO.nsider
able part O.f this limestO.ne tract. 

GLACIAL FEATURES 

OUTLINE OF THE GLACIAL FORMATIONS 

The PleistO.cene glacial fO.rmatiO.ns in America, as in 
EurO.pe, include a cO.mplex series O.f deposits, there 
being O.n bO.th cO.ntinents fO.ur distinct sheets O.f bO.ulder 
clay O.f widely different age, separated by sO.ils and 
nO.nglacial depO.sits fO.rmed during stages O.f deglacia
tiO.n. Aside frO.m the fO.ur distinctly recO.gnized drifts 
there is in IO.wa and part O.f bO.rdering States a glacial 
depO.sit O.f debatable rank and age which has been 
termed IO.wan drift. It has been interpreted as having 
been depO.sited between the, third 0.1' IllinO.ian drift and 
the latest 0.1' WiscO.nsin drift. But BO.me ge0.10.gists, 
including the present writer, are nO.w inclined to' refer 
part O.f it to' the WiscO.nsin drift and part O.f it to' the 
IllinO.ian. Others are dispO.sed to' place it between· 
these drifts with a rank as high as is given to' them. 

The States bO.rdering the upper Mississippi Valley 
have an especially full exhibit O.f the depO.sits and are 
thus classic grO.und fO.r their study. The exhibit is 
nO.t so. full and clear in the relatively rugged area 
adjO.ining Lake SuperiO.r, thO.ugh in places depO.sits O.f 
early glacial stages as well as thO.se O.f the latest 0.1' 
WiscO.nsin stage are preserved. 

The several drift sheets O.f the regiO.n bO.rdering the 
Great Lakes and the Atlantic seabO.ard are nanled frO.m 
States in which they are well displayed 0.1' in which a 
drift was clearly differentiated at an early date. The 
O.ldest drift O.n the Atlantic seabO.ard thus differentiated 
was named Jerseyan, frO.m New Jersey, where it was 
clearly recO.gnized in the 1890's. The O.ldest drift O.f 
the N O.rth Central States has been given the distinc
tive name Nebraskan, thO.ugh it is very pO.O.rly dis
played in Nebraska. In O.rder from O.lder to' younger 
the drift sheets O.f the. Great Lakes and Mississippi 
Valley region are as follows: 

1. Nebraskan drift. 
2. Kansan drift. 
3. Illinoian drift. 
4. Iowan drift (a deposit of debatable rank and agE:). 
5. Wisconsin drift, separable into early, middle, and late 

Wisconsin. 

The first and secO.nd drift sheets are best displayed 
O.n the west side O.f the Mississippi Valley, but one of 
them, probably the Kansan, has been recognized as 
far north as the north side O.f the Lake SuperiO.r Basin, 
in the Kaministikwia drainage basin' back of Fort 
William, Ontario. These drift sheets have been cov
ered by the Illinoian drift to a large degree in Illinois, 
Wisconsin, Michigan, Indiana, and Ohio. The dis
tribution of the drift sheets in the north-central part 
of the United States, with the exception O.f the Nebras
kan drift, which is almost wholly covered by Kansan 
drift anq.)oess, is shown in Figure 5, together with the 
main subdivisions of the WiscO.nsin drift. 

The latest or Wisconsin drift is the uppermost 
deposit over fully 90 per cent O.f the glaciated area or' 
North America and is thus more widely O.pen to inspec
tion than the earlier drifts. A study of the distribution 
of its moraines and O.f the material embodied in it has 
served to show that the outline or shape of the ice 
field and the direction of ice movement were subject 
to wide variation. In the early part of this glacial 
stage (substages 1 and 2, fig. 5) the ice appears to have 
moved southwestward from Labrador across the Great 
Lakes into central Illinois. At that time it may not 
have extended into the region north and west of the 
Driftless Area in Wisconsin, Minnesota, Iowa, and' the 
Dakotas. But later the ice sheet appears to have 
gradually extended westward, so that in the nudst of 
this stage of glaciation (substage 3, fig. 5) its highest 
part, or center of radiation, was in the district of 
Patricia, in Ontario, north of the Great Lakes. The 
ice then moved southward across the eastern part of 
the Lake Superior Basin and through the basin of 
Lake NIichigan into Indiana and Illinois. At the 
same time it moved slightly west of south across the 
west end of the Lake Superior Basin into western 
Wisconsin and eastern Minnesota. It deposited the 
sheet of young red drift of that region,. called in this 
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report the Patrician drift.3 The pronlinent nlorainic 
system. 011 the border of the Green Bay and Chippewa 
lobes in Wisconsin and of a large lobe to the west, in 

After the Patrician drift was deposited there appears 
to have been less snowfall in the region north of the 
Great Lakes and a corresponding shrinking of the ice 

EXPLANATION 
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substage 5 substage 4 -Wisconsin drift, 

substage 3 
Wisconsin drift .. 

substage ~ 

~ 
Wisconsin drift, 

substage) 

EZJ 
Iowan drift 

~ .,/:;; .;<.:::., ~ 
.. ~ .. 

..... ;; ......... . Cf:J ~ 
Illinoian drift Und iff e renti ated 

drift 
Kansan.drift under-
lain by Nebraskan 

drift. 
FIGURE 5.-Map of drifts in the northern United States, showing subdivisions of the Wisconsin drift. Crosses indicate outlying erratio 

boulders and patches of till. A small arca of Illinoian drift south of St. Paul is indicated in solid black 

western Wisconsin ~nd eastern 11innesota, was formed 
at this tinle. (See pI. 1.) 

8 A lato roadvanco of ico from the Patrician conter of radiation south of Hudson 
Bay was brought to notice by J. D. 'l'yrrell in 1913 at the International Geological 
Congress at 'roronto, Canada, and a brief abstract is published in the proceedings 
of that congress. 'l'hore is clear evidence that a much earlier radiation from the' 
Patrician district reached its culminetion prior to the culmination of the Keewatin 
center of radiation in the middle part of the Wisconsin stage of glaciation. 

in the Lake region; but the snowfall appears to have 
become greater in central Canada, in what is known as 
the Keewatin center of glaciation, and ice moved from 
that center southward across Manitoba and through 
western 11innesota and eastern North and South 
Dakota into Iowa. The main movement was through 
the Red River Valley into the Minnesota River Valley 
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and thence into the Des Moines River Valley, down 
which it passed to the site of the city of Des Moines. 
There were two minor lobes in eastern Minnesota, 
branching off from the main lobe. One of them crossed 
the Mesabi range and filled the middle part of the St. 
Louis River drainage basin, and the other extended 
from the Mississippi Valley above St. Paul northeast
ward to the St. Croix Valley, which it covered between 
Grantsburg and Osceola, Wis. 

It was at about this time (substage 4, fig.· 5) that the 
lobe in the Lake' Superior Basin, which forms the 
theme of the pres~nt report, reached its· fullest exten
sion. The ice at this time moved much farther south
west through the deep basin of Lake Superior than it 
did over the relatively high land lying northwest of 
the Lake, in northern Minnesota. The ice there 
appears to have had a movement west of south and 
to have reached a little beyond Vermilion Lake and 
Lake of the Woods. This ice coalesced with that in 
the Lake Superior Basin from eastern Lake County, 
Minn., northeastward into Canada .. It probably also 
coalesced with that moving south from central Canada 
in the district west of Lake of the Woods. Later 
(substage 5, fig. 5) the ice from central Canada extended 
past this line of coalescence in Manitoba and northern 
Minnesota. 

The ice movement from central Canada brought in 
a clayey, calcareous blue-gray drift similar to that of 
the Kansan and pre-Kansan drifts of Minnesota but 
much fresher in appearance. It is known as the 
Young Gray drift. It is strikingly different from the 
very stony Patrician drift, which it overlaps. In the 
St. Louis River drainage basin, however, this cal
careous drift contains so much iron gathered from the 
formations of the Mesabi range that it presents a red 
color, but it is easily distinguished from the under
lying Patrician drift, being much less stony and having 
a more clayey matrix. 

LIMITS OF THE SUPERIOR ICE LOBE 

The extent 'of the Superior lobe of late Wisconsin 
time was first worked out in 1913 in Minnesota by 
F. W. Sardeson and in Wisconsin and Michigan by the 
present writer. The general glacial map (pI. 1) 
shows the extent of this lobe in the three States. 

A variety of features have been taken into account in . 
determining the limits of this ice lobe. The most con
spicuous of these features are the moraines that loop 
around the west end of the basin and shed their out
wash into the outlying districts. These moraines ride 
over moraines of Patrician red drift at various angles 
and in such a way as to make it clear that they were 
formed by a different ice lobe and at a later time. 
This qiscordance with the earlier moraines is found in 
northern Wisconsin and in the western part of the 
northern peninsula of Michigan as well as in Minnesota. 

A second feature is that of difference in drift consti
tution. The drift of the Superior lobe along the north
west side of the Lake Superior Basin includes many 
rocks that were gathered near the Lake Superior shore 
and carried westward beyond their belt of outcrop, 
which falls within the limits of the Superior ice lobe. 
J'he Patrician ice, moving southward, would have car
ried them into and across the basin and could not have 
transported them so far westward. This Patrician ice 
movement carried rocks from formations such as the 
upper Huronian slates, iron ores, and associated rocks; 
which crop out farther west, in a southward course past 
the west end of the Lake Superior Basin and dropped 
them in the district later invaded by the Superior ice 
lobe. 

A third feature is that of glacial striae. Those formed 
by the Superior lobe at this latest advance radiate from 
the basin toward its rim, their bearing on the north side 
of the basin beIng westward or considerably north of 
west, and on the south side of this part of the basin 
generally southwestward. The striae of the Patrician 
ice movement trend nearly south throughout northeast
ern Minnesota, or about at a right angle to those of the 
Superior lobe. This discordance in trend is shown on 
Plate 1. It is found as far east as Iron County, Mich., 
where the earlier movement was aboutsouth-southwest
ward, and that of the Superior lobe was east-south
eastward in the northwestern part of the county, south
ward in the northern part, and southwestward or even 
westward in the e!tstern part. There is also in the Iron 
County district a difference in the rock constituents of 
the earlier and later drift. The later movement car
ried rocks from the Gogebic iron ranges to the east of 
their outcrop, but the earlier movement did. not. 

FEATURES OF THE BORDER OF THE SUPERIOR ICE LOBE 

The Superior lobe seems to have held almost its max
imum extent in northern Wisconsin and on much of the 
border northwest of Lake Superior while it was melting 
back considerably at the west end of the lobe. There 
are several small moraines at this west end which are 
the equivalents of a single massive morainic belt 
farther east. 

On the northwest shore of Lake Superior, in Lake 
and St. Louis Counties, Minn., as far west as Duluth, the 
Superior ice lobe extended only 12 to 15 mlles beyond 
the limits of the lake, the district farther back having 
been covered by ice that came in from the highlands of 
Canada on the north. The morainic system that runs 
westward across central Lake County and thence west
northwestward in St. Louis County past the south side 
of Vermilion Lake marks a contemporary position of 
the ice that came in from the north. This ice coalesced 
with· that which came into the Lake Superior Basin 
from the northeast. The junction was in eastern Lake 
County, where an interlobate spur of great prominence 
was developed, its altitude being about 2,000 feet above 
sea level, or, 1,400 feet above Lake Superior. North-
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east of this interlobate spur eskers are a conspicuous 
feature, and they SeeIll to have been formed at the junc
tion of the ice lobes. 

At the west end of the Lake Superior Basin the 
Superior ice lobe extended about .60 miles beyond the 
present limits of the lake, its tenllinus as worked out 
by Sardeson being in southeastern Aitkin County, 
Minn., near: the sources of Rice and Snake Rivers, 
about 10 miles east of Mille Lacs Lake. The south 
edge of the lobe crossed northern Pine County, 4 to 8 
miles fl'Oll1 its north line. The north edge crossed the 
northwesteIn part of Carlton County and came to St. 
Louis River in southwestern St. Louis County. It 
crossed the St. Louis River Valley just below the mouth 
of Cloquet River and kept south of that stream its 
entire length in St. Louis and Lake Counties. 

In Douglas County, Wis., the Superior ice lobe 
extended 20 to 25 miles south of the shore of Lake 
Superior bu t fell short several miles of reaching St. 
Croix River and encroached but slightly on the 
headwaters of its northern tributaries. In Bayfield 
County an interlobate moraine was developed on the' 
Bayfield Peninsula, there being a lobe of ice on the 
east that projected southward fron1 Ashland or Che
quamegon Bay and a lobe on the west that filled the 
west end of the Lake ·Superior Basin. The ice ex
tended 25 to 30 miles south fron1 Chequamegon Bay, 
or far enough to embrace Long Lake and N amakagon 
Lake, in southern Bayfield County. It passed a few 
miles beyond the Peno.kee iron range in Ashland and 
Iron Counties. The border follows or its moraine 
constitutes the divide between the Lake Superior 
drainage basin and that of large tributaries of the 
Mississippi, such as St. Croix and Chippewa Rivers, in 
much of its course across Douglas, Bayfield, and 
Ashland Counties, but it lies in places a few miles 
south of that divide in Iron and Vilas Counties. The 
border runs nearly due east fron1 southeastern Bay
field County across Ashland, Iron, and Vilas Counties, 
Wis., and southeastern Gogebic County, Mich. As 
the Lake Superior shore there bears north of east, the 
distance frOlll the lake to the border of the Superior 
ice lobe increases eastward and is 45 to 50 Illiles where 
the border passes frOlu Wisconsin into Michigan. 

In Michigan the border of the Superior lobe con
tinued eastward past the north side of Lac Vieux 
Desert about to the line between Gogebic and' Iron 
Counties. Thence it took a northeastward course for 
10 to 12 miles and then turned eastward and followed 
the north side of Paint River in an eastward and 
southward course to the Illouth of the stream, a few 
miles south of Crystal Falls. It then passed into Wis
consin and maintained a course nearly due south for 
35 miles across Florence County to central Marinette 
County, fonuing the west edge of the Green Bay lobe 
of that till1e. FrOlu Marinette County southward the 
writer, in company for part of the way with San1uel 

Weidman, made a reconnaissance trip through Oconto, 
Shawano, Waupaca, Waushara, and Winnebago Coun
ties, during which the tentative interpretation was 
reached that this readvance of the ice in the Lake 

.. Superior Basin is to be correlated with a readvance. 
in the Green Bay and Lake Michigan Basins, which, 
as shown by Alden, developed red-clay moraines and 
worked upon a sheet of red clay that overlies the earlier 
deposits in that region. This advance that developed ' 
the red-clay moraines in Wisconsin, as shown by the 
writer in Monograph 53, seems to be correia table with. 
the advance in the Huron Basin to the Port Huron 
morainic system. It thus appears to be part of a 
widespread readvance in th~ Great Lakes region. 

RANGE IN ALTITUDE ALONG THE BORDER 

In eastern Lake County, Minn., where the Superior 
lobe coalesced with ice coming in from the north, the 
altitude is about 2,000 feet above sea level. There are 
a few ... hills and ridges still higher to the northeast, in 
Cook County, the highest being about 2,300 feet. 
The altitude along the border of the Superior lobe 
declines gradually toward the southwest, being about 
1,700 feet at the line between Lake and St. Louis 
Counties and 1,200 to 1,300 feet at the west end of 
the lobe in Aitkin County and southwestern St. Louis 
County. It falls below 1,100 feet for a few miles in 
northwestern Pine County but rises eastward to about 
1,300 feet at the Wisconsin-Minnesota line. It is 
below 1,100 feet at the outlet of glacial Lake Duluth 
but rises gradually eastward, reaching .1,400 feet on 
the east side of Long Lake and 1,500 feet east of 
N amakagon Lake, 1,600 feet in eastern Ashland 
County, and 1,700 to 1,800 feet in eastern Iron County 
and northern Vilas County, Wis., and southern Go
gebic County, Mich. It is generally above 1,500 feet 
and in places reaches 1,700 feet in Iron County, Mich., 
but drops below 1,400 feet at the ~1ichigan-Wiscon
sin line. For a few miles into Wisconsin it is up to 
1,500 feet or Inore, but then it begins a gradual de
scent southward and is below 900 feet at the south end 
of the Green Bay lobe, south of Lake Winnebago. It 
falls within the lin1its and below the level of Lake 
Michigan (580 feet) at the south end of the lobe in 
the Lake Michigan Basin. The highest point covered 
by the Superior lobe in the northern peninsula of 
Michigan is about 2,000 feet above sea level and is 
near the Lake Superior shore in the Porcupine Moun
tains of western Ontonagon County. This lobe thus 
covered 6~e highest points in Minnesota and Michigan 
and very high points in Wisconsin. 

OUTER BORDER FEATURES 

The features on the outer border of the Superior ice 
lobe furnish evidence as to the lilnits of this lobe. A 
series of outwash plains and heads of glacial drainage 
lines show clearly the position of the edge of t.he ice. 
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The outwash plains are conspicuous along Cloquet 
River throughout much of its length and in places 
reach a width of 3 or 4 miles. Locally no outwash was 
deposited because of high altitude in the outer border 
district, but there were numerous places in this dis
trict where the water found escape from the ice and 
spread out gravel. 

For a few miles west from the mouth of Cloquet 
River conditions were unfavorable for outwash, but 
around the end of the lobe there is a sandy plain 
covering. about 20 square miles from which drainage 
now leads both to the northwest, down Rice River, 
and to the south, down Snake River. The sand con
tains few pebbles, and the outwash seems to have been 
rather sluggish, probably 'because of the gentleness of 
the slope. 

On the south border of the lobe near its 'west end 
there is a sandy area drained to Kettle River. This 
area, however, seems to have been covered to some 
extent by the ice and to' have had boulders incorpo
rated in the sand, and there was also some disturbance 
of the deposits which seems referable to glacial action 
on them. 

From Kettle River eastward into Wisconsin there 
was remarkably little outwash, perhaps because a 
free discharge wa's not offered across the rather broken 
tract outside the ice. But in the reentrant angle 
on the Bayfield Peninsula between the Ashland lobe 
and the lobe in the west end of the Lake Superior 
Basin an extensive plain of sandy gravel was formed 
which covers more than 100 square miles in Douglas 
County and fully 50 square miles in Bayfield County. 
The interlobate moraine to the north' of this plain is 
made up largely of waterworn material of rather 
coarse texture. Most of the surface 'of this outwash 
plain is more than 1,100 feet above sea level, or nearly 
100 feet higher than the Brule-St. Croix outlet of glacial 
Lake Duluth, which runs along its northwest edge. 
The plain stands above 1,200 feet in the head of the 
recess between the lobes in western Bayfield County. 

The N amakagon Valley appears to have been a line 
of strong glacial drainage from the Superior lobe from 
a point near Cable. Above Cable the stream flows 
in a narrow valley, and the Superior ice lobe probably 
covered part of its course between N amakagon Lake 
and Cable. Below Cable a sandy gravelly plain 1 to 2 
miles wide follows down the river. 

In western Ashland County a sandy plain stands 
just o!ltside the outer moraine of the Superior lobe at 
the head of one of the headwaters of Chippewa River. 
It has a.general width of more than a mile in its course 
across T. 43 N., R. 4 W., from the edge of the moraine 
to the Chippewa Lakes but is somewhat narrower 
below (sou th of) the lakes. From the Chippewa 
Valley eastward for several miles considerable swampy 
land occ:urs along the border of the outer moraine of 
the Superior lobe, and there was probably some po~d-
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ing of water there. Still farther east are the extensive 
Manitowish marshes, occupying a strip 1 to 3 miles 
wide and 12 to 15 miles long on the outer border of the 
moraines of the Superior lobe. Farther east there are 
small sandy and gravelly outwash plains in Vilas 
County. . 

At the head of Wisconsin River, around Lac Vieux 
Desert, there is an extensive sandy gravel plain formed 
by outwash from the Superior lobe. It lies partly in 
Gogebic County, Mich., and partly in Vilas County, 
Wis. The altitude of its northern edge at State line 
station on the Chicago & Northwestern Railway is 1,712 
feet. The outwash plain or glacial gravel :fill along 
Wisconsin River is 1,670 feet above sea level at 
Conover, about 8 miles south of the State line, and 
1,635 feet at Eagle River, 10 miles farther south. 

In Iron County, Mich., there was glacial drainage 
all along Paint River from the ice border along the north 
side of the valley to its mouth. The outwash did not 
continue down Menominee River, because the ice was 
at that time covering the Menominee Valley nearly 
up to the mouth of Paint River. Itpassedsouthward 
across Florence County, Wis., through a district just 
outside the Green Bay lobe of that time. It received 
accessions from that ice lobe from point to point in 
Florence and Marinette Counties, Wis. 

MORAINES OF THE SUPERIOR ICE LOBE IN MINNESOTA4 

The moraines of the Superior lobe are markedly 
discordant with the moraines formed by the ice coming 
in from the north, that of the Patrician ice sheet. 
The Superior moraines either cross over the Patrician 
moraines because of difference in trend, or they face 
in the opposite direction where the courses are more 
nearly similar. The moraines of the Superior lobe 
are less bulky than some of the outlying and also under
lying moraines formed by ice from the north. They 
belong to a rather thin till sheet. The knolls and 
ridges consist to some extent of crumpled and disturbed 
Patrician drift, over which there is in places only a 
thin veneer of the brighter-colored drift of the Supe
ior lobe. 

On the north side of the Superior ice lobe, north of 
Lake Superior in Lake and St. Louis Counties, Minn., 
a great system of moraines, referred to in earlier reports 
of the Minnesota Geological Survey as the Highland 
morainic system, lies immediately within the border 
of this drift sheet. (See fig. 6.) This morainic sys
tem is formed by the converging and coalescence at 
the side of the lobe of moraines, which are distinct 
_and separate toward the west end of the lobe. The 
moraines are likewise combined on the south side of 
the lobe in northern Wisconsin but are split up toward 
the west and there- appear as distinct moraines. 

On the south side of the lobe in Pine and Carlton 
Counties, Minn., there are two morainic systems, the 

4 Prepared largely from notes and manuscript by F. W. Sardeson. 
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Kerrick and the Nickerson, which are the equivalent 
-of six more or less distinct moraines on the north side 
in Aitkin and Carlton Counties and southern St. Louis 
County-namely, the Wright, Cromwell, Draco, 
Cloquet, ThOlllson, and Fond du Lac moraines. The 
Wright and CrOlllwell moraines are regarded as the 
equivalent of the ICerrick morainic system, and the 
·other nloraines as the equivalent of the Nickerson 
llloraillic systenl; the entire series of moraines enu·-
111eratod above are equivalent to the flighland mo
Tainic SystOlll. 

KERRICK MORAINIC SYSTEM AND ASSOCIATED GLACIAL 
FEATURES 

THE MORAINES 

The subdivision of. the Highland mOrallllC system 
of the north side of the Superior lobe into distinct con
stituent morainic ridges begins near the crossing of 
the St. Louis River Valley just below Brookston. To 
the northeast there is no distinct separation, but to the 
west there are two moraines of nearly equal strength, 
the Wright moraine and the Cromwell moraine, here 
named by the writer for villages on them in north-
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}'IOUI~E 6.-Mnp showing moraines of IJnke Superior lobe in northeastern Minnesota and the Mille Lacs and 
Bcroun moraines of the Patrician ice sheet 

The tinle relations of the nloraines of the Superior 
lobe as well as those of the Patrician ice sheet in this 
.area are shown below. 
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western Carlton County, Minn. The Wrigh~ moraine 
bears away from St. Louis River near Paupori and 
passes by Prairie Lake to Wright station on the N orth
ern Pacific Railway and thence runs along the south 
side of the railroad into Aitkin County, where it turns 
southward and runs about 4 miles west of Lawler and 
dies out in a sandy outwash plain near the sources of 
Rice and Snake Rivers, about 10 miles east of the north
east edge of Mille Lacs Lake. The Cromwell moraine 
runs southwestward from Brookston past Cromwell to 
Lawler and there turns abruptly south and marks the 
end of the Superior lobe of that time. Its position is 
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several miles east of the Wright moraine at the end of 
the lobe. On the south side of the lobe the two mo
raines are separated only for a few miles in Aitkin 
County. In Pine County they are united into a 
single morainic system, which passes through or near 
Denham, Kerrick, and Belden and is here named the 
Kerrick morainic system. N ear the Wisconsin line 
the Kerrick morainic system becomes coalesced with a 
later one, which is here designated the Nickerson 
morainic system, from the village of Nickerson. 

The Kerrick morainic system has a general width of 
about 3 miles from Belden to Kerrick but is only about 
2 miles wide in the vicinity of Denham. It widens a 
little to the west of Denham. The .Wright and Crom
well moraines are each about 2 miles wide. 

The Kerrick morainic system consists at Kerrick of 
closely distributed small knolls 10 to 20 feet high. 
N ear Belden its knolls are 5 to 15 feet high and sep
arated by much swampy land, probably half the sur
face being bog. For 5 miles west from the State line 
the proportion of bog is still higher, so that the 
morainic knolls are scattered widely. Midway be
tween Belden and Kerrick the morainic expression 
becomes strong again, the morainic system crosses 
obliquely over the Beroun moraine, of the Patrician 
ice sheet, here named by the writer for Beroun, Minn., 
and for 3 miles there is the combined strength of the 
two systems. There is much less swamp west of the 
crossing of the Beroun moraine, although near Kerrick 
the moraine is interrupted by a swamp half a mile to 
a mile wide. A few miles west of Kerrick the moraine 
is weak in expression and consists of slightly disturbed 
outwash gravel and sand in a strip along Moos.e and 
Kettle Rivers. To the west of this outwash plain the 
moraine becomes strong again. I t overrides the 
Mille Lacs moraine, of the Patrician drift (here named 
by the writer from its position on the borders of Mille 
Lacs Lake), and some outwash was spread over the 
lower places in that moraine in northwestern Pine 
County. In secs. 15, 22, and 27 and also in secs. 25 
and 36, T. 45 N., R. 20 W., it rides obliquely over 
pr9minent ridges of the older moraine and caps them 
with its Qwn small knolls. In the vicinity of Denham 
the Kerrick morainic system lies partly on a rock ridge 
and partly in a valley south of the ridge. 

After separation into two distinct parts or members, 
the Wright and Cromwell moraines, the knolls become 
more scattered than in much of the united belt and in 
places are so diffuse as to be difficult to map. They 
run through a region of bogs and consist of groups of 
knolls or of short ridges for stretches of 1 ,to 3 miles, 
which are separated by wide ~wamps. As these bogs 
have a peaty filling of 5 to 20 feet, low knolls may 
be completely overgrown and concealed under them. 

In a few places the Kerrick morainic system consists 
of heavy clay till, but for the greater part it is loose 
textured or sandy, with numerous' pebbles of Kewee-

nawan diabase and red rock, greenstone, red sand
stone, quartz, and chert and rarely a limestone pebble. 
Sandstone is most common on the south and west 
sides of the lobe but is also found on the north side as 
far north as the crossing of St. Louis River near 
Brookston. 

At Kerrick the till is a light clay of bright red color 
with many pebbles of sandstone and basic volcanic 
rocks. Heavy clay is'found west and north of Denham 
but the drift is loose textured between Kettle River 
and Denham, in parts of the morainic system south of 
Arthyde, and from Solana t.o Snake River. This loose
textured till is, however, in places only a few feet 
thick and lies on heavier till of the Patrician drift. 
The clay is heavier in many places in Carlton County. 

An isolated gravel hill or kame of the Wright 
moraine, standing nearly 100 feet above the surround
ing land, rises from an outwash plain on Snake River 
in the N'iV. ~ sec. 5, T. 44 N., R. 24 W. It covers 
about 40 acres. It is at the apex of the Superior 
lobe.' Boulders and till occur at the surface, but the 
hill appears to consist of gravel below. 

OUTWASH DEPOSITS 

Glacial drainage from the part of this lobe in Min
nesota occurred at several points but was of slight 
extent and relatively weak. On the south side out
wash is present on Willow River. At the apex of the 
lobe it extends down Snake River and on the north 
side it occurs at Cromwell and Brookston and along 
Cloquet River. Nearly all the outwash at Willow 
River appears to pertain to the Mille Lacs moraine of 
the Patrician ice sheet. The Kerrick morainic system 
passes across this outwash, but a part of the deposit 
seems to belong with the Kerrick system. The narrow 
strip of terraced gravel along the south fork of Willow 
River could not have been formed earlier. The out
wash on Snake River lies in strips and patches, as if 
deposited slowly during the entire time in which the 
Wright moraine was forming. It takes the place of the 
moraine for 6 miles in length and is spread over a belt 
2 to 4 miles wide at the end of the lobe. There is a 
little gravelly outwash along Split Rock Creek con
nected with the Cromwell nloraine. It forms a terrace: 
where the stream enters the moraine fronl the south
west in sec. 5, T. 45 N., R. 22 W. Outwash occurs 
in connection with both of the moraines near Crom-· 
well, but the largest deposit lies near the inner one. 
The outwash occupies an area of about 5 square miles. 
west of the village, along the Northern Pacific Rail
way. That north of the railroad is outside the lnorainer 
but that on the south is partly within the llloraine. 
The outwash at Brookston is opposite the nlouth of 
Cloquet River and seems to be the west eIld of a 
strip that comes down that river from Bllrnett. It 
is of especial interest at Brookston, for it was there 
carried up St. Louis River from the lnouth of Cloquet 
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River instead of down the valley, the part of the 
valley below the 1110uth of Cloquet River being covered 
by the icc of the Superior lobe. About half a mile 
south of Brookston are exposures showing outwash 
involved in the 1l10rainic material by a forward thrust 
of the ice. There appears also to have been some 
invading of the outwash by forward ice movement in 
other places between Brookston and Burnett. 

TILL PLAIN OR GROUND MORAINE 

Tho till plain between the Wright and Cromwell 
moraines is narrow :in southern St. Louis County and 
northwostorn Carlton County, Minn., its width being 
about tho sn.n1e as that of either moraine. In Aitkin 
County north of Solana, however, it widens to 7 miles. 
The drainage in this plain is rather imperfect and is 
efrocted by several small streams that start in the 
plain or in neighboring moraines. The altitude is 
rolatively high, as may be inferred from the fact that 
the plain is the starting point of drainage lines. 

The plain that lies between the Cromwell moraine 
of tho ICorrick morainic system and the succeeding 
Draco Dloraine of the Nickerson morainic system is 
sorn.cwhat widor than that between the Cromwell and 
vVl'ight llloraines. Though only 3 ~o 5 miles wide on 
tho south side of the lobe, it widens to about 20 miles 
ncar the end of the lobe, in western Carlton County. 
It is narrow also on the north side of the lobe in St. 
Louis County. It is partly occupied by outwash in 
its narrow parts north of St. Louis River and on the 
borders of Willow River. This plain drains partly to 
St. Louis River, of the St. Lawrence drainage system, 
and partly to Kettle River, of the Mississippi drain
age systen1, but the divide here between the two 
systOlns is 1110Stly flat and ill drained. The plain is 
C0111posod largely of clayey till, which is so thick that 
rocl\: exposures are rare. There are slate outcrops, 
however, in secs. 14, 15, 22, and 23, T. 46 N., R. 21 W., 
nnd sec. 9, T. 45 N., R. 20 W. A diabase ridge that is 
cut through by the Minneapolis, St. Paul & Sault 
Ste. Marie Rn.ilway (Soo Line) 2 Iniles south of I-Iarris 
ru.ns across T. 45 N., R. 16 W., from sec. 12 to sec. 31. 

NICIODUSON MOHAINIC SYSTEM AND ASSOCIATED 

GLACIAL FEATURES 

THE MORAINES 

On tho north side of the Superior lQbe the Nicker
son 1l10rai.llic SystCll1 becomes distinct from the ICerrick 
Inol'n.inic system near Grand Lake, Minn. Its outer 
mmnbor, hero designated by the writer the Draco 
moraine, branches off in that locality, and the others 
branch off a fow miles farther east. The Draco mo
raine passes in a southwesterly direction to St. Louis 
R.ivor at Draco. Across the river in Carlton County 
it runs to Big Lake, thence southward by Sawyer sta
tion to Park Lake near Mahtowa, thence southwest
ward to ICettle River west of Moose Lake. 

The middle member, or Cloquet moraine, comes to 
St. Louis River at Cloquet from the north-northeast 
and thence takes a southwesterly course at Atkinson, 
Barnum, and Moose Lake, where it meets the Draco 
moraine and turns east with it to forn1 the undiffer
entiated Nickerson morainic system. 

The inner member, or Thomson morai.ri.e, is inter
rupted by a wide gap at St. Louis River immediately 
north of Thomson and is closely associated with the 
Cloquet moraine northeast of this river. From Carl
ton and Thomson it runs southwestward to Nemadji, 
turns to the south and east, and within a short distance 
coalesces with the other parts of this morainic system. 
For a few miles from Carlton it is a double ridge with 
a narrow gravelly strip between its members. 

On the south side of the lobe from a point near 
Nickerson eastward there is a single massive morainic 
belt that forms the equivalent of the three moraines 
just described. It leaves the State of Minnesota at 
the corner of Pine and Carlton Counties and, in com
bination with the Kerrick morainic system, continues 
eastward into Wisconsin. From the State line west
ward to Nickerson, for 10 miles, its border lies about 
2 miles south of the Pine-Carlton county line, but it 
nearly follows the county line from Moose Horn 
River to Kettle River. The apex of the lobe was a 
mile west of Kettle River at Split Rock Creek. 

The united morainic belt along the Pine-Carlton 
county line is about 4 miles in width. Where the 
members are separate the Draco, Cloquet, and Thom
son moraines are each 1 to 2 miles wide, but near 
the apex of the lobe the Draco moraine spreads out 
to nearly 5 miles. The Cloquet moraine spr.eads out 
near Barnum to a width of 3 miles, and the Thomson 
moraine is of similar breadth just south of Carlton 
if the gravelly plain between its two members is 
included. 

The Nickerson morainic system presents throughout 
a knolly and ridged sill'face of moderate strength. 
Where a moraine of this system overrides or crosses 
the Mille Lacs moraine of the Patrician drift, as the 
Draco moraine does near Moose Horn Lake, its knolls 
are less prominent than the ridges of the older moraine. 
From Moose Lake eastward. to the State line the 
morainic system lies on a high divide and is thus prom
inent as well as compactly morainic. In the turn at 
the apex of the lobe west of Moose Lake the knolls 
and ridges are more scattered than to the east. N orth
west of Moose Lake the moraine is broken by swamps 
and also by drainage channels but still is well defined. 
It has especially rugged features near Big Lake and 
Perch Lake. 

The middle or Cloquet moraine is cut through by 
the outlet of glacial Lake Nemadji east of 1100se Lake 
village, at the place where it makes the turn at the 
apex of the lobe. This outlet is, however, only about 
one-sixth of a mile in average width. From Moose 
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Lake nearly to Atkinson the Cloquet moraine lies high 
on the ridges of the Mille Lacs moraine. Between 
Atkinson and Cloquet it is broken by swamps, drainage 
courses, and outwash. North of Cloquet it includes 
some very prominent lmolls and a short gravel ridge 
of esker type. 

The Thomson moraine is closely associated with its 
outwash plain for several miles west from Nickerson 
and is rather inconspicuous there and around the end 
of the lobe, for it was laid down for a few miles in the 
water of Lake Nemadji. A short distance beyond the 
point where it rises to the north from Lake Nemadji, 
about 5 miles northeast of Nemadji station of the Soo 
Line, it runs over the Mille' Lacs moraine and thus 
attains exceptional prominence. Its course north of 
St. Louis River is also over highlands and along the 
ridges of a Patrician moraine. 

The prevailing type of drift in the Nickerson 
morainic system is clayey rather than sandy. From 
the State boundary westward to Kettle River it is 
c~iefly heavy clay and has relatively few large stones 
embedded in it, and in places even small stones are 
scarce. It may include considerable material derived 
from lake beds which the ice passed over as it moved 
out from the Lake Superior Basin. On the northwest 
side of the Superior lobe from Kettle River north
eastward there is a considerable amount of gravelly 
and loose-textured drift. From Otter Creek to 
Cloquet it is very largely gravelly. The till has a 
larger proportion of clayey drift northeast of St. Louis 
River than for a few miles southwest of that stream. 
Yet gravel knolls and ridges are not rare. In places 
where the morainic ridges of Patrician drift are over
ridden there are many exposures of the older drift 
in cuts of" moderate depth, for the Superior drift is 
a relatively thin deposit. Though each drift is classed 
as red drift, there is a perceptible difference in color 
due presumably to a difference in the rock constituents. 

The rock striations in this morainic system were 
partly produced. by the Patrician ice and partly by 
ice of the Superior lobe. In some places striae of 
both ages are present on a single rock outcrop. In a 
cut on the Soo Line a mile south of Harlis, near the 
outer edge of the Nickerson morainic belt, the younger 
iet bear S. 62° W. (magnetic) and the older set S. 20°-
30° W. Outside' the moraine 2 miles south of Harlis 
only the older set is present with magnetic bearing S. 
20°-32° W. Near Moose Lake striae produced by 
the Superior lobe bear nearly due west, and in Duluth 
and westward past Carlton those formed by the 
Superior lobe in high ranges bear west or slightly north 
of west. Lower down along the slope toward the 
Lake Superior Basin they commonly bear a little· 
south of west. North of Atkinson near Park Lake 
are striae bearing about N. 60° W., including heavy 
furrows an inch in depth. 

OUTWASH DEPOSITS 

Outwash deposits of considerable extent are found 
in many places in connection with the Nickerson mo
ramic system. On the south'side of the lobe' there is an 
area of about 10 square miles south of Willow River 
lying between the Kerrick and Nickerson morainic 
belts which is occupied by rather sandy gravel. 
Another plain of sandy gravel covermg several square 
miles lies on the north side of the most prominent mo
raine of this system and is probably a dependency of the 
Thomson moraine. It stands higher than the land to 
the north, which was covered by ice at the time this 
outwash was laid down and later by the waters of Lake 
Duluth. 

At the end' of the Superior lobe and the outer border 
of the Nickerson morainic system there are snlall areas 
of sandy gravel outwash, one east of I{ettle River Sta
tion on the Soo Line and one east of Glassy Brook. 

Outwash of coarser grade is found near Barnum,' 
outside the Cloquet moraine. It extends south about 
to Moose Lake. and extensive gravel pits have been 
opened in it by the Minneapolis, St. Paul & Sault Ste. 
Marie Railway Co. Another 'deposit inside the Clo
quet moraine south of Atkinson covers about 3 square 
miles, and east of AtlPnson is an area of about 10 
square miles of gravelly outwash lying outside the 
Thomson moraine. 

An area of undulating gravelly land covering about 
3 square miles lies northwest of Park Lake, and farther 
north there are ridges of gravel in the vicinity of Saw
yer station and northward t.O Big Lake. Although 
these areas are ~ot outwash plains, they seem to have 
been developed by water action along the ice border, 
where conditions were not favorable for spreading out 
the gravel. The ice probably overlay much of these 
areas, for surface boulders are not uncommon on the 
gravel. Between Big Lake and Cloquet plains of out
wash gravel occur in steplilm succession from higher to 
lower toward Carlton either from Big Lake or from 
Oloquet. In each of these steps the tread is an out
wash plain or glacial drainage line, and the steep slope 
down to the next step marks the correlative position 
of the ice border. In some places boulders and till or 
cobbly drift are to be seen in these steep slopes. 

A conspicuous channel'lmown as the Scanlon chan
nelleaves St. Louis River at Scanlon and runs south
westward to Atkinson. There it branches; one branch 
is followed by the Northern Pacific Railway to Moose 
Lake and the other passes southward and turns west on 
the inner side of the Cloquet moraine. The southern 
branch is a slightly lower channel and was probably 
utilized as a line of glacial drainage after the one now 
followed by' the Northern Pacific Railway had been 
abandoned. The Scanlon channel seems to have carried 
a volume of water considerably greater than the present 
St. Louis River and to have been a line of glacial drain
age for a large area on the northwest side of the Supe- . 
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rior lobe, and possibly it carried water from the melting 
of ice that CaIne in frOln the northwest, whose south
east edge at this tinle seems to have been but a short 
clistance from the northwest edge of the Superior lobe. 

The glacial drainage of the Nickerson morainic 
system seems to hELve increased in strength with the 
developlnent of each moraine. The drainage on the 
south down Willow River was weak and the streams 
do not seem to have been large at the time the morainic 
system was being started. There was also drainage of 
a sim.ilar sort in the west side of the lobe, through the 
meadows and swamps that extend southwestward 
from Big Lake to I{ettle River. On Glassy Brook 
more vigorous drainage seems to have been in opera-. 
tion. In northern Carlton COlmty and the region 
north of St. Louis River there seems to have been 
westward flow through low passages and swampy 
tracts, but the line of escape of the waters has not been 
worked out. While the Cloquet moraine was being 
formed the drainage on the n~rthwest border of the 
Superior lobe became vigorous. The glacial streams 
flowed down the course now taken by the Northern 
Pacific Railway from Atkinson to Moose Lake, the 
ice at that time being present in the part of the Scanlon 
channel east of Atkinson. This drainage was fed 
from points as far northeast as Cloquet through the 
outwash strips noted above. The Scanlon channel 
and the channel leading south from Atkinson were 
fonned 'as a result of drainage during the recession of 
the ice sheet to the 'l'hOlnson moraine and the develop
ment of that moraine, and eventually th·e glacial 
stream flowed ~to Lake N emadji and discharg~d 
through the Cloquet moraine past Moose Lake. 

TILL PLAINS OR GROUND MORAINE 

On the south side of the Superior lobe the Nickerson 
morainic system is not separated into distinct members 
with mtervening plains. On the northwest side, 
where there are separate moraines, the intervenin.g 
areas are partly occupied by outwash gravel and sand, 
partly by channels of glacial drainage, and partly by 
till plains. Between the Draco and Cloquet moraines 
a small till plain is found in parts of secs. g, 16, 17, 
and 19, T. 46 N., R. 19 W., north and west of Moose 
Lake. The Inaterial is undulating till at the south, 
but this gives place toward the northeast to bare slate 
in sections 2, 3, and 10. Another till plain lies west of 
Mahtowa in sees. 6 and 7, T. 47 N., R. 18 W., and 
sees. I, II, 12, 13, and 14, T. 47 N., R. 19 W. Farther 
north, nearly west of Atkinson, is a narrow till plain 
that spreads out to a width of almost 3 miles and 
trends northward to the Northern Pacific Railway 
between Iverson and Sawyer station. . An area of till 
plain nearly surrounded by outwash runs from the 
Draco moraine at the north end of Big Lake for 4 
miles eastward and is about a mile wide. Above 
Cloquet on ea,ch side of St. Louis River there is a till 

plain which covers several sections in T. 49 N., R. 
17 W., and the southeastern part of T. 50 N., R. 17 W., 
an area of about 12 square miles, of which 5 square 
miles is west and 7 east of the river. There is a small 
area of till plain between the Thomson .and Cloquet 
moraines northeast of St. Louis River, though these 
moraines generally are close together there. Parts of 
sees. 7, 8, 9, 10, 11, 16, 17, 18, 20, and 29, T. 49 N., 
R. 16 W., may perhaps be better classed as till plain 
than as moraine. To the southwest from St. Louis 
River as far as the edge of Lake.Nemadji the interval 
between the Cloquet and Thomson moraines is nearly 
all occupied by outwash plains and glacial drainage 
channels. 

FOND DU LAC'MORAINE (DEPOSITED IN WATER) 

The Fond du Lac moraine, here named by the writer 
from Fond du Lac, Minn., is water-laid so far as it 
stands out separately from the morainic systems 
with which it connects at its two ends. It leaves the 
Highland morainic system that lies north of the west 
end of Lake Superior in the southwestern part of Du
luth and crosses St. Louis River at Fond du Lac. Its 
inner slope is on the Wisconsin side of the State line 
opposite Fond du Lac but its outer border is in Minne
sota. It leads southwestward through T. 48 N., R. 16 
W., the northwestern part of T. 47 N., R. 16 W., and 
the southeastern part of T. 47 N., R. 17 W., and thence 
swings around to the southeast and east through the 
northeastern part of T. 46 N., R. 17 W., and the cen
tral part of T. 46 N., R. 16 W., and becomes merged 
with the Nickerson morainic system on the south side 
of the Superior lobe, near the State line. The part of 
this moraine running southwest from Fond du Lac 
has a relief of 75 to 100 fe.et on the inner border in 
much of its course but has scarcely any relief on the 
outer border. It rises lesso prominently on the' inner 
border at the end of the 10b13 and on its south side. 
Ravines and railroad cuts in the prominent part south
west of Fond du Lac show a large amount of fine sand 
and nearly pebbleless clay capped by a few feet of 
boulder clay. The glacial material thus seems to be 
banked against and spread lightly over a thick deposit 
~f water-bedded material. As the entire moraine lies 
within the limits of the highest shore line of glacial 
Lake Duluth and is below the level of that shore line, 
the ice lobe was probably bordered by ponded waters 
and dropped its boulders and till in deposits laid down 
by these waters. 

The portion of the bed of Lake Duluth to the north 
of this moraine is generally covered with sandy depos
its, but around the end of the lobe and on its south 
border the sand is much less c<}llspicuous and red clay 
usually occurs at or near the surface. The district 
lying inside the moraine in Carlton County, Minn., is 
almost entirely a plain of red clay. In this red clay 
are embedded a few stones which suggest glacial deri-
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vation. It is a widespread deposit in northern Wis
,consin and Michigan, as well as in Carlton County, 
Minn., and occurs in a narrow strip along the north 
'side of Lake Superior from Duluth northeastward 
into Canada o within the limits of Lake Duluth or' of 
.smaller lakes that preceded Lake Duluth. Its char
,acteristies and probable relation to the Superior glacial 
10 be and to glacial lakes are considered more fully 
·below. 

:HIGHLAND MORAINIC SYSTEM AND ASSOCIATED GLACIAL 

FEATURES 

MORAIN AL DEPOSITS 

The Highland morainic system takes its name from 
.Highland station on the Duluth. & Iron Range Rail
road, in the southwestern part of Lake County, Minn. 
It is the equivalent of the entire series of moraines 
just described, from the Wright to the Fond du Lac, 
·both. inclusive. Northwest of Duluth it is separable 
into two great morainic belts, between which there is 
a till plain that surrounds Wild Rice Lake and occupies 
;an area of about 50 square miles; but from the east 
.side of Duluth northeastwa~d for more than 60 miles 
:it is a single massive morainic system from 4 to 6 miles 
:in general width but in places reaching 7 to 8 miles. 
Its inner border is only 1 to 2 miles from Lake Superior 
'back of Duluth, but thence bears inland and is 9 to 12 
:miles from the lake in Lake County. In the vicinity 
of Duluth its highest points are about 1,500 feet above 
·sea level, or 900 feet above Lake Superior, and it covers 
the slope toward Lake Superior to a level below 1,200 
feet. It increases gradually in altitude toward the 
northeast and reaches about 2,000 feet in eastern Lake 
County. In this highest part, in T. 59 N., Rs. 7 and 
8 W., this morainic system meets a correlative morainic 
system formed by the southward-moving Patrician 
ice sheet, and its great prominence is due in some degree 
to the heaping up of drift at the junction of the two 
ice shee·ts. Some of the drift ridges there are 100 feet 
·or more in height. The morainic system changes to 
a series of eskers or gravelly ridges near the corner of 
·Tp~. 59 and60N., Rs. 6 and 7 W., and these ridges con
tinue northeastward into the western edge of Cook 
County and appear to mark the line of junction of the 
Superior lobe with the Patrician ice sheet. 

The Highland morainic system is prevailingly of 
the strong knob and basin type, with knobs or ridges 
of drift rising abruptly to heights ranging from 25 to 
75 feet or more above the intervening basins and low 
ground. Some of the basins and low swampy tracts 
are completely surrounded by higher land and have no 
drainage over the surface. Others are winding depres
sions through which drainage courses run. The lakes 
interspersed with the drift knolls and ridges of this 
morainic system are not so many nor so large as those 
found among the rock hills and ridges farther north, 
in Cook, Lake, and St. Louis Counties. Wild Rice Lake 

has an area of but little more than 2 square miles, 
and no others reach 2 square miles. The drift is gen
erally loose textured and contains many cobblestones 
and small boulders. There is, however, enough fine 
material in the matrix to produce a rather loamy soil. 
The diabase of Beaver Bay, which forms a notable 
constituent of the drift, seems to have contributed 
material that weathers into a loamy rather than sandy 
soil. The soil is therefore classifiable as stony loam. 
This moraine has been brought under cultivation with 
good results in the vicinity of Duluth, but elsewhere 
it, is .largely undeveloped, and much of it is still in 
hardwood forest. 

OUTWASH DEPOSITS 

Outwash deposits are conspicuous on the border of 
the Highland morainic system for most of its course 
in Lake and St. Louis Counties, and Cloquet River 
now flows through the outwash district. The out
wash is present for a few miles farther northeast than 
the head of the Cloquet River, but the line of dis
charge from the ice was down that valley. The out
wash ranges in width from less than a mile to 4 or 5 
miles. It consists in many places of rather coarse 
cobble and gravel, and little of it is fine and sandy. 
There were numerous points of discharge of water from 
the ice lobe, and at such places the material is excep
tionally coarse. The ice in some places readvanced 
into the outwash area and introduced boulders and 
other morainic material and roughened the surface to 
some extent. Such disturbances were noted as far 
down as Brookston. 

INNER BORDER TILL PLAIN 

A strip of land 1 Vz to 3 miles or more in width having 
a gently undulating surface such as is characteristic 
of till plains lies on the inner or southeast border of 
the Highland morainic system in Lake County and 
the southeastern part of St. Louis County. • Its soil 
is somewhat better than that of the moraine, and a 
considerable part of it has already been brought under 
cultivation. 

LATER MORAINES IN NORTHEASTERN MINNESOTA 

A narrow morainic strip, scarcely more than a mile 
in average width, was traced from Baptism River west 
of Finland southwestward for nearly 50 miles, or to Q 

a point within 8 or 10 miles of Duluth. Its drift is 
more lrnolly and of looser texture than that in the till 
plain back of it just described. This moraine may 
continue to the northeast beyond Baptism River, 
but rock knobs are so conspicuous there as to make 
its identification rather difficult and to break it up 
into isolated knolly spots or strips. 

A later moraine than that just noted sets in on the 
Lake and Cook County line, only 2 or 3 miles from 
the shore of Lake Superior, and leads northeastward 
beyond the meridian of Grand Marais, Minn. It is 
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generally 6 to 10 miles back from the lake shore and 
has a width of 1 to 2 nliles. It passes along the north 
side of Devil Track Lake and was traced northeast
ward about 8 miles beyond this lake to Brule River. 
To the north of Brule River there is a rough rocky 
region in which it Inay be difficult to identify the 
IllOl'ame. This nloraine lies back of the Sawtooth 
Range, in a district where the drift is heavy enough 
for the nl0rainic features to stand out with some clear
ness. The drift is stony and loose textured and the 
areH. contains SWaInps of considerable extent and there
fore has not been developed for agriculture. 

A still later nloraine was traced from a point near 
the lllouth of Cascade River northeastward for several 
miles. This is thought to continue across Cook County 
to the Canadian border, crossing Brule River in the 
southwestern part of T. 63 N., R. 3 E., and passing 
west of Toms Lake and COIning to Pigeon River in 
T. 64 N., R. 4 E. After passing Devil Track River 
it follows the eastern edge of a prominent rocky area 
and marks the west limit of a district with considerable 
drift and much swanlp land. Immediately above the 
place where, according to Elftman,5 the Inoraine reaches 
the Canadian border there is a lowland extending back 
several nliles west fr01n Pigeon River, nearly across 
T.64 N., R. 3 W., in which the drift deposits are heavy. 
This lowland has a nearly smooth surface and is thus 
in contrast with the lmolly moraine to the east and 
with the rock ridges to the north and south, 

To the east of this moraine, in eastern Cook County, 
about half the surface is in rock ridges and the other 
half is in swamps and drift deposits of grotmd-moraine 
rath('r than tenninal-moraine type. North of Grand 
POl'tngo is an area in which lake clay occupies the low 
areas botween the rock ranges, for it stands below 
the level of glacial Lake Duluth. 

MORAINES OF NORTHERN WISCONSIN 

OU'l'lilR MORAINIC SYSTEM 

FrOlll a point near the Minnesota-Wisconsin State 
line eastward across northern Wisconsin the several 
l110raines that have been traced around the end of the 
Superior lobe in Minnesota are combined into a massive 
SystClH 8 to 15 nulcs in width whose members are 
disti-net n,t only a few places where narrow strips of till 
plain and swamps or snlall outwash plains separate 
them. The outer or southern edge of this morainic 
system enters Wisconsin about 28 nllies south of Supe
rior, in the northern part of T. 44 N., R. 15 W.; the 
inner edge is 10 to 12 nules farther north, in the north
ern part of T. 46 N., R. '15 W. In its course across 
Douglas County the nlorrune lies mainly on the north 
or Great Lakes side of the divide, but in places it 
extends a short distance into the drainage area tribu
tary to the }'1ississippi. Its general course is slightly 

6EHtmoD, A. 11., Am. Geologist, Y01. 21, pI. 11, 1898. 
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north of east and its constituent ridges trend nlainly 
in the same direction. In this respect they differ from 
the ridges in the district outside of this morainic 
system, which trend more nearly south. The drift is 
also somewhat different in character from that of the 
outlying district, containing more red clay. On the 
soil map of the northern part of northwestern Wiscon
sin that accompanies Bulletin 32 of the Wisconsin 
Geological and Natural History Survey the soil in the 
outlying district in western Douglas County is classed 
as Millen silt loam and that in the moraine is termed 
Millen loam. According to that map, the boundary 
between these two classes of soil follows very closely the 
southern edge of this morainic system for 8 or 9 miles 
east from the State line, but not farther east. It is 
the present writer's opinion, however, that distinctions 
in texture continue eastward to the Brule-St. Croix 
channel, though perhaps in less marked degree than in 
the part represented on the map cited. 

In Bayfield County the prominent Bayfield Penin
sula is occupied by an interlobate moraine belt for its 
entire length,' and morainic features also appear on 
Oak Island, of the Apostle group. This morainic 
belt was formed between a sublobe that occupied the 
extreme west end of the Lake Superior Basin and 
another that projected into the lowland east of the 
peninsula, at the south end of the Chequamegon Bay. 
This interlobate belt consists of sandy and somewhat 
stony drift, which is classed, on the soil map of the 
Wisconsin Geological and Natural History Survey 
under three names-Vilas sand, Plainfield sand, and 
Superior sandy loam. Depressions extending back 
into this morainic system in' the northeastern part of 
the peninsula contain a much heavier clayey drift, 
which is classed on the soil map as Superior clay. 
These depressions were almost entirely covered by' 
glacial Lake Duluth, whereas only a small part of the 
loose-textured moraine was thus submerged. In the 
lnidst of this interlobate morainic belt there are strips 
of outwash plain filling the space between the ridges 
and knolls, but the greater part of the interlobate belt 
is characterized by sharp knobs and deep basins. The 
general width of this interlobate morainic system with 
its included outwash plain is about 12 miles. A great 
outwash plain extends from its south end to St. Croix 
River and to Eau Claire River a small eastern tiibutary 
of the St. Croix that drains the Eau Olaire Lakes. 
This outwash plain fills a great recess at the junction 
of the two sublobes just noted and slopes southwest
ward from the edge of the morainic system. 

From this interlobate area the mocainic'system con
tinues southeastward into western Ashland County 
and thence eastward across Ashland and Iron Coun
ties and, northern Vilas County into' Gogebic County, 
Mich. I t covers the Penokee iron range as well as 
lower land both north and south of it in western Ash
land County, but fronl Bad River eastward it lies 
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mainly south of the iron range. Slender moraines 
north of the range in these counties were formed as the 
ice border was receding from the range in to the Lake 
Superior Basin. One of these smaller moraines is 
merged with the main morainic system from Bad 
River westward but lies some miles north of it in the 
district east of Bad River. 

The Millen loam is mapped by the Wisconsin Geo
logical and Natural History Survey as the most exten
sive soil class in this morainic system in southeastern 
Bayfield County and Ashland County, but the soil 
in the vicinity of Long Lake is represented on the map 
as the Vilas sand. The morainic system there includes 
a few kames and gravelly ridges. In the district out- . 
side this morainic system the soil is classed mainly 
as the Vilas sand from Cable eastward into Ashland 
Coun ty and as the Kennan loam in the vicinity of 
Glidden. 

Rock knobs and ridges of the Penokee iron range 
and also Keweenaw rocks crop out at many places in 
this morainic system from the north side of N amaka
gon Lake eastward to the vicinity of Mellen. East of 
Mellen the moraine lies mainly south of the rangtS, 
9Jld rock outcrops are rather rare. 

On the soil map of Vilas County this morainic sys
tem is shown as consisting largely of the Kennan fine 
sandy loam, and in the district outside of it the main 
soil classes are the Vilas sand and the Plainfield sands. 
The change from the Kennan to the Vilas and Plain
field soils is made directly at the border of this mo
rainic system or within a mile or so of it from the west 
border of the area included in the soil map (the line of 
T. 43 N., Rs. 2 and 3 E.) eastward to Donaldson, in 
sec. 33, T. 43 N., R. 10 E., or for a distance of 40 miles. 
A large outwash plrun east of Donaldson covers the 
district north and west of Lac Vieux Desert on the bor-: 
del' of this morainic system, in Gogebic County, Mich. 
The Vilas County soil map represents the Kennan 
series of soils as covering large areas south and east 
of Lac Vieux Desert outside the limits of this morainic 
system. The soil distinction between the morainic 
ar~a and the outlying districts, which is so marked to 
the west, therefore seems not to be maintained east of 
Lac Vieux Desert, but in that region there is a notice
able difference in the constitution of the drift of the. 
moraini~ system and that outside. The morainic 
system contains abundant Keweenawan rocks, which 
were brought in from the northwest, but in the out
lying district such rocks are rare and the drift consists 
largely of materials from formations that crop out to 
the north or northeast. 

This morainic system i~ a' 'pronounced . feature 
throughout its course across northern Wisconsin. 
Although many of its knolls are but 10 to 15 feet high, 
they are closely aggregated and form an intricate net- ' 
work that is in striking contrast with the greater 
part of the outlying district, in. which slopes are 

smoother or less humnlocky, even where the ridges 
are prominent. Some knolls of the lnorainic system 
are 75 to 100 fee~ high, and knolls 30 to 40 feet high 
are to be seen in nearly every township it traverses. 
The interlobate moraine of Bayfield County includes 
many large knolls, and they abotmd around Long 
Lake and in northern Vilas County along the Wis
consin-Michigan State line. In that area the swamps 
and lakes are 100 feet lower than the most pronlinent 
drift ridges and knolls on their borders. 

To the west of the interlobate moraine that extends 
across western Bayfield County and Douglas County 
the morainic system includes some large swanlps, in 
which a few low drift knolls are present. There is 
relatively less swamp land to the east of this interlo
bate tract within the morainic systeln itself, but very 
extensive swamps lie just outside of it in Vilas County 
and part of Iron County. A swamp covering 18 to 20 
square miles on the inner border extends immediately 
south of the Duluth, South Shore & Atlantic Railway 
for several miles west from Bibon Junction. 

Lakes are especially numerous in the nl0rainic 
system in northern Vilas County, Wis., and the adja
cent part of Gogebic County, Mich. Surrounded by 
wooded hills and well stocked with fish, they constitute 
attractive and popular resorts for summer tourists or 
persons seeking relaxation. 

The drift throughout the Wisconsin portion of the 
morainic system is of reddish color, because it includes 
Keweenawan rocks of red tinge, as . well as a liberal 
amount of the red sandstone of the Lake Superior 
region. Iron ore from the Mesabi range and slate 
from the western part of the Lake Superior Basin are 
well represented in the drift in Douglas County, 
but, as noted above, these constituents seem to have 
been brought in by an earlier ice movement than that 
which formed this morainic system and were worked 
over and incorporated in its drift. Limestone pebbles, 
which occur sparingly in the drift of this morainic 
system, as well as in that of the plain bordering the 
west end of Lake Superior, are not so easily traced to 
their source or interpreted in terms of ice movement. 
I t is not yet known whether they have come from 
formations in Manitoba or from those bordering 
James Bay. Nor has it been determined to what 
extent limestone of Pale070ic age has covered the 
western part of the Lake Superior Basin. The presence 
of limestone formations near the head of K.eweenaw 
Bay in Baraga County, Mich., and the widespread 
presence of chert from limestone formations in the 
region south of Lake Superior, give some support to 
the view that limestone formations may at one time 
have extended much farther west than their present 
known limits in this basin. 

LATER MORAINES 

The moraines in Wisconsin between the outer 
morainic system and the shore of Lake Superior are 
weak and fragmentary. A few isolated areas of 
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rolling drift, surrounded by smooth plains of lower 
nltjtude, occur in the district west of the interlobate 
Dlorainic belt on the Bayfield Peninsula, and a smaller 
nmnber on the east slope of the peninsula. There are 
also long lnorainic spurs projecting out into the plain 
that borders Lake Superior. One of these spurs runs 
eastward through Mason about to the east line of 
Bayfield County, or fully 12 miles from the point 
where it connects with the great interlobate moraine 
east of Pike River station. It is only about 2 miles 
wide and stands only about 3 miles north of the inner 
edge of the ~ain nlorainic system in easte"rn Bayfield 
COlmty. 

In the vicinity of Saxon there .are two moraines 
separated by a narrow valley that served as a line of 
glacial drainage outside the inner or north moraine. 
The outer of these moraines nms southwestward to 
Bad River, about 3 miles north of Millen, and a short 
distance beyond that stream it becomes merged with 
the main Inorainic system. It has a general width of 
less than 2 miles, and its knolls are generally only 
10 to 20 feet high, but they are closely aggregated. 
The inner moraine ·bears directly away from the outer 
one just west of Saxon and runs to the Lake Superior' 
shore at Point Clinton; about 18 miles east of Ashland, 
Probably at the tiIne this moraine was being formed, 
the ice extended over the Apostle Islands, and it may 
have covered the northeast end of the Bayfield Pen
insula, but it appears not to have reached the present 

C shore of Lake Superior between Point Clinton and 
Ashland. At that time there seems to have been a 
glacial lake, discussed below as Lake Ashland, which 
covered the low country in Ashland County and 
eastern Bayfield County and was drained across the 
Bayfield Peninsula near Pike River. It IS thought that 
the lake outlet may have been forced to take this lme 
of discharge because the ice was still restmg on the 
north end of the Bayfi~ld Peninsula, and that upon the 
openmg of a passage around the north end of the pen
insula the lake waters were drawn down a few feet, 
or to the level of the lake that occupied the part of 
the Lake Superior Basin west of the penmsula. 

MORAINES OF THE WESTERN PART OF THE NORTHERN 
PENINSULA OF MICHIGAN 

OUTER MORAINIC SYSTEM 

The outer morainic system is more dj.ffuse and com
plex in the western part of the northern peninsula of 
Michigan than in northern Wisconsin. It curves 
around frOln an eastward to a southward course in Iron 
County and neighboring parts of Houghton, Baraga, 
Marquette, and Dickinson Counties. In places it is 
spread over a width of 30'miles, in which narrow strips 
of till plain and gravel plain lie between morainic ridges. 

. The outer border COlnes mto Michigan near State 
Line station of the Chicago & Northwestern Railway, 
in southeastern Gogebic County, and has a general 

eastward course across T. 44 N., Rs. 39 and 38 W., to the 
Iron County line, following the edge of the plain of out
wash that lies northwest of Lac Vieux Desert in R. 39 
W., but crossing over ridges of till northeast of that 
lake in R. 38 W. Upon entering Iron County the bor
der turns abruptly to a north-northeast course which 
it follows for about 10 miles, k~eping on the northwest 
side of a gravel outwash plain drained by headwaters 
of Paint River in Tps. 44 and 45 N., R. 37 W. It then 
turns eastward near the corner of Tps. 45 and 46 N., 
Rs. 37 and 36 W., and follows the course of Paint River 
eastward and southeastward to Brule River at the 
Wisconsin State line. In a few places its knolls lie' on 
the south side of the stream, but generally the stream 
is in an outwash plain a mile or more outside the mo
rainic border. There are also till ridges between this 
moraine border and Paint River in the southern part 
of T. 45 N. and northern part of T. 44 N., Rs. 34 and 
35 W. Outwash strips from the morainic system fill 
the low places between the till ridges and connect with 
the outwash along Paint River in these townships. 
West of Crystal Falls the morainic border for a few 
miles is close to Paint River and in plBJces south of it: 
South of Crystal Falls there are a few knolls in the out
wash plain west of Paint River that may belong in this 
morainic system. T,he outwash greatly interrupts the 
continuity of the morainic border both east and west of 
Paint River from Crystal Falls southward to the Wis
consin State line. In places above Crystal Falls strips 
of outwash come through the outer portion of the mo
rainic system from its middle part and thus break the 
continuity of the moraine. 

In Gogebic County there are two prominent mo
raines in this morainic system which are separated by 
a strip of till plain 2 to 4 miles wide for a distance of 
25 miles, from the eastern part of T. 45 N., R. 45 W., 
to the eastern part of T. 45 N., R. 41 W. Farther east, 
across T. 45 N., Rs. 40 and 39 W., the moraines are 
separated in places by strips of sandy outwash. The 
outer of these has a general width of about 8 miles and 
lies partly in Wisconsin. The inner moraine has a 
width of 2 to 5 miles or more and lies almost entirely 
in T. 46 N., Rs. 40 to 45 W. Its inner border passes 
the south end of Gogebic Lake. The village of Waters
meet, Mich., stands between the two moraines in the 
outwash plain just noted. The inner moraine for a 
few miles in the vicinity of Watersmeet covers the 
northern part of T. 45 N., Rs. 39 and 40 W. 

In eastern Gogebic County, southeastern Ontonagon 
County, and northwestern Iron County the morainic 
system has exceptional width and prominence an'd is 
not so clearly separable into distinct moraines as in 
western Gogebic County. The inner ,border is irregu
lar, with spurs of moraine projecting 2 to 4 miles into 
a plain in Ontonagon County and southwestern Hough
ton County. One of these spurs extends into the south
eastern part of T. 48 N., R. 39 W. Still farther north, 
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in eastern Ontonagon County, isolated morainic areas 
surrounded by plains lie between this morainic systenl 
and the later ones described below. 

The morainic system again becomes divided into two 
strong moraines with an intervening outwash plain in 
northern Iron County and southern Houghton and 
Baraga Counties. The outer moraine of these two lies 
en tirely in Iron County; nearly all of the inner one 
lies in Houghton and Baraga Counties. The inter
v'ening outwash plain lies along the borders of the three 
counties and occupies an area of 60 to 70 square miles. 
It is widest immediately outside the inner moraine, in 
southern Houghton County and southwestern Baraga 
County. (See pI. 5.) The outer moraine has a width 
ranging from 3 or 4 miles to fully 10 miles in northern 
Iron County and as far southeast as Crystal Falls, but 
east and south of that town it is poorly developed and 
buried in outwash. The inner moraine lies 1 to 3 miles 
south of the Duluth, South Shore & Atlantic Railway 
for the entire width of Houghton and Baraga Counties 
and runs to the west shore of Michigamme Lake in 
western Marquette County. It then bears southeast
ward across southwestern Marquette County and south 
ward along the line of Iron and Dickinson Counties to 
Menominee River above Iron Mountain. 

In southern Marquette County and northern Dick
inson County the ice moving southwestward from the 
vicinity of Marquette was opposed by the westward 
spreading of the Green Bay lobe. Several townships 
in the area of converging and conflicting ice movements 
have morainic features, and these should perhaps be 
included in the great morainic system under discussion. 
Among the morainic ridges there is a network of glacial 
drainage channels, now largely of swampy character 
but carrying deposits of sand or gravel in the drier 
parts. There are, also narrow strips of clayey till 
plain, chiefly in the western half of Dickinson County. 
Areas with nearly bare rock surface are also present, 
including one that covers several square nliles around 
the corner of Tps. 43 and 44 N., Rs. 28 and 29 W., and 
a still larger area" in the southern part of the county, 
extending from Sturgeon River westward to Me
nominee River. A network of glacial drainage lines 
runs through both of these rocky areas and continues 
southward across Ivfenominee River toward the end of 
the Green Bay lobe. 

A part of this morainic systenl falls within the 
Perch Lake, Ned Lake, Witbeck, Iron River, Crystal 
Falls, and Sagola' quadrangles and th~ Menominee 
special area, which are' covered by contour ,maps of 
the United States Geological Survey. Although these 
maps are not up to .the present standards of mapping 
by the Geological Survey, they show fairly well the 
amount of swampy land and the closeness, or diffuse
ness of grouping of the drift knolls and ridges. The 
ruggedness of parts of the Menominee special area is 
0.ue to rock ridges, and so are the hills near Mansfield, 

but elsewhere the rock ridges inside this moraInIC 
system are usually inconspicuous and less prolninent 
than the morainic knolls. Few of the knolls exceed 
50 feet in height, and most of them are 25 feet or less. 
They are generally without system in arrangement. 
In places they stand close together in groups, but as a 
rule they are rather diffusely scattered over swampy 
and nearly level tracts. In the outwash plains basins 
are numerous, some of which are well represented on 
the Perch Lake topographic map. (See pI. 5.) 

The highest parts of this morainic system in the 
northern peninsula are more than 1,800 feet above sea 
level, and a considerable part is above 1,600 feet, as 
may be seen by reference to Plate 2. The high altitude 
is due to the prominence of the underlying rock, for 
t he drift is estimated to have an average thickness of 
less than 100 feet. There are records of a thickness' 
of 200 feet or more, but these are at places where 
borings have been sunk in preglacial valleys, and in 
such places the present surface is usually lower than 
on the interfluvial preglacial ridges. Were the drift 
to be stripped off this region it would show more ' 
difference between ridges and valleys than now appears. 
Thus in southern Baraga County, where the rock 
ridges reach an altitude of 1,800 feet above sea level, 
the rock beds of valleys near them lie at about 1,400 
feet, or 200 feet lower than the present valley bottoms. 
The altitude of the rock surface decreases southward 
from Baraga County across eastern Iron County and 
neighboring parts of Marquette and Dickinson Coun
ties. The inner or eastern part of the morainic system 
in Marquette and Dickinson Counties is also consider
ably lower than the ,outer part, the altitude being 
1,400 to 1,500 feet in the outer part and 1,000 to 1,100 
feet in the inner part·in Dickinson County. In con
sequence of this eastward decline in alti~ude, the lines 
of ice-border drainage shifted eastward with the re
cession of the ice and so developed the complex net
work of channels referred to above. The southward 
descent along these lines of glacial drainage is more 
gentle than the eastward descent across the morainic 
system, but on account of the presence of the ice in 
the lower country to the east the only lines of escape 
for the glacial streams led southward. When the ice 
that then covered the Green Bay lowland disappeared 
the streams naturally took southeastward courses to 
Green Bay in tbe direction of steepest slope. 

The drift of this morainic system throughout its 
course in the northern peninsula of Michigan is very 
largely of loose texture ,and very stony, especially in 
the morainic knolls and ridges. It is strikingly dif
ferent from the drift in the plains to the north, which 
is in large part a heavy clay. It contains enough 
material from iron-bearing fornlations and from the 
red sandstones to give it a red tinge. There are a few 
short eskers in the midst of the nlorainic system, most 
of them not more than 25 feet high nor more than a 
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mile in length. They ru'e found n1ainly in the swalnpy 
strips that cross the moraines or wind about among 
the knolls and ridges. 

OUTWASH DEPOSITS AND 'GLACIAL DRAINAGE 

The ou twash plain around the head of ~ris('onsin 
River and Lac Vieux Desert is lnentioned above. 
This river served as the line of discharge for several 
miles of the ice border when the outer part of the 
morainic systeu1 ~as being forn1ed. As the jce mel ted 
back to the inner part of the lnorainic system there 
was SOlne outwash into low areas on its border, but 
the deposit is of sandy rather than gravelly character, 
and probably the discharge was not so free as that from 
the outer border. The sandy deposits are to be seen 
along or near the Chicago & Northwestern Railway 
frOln Waterslneet westward nearly to the south end 
of Gogebic Lake. 

The Paint River Valley afforded a line of discharge 
for glacial waters fron1 the outer part of the morainic 
systCln in Iron County, Mich. There is a gravelly 
plain 1 to 2 nllies wide along the strean1 in the western 
pru·t of the county and another plain fully as wide 
below Crystal Falls. But in central Iron County 
Pnint River cuts across sonle outlying till ridges with 
north-northeasterly trend and also the troughs or 
swales that lie between the ridges. At the ridges the 
valley is narrow, but at the troughs it widens out, in 
SOlne places to 2 or 3 lniles or lnore. These low tracts 
seen1 to have been flooded and thus coated wit4 de
posits of sand at the tinle the nlorainic system tp the 
north was being fOrIned. Part of the sand and gravel 
in these troughs 'lnay, have ,been, laid- downcduring-the 
recession of the ice border prior to, the development 
of this lnorainic system. In support of this view 
there are basins and also surface boulders in these 
strips of sandy gravel so far outside the border of the 
morainic systeul that they probably have no connection 
with it. 

The pOl·tlOn of an outwash gravel plain that lies ill 
the northwestern part of the Perch Lake quadrangle 
and the 11loraine north of it are shown in Plate 5. 
This plain is north of the present divide between the 
Lake' Superior and Lake Michigan Basins, but as its 
altitude is a little higher than that of swampy channels 
which lead south and southeast across the divide, 
discharge through the channels probably took place 
during the developl11ent of this outwash plain and the 
moraine north of it. One channel leads so~thward 
past Marten Lake to Golden Creek, a tributary ?f 
Paint River 2 I11iles southwest of Perch ~ake. It IS 
slightly n10re than 1,520 feet above sea level, whereas 
the altitude of the outwash plain is 1,540 to 1,560 feet 
or more. Another channel that leads eastward from 
Perch River to Ned River about 2 miles south 'of the 
Bru'aga,;,Iron County line is less than 1,520 feet above 
sea level and probably carried pru·t of the discharge 

, £rOnl this outwash plain. 

From southwestern Marquette County and western 
Dickinson County the Michigamme Valley afforded a 
southward line of discharge to the Menominee after 
the ice border had shrunk tQO far to the east to find a 
southward outlet down Paint River. Still later the 
Sturgeon River Valley served as a line of discharge, 
though the glacial drainage depru·ted in ,places from 
the present course of that stream. 

LATER MORAINES 

The later nloraines of the western pru't of the north
ern peninsula of Michigan fornl a system whose mem
bers are in places separated and in places combined 
into a single' broad morainic belt. On the whole, 
the moraines are more distinctly separated than those 
in the outer morainic system. They have courses 
that were controlled to some degree by the topography 
and by the outline of the shore on the south side, o£ 
the Lake Superior Basin. Thus the Porcupine Moun
tains held the ice in check sufficiently to give th~ 
l110raines a northward turn both on the west and on 
the east of them. On the Keweenaw Peninsula a 
maSSIve morainic belt was ,developed. Around Ke
weenaw Bay also the nloraines are exceptionally 
strong. At the Huron Mountains and in the High 
area in eastern Baraga County the ice movement 
was held in check, so the nloraines make a northward 
detour in passing over these highlands. Between 
the Huron Mountains and' Marquette the Jlloraines 
are split up into several more or less distinct members 
and are spread over a width of 15 to 20 miles. Be
cause of the prominence of rock hill,S they are inter
i·upted- and have---Iesscontinuity ,than in- smoother 
districts to the west. 

The two nearly parallel n10raines in the extrClne 
west end of the peninsula, fronl the Wisconsin line 
eastward to Presque Isle River, are clearly differ
entiated fronl the till plain between them and fronl 
the lake plain north of the inner one and also from a 
till plain south of the outer one. They are each 
about a nlile in general width, but range from half a 
mile to nearly 2 nules. The humnl0cks or knolls 
rise rather steeply to heights of 15 to 20 feet or locally 
to 40 or .50 feet above the inclosed basins and irregular 
depressions. The border plains have a more gently 
undulating surface. Along or near the outer border 
of each of the Inoraines are channels marking the line 
of west\vard discharge of glacial waters on the border 
of the ice lobe. The Duluth, South Shore & Atlantic 
Railway runs in one of these channels for much of the 
way fronl Thomaston, Mich., to Saxon, Wis. This 
line of drainage served as the outlet for the glacial 
Lake Ontonagon, as shown below. A swampy strip 
outside the inner nloraine marks the course of glacial 
drainage for much of the way fronl Black Riyer to the 
Wisconsin line. A few of the morainic knolls contain 
beds or pockets of gravel, but till is the prevailing 
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rna terial in the · moraines as well as in the bordering 
till plains. ,It is rather stony and ranges from close
textured clay matrix to a loose-textured till. In a 
few places rock hills, ris~ above the general level of 
these moraines, but in general they are no more prom
inent than the drift knolls, and most of them carry a 
cover of drift of moderate thickness. 

In the vicinity of Presque Isle River the moraines 
are in a m'ore broken country than to the west, and 
this condition extends northeastward past the Por
cupine Mountains. The ice moved southeastward or 
southward into this broken district on the west side 
of the Porcupine Mountains but southwestward on 
the east side, and the moraines have courses in har
mony with these movements. In this broken country 
rock hills rise above the level of the morainic knolls 
or are but partly covered by the drift. The morainic 
features are prominent in a strip 2 or 3 miles wide 
extending southwestward to Presque Isle River and 
southeast to the north end of Gogebic Lake, thus 
occupying as wide a strip as the two moraines to the 
west would cover if combined. Directly north of 
Gogebic Lake the moraine fills a gap in the copper 
range 2 or 3 miles in width, lying part,ly in R. 41 W., 
and partly in R. 42 W.' The moraine there is so high, 
however, that Gogebic Lake does not discharge through 
it but 'drains eastward along the south edge of the 
copper range. On each s~de of this gap the rock hills 
rise to a height of 50 to 100 feet above the level of the 
moraine, and thus the moraine filling is insufficient to 
conceal this break in the range. This gap seems to 
mark the place where the preglacial drainage of western 
Ontonagon County and eastern Gogebic County passed 
through this range to the Lake Superior Basin. 

From Gogebic Lake northeastward across Onto
nagon County the moraine follows the course of the 
copper range. It is strongly developed in low places 
on the range, but morainic knolls are scarce on the 
prominent parts. The altitude of the moraine here 
is higher than that of the country immediately south 
of it, and during the development of the moraine 
this lower country was covered by a lake which 
occupies a considerable part of the Ontonagon drain
age basin and has therefore been named Lake On to
nagon. This lake and its outlet, which led westward 
from Gogebic Lake, are discussed below. The moraine 
is composed of stony till of rather loose texture, but 
the plain outside covered by Lake Ontonagon has a 
stiff clay subsoil. So also has a plain to the north, 
which became a lake bed (Lake Duluth) when the 
ice melted away from it. 

N ear Mass City the morainic belt that follows the 
copper range across Ontonagon County meets a strong 
morainic system, which encircles Keweenaw Bay, 
and the two are banked against each other from Mass 
City northward past the Winona mine to Misery 
River. Farther north the morainic belt seems to have 

been formed mainly by the Keweenaw Bay sublobe, 
for the striae in its midst bear westward. The striae 
in Ontonagon County and as far northeast as the 
Winona mine bear southward and were fOrIned by 
ice to the west of the Keweenaw Peninsula. This 
morainic belt is very prominent a's far north as the 
hill called Wheal Kate, west of the village of South 
Range. It is well defined northward from that poirit 
to the shore of Lake Superior, which it strikes between 
Redridge and the north canal entrance to Portage 
Lake. Northward from Mill Mine Junction it has 
been covered by glacial Lake Duluth, yet jts morainic 
topography has been but slightly toned down. 

Where the two moraines are united for a few rniles 
northeast of Mass City the width of the morainic 
system is about 12 miles. From Misery River north
ward, where it was formed mainly by the I(eweenaw 
sublobe, its width is 5 to 8 miles. A considerable part 
of the moraine from Mass City to Mill Mine Junction 
is 600 to 800 feet above Lake Superior, and Wheal 
Kate is about 900 feet above the lake. This prominence 
is due to the high altitude of the rock formations, as 

, the drift is in general only about 100 feet thick. In 
this morainic belt there are rock hills that stand more 
than 700 feet above Lake Superior. From Mill Mine 
Junction northward the moraine is on a gentle down
ward slope west of the main rock ranges of the penin
sula. There is, however, a conspicuous hill only a 
mile from Lake Superior near the corner of Tps. 55 
and 56 N., Rs. 34 and 35 W., rising more than 400 
feet above the lake. 

The topography of the northern part of this moraine 
for about 16 miles south from the Portage Lake Ship 
Canal is shown on the contour map of the Houghton 
quadrangle. A comparison of the features to the 
north of Mill Mine Junction with those to the south
west (pI. 6) will make cl~ar the difference between the 
part that was covered by lake waters and that which 
was not. In the part that was covered by the lake 
few of the knolls take more than one 20-foot contour, 
but in the part that was not covered many of them 
take two or three contours, and Wheal I(ate takes 10 
contours on its north slope and eight on other parts. 
This hill, 160 feet high, seems to be made up entirely of 
drift. As it occupies less than 40 acres, its slopes are 
exceptionally steep. Small lakes and marshy basins 
are inclosed among the knolls and ridges of this morain
ic belt, and the moraine has a strong expression for 
much of its length. The drift is stony, loose-textured 
till that includes much sand and gravel. There are 
very few places where it is a clayey till. The moraine 
is thus in striking contrast with the plain west of it, 
which is generally underlaid by a stiff clayey drift. 

As the ice b~rder was receding eastward across the 
Keweenaw Peninsula it formed moraines, but they are 
generally of weak expression, for they are very largely 
below the level of glacial Lake Duluth. Some of the 
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knolls and ridges, however, have considerable sharp- I· County. It is banked on a steep slope south and 
ness of prominence. Groups of such drift knolls occur southeast of Keweenaw Bay and its inner border' is 
inlmediately west and northwest of Calumet, in secs. close to the bay for several miles on the east' shore. 
10, 15, 16, 21, and 22 T. 56 N., R. 33 W. They are The w~ters of Lake Duluth later .covered this slope 
brought out clearly in the contours of the Calumet up to a height of about 600 feet· above Keweenaw 
special Inap. Theu' highest points are about 60 feet Bay. A considerable part of the'morainic belt, how
lower than the upper limit of glacial Lake Duluth, ever, stood above the lake level. The knolls and ridges 
but lower beaches of Lake Duluth are found on their of drift that were covered by the lake are in general 
slopes. There is considerable drift between the ranges not so sharp as those that were not covered. Notches 
nnd on the southeast slope of the copper ranges from on the lakeward side of the knolls and the filling of 
the AllQuez Gap, near Mohawk, northeastward past recesses on the shore by material cut from salient points 
Gratiot Lake, and in places it is lmolly and ridged in mark the chief effects of the lake action. The drift 
morninic fashion. But for about 15 miles from the east in this part of the morainic system is generally very 
end of the peninsula there is very little morainic drift. stony and loose textured, yet it carries enough loam 
Southward from Mohawk past Torch and, Portage to make a fair soil. It is thick enough to conceal a 
Lakes and on each side of Sturgeon River to the edge considerable part of the rock surface, but not a few 
of Baraga County the drift is morainic but shows very prominent hills and ridges of rock rise above the 
gentle swells. It is looser textured in the morainic surrounding drift knolls. The rock ridges and knolls 
stl'ips than in the bordering clay plains but contains are much more conspicuous and the land is of poorer 
enough fme material to make farm land of fair quality. quality for farming outside this moraine in central and 

The strong morainic belt that was traced northeast- eastern Baraga County than along it. But in western 
ward froln Mass City to the north end of the Portage Baraga County, along the south side of Sturgeon River 
Lake Canal continues southeastward from Mass City in the vicinity of Covington, the drift is less stony, 
to Sturgeon River, below its great bend near the line and on the whole better suited for farming than along 
of Houghton and Baraga Counties, in a belt 6 to 8 the moraine. 
TIliles wide. This is at the end of the Keweenaw The relations of the ice border to Lake Duluth on 
sublabe of the Superior ice lobe, which moved south- the east side of Keweenaw Bay have not been fully 
westward .25 to 30 miles beyond the limits of Kewee- deciphered. It is known that Lake Duluth extended 
naw Bay. The moraine is bordered by extensive out- eastward from the bay about to the Marquette County 
wash plains of sandy gravel. Pori station, on the Chi- line, but traces of its shores have not been found 
cago, Milwaukee & St. Paul Railway, stands in the farther east, nor any other evidence of submergence 
midst of one outwash plain. Another extends from at altitudes corresponding to those covered by the 
Frost Jlllction southeastward to Sidnaw. From Sid- lake in Baraga County. The ice therefore appears to 
naw northeastward across Sturgeon River and for have covered northern Marquette County until about 
several Iniles on the north side of the westward flow- the time the waters in the western part of the Lake 
ing part of that stream there is a broad outwash tract Superior Basin were drawn down to· lower levels, and 
along the outer edge of the morainic belt. This belt it was the recession of the ice border in northern Mar
was pa.rtly covered by La.ke Duluth after the ice had quette County that permitted an eastward discharge 
disappeared, bu.t the outwash plains just mentioned for the water in the western part of the Lake Superior 
and fully half the width of the moraine were too high Basin. When the ice stood high enough in Marquette 
to be covered by the lake waters. The portion th~t County to close the eastern line of discharge it probably 
was sublnerged is nearly as strong in morainic expres- still covered lower districts in norther!! Baraga County 
sion as that above the lake level. It is strikingly in along the borders of Huron Bay and Keweenaw Bay. 
contrast with the smooth clay plain that lies between An effort was made by the writer to -find a moraine or 
its inner border and the head of I(eweenaw Bay. other evidence of ice occupancy there that could be 
The nlOrainic belt also consists of much looser textured correlated with the moraine or ice border in Marquette 
drift than this clay plain. The outwash plains around County that shut out the waters of Lake 'Duluth. A 
Pori and fr01n Frost Junction to Sidnaw extend down strip of drift with slightly undulating surface was found 
on the west to the clay plain that was covered by Lake leading westward from the Huron Mountains in Mar
Ontonagon, and that lake was contemporary with the quette County to Skanee, on the east shore of Huron 
outwa.sh. The limits of westward and southwestward Bay. It is a mile or more in width and lies 2 to 4 
distribution of the outwash were probably determined miles inland from the Lake Superior shore. Its· knolls 
to some degree by the presence of the lake, for the are only 10 to 15 feet high and have gentle slopes, but 
outwash slopes down at the edge about to the level of if it was formed in ponded waters its expression is fully 
the lake shore. as strong as can be expected. The number of boulders 

Beyond Sturgeon River the nlorainic belt takes a appears also to be somewhat greater in this undulating 
north of east course and maintains it across Baraga strip than on bordering plains both north and south 
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of it. The thickness- of the drift probably averages 
nQt more than 20 feet. This slight thickness, however, 
seems not to preclude its marking an ice border, for 
in parts of the morainic system above the limits of 
Lake Duluth in ~ eastern Baraga County and along 

. the moraines in northern Marquette County the drift 
has an average thickness not much greater than 20 
feet. On the whole, therefore, it seems probable that 
the ice sheet occupied northern Baraga County and 
if so a considerable part of Keweenaw Bay down to 
the time when the recession of the ice in northern 
Marquette County opened an eastward discharge for 
the waters of the western part of the Lake Superior 
Basin. 

In Marquette County the members of the later set 
of moraines are more widely separated than in Baraga 
County and trend south of east and in places nearly 
south. The outermost member is not far from the 
headwaters of the streams that flow directly into Lake 
Superior, and glacial drainage from this moraine found 
passages across the divide into headwaters of Michi
gamme and Escanaba Rivers. This moraine is rather 
poorly developed from Silver Lake northwestward to 
the Baraga County line, but its knolls are present 
among rock hills and fill the space between Yellow Dog 
and Dead Rivers in the central and eastern parts of 
T. -50 N., R. 29 W. From Silver Lake the moraine 
takes a course but little east of south and is well defined 
all the way to Escanaba River, a distance of 20 miles. 
The Duluth, South Shore & Atlantic Railway crosses 
it near Greenwood. For about 13 miles in its course 
across Tps. 48 and 47 N., R. 28 W., it is on the divide 
between the Escanaba River and streams flowing to 
Lake Superior. It is 1 to 2 miles wide, and rock knobs 
are not conspicuous along its course. Its drift is of 
very loose texture and comprises gravelly knolls and 
ridges and sandy to stony loam soil. In the southern 
part of r. 48 N., and entirely across T. 47 N., R. 28 W., 
there is on its western border a strip of outwash 
gravel which reaches in places to Escanaba River. 
Considerable outwash is present farther north, in the 
vicinity of Silver Lake, and it is probable that some of 
the waters that formed this deposit discharged to 
Michigamme River through a swampy channel that 
crosses the divide between the Dead River and Michi
gamme drainage basins in sec. 22, T. 49 N., R. 29 W. 
The headwater part of the Escanaba also probably 
drained into the Michigamme, at that time one line 
of discharge being through a channel now followed by 
the Chicago & Northwestern Railway across T. 48 N., 
R. 29 W. 

A moraine branches off from the one jus t described 
5 or 6 miles northwest of Ishpeming and runs south
eastward into the extreme southwestern part of that 
city. It is only about half a mile in average width, but 
has a strong expression, with steep slopes in the knolls 
and ridges. It consists of loose-textured material with 

some gravelly knolls. Outside this moraine, fronl the 
point where it parts from the other moraine to its 
southeast end at Ishpeming, there is an outwash plain 
of sandy gravel, which fills the space between it and 
the outer moraine . 

The outer moraine ends at the south in a gravelly 
plain, which covers a wide area south of Escanaba 
River in T. 46 N., R. 27 W. A probable continuation 
of this outer moraine of the later system is found 
south of Escanaba River in a moraine that runs south
eastward from the southern part of T. 46 N., R. 27 
W., to the Princeton mine. The moraine is Ironl 1 to 
3 miles wide and is very prominent in the northeast
ern part of T. 45 N., R. 27 W., and the western part. 
of T. 4~ N., R. 26 W., its altitude there be~g about 
1,500 feet above sea level, but it declines to about 1,200 
feet near the Princeton mine: There is an outwash 
plain south of this moraine, in the southern part of 
T. 45 N., R. 26 W., and the southwestern part of T. 
45 N., R. 25 W., which extends southward into T .. 
44 N., Rs. 25 and 26 W. In this outwash, as well as 
in the moraine, there is very little limestone luaterial. 
It is thus in striking contrast with the drift in till 
plains and moraines lying immediately southwest of 
the outwash plain, for that drift contains a large 
amount of limestone. This moraine and its outwash 
were formed by ice that was moving southward or 
but slightly west of south, directly fro~ the Lake 
Superior Basin, and which did not encounter the 
Paleozoic limestone formations of the eastern part of 
the northern peninsuJ.a of Michigan. But the till 
plains and moraines to the south are the products of 
ice which was spreading westward in passing across 
the peninsula from the Lake Superior Basin to the 
Green 'Bay Basin and which thus encountered the 
limestone formations. This moraine seems to be 
traceable no farther southeast than the Escanaba 
Valley at the Princeton mine, for on the east side 
of this valley the outwash from one of the later 
moraines comes in from the north and follows down 
that side of the river, as shown below. This 1110raine 
presents sharp ridges and knolls, but in the main 
immediately west of the Princeton mine there are 
gently undulating tracts alternating with sharp ridges 
or chains of knolls, and these are deeply indented by 
basins. A string of basins several miles long separates 
the south edge of the moraine from its outwash apron, 
forming a fosse of unusual length. Small lakes fill 
some of the basins. The morainic ridges north of 
this string of basins rise sharply to heights of 75 to 
100 feet above the basins. 

There are some indications of an ice border running 
from Silver Lake southeastward to Ishpeming and 
Negaunee. For about 6 miles southeast· fronl Silver 
Lake, along Dead River, the country is a combination 
of outwash and morainic knolls, in which the outwash 
plains are' the more conspicuous. For the next 3 or 
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4 miles morainic features are well developed in a strip 
about 2 llliles wide extending from sec. 36, T. 49 N., 
R. 28 W., to sec. 16, T. 48 N., R. 27 W. Among the 
morainic knolls and ridges are cedar and spruce 
swa.mps. The moraine here as well as to the north
west consists largely of loose-textured sandy drift. 
Rock hills are prominent in the line of this ice border 
in the southern part' of T. 48 N., R. 27 W., but in 
section 34 morainic knolls become conspicuous, and a 
nnrrow moraine with an outwash plain of sandy 
gravel on its southern border leads soutneastward 
through the northern part of Ishpeming into Negaunee. 
The outwash plain covers much of secs. 2 and 3, 
T. 47 N., R. 27 W. In the southern part of Negaunee 
rock hills become prominent, and this ice border was 
not identified beyond that point. 

A l110raine of more prominence than those just 
described enters Marquette County from Baraga 
County in the southwestern part of T. 51 N., R. 29 W., 
and extends slightly south of east for about 15 miles 
to the northeastern part of T. 50 N., R. 28 W. An 
outwa.sh plain about 2 miles in average width and fully 
12 llliles in length lies between this moraine and Yellow 
Dog River. At the east end of the outwash plain, 
in sees. 14 and 23, T. 50 N., R. 28 W., the nloraine 
crosses to the south side of Yellow Dog River, and 
thence it runs east of south for about 20 miles to 
Negaunee. It traverses the eastern part' of T. 50 N., 
R. 28 W., and the adjacent part of T. 50 N., R. 27 W., 
and runs diagonally across T. 49 N., R. 27 W., from 
northwest to southeast. N ear the center of the last
named township an outwash plain of sandy gravel 
covering about 2 square miles stands in the line of the 
:mora.ine. The llloraine crosses Dead River in the 
northwestern part of T. 48 N., R. 26 W., and its main 
Pfi.l't runs southefi.stward along the south side of the 
river nnd then turns south and conIes to the Duluth, 
South Shore & Atlantic Railway at Eagle Mills. This 
railway is in a lowland, which seems to have been 
occupied by ice at that time as far west as Negaunee, 
or about 3 miles from Eagle Mills. At the west end 
of this lowland the moraine is strongly developed, and 
an outwash plain extends west from it to the east end 
of Teal Lake. There is also an outwash area covering 
several square miles in the recess in the moraine north
east of Negaunee. 

The ice border probably crossed the hills south of 
Eagle Mills, but drift knolls are rare among these 
hills. At the south side of the hills the ice seems to 
have extended westward in a lowland about to Palmer. 
It forlned a moraine on the south side of this low
land frOlll Palmer eastward about 4 miles, through 
the south edge of T. 47 N., R. 26 W. Outwash plains of 
a later nloraine here set in, and to the south there is 
a tract in which rock hills and ridges rise above a 
gravelly or stony drift deposit with nearly plane 
surface. A definite continuation of the moraine was 

not found in this tract, and possibly it was buried under 
the outwash of the later moraine to the east. 

From the inner or eastern border of the moraine 
whose course has just been outlined a branch starts at 
the north side of Dead River and another south of 
Yellow Dog River. The latter was traced for only 
5 or 6 miles southeastward as a rather indefinite 
moraine in a tract of rock ridges. The former is also 
ill defined- and interrnpted by rock ridges in its course 
through T. 48 N., Rs. 26 ~nd 25 W., except in an area 
of 3 or 4 square miles in the northeastern part of T. 48 ' 
N., R. 26 W., where it has some prominence. It 
becomes a conspicuous feature where it passes out of 
the rock ridges in the northern part of T. 47 N., R. 
25 W. A double moraine is traceable across this town
ship. The outer or western moraine runs in a course 
slightly east of south across sections 5, 8, 9, 16, 17, 
20, 21, 28, 29, 33, 34, and 35; the inner one covers 
the northeastern part of the township from sections 
9, 15, 23, and 26 eastward. An extensive outwash 
plain lies outside the outer moraine. Between the 
moraines is another plain covering the greater part 
of sections 15, 16, 21, 22, 26, 27, and 28 of this town
ship, and a narrow channel separates them in sections 
35 and 36. They become united into a single bulky 
moraine near the corner of Tps. 46 and 47 N., Rs. 
25 and 24 W. This moraine covers a width 01 3 to 
6 miles or more and runs south-southeastward through 
T. 46 N.,. Rs. 24 and 25 W., and T. 45 N., R. 24 W. 
It is bordered on the west through this distance of 12 
miles by an extensive outwash plain,' which extends 
to Escanaba River. Imnlediately south of this plain, 
in T. 44 N., Rs. 23 and 24 W., the moraine turns to 
the southwest, and this marks the beginning of the 
Green Bay lobe. The continuation of this moraine 
is discussed below as a feature of that lobe. 

The moraines in Marquette County whose courses 
have been outlined all stand above the level of glacial 
Lake Duluth and are not connected with the shifting 
of the discharge of the lake to an eastward 'course from 
the western part of the Lake Superior Basin. There 
was also but little ponding along the ice border in 
Marquette County outside these moraines for passages 
among the outlying hills were low enough and numerous 
enough to carry the discharge from the ice border into 
valleys that drained southward. When contour maps 
of tl!.is region are available it may be possible to work 
out details of drainage. 

On the whole, the drift jn these nloraines in Mar
quette County is very loose textured and full of stones 
of all sizes, as is to be expected where ice has passed 
over so rugged an area. The drift is thick in some of 
the low places among the rock hills but is ·generally 
very scanty on the hills. Notwithstanding the filling 
of low areas, the region is still very rough and broken, 
and rock prominences are far more conspicuous than 
the drift knolls and ridges. The strips of moraine just 
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outlined mark places where there is a closer aggregation 
of drift knolls and a somewhat thicker drift coating 
than on intervening strips, but in places there is very 
little difference between the morainic strips and the 
intervening strips not classed as moraine. The out
lines of the courses of moraines given above, however, 
are thought to indicate the approximate positions 
held by the ice border from time to time in the course 
of its recession from this district. 

Outside this series of moraines in western Marquette 
. County and eastern Baraga County about to Lake 

Michigamme and the Duluth, South Shore & Atlantic 
Railway there is a very high district with a relatively 
light coating of glacial material, though the rock 
knobs are rubbed so smooth in places by glacial action 
that they glisten in the sunlight. From commanding 
points in this district can be seen many hills that seem 
nearly destitute of drift coating or even of soil. The 
depressions among the hills are swampy, and some of 
them seem to have functioned as lines of glacial 
drainage. 

On the slope toward the Lake Superior Basin all 
the .way from the Huron Mountains to Marquette 
morainic features are weak and the morainic lines are 
greatly interrupted by rock hills. In places there is 
a heavy. drift deposit filling depressions among the 
hills and some knolls of morainic type, but ordinarily 
the filling is light and is lacking in morainic expression. 
The best development of moraines is at rela~ively low 
altitudes only a short distance back from the shore 
of Lake Superior. A moraine traverses the southwest
ern part of the Marquette. quadrangle at an altitude 
between 1,000 and 1,100 feet above sea level in much 
of its course. It is generally only about a quarter of 
a mile wide and has a relief of about 20 feet on its 
outer side. It is best defined from Dead River in 
secs. 7 and 18, T. 48 N., R. 25 W., southeastward to 
the north base of Mount Mesnard, in the southern 
part of Marquette. A lower moraine sets in at the 
base of granite hills west of Granite Point and runs 
northward past Birch station to Yellow Dog point, 
east of Lake Independence, or a distance of about 
15 miles. Its northward continuation would carry 
it inside the limits of Lake Superior. In most of its 
course between Yellow Dog Point and Granite Point 
it is near the shore of the lake. From Birch northward 
it is not banked against the granite hills so closely as 
to the south. Its general width is about a mile. . The 
surface is gently undulating rather than sharply 
morainic, but it seems to have been developed along 
the ice border as a terminal moraine. This moraine 
is at a lower altitude than the highest shore of glacial 
Lake Algonquin, but immediately outside of it for part 
of ,its course the granite hills rise above the level of 
that lake. The waters of the wester:p. part of the Lake 
Superior Basin may therefore not have been drawn 
down fully to the level of Lake Algonquin until the 
ice border receded from this moraine. 

When it became evident to the writer that the 
lowering of the waters of the western part of the Lake 
Superior Basin from the level of Lake Duluth to that 
of Lake Algonquin was dependent upon the recession 
of the ice from the hilly slope between the Huron 
Mountains and Marquette an attempt was made to 
trace lines of ice-border drainage through which this 
lowering took place. It was found that the topog
raphy of this border district is such that the streams 
in places became expanded and in other places flowed 
through narrow passages between hills. It is only in 
these narrow sections of the stream courses that Cll t
ting or aggrading was definite enough to be traceable. 
In the broad places there were pools which were not 
filled with fluvial material and whose borders are not 
marked by definite shore features. Short sections 
of graded stream beds were found that seem referable 
to this ice-border drainage, the highest at about 1,200 
feet above sea level and others down to about 1,000 
feet. When the waters had become lowered to this 
level there was ponding of water between the ice 
border and the hilly slope, and a~ fain t shore line is 
traceable through the southwestern part of the Mar
quette quadrangle along or near the 1,000-foot con
tour. It is best defined on the inner slope of the 
moraine above noted from Dead River southeastward 
for 3 or 4 miles, through secs. 18, 20, and 28, T. 48 
N., R. 25 vy., and eastward through the southern 
part of Marquette. . This shore line appears to be a 
little higher than the highest shore of Lake Algonquin 
east of Marquette and thus marks an interruption of 
the lowering from Lake Duluth to Lake Algonquin, 
which indicates that the ice dam was still blocking 
the discharge at some place east of Marquette not 
yet fully determined. As the district north of Dead 
River.is largely occupied by granite hills at the level 
of this shore line, it was not traced far in that direction. 
It was, however, identified about to the 1,000-foot 
contour at the west side or'the Marquette quadrangle. 

CORRELATIVE MORAINIC SYSTEMS IN THE LAKE MICHIGAN 
AND LAKE HURON BASINS 

PORT HURON MORAINIC SYSTEM 

At the time the outer morainic system of the Supe
rior lobe was forming the ice appears to have occupied 
the Lake Michigan Basin as far south as Milwaukee, 
Wis., and Muskegon, Mich., and to have completely 
occupied the Lake Huron Basin. The morainic sys
tem is described under the name Port Huron morainic 
system in Monograph 53 of the United States Geolog
ical Survey in the description of its course through the 
southern peninsula of Michigan, where it borders the 
Huron, Saginaw, and Michigan Basins. In eastern 
Wisconsin this morainic system is scarcely so promi
nent as in the southern peninsula of Michigan but is 
split up .into several parallel moraines between which 
are narrow strips of gravel plain that were developed 

. as lines of glacial drainage or as outwasp. on the border 
of the ice lobe. 
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HED DHIFT 01 .... EASTERN WISCONSIN 

The portion of the Port Huron nlorainic system 
lying in eastern Wisconsin fronl latitude 440 south
ward has been studied in some detail by W. C. Alden,6 
who shows that it marks the limit of a readvance of 
the ice that left in its path a red drift, which is differ
ent frol11 the underlying and outlying drift of Wiscon
sin age. North of latitude 44 0 there has been only a 
s:mall aI110unt of detailed nlapping of the moraines 
and associated gravel plains in eastern Wisconsin. 
Part of this district is sparsely settled and has few 
roads and much forest or brushy land difficult to work. 
Dr. Sal11uel Weidnlan and the present writer made 
SOlne investigations there both jointly and individual~y, 
but the mapping is of the nature of rough reconnaIS
sance and the correlations are tentative. Such data 
as have been obtained as to the position and course of 
Inoraines in that part of Wisconsin and the probable 
linlit of the ice at this readvance are shown in Plate 1. 
Description is deferred to a time when more detailed 
studies have been Inade. The several nloraines and 
their associated border drainage lines become succes
sively lower fr01n the western or outer one eastwar~ 
to later ones. They also each individually increase 
in altitude from north to south toward the end of the 
ice lobe. 

When the later system of 1110raines of the western 
part of the northern peninsula was being developed 
the ice apparently extended S01ne distance beyond the 
eastern part of the peninsula, into the basins of Lake 
Michigan and Lake Huron. It reached at least to 
Escanaba and possibly to Menominee, on the west side 
of Green Bay. It probably covered the Beaver Islands 
and perhaps the Manitou Islands in Lake Michigan 
and rested on the edge of the southern peninsula as 
far south as Little Traverse Bay on the Lake Michi
gan side and some distance beyond Cheboygan on the 
Lake Huron side. 

After it had receded fr0111 these lake basins the ice 
border made prolonged stands and developed strong 
moraines on the eastern part of the northern peninsula, 
and these give a clue to the general direction of reces
sion toward the east end of the Lake Superior Basin. 
The ice appears to have persisted there after it had 
uncovered the east end of the peninsula and the part 
of Canada immediately east of St. }.t!arys River. 

GREEN BAY LOBE 

MOHAINES OUTSIDE THE MENOMINEE DRUMLIN DISTHICT 

The Green Bay lobe was developed principally to 
the west of the Green Bay Basin, though its axial 
1110Vement seems to have been through the basin. 
This asymmetry is perhaps due to the crowding of the 
Lake Michigan lobe against it on the east side. In 
the northern part of the Green Bay lobe moraines were 
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built up mainly on the western border, there being 
scarcely any morainic material along the line of j unc
tion of the Green Bay and Michigan lobes, either on 
the Garden Peninsula of Michigan or on the Door 
Peninsula of Wisconsin and the islands lying north of 
Sturgeon Bay between these two peninsulas. The 
interlobate moraine has its north end near latitude 
44 0 30'. There was, however, an extensive deposition 
of outwash and some morainic development at the 
junction of these ice lobes to the north of Green Bay 
in Delta, Alger, and Schoolcraft Counties, as shown 
belo.w. 

On the west side of the Green Bay lobe the striae 
have a westward to southwestward bearing. Locally 
they are deflected to a course north of west, as was 
noted near Norway, Mich., by Russell, and near Kate, 
just north of the Dickinson-Marquette County line, 
by the present writer. N ear Mountain, in Oconto 
County, Wis., the striae bear about northwest. In 
Michigan westward-bearing striae are found as far 
west as eastern Iron County. In the axis of the lobe 
the movement was southward or slightly west of south. 
Near Escanaba the striae bear nearly due south. On 
the east side of the lobe there should theoretically 
have been a southeastward movement, and striae 
bearing southeast have been noted as far north as the 
Garden Peninsula, east of Big Bay de N oc. 

The moraines of southern Marquette County and 
northern Dickinson County, Mich., were developed at 
the line of conflict between southward-moving ice 
from the Lake Superior Basin and westward-moving 
ice across the northern peninsula from the Lake 
Superior Basin into the Green Bay Basin. (See p. -.) 
The inner part of this morainic system continues 
southward from Dickinson County through the west
ern edge of Menominee County as far as the great bend 
of Menominee River near Koss, Mich., covering a 
strip 2 to 5 miles wide on the east side of the river. 
It crosses into Wisconsin immediately above Koss and 
continues in a course nearly parallel with the west 
shore of Green Bay and 20 to 25 miles distant from it 
through Marinette, Oconto, and Shawano Counties 
into Outagamie County, and is traceable as far as the 
north end of Lake Winnebago, near Neenah, Wis. 
There is considerable outwash on the western border 
of this inner moraine, as well as in connection with 
earlier members of this great morainic system. It is 
present along and west of Sturgeon River in Dickinson 
County and along Menominee River from the Dickin
son County line southward to the bend a few miles 
west of Koss. 

THE DHUMLIN DISTRICT AND ASSOCIATED FEATUHES 

The plain that lies between the great morain~c 
system and the later moraines of the Green Bay BaSIn 
is diversified with drumlins, which are conspicuous 
over the greater part of Menominee County and 
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adjacent parts of Dickinson, Marquette, and Delta 
Counties. It is about 50 miles long from north to 
south and about 20 miles in greatest width. The 
drumlins have been noted as far north as the central 
part of T. 43 N., R. 26 W.~ in southern Marquette 
County, and alrn,ost as far south as the south end of 
Menominee County. The eastern limit is near the 
ancient shore line of glacial Lake Algonquin from a 
point opposite Escanaba southward, in Delta and 
Menominee Counties. The western limit is near 
Sturgeon River in southeastern Dickinson County 

/1/./1 [ZZ] 
Eskers Striae 

o 

between drumlins. The nmnber of dr.unilins is prob
ably twice as great as the number of square miles in the 
district. A representative township in the drumlin 
district is shown in Figure 7. 

The length of individual drumlins ranges from less 
than a quarter of a mile to fully 1 Y2 miles and the 
height from less than 10 feet to more than 100 feet. 
Neighboring drumlins differ markedly in height as 
well as in length. Russell stated that he found places 
where the tops of drumlins came up to a general level, 
but the present writer was not able to discover such a 
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FIGURE 7.-Map showing drumlins, eskers, and striae in T. 38 N., R. 26 'V., Menominee County, Mich. 

and near Menominee River farther south. A few 
drumlins were noted west of Menominee River in 
Marinette County, Wis., some 10 to 15 miles above the 
mouth of the river. 1. C. Russell gave considerable 
attention to this drumlin district in the annual reports 
of the Michigan Geological Survey for 1904 and 

. 1906. 
The drumlins are somewhat unevenly distributed, 

some single square-mile sections containing several 
and others none. There are, however, only a few 
places where there is a space of Inore than a mile 

tendency, and the condition cited by Russell cer
tainly is not widely prevalent in this district. The 
length is generally ffom three to five tiInes and in a 
few drumlins ten times as great .as the width. A few 
of the drunllins have an oval' shape, much like one
half of an egg cut lengthwise, but the prevailing form 
is lenticular . 

The trend of the longer axis of each drunllin is in 
the direction of ice nlove~lent, being in rather close 
correspondence with the bearing of the glacial striae. 
(See fig. 7.) At the north end of the district the trend 
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is westward, but toward the south end it shifts through 
southwestward to a course only a few degrees west 
of south. 

The drumlins are composed of till of rather loose 
texture and of a red tinge. Russell states that some 
of thenl include lenses anq. beds of sand and gravel, 
but such inclusions appear to be rare. 

It was thought by Russell that the till sheet which 
makes up the body of the drmnlins was laid down by 
an earlier ice advance than the one which shaped them 
into drunllin fonn. Most of the drumlins have an 
arched surface and a slope in all directions from the 
cubninating point. In a few there is a sculpturing or 
shapiJlg of the sides or the lower part of the slope into 
the regular contours of the drumlin but the upper part 
is flat-topped or has a surface with irregularities not 
consistent with the drunuin form. Russel interpreted 
these as incompletely developed drumlins. He also 
cited the occurrence of chunks of copper and of iron 
ore in the drift of which the drumlins consist as evi
dence that this drift was lajd down by ice moving south
eastward toward the Lake 11ichigan Basin, or nearly 
at a right angle with the movement that shaped the 
drunllins. He thus referred it back to an ice movement 
that was pre-Illinoian as well as pre-Wisconsin. An 
early ice lnovement in the ICansan or pre-Kansan 
stage of glaciation carried the copper ores of the 
Superior region as far southeast as the Scioto Basin, in 
central Ohio. The deposits laid down at the early 
glacial stage were, however, gathered up to a large 
degree and redeposited by the'later ice lnovements 
in both Illinoian and Wisconsin time, and copper is 
now found in drift of undisputed Wjsconsin age all 
over the southern peninsula of Michigan and in neigh
boring parts of Indiana and Ohio. The presence of 
copper and iron ore in the drumlins, therefore, does not 
prove that the drift sheet in which they occur is as 
old as the pre-Illinoian southeastward ice movement. 

An examination of the degree of weathering, leach
ing, and other changes to which the drift forming the 
body of the drumlins has been subjected was made in 
1919 by the present writer and no place was found 
in which it is essentially different in aspect, so far as 
weathering and leaching are concerned, from the drift 
of the nlorainic knolls and ridges of that region. 
In both classes of knolls and ridges it is' the fresh 
Wisconsin drift. The till varies in texture in different 
drunuins or even within a single drumlin. The sandy 
or loose-textured till, however, greatly predonlinates 
over the clayey compact till. Little of the material is 
so clayey as to show any lamination. The coarse 
stones in the till are largely of local derivation from 
rock formations that crop out around the north end 
of Lake Michigan. This local nlaterial in places makes 
up 85 to 90 per cent of the coarse rock of the till. 
The linlestone slabs and other coarse blocks seem to 
be enlbedded at various angles in the till, though in 

some exposures a tendency to lie wi th the broad side 
downward was noted; many of these blocks, however, 
stand 011 edge. 

Eskers or gravel ridges are found in all parts of the 
district occupied by drumlins, ,but, they are far les's 
numerous than the drumlins. Those that have been 
mapped in T. 38 N., R. 26 W., appear in Figure 7. 
They range in length from a fraction of a mile to 3 
miles or more. Their trend is in the same general 
direction as the longer axis of the drumlins or the bear
ing of the striae, but in some eskers the trend differs 
a few degrees from that of neighboring drumlins. A 
few show marked changes in trend when followed from 
end to end. They are generally low, a height of more 
than 20 feet being exceptional, and the usual heigh t is 
only 10 to 15 feet. They usually contain gravel of the 
sort needed in highway construction and, thus are 
coming to be valuable assets in the region they occupy. 
In nearly all the eskers, however, sandy beds appear 
either between gravel beds or at the same horizon, for 
the coarseness of the material deposited depended upon 
the force of the current and the nature of the material 
that was undergoing transportation by the stream that 
formed the esker. This stream evidently was confined 
by ice walls and the materiai in the esker was derived 
from the melting of the dirt-laden ice along the pa~h of
the stream. ' 

The relation of the eskers to the drumlins shows that 
some of them we~e formed after the drumlins had been 
built up or shaped. They commonly lie in the smooth 

, troughs between'the drumlins. These troughs appe~r 
to have been scoured by ice movement in connection 
with the development of the drumlins. Here and there 
the course of the stream that formed the esker led 
across a drumlin and a notch was cu't in the drumlin 
by the stream. A goo'd illustration of notching of this 
sort was noted by Russell in a drmnlin north of Spttuld- . 
ing, in the NE. ~ sec. 9, T. 38 N., R. 26 W. (Fig. 7.) 
That the stream which cut this notch was near the 
bottom of the ice sheet is evident from the fact that the 
crest of the drumlin across which it cut the channel is 
not more than 20 feet above the bordering tin plain. 
The notch here is cut near the end of the drumlin. A 
notch was cut across the middle part of a drumlin 
imnlediately north of Harris, but here the esker is not 
so well developed as that near Spaulding. A low 
irregular-shaped gravelly ridge comes to the notch 
from the east but is not contimied to the west of the 
drumlin. : : ' 

In some places an esker is superiinposed on a drumlin. 
Russell called attention to such an .occurrence which he 
found south of Wilson. The esker lies on the crest 
of the drumlin and follows it for about a mile. The 
drumlin extends a little farther south than the esker! 
The top of the esker on the highest part of the drumlin 
is 70 to 80 feet above the bordering plain at the base 
of the drumlin. 
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, On some drumlins there are irregular-shaped gravelly 
knolls which appear to have been deposited after the 
shaping of the drumlins ,had been complete<!l. It is 
also not rare to find hummocks of drift in the shallow 
troughs between the drumlins. These features seem 
to indicate that the drumlins were developed and 
shaped while the ice was in activ~ movement, but that 
the' eskers and other drift deposits laid down on drum
lins and in drumlin troughs may represent the work of 
the ice and the accompanying drainage at a time when 
the ice sheet had become relatively stagnant . 
. At a few places in the midst of the drumlin dist:dct 
drift hummocks are rather closely aggregated and are 
lined up in such a way as to suggest a moraine, but 
the writer was unable in the time given to this investi
gation to work out any definite ice-border lines in the 
drumlin district such as Alden has traced across 
drumlin districts in southern Wisconsin . 

.The drumlins, as above indicated, are usually pres
en t clear to the edge of the area later covered by 
glacial Lake Algonquin in southwestern Delta County 
and southern Menominee County, and there are several 
drumlins which stood as islands in Lake Algonquin in 
southwestern Delta County. However, for a distance 
of about 20 miles north from the mouth of Menominee 
River in s'outhernMenominee County there is a strip 
of land'1 to 2 miles wide just outside the limits of Lake 
Algonquin which has a series of low ridges and swells 
that are 'not definitely shaped into drumlin form and 
which jnplaces has a morainic aspect. This strip 
stands a little higher than the land immediately west' 
of it, which is traversed by Little River. It may 
therefore represent a weak moraine or a brief stand of 
the ice border in the course of its retreat toward Green 
Bay. It seems ~o be a,little older and also weaker than 
the moraine discussed below, which is traceable along 
the east side of the drumlin district about as far south 
,as the mouth of Ford River. It was identified no 
.farther north than the vicinity of Hayward Lake, in 
'T. 34 N., R. 26 W. . 

LATER MORAINES 

In Marquette County a strong morainic belt was 
traced southeastward to the vicinity of Little Lake, 
as described above. Attention was also given to a 
broad outwash plain that lies outside the moraine which 
is traversed by the Chicago & Northwestern Railway 
from the vicinity of Cascade southeastward to Little 
Lake; DiI:ectLy. opposite .. Little .. Lake the moraine 
turns southwestward and forms the western border of 
the Green Bay lobe. 

For a few miles there is a large amount of swamp 
land in the morainic belt, and the ridges and knolls 
rise like islands above the level surface of the swamp, 
conspicuously in T. 44 N., R. 24 W., but less so farther 
south. From the southwestern part of that township 
the moraine runs southward for about 10 miles along 

the east side of Escanaba River in a strip scarcely 2 
miles in average width. The river there crosses to 
the inner edge of the moraine and both take a south
ward course into Delta County. The moraine comes 
to Ford River in the central part of T. 40 N., R. 24 W., 
and, crossing to the west side of the stream, follows 
it somewhat closely to its mouth. There are strips 
or small areas with morainic aspect east of the river 
in the southern part of T. 40 N., R. 23 W., and the 
northern part of T. 39 N., R. 23 W., which are regarded 
as spurs on the inner border of the morainic belt. 
The moraine is weak where it lies within the limits of 
glacial Lake Algonquin near the mouth of Ford River. 
It has not yet been determined whether the ice border 
passed within the limits of Green Bay a short distance 
south of the mouth of Ford River or continued farther 
south along the west side of the bay to embrace the 
strips of dry land that rise a few feet above the swamps 
in the bed of Lake Algonquin. Some of these dry 
strips consist of till, but others are sandy. It seems, on 
the whole, more probable that the ice border passed 
into Green Bay near the mouth of Ford River, and 
thisis as far south as morainic features are definitely 
preserved. 

The moraine is composed of till, with sufficient clay 
and pulverized limestone to make a soil of fair quality. 
Surface boulders are not so numerous as to render it 
difficult to cultivate the land. The swamps greatly 
interrupt the moraine for a few miles southwest fronl 
Little Lake, but elsewhere they are no more extensive 
than on the bordering till plains, so the greater part 
of the land is cultivable. 

At the time this moraine was formed the Green 
Bay lobe seems to have covered the north end of Green 
Bay and the two arms known as Big Bay de N oc and 
Little Bay de N oc and to have extended as far as the 
Garden Peninsula, east of Big Bay de N oc. Striae 
with southeastward be~ring along the west side of 
that peninsula appear, to be referable, to the Green 
Bay lobe. The Michigan and Qreen Bay lobes may 
have been lnerged together at this time in the northern 
part of the Lake Michigan Basin. However, at a 
time somewhat later, when the end of the Green Bay 
lobe barely reached the northern part of Little Bay 
de N oc, the Green Bay and Michigan lobes were yet 
sufficiently differentiated to the north of the Garden 
Peninsula to give clear evidence as to the limits of 
each lobe. 

A few rr.llies north of the Garden Peninsula, i~ the 
northeast township of Delta County, there is a very 
high tract of moraine and outwash which appears to 
stand at the junction of the Green Bay and Michigan 
lobes. The outwash plain occupies the central and 
southeastern part of the township; the morainic 
tract borders it on the east, north, and west. The 
moraine on the west seems to be the product of the 
Green Bay lobe. It is traceable southward to the head 
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of Big Bay de Noc. Sturgeon River crosses it in the 
southwestern part of T. 42 N., R. 19 W., and follows 
the east side of the llloraine southward past St. Jacques 
to Big Bay de N oc. The part of the luoraine south 
of Sturgeon River is below the level of Lake Algon-. 
quin and has a gently undulating surface, which in 
plaees is diversified by ridges of wind-blown sand. 
It stands 20 to 25 feet above the bordering plains and 
for several miles frOlu its south end is scarcely a mile 
in average width. The part of the moraine p.ortheast 
of Sturgeon River is lllainJy above the limits of Lake 
Algonquin and consists of sharp ridges and knolls, 
some of which are 50 feet or luore in height. This 
pronunent part of the nloraine is nlade up largely of 
loose-textured sandy to very stony drift with scarcely 
any clayey lllaterial. The part that stands below the 
Lake Algonquin level contains some clayey till, as 
shown by wells in the vicinity of St: Jacques, but seelUS 
to be generally sandy. The ice when this llloraine 
was forlued luay have covered llluch of Big Bay de 
Noc and Little Bay de Noc and the peninsula between 
these bays, but no definite linuts appear to be traceable. 

A sharply morainic tract directly north of the o~t
wash plain above noted, extending several miles north
ward into Schoolcraft County, seems to be a spur 
between the Green Bay and Lake Michigan lobes. 
It occupies nearly all of T. 43 N., R. 18 W., and the 
southern part of T. 44 N., R. 18 W. The knolls and 
ridges are sharp and some of them rise to heights of 
50 to 60 feet or more. The material is very stony 
and gravelly drift, such as one ·would expect to find 
in an interlobate spur. 

A moraine leads southwestward fr0111 a point near 
the north end of this spur and seems to mark the posi
tion of the southeast side of the Green Bay lobe at a 
later time than the one above noted. This moraine 
is crossed by Sturgeon River just south of the Alger
Delta county line. It is only about a mile in width 
northeast of the river, but to the southwest it widens 
out and extends a spur westward along the county 
line to the east branch of Whitefish River. It again 
narrows about 3 miles south of the county line and 
lies a short distance east of Whitefish River from that 
point nearly to the head of Little Bay de Noc. It 
dies out in a high outwash plain that lies east of the 
northern part of this bay. Along luuch of its course 
it consists of sharp ridges and knolls of gravelly drift 
20 to 50 feet or more in height. On the west side of 
Little Bay de Noc a high outwash plain fills the inter
val between the bay and Escanaba River.' It seems 
not inlprobable. that the ice lobe was occupying the 
north end of the bay while this outwash was being 
deposited at its borders. The outwash plains border
ing Little Bay de Noc were built up about to the level 
of the highest stage of Lake Algonquin, which wa~ 
nearly 150 feet above Gre~n Bay opposite Gladstone. 
The material in the plam west of the bay is largely 

fine sand; in places search is required to find a pebble 
over a quarter of an inch in diameter. The sand has 
a depth that varies considerably because of the uneven .. 
ness of underlying beds of till and clay, but in places 
it is 75 feet thiclc Under it there are places where 
bouldery till has been exposed. There are also 
deposits of red laminated clay nearly free from pebbles 
that seem to have been laid down by the waters of 
Lake Algonquin before the sandy outwash was depo
sited by water issuing from the ice lobe. This c}ay 
has been noted on both sides of Little Bay de Noc 
and reaches an altitude 50 to 75 feet or more above 
the level of the bay. 

The correlative moraine formed at the west side of 
the Green Bay lobe is well developed for a few miles 
northwest from the outwash plain and is especially 
strong in the vicinity of Perkins, where knolls 30 feet 
or more in height occur. In places between Perkins 
and Lathrop along or near the Chicago & Northwestern 
Railway small drift knolls abound and the surface 
appears morainic, but the writer's studies were not 
sufficiently detailed to determine whether a· definite 
moraine is traceable all along the western border of the 
ice lobe. 

TILL PLAIN IN THE AXIS OF THE GREEN BAY LOBE 

In the northwestern part of Delta County, the south
eastern part of Marquette County, and the western 
part of Alger County there is an extensive till plain 
across which the ice border receded after forming the 
moraines just discussed. It is about 18 miles wide 
from west to east and about 35 miles long. Its eastern 
limits are at the Au Train-Whitefish Valley and its 
western limits at the moraine that was traced through 
eastern Marquette County and western Delta County 
to the shore of Green Bay below the mouth of Ford 
River. It seems to lie entjrely in the path of the 
Green Bay lobe. This plain has a loose-textured 
reddish till much like that of the drumlin district of 
Menominee County and southern Marquette County. 
There are only a few drumlins on it, and these are not 
in the part nearest the drumlin district, but in the 
vicinity of Chatham and Eben Junction. The per
centage of swamp land in this plain is also not greatly 
different from that of the Menominee County drumlin 
district. The amount of limestone material incor
porated in the till becomes less and less from south to 
north, for the northern part has only a calciferous 
sandstone from which such material can be derived, 
but the southern part is in a district in which relatively 
pure limestone fornlations are present, and the till 
contains a large percentage of material from these 
formations. Here and there are short eskers a fraction 
of a mile in length and low ridges with a large nUluber 
of local rock slabs embedded in poorly assorted 
material. .Many of the slabs show but little rounding 
by water action. The drumlins near Chatham and 
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Eben Junction are steep-sided ridges 20 to 30 feet 
high and' half a mile to a mile or more -in length. 
Their trend is nearly south. They contain a large 
amount of slabs and flat pieces of the local rock in a 
rather loose textured matrix.· 

A short gravel ridge of the esker type is crossed by 
the highway about 5 miles south of Chatham, at the 
highest point on this road between Chatham and 
Trenary, 946 feet above sea level. This esker trends 
east-southeast and is thus directed toward the east 
side of the lobe and suggests that the axis of the lobe 
was farther west. Its length is less than a mile. 
About 2 miles southwest of this esker is a sandy ridge 
with easterly trend which is crossed by the Rapid 
River branch of the Soo line. Its altitude is about 
950 feet above sea level, and it rises 10 to 15 feet above 
the bordering till plains. This may prove to be a 
wind-formed ridge rather than glacial, for the slight 
exposures found in it revealed only fine sand. It is 
about 90.feet higher than the highest shore of glacial 
Lake Algonquin, 4 miles to the east. 

The strong morainic system bordering Lake Superior, 
described below; shows a slight lobation at the Au 
Train-Whitefish lowland, which marks, perhaps,. the 
latest definite work of the Green Bay ice lobe. It 
seems more convenient, however, to consider it in 
connection with the remainder of the morainic system . 
than to give it separate description here. 

OUTWASH PLAINS EAST OF THE AU TRAIN WHITEFISH 
LOWLAND 

Of the outwash plains connected with the moraines 
of the Green Bay lobe in northeastern Delta County 
and neighboring parts of Schoolcraft and Alger 
Counties the highest one and the earliest to be formed 
occupies a considerable part of the northeast township 
of Delta County. The ice on its north and east sides 
pertained to a lobe that covered the Manistique drain
age basin and represented the closing phase of the 
Lake Michigan lobe; that on the west side pertained 
to the closing phase of the Green Bay lobe, as indicated 
above. This plain slopes southeastward and appears 
to have been built by outwash from both of these 
~b~. . . 

Another outwash plain lies between the two moraines 
of the Green Bay lobe above described. It is eal?t of 
Sturgeon River for a short distance north and south 
of the Alger-Delta county line, in Tps. 44 and 43 N., 
R. 19 W., but west of that stream from a point near the 
center of T. 43 N., R. 19 W., southwestward to the east 
side of Little Bay de Noc, opposite Gladstone. It 
seems to be a little above the level of glacial Lake 
Algonquin in northern Delt~ County and southern 
Alger County, but farther south its level seems to 'be 
very nearly the same as the high~st Algonquin water 
level. In much of its course from the Soo Line near 
Ensign station northeastward to the center of 'r. 43 

N., R. 19 W., its east edge appears to be at Lake 
Algonquin level, the ponded water being the limiting 
agent in the eastward transportation from the edge of 
the ice lobe. The plain was thus extended to a distance 
of 2 or 3 miles outside the moraine that marks the 
position of the ice border. There is along Sturgeon 
River a low strip 1 to 3 miles wide which probably 
because of this ponding was not filled by the outwash. 

After the ice began to recede from the moraine that 
lies on the east side of Whitefish Valley in northern 
Delta County the slope toward the valley was shaped 
into steps that become lower and lower fronl the 
moraine down to the valley. It might be assumed 
that these steps are merely the work of the waves of 
Lake Algonquin and that they mark successively 
lower levels of the lake waters, but the tread or level 
part of each step carries basins and irregularities ·that 
are not consistent with the cutting into a slope by wave 
action, and the riser or bluff part has spurs and recesses 
such as are characteristic of the ice con tact where the 
higher plain was built up outside the ice while the lower 
plain lay beneath it. There may have been some work 
by the waves of Lake Algonquin in connection with 
these steps, but it seems probable that the steps mark' 
successive positions of the retreating ice border. 

There is a very conspicuous outwash plain outside a. 
strong moraine in Alger County from the Au Train
Whitefish Valley eastward which may have been. 
formed in large part during the recession of the ice 
border across the area it occupies, for the plain has a. 
general width of 6 or 7 miles. I t is full of basins and 
irregular-shaped depressions, which seem to mark the 
places where detached masses of the ice sheet persisted. 
after the active ice border had melted back beyond. 
them. These depressions, with the great width of 
the outwash district, support the view that the out~· 
wash was largely built in the course of the ice recession;. 

The outwash on the west side of the Green Bay' 
lobe in southern Marquette C01IDty and western Delta. 
County is very meager compared with its extent on'. 
the east side in the same latitude and on the west side· 
farther north in Marquette County. From Little Lake, 
northward to a point within 5 or 6 miles of Marquette, 
as already shown, the outwash is very extensive. 
This tract, however, is above the place where the Green. 
Bay lobe became differentiated from the ice of the, 
Lake Superior Basin. 

CLA Y DISTRICTS 

North of Big Bay de N oc there are small areas of 
clay. One lying east of the Sturgeon Valley enlbraces 
30 to 40 square miles and comes to the border of Big 
Bay de N oc near Isabella. The clay is red, has very 
few pebbles embedded in it, andappears to be a water ... 
laid rather than a glacial deposit. Parts of this area 
have a thin coating of sana on the clay, but in much. 
of it the clay is so near the surface as to be within 
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reach of the plow. Another clay area lies west of 
Ogontz Bay and runs northward along the west side 
of Ogontz River beyond the Soo Line. It is about 
10 miles long fron1 north to south and about 3 Illiles in 
average width. These clay areas are low next to Big 
Bay de Noc but reach an altitude of 100 feet or more 
above the level of the bay in their northern parts. 
They lie llluch below the level of glacial Lake Algon
quin. They seem to be in places where sandy and 
gravelly outwash frOlll the Green Bay lobe did not 
reach. At the north ends of these clay areas there is a 
steep rise to the outwash plains. 

AREAS OF VERY THIN DRIFT 

On a considerable part of the peninsula between 
Big Bay de Noc and Little Bay de Noc and on the 
Garden Peninsula lin1estone lies near the surface and 
in places stands a few feet above the general level of· 
the drift filling. These peninsulas were almost en
tirely covered by the waters of Lake Algonquin and 
show the effects of the suhn1ergence ill the gravelly 
bars and in bare wave-washed ledges. The general 
thinness of the drift, however, seen1S to be due in 
larger degree to scanty deposition by the ice than to 
ren10val by subsequent wave action. 

Along the lowest part of the Au Train-Whitefish 
depression there is a strip of nearly bare rock from the 
crossing of the Munising, Marquette & Southeastern 
Railway southward to the head of Little Bay de Noc. 
l1ere the rock Illay have been denuded of some of its 
drift cover by the passage of lake currents through 
the narrow strait that in Lake Algonquin time led from 
the Lake Superior Basin to the Green Bay Basin, as 
shown lllore fully in the discussion of Lake Algonquin 
(pp. 63 to 68). 

LAKE MICHIGAN LOBE 

The ice that formed the Lake Michigan lobe crossed 
the northern peninsula east of the meridian of Munis
ing and covered it about as far east as the meridian of 
St. Ignace. At the time the outer morainic system of 
the western part of the northern peninsula was being 
forn1ed by the Superior lobe the Port Huron morainic 
systCIn seenlS to have been in process of development 
by the Lake Michigan and Huron lobes. The Port 
Huron Iuorainic systen1 has been described in Mono
graph 53. The fullinnit and fluctuation of the Lake 
Michigan lobe during the period in which the later sys
tCln of n10raines of the west end of the northern penin
sula was being fonned can not be stated definitely, but. 
it soelns not unlikely that the ice for a part of that time 
reached the Manitou Islands and encroached slightly in 
the northern part of the southern peninsula. The Che
boygan Inoraine and a smallIlloraine bordering Little 
Traverse Bay Iuay be correlated with the outer member 
of this later systenl. These 11loraines also are described 
in Monograph 53. The Beaver Island group, in the 
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northern part of the Michigan Basin, seems to have 
been buried under ice at that time, but was uncovered, 
perhaps, before the later members of this younger mor
ainic system were formed. By the time the moraines 
and outwash plains north of Big Bay de N oc were being 
developed the ice may have entirely disappeared from 
the Lake Michigan Basin. Its border then may have 
been at a moraine traversing the southern part of the 
peninsula, across Schoolcraft and Mackinac Counties. 
A slight protrusion of the ice southward ove.r the great 
swamp in the Manistique River drainage area seCIns 
to be the successor of the Lake Michigan lobe when the 
ice no longer reached the Lake 11ichigan Basin. 

HURON LOBE 

ICE MOVEMENTS AND DRIFT CHARACTERISTICS 

There appears to have been considerable complexity 
of ice movement over the east end of the northern 
peninsula. The striae indicate a west-southwest
ward movelllent across the high limestone ridges east 
of Trout Lake and Ozark and on the shore of Lake 
Michigan near Point Epoufette. They show a south
eastward movement near Hessel and Les Chei::teaux 
Islands and a southward movement across Drum
mond Island and neighboring parts of' Canada. 
There was thus a wide divergence of ice movement in 
the part between Point Epoufette and Les Cheneaux 
Islands and a convergence in the district east of those 
islands. Whether these wide differences represent 
differences in direction of ice movement at the same 
time or at different times is not yet determined. The 
dominant direction of movement into the northern 
part of the Lake Huron Basin seems to have been 
southward, yet there is clear evidence of vigorous 
southeastward movement not only in the bearing of 
striae but also in the trend of drumlins on Les Ohe:
neaux Islands and neighboring parts of the mainland. 
In other areas drumlins appear to have been formed 
where ice movement was vigorous, and the same 
thing seems likely to have taken place here. Th.is 
southeastward movement seems also to be inconsis
tent with the direction of movement a few miles to 
the north of this drumlin area. Several moraines 
between the Cheneaux drumlin area and Sault Ste. 
Marie trend in nearly the same direction as the drum
lins and thus appear to have been formed by a south
westward ioe movement. The 11lovement that pro
duced these moraines extended up to and in places 
beyond the brow of what is known as the Niagara 
escarpment, the outermost of the moraines being, in 
part on the top of the escarpment and in part on its 
southern'· slope. The southeastward-bearing striae 
and the drumlins are confined to low ground on the 
imInediate border of Lake Huron. Possibly the depth 
of the Lake Huron Basin was sufficiently greater to 
the southeast from Les Cheneaux Islands than to the 
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southwest to cause a local deflection southeastward, 
for the basin is relatively shallow to the southwest, 
in the vicinity of the Straits of Mackinac. The extent 
of the movement past the Cheneaux drumlin area into 
the Lake Huron Basin is not known. The ice may 
have reached the position marked by the Cheboygan 
moraine, which lies near the edge of the southern 
peninsula from Mackinaw City southeastward past 
Cheboygan. The Cheboygan moraine is described 
in Monograph 53, and attention is therefore given 
here only to the features on the northern peninsula. 

In the Carp River drainage basin there is a large 
amount of swamp land in which the rock is not far 
below the surface. The swamps seem to be underlain 
by sand rather than clay, and sandy ridges are found 
in them ·at short intervals. The high land within this 
drainage basin con~ists largely of bare limestone ridges 
and hills. They seenl to have been swept clean in 
some places by the wave action of Lake Algonquin, 
to which they were exposed at nearly all levels in the 
course of the uplift which was in progress during Lake 
Algonquin time and which caused the water to take 
lower and lower positions on the slopes of these lime
stone hills. 

Southwest of the headwaters of Carp River, along 
the border of Lake Michigan from. Brevoort Lake 
westward for about 12 miles, there is a high table
land of sandy gravel, which is probably an outwash 
deposit from ice that was covering the Carp River 
drainage basin. The strip is 2 or 3 miles wide and 
stands about 700 feet above sea level, or 120 feet above 
Lake Michigan. As the height of this table-land is 
more than 100 feet below the highest level of Lake 
Algonquin, it was probably formed in deep water. 
There is, however, some likelihood that ice persisted 
in stagnant condition in. the deep north end of the' 

. Lake Michigan Basin down to a time when the border 
of the moving ice had been melted back to some 
position on the northern peninsula. In that case the 
Lake Algonquin waters may not have had access to 
this area and the level to which it was filled may 
have been controlled by local conditions b~tween ice 
masses on its borders. 

In the Pine River drainage basin there is a large 
amount of clay land, and this borders the west side of 
St. Martin Bay for a few miles beyond the mouth 
of Pine River. The conditions are thus strikingly 
different f:rom those in the Carp River drainage basin. 
Much of this clay seems to be lake sediment laid down 
by the waters of Lake -,:L\.lg9nquin .. Some clayey till, 
however, is found beneath the i~ke' deposits. 

On the east side of St. Martin Bay and on the islands 
in the bay there is a large amount of sand~ and the 
hills consist of bare limestone. This condition extends 
to' the edge of the drumlin district at Hessel. 

Only a few small areas along the brow of the 
Niagara escarpment rose above the level of Lake 

Algonquin, but with two exceptions these areas have 
very little drift. One east of Trout Lake has an 
altitude of more than 100 feet above the highest 
Algonqum beach, yet there are only a few pebbles and 
boulders on it, and deep unfilled fissures occur in the 
limestone. Its appearance is that of a fiercely wave
swept tract. Possibly in the complexities of ice 
movement and melting the waters became locally 
ponded here to a height much higher than the limits 
of Lake Algonquin. Another very prominent tract 
of bare limestone lies east of Pine River 6 to 8 miles 
southeast of Rudyard. On this tract also there are 
deep unfilled fissures in the limestone which make 
treacherous pitfalls for stock grazing on it. This 

. tract is encircl.ed by the highest beach at a level more 
than 50 feet below its highest point. Between these 
two prominences of bare rock ledges there is another 

.prominent area fully 100 feet above Lake Algonquin 
which carries a deposit of drift heaped into' morainic 
knolls and ridges. This deposit occupies several 
square miles east and northeast of Round Lake in T. 
43 N., R. 4 W. It seems probable that the moraine 
was formed between ice lobes that protruded southward 
in the low lands on each side and converged on the high 
land that carries the moraine. 

Another morainic area that stood above Lake 
Algonquin lies directly north of Hessel on the line of 
Tps. 42 and 43 N., R. 1 W. It embraces only 3 or 4 
square miles and has a strong morainic expression. 
This moraine is traceable southeastward into the cen
tral part of T. 42 N., R. 1 E., at levels below the limits 
of Lake Algonquin. In that area it has a very sub
dued expression, but the thiclmess of the drift along it 
is much greater than on either side, and boulders are 
conspicuous. Northeast of this submerged part of the 
moraine, in the northern part of T. 42 N., R. 1 E., 
there is a prominent limestone strip which was swept 
bare by lake action, as it stands just below the upper 
limits of Lake Algonquin. There is a similar promi
nent limestone strip in the western part of T. 42 N., 
R. 2 E. 

LES CHENEAUX DRUMLIN DISTRICT 

The drumlins on Les Cheneaux Islands and the 
adjacent part of the mainland are among the most 
conspicuous features produced by the ice in this part 
of the northern peninsula. They were studied and de
scribed by Russell 7 in 1904.· The prevailing trend 
of the drumlins is about S. 50°-55° E., or very nearly 
the same as the latest striae on the rock ledges near 

. them .... They. are. much elongated, some of .them being 
about a mile long; the width is ordinarily one-eighth 
of a mile or less. The height ranges from 10 or 15 
feet in the smaller ones to 40 or 50 feet in the larger 
ones. About 50 of these drumlins were mapped by 
Russell, and he estimated that nearly as many lllore 

7 Russell, I. C., Michigan Geol. Survey Ann. Rept. for 1904, pp. 69-71, 1905. 
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may be present in the uncleared land which he did not 
eXfimine in detail. Those on the mainland are within 
about 2 Jniles of the shore of Lake Huron and are 
present fr01n Hessel eastward a short distance beyond 
Cedfirville. S01ne of the islands consist of single 
dnunlins; others of groups of drumlins. The till in. 
the dnl1nlins is rather compact and clayey and has a 
reddish color. Part of the large stones embedded in 
it are local limestone, and part are crystalline rocks 
brought in from Canada. Russel reported that a 
highway cut through a drumlin in Cedarville, showed 
the till to be distinctly laminated in the upper 5 or 6 
feet, but the lmnination is less evident at greater depth. 
The lanlinfie are concentric with the convex surface 
of the hill. Russell suggested that lamination of this 
sort 1l10.y be produced either by the pressure of the 
ice or by a plastering or surface accretion by the ice 
in its pfissage over the hill. On the surface of nlany of 
the drumlins boulders are very nunlerous. Russell 
suggested that a concentration of boulders may have 
boen produced by lake waves and currents working 
on the drumlins and removing the fine nlaterial from 
their surface. In their present condition they are thus 
washed drumlins. There are also notches and terraces 
on the slopes which are especially conspicuous at 
the level of the highest Nipissing beach, about 40 feet 
above Lake Huron. 

MORAINES AND OTHER FEATURES OF EASTERN CHIPPEWA 
COUNTY, MICH. 

In the eastern pa,rt of Chippewa County there are 
several bouldery ridges which trend in general from 
northwest to southeast and appear to have been 
formed by ice moving southwestward across St. Marys 
River. The direction of ice nlovelnent changed to 
sou thward toward Drummond Island. The ice move
:ment that fOrIned these morainic ridges differed strik
ingly frOlll that which fOrIned the drumlins in Les 
Cheneaux Islands, though those islands lie directly 
south of the~e 1l10raines. In fornling these moraines 
the ice appears to have nlade a more vigorous move
ment from the uplands at the east end of the Lake 
Superior Basin and advanced into an area that had been 
in the path of a movenlent southeastward from this end 
of the basin. These moraines are considered in order 
from south to north in what appears to have been their 
,order of development. 

KINROSS MORAINE 

The I(inross nloraine, here named by the writer-from' 
IGnross station, on the Soo Line, which stands on it, 
becomes a definite feature at the northwest in sec. 11, 
'T. 45 N., R. 1 E., and leads southeastward for about 
'20 Iniles, passing by Stalwart and Gatesville and com
ing to the Lake Huron shore about 6 miles southeast 
of Gatesville, in T. 41 N., R. 3 E. Its general width is 
between 1 and 2 lniles, but for a few lniles southeast 

from Kinross it expands into a boulder-strewn table
land about 4 miles wide. In the vicinity of Gatesville 
and southward to Lake Huron the lnoraine and a grav
elly plain on the southwest, which seems to be out
wash from it, occupy a strip about 4 miles in width. 

In altitude the nloraine ranges from 700 to 800 feet 
or more above sea level, except near its southeast end, 
where it drops below 700 feet. It is highest between 
I(inross and the l\1unuscong Valley, where it stands 
about 100 feet above the bordering plains. This high
est part is deeply indented by basins and has a nearly 
plane surface, like an outwash apron. It is underlain 
to a considerable depth by cobble and gravel beds, but 
its surface is thickly strewn with boulders. Perhaps 
this occurrence of surface boulders is due to an advance 
of the ice over its outwash of such a character as to 
cause but little change in the topography of the out
wash plain. The moraine and the outwash plain 
were eroded and terraced to a marked degree by the 
waves of Lake Algonquin as it was dropping to lower 
and lower levels. The crest also carries an Algonquin 
beach in the vicinity of Gatesville. The highest level 
of the Algonquin waters was nearly 100 feet higher 
than the highest part of this moraine. It is therefore 
somewhat surprising to find that the moraine has so 

. much relief. The relief was probably somewhat 
greater than now when the ice sheet melted away, for 
the plains bordering the moraine have received a 
deposit of clay from the waters of Lake Algonquin. 

Wells along the ridge generally penetrate about to 
the level of the base of the loose-textured deposits to 
strike water, as there appears to be no clay or imper
vious bed to check downward percolation. The boul
ders on the ridge are largely crystalline rocks frolH 
Canada, there being only a few limestone and sand
stone slabs from the local formations. The cobble
stones and small pebbles include a larger percentage 
of local rocks. 

On the south side of the Kinross morfiine, from its 
northwest end to the Niagara escarpment at Stalwart, 
there is a heavy filling of laminated red clay; but 
southeastward frOln Stalwart the outer border district 
is rough and broken, with bare limestone hills sepa
rated by swampy lowlands. From Stalwart north
westward the main settlement has been on the plain 
south of the moraine, and only a few farms have been 
cleared along the moraine. But from Stalwart south
eastward the moraine is largely under cultivation, and 
but few farms have been opened south of it. 

On the north' 'side 'of the Kinross moraine there is a 
belt of sand and swamp land 2 or 3 miles wide extend
ing from the west end to Mud Lake, at the mouth of 
Munuscong River. It is largely a barren waste. 
South of Mud Lake a large cedar swamp lies between 
the lake and the mor.aine, but it is diversified by a 
few limestone hills. From a point opposite Gates
ville southeastward to Detour the district between 
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the moraine and St. Marys River includes some fair 
farm land, mainly in the depressions between lime
stone ridges. It has a stony clay loam on which sur
face boulders abound. Several clearings have been 
made and turned into· meadow or pasture. 

LATER MORAINES 

The part of Chippewa County lying in the bend of 
St. Marys River, from the head of the ri~er to Neebish 
Island, is nearly all covered by a deposit of red lami
nated clay such as occurs south of the Kinross Ridge. 
A few narrow ridges and small knolls rise a few feet 
above the level of the clay plain. They do not appear 
to be superimposed on the plain, but instead they seem 
to be ridges that were partly buried by the deposition 
of the red clay. They carry some remnants of the 
red clay deposit' on their crests and slopes. This 
feature seems to indicate that they were at one time 
covered more completely with the clay, but owing 
to the steepness of their slopes much of the clay has 
been washed down and spread over the bordering 
plain, or where the ridges are composed of gravel the 
clay has been carried down into them. 

A conspicuous sharp gravelly ridge immediately 
southwest of Sault Ste. 11arie, known as Larke Hill, 
is about 3 miles long, a quarter of, a mile wide, and 
15 to 50 feet high. It runs south from a point near the 
southwestern limits of the city of Sault Ste. Marie 
about to the line between Tps. 46 and 47 N., R. 1 W. 
The north end has been opened extensively for road 
ballast and to supply a stone crusher. These pits 
all show gravel with beds dipping sharply westward, 
on the east slope as well as on the west slope and the 
crest. On the west side of the ridge is a nearly smooth 
tract standing 10 to 20 feet or more above the plain east 
of the ridge, but itself descending westward within a 
mile to a level as low as the plain east of tl~e ridge. 
As exposures in this tract show the presence of stony 
materIal at a depth of 10 feet or less, it is thought to 
be a low glacial ridge on the top of which the gravelly 
ridge, has been built. An examination of the matrix 
or fine material of the gravel beds shows a notable 
amount of red clay, which it is thought may have worked 
down int~ the deposit from a capping of clay that has 
now nearly all disappeared fronl the surface. The 
material in the gravel ridge is rather coarse, cobble
stones and small boulders being abundant wherever 

, pits have been opened, and the surface is strewn with 
stones 6 to 10 inches or more in diameter. The ridge 
has a range in altitude amounting to about 100 feet, 
the highest point being at the Larke Lake Survey 
station, which is 800 feet above sea level, and the 
lowest near the south end, where, according to an 
aneroid determination, its altitude scarcely reaches 
700 feet. The residents commonly regard this ridge 
as an old lake beach, or bar, but its great size, its 
range in altitude, and its structure are more consistent 
with aqueoglacial than with lake action. 

A system of small ridg'es and knolls leads southeast
ward from Dafter past Barbeau post office to St. 
Marys River opposite N eebish :Esland. These ridges 
rise from 10 to 40 feet or perhaps slightly more above 
the bordering plains. They are spread over a strip 2 

, or 3 miles in width. but occupy much less than half the 
surface, there being clay plains of considerable extent 
among them. They are thickly strewn with boulders, 
nearly all derived from Canada. The ridges vary 
greatly in constitution, some being composed of clayey 
till, ,some of sandy till, and some apparently of gravel. 
There are a few sandy ridges, but they are perhaps the 
result of subsequent lake action. The usual trend of 
individual ridges is northwest to southeast; or in 
harmony with "the trend of the system as a whole. 
In the vicinity of a church and schoolhouse about 3 
miles south of Rosedale, in secs. 4 and 5, T. 45 N., R. 
1 E., there is a plexus of gravelly ridges inclosing 
basins and giving the surface an exceptionally rough 
appearance. ~hese ridges are probably of fluvio
glacial origin in stagnant ice and are similar to eskers 
in mode of development, if not simply a network of 
eskers. There happens to be an old lake level at about 
the same altitude as the highest parts of the systenl of 
ridges, but the beaches formed by the lake seem to be 
confined to small terraces and to spits and small ridges 
much smaller than the ridges forming this network. 

Between the Dafter-Barbeau system of ridges and 
Charlotte River there is a strip 2 or 3 miles wide in 
which very few knolls and ridges appear. But on the 
north side of Charlotte River from the vicinity of 
Rosedale northwestward for. several miles is a practi
cally continuous ridge standing 20 to 30 feet above the 
bordering plains and having a breadth of nearly a 
mile. It contains a clayey till, but the surface is in 
places coated with sand as well as strewn with boulders. 

This ridge flattens out 4 or 5 miles south of Sault 
Ste. Marie, near the meridian line of the land survey. 
It may, however, continue northward in very flattened 
form as far as St. Marys River in the western part 
of Sault Ste. Marie. In the plain that lies south of 
Sault Ste. Marie there is a barely perceptible west·, 
ward rise toward this supposed line of co·ntinuation. 
The plain is coated with lake clay to a considerable 
depth. Exposures in Sault Ste. Marie seem to indi
cate that its sloping surface is the masked slope of a 
glacial ridge. N ear the tannery in the western part 
of the city a stony clay is found up to an altitude about 
100 feet above Lake Superior, but in exposures farther 
east, in the southern part of the city, the stony clay 
is not present, though some of them extend down to a 
level about 60 feet above the lake. At large clay pits 
near the tannery the upper 10 feet is a distinctly 
laminated red Clay with very few embedded stones, 
below which.is a somewhat stony clay apparently of 
glacial origin. In this stony clay are pockets of gravel 
and sand. There is also some lamination, as if it were 
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till deposited in water. These exposures seem to 
indicate a close connection between the decidedly stony 
clny and the nearly pebbleless laminated clay that over
Hes it, as if the latter followed immediately upon the 
former. Itis probable that on the plain south of Sault 
Ste. ~1arie a change from the lake clay to the stony 
nnd sandy glacial deposit occurs at about the level 
where water is obtained in wells, which is at a depth 
of 30 to 50 feet. . 

There are two ridges of lnorainic aspect in the north
ern part of Sugar Island, in St. Marys River. One 
on the west side of the island is about a lnile in average 
width and 6 nules in length. Its crest ranges from. 
about 785 to 844 feet above sea level, or 200 to 260 feet 
above St. Marys River, and is generally distant but .a 
nule from the river. It therefore appears very promi
nent when viewed from the west side. It rises, how
ever, only 50 to 60 feet above a plain east of it, but 
that plain has a clay coating 20 feet or more in general 
depth. The Mirron Lake Survey station stands on the 
highest point, 844 feet, and this is occupied by a lake 
beach .. Lake beaches also occur on the slopes of the 
ridge. The surface of this ridge is thickly strewn with 
boulders and slnaller stones, SOIlle of which luay have 
been stranded on it during the lake occupancy. 

In the no'rtheastern part of Sugal~ Island is another 
ridged belt about 3 Iniles long and 1 to 2 nliles wide. 
Its west border is about 1 ~ Illiles fr01u the east edge 
of the ridge just described. It rises somewhat abruptly 
abou t 60 to 75 feet above the plain that lies between 
the two ridges, the highest points reaching an altitude 
of more than 860 feet above sea level. Lake beaches 
oecul' on its crest and slopes. It is very thickly strewn 
with boulders and slualler stones, and the drift is a 
sandy til]. 

On the plain between these ridges farnls have been 
opened, but the ridges arc scarcely at all cleared. At 
the farms wells usually obtain water at depths of 20 
to 25 feet in sandy and stony deposits that underlie. 
the lake clay. Some of the. ravines have cut down 
through the lake clay and exposed a stony surface 
under it, with SOlne very large boulders. The contrast 
here between the glacial and lake deposit~ is nluch 
]1101'e striking than in the exposures in the western 
part of Sault Ste. Marie noted above. 

MORAINES AND ACCOMPANYING FEATURES OF THE 
EASTERN PART OF THE NORTHERN PENINSULA OF 
MICHIGAN 

In the eastern part of the northern peninsula of 
Michigan there is a complex systenl of nloraines which 
are in some places crowded together and in others 
separated by plains or swaIllps several miles in width. 
There aTe generally two strong Illoraines and associ
ated with thCln S0111e weaker ones. At the beginning 
of the develop.ment of this system of nlOraines the 
ice a.ppears to have nleHed away from the Huron and 
Michigan lake basins to the south, or if it persisted in 

any part of these basins it probably became an inactive 
or stagnant mass, disconnected from the moving ice 
to the north of the basins. . 

This morainic sY!'tem is in part above and in part 
below the level reached by the waters of Lake Algon
quin. The part below that level has a much stronger 
morainic expression than is commonly exhibited by 
1110raines laid down in water, such as thbse of the 
Saginaw and Erie Basins. The effect of the lake has 
been remarkably slight in toning down the morainic 
features. The basins are only partly filled and the 
knolls bear only slight notches cut by the lake waves. 

Sandy ridges on the slopes of the moraines add 
considerably to their rQughness. These ridges seem 
to be different from ordinary dlmes, as they support 
heavy growths of hardwood timber, yet excavations 
in them show only fine sand with no clayey mixture. 
Nor are there p~bbles or rocks that would require 
water or glacial action. The moraines are bordered 
in places by plains of sandy gravel, which by their situ
ation as well as the character of their material appear 
to be outwash aprons, yet most of them are consider
ably lower than the highest level of Lake Algonquin. 
These will be considered in connection with the de
soription of the moraines. 

The southernmost member of this morainic system 
in general lies a few .miles from the shore of Lake 
Michigan. The outlying district is largely a tract of 
limestone with very thin drift cover. Its highest 
parts are fully 200 feet above Lake Michigan, and in 
a few places-for example, in a liIuestone tract west 
of Indian Lake in southwestern Schoolcraft County
they stand above the upper limits of Lake Algon
quin. There are gaps in the limestone which are 
generally occupied by low sandy plains, but in places 
are filled to the general level of the limestone surface. 

MORAINES SOUTH OF THE MANISTIQUE AND 

TAQUAMENAW SWAMPS 

From the reentrant angle in the ice border in north
eastern Delta County and neighboring parts of School
craft and Alger Counties, described on page 43, the 
ice border seenlS to have had a slight lobation in the 
Manistique drainage basin and crossed Manistique 
River about 10 miles northeast of Manistique, in 
the northwestern part of T. 42 N., R. 14 'ltV. Mo
rainic features are prominent along the SClioolcraft
Delta county line and along the Manistique & Lake 
Superior Railroad for several miles eastward from the 
nlorainic complex. Low sandy plains 'and swamps 
then interrupt the moraines for several lniles, .but. in 
the northern part of T. 43 N., R. 16 W., nloraines 
reappear and a definite moraine runs southeastward 
for about 12 miles. . This morainic tract is about 150 
feet above Lake Michigan, and along part of its south 
border there is a table-land of sandy gravel, which 
sooms to be an outwash .apron. This table-land is 
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nearly free from boulders, but the Inorainic strip has 
numerous boulders and smaller stones scattered over 
its surface. It also has a more productive soil than 
the outwash plain. In this strip is the farming com
munity known as Hiawatha Settlement. 

On the east side of Manistique River for several 
miles above its mouth there is a sandy table-land 
standing 120 feet or more above, the level of Lake 
Michigan. Where the highway rises to this table
land about 2 miles east of Manistique, near the corner 
of secs. 4, 5, 8, and 9, T. 41 N., R. 15 W., there is a 
great depth of sand exposed, in which pebbles are 
very rare, but at the top of the deposit is a more pebbly 
sand a few feet thick. The upland is a sandy plain 
thence northward to the westward-flowing part of 
Manistique River in T. 42 N., R. 15 W. On this plain 
there are scattered boulders. The deep filling with 
sand appears to exten.2- eastward only to a small 
stream that runs north through secs. 27 and 22, T. 
42 N., 'R. 15 W. East of that stream rock is near the 
surface, and a few boulders and coarse stones are about 
all there is of definite glacial material. There seems 
to be very little morainic material in T. 42 N., Rs. 14 
and 15 W., but in eastern Schoolcraft County, in 
Tps. 43 and 44 N., R. 13 W., there is strong morainic 
development, apparently in the line of continuation 
of the moraines west of Mallistique River. From 
the southeast border of this morainic area, in the south
ern part of T. 43 N., R. 12 W., a plain of sandy gravel 
extends northeastward as well as eastward into western 
Mackinac County over the greater part of T. 43 N., 
R. 12 W., and the northwestern part of T. 43 N., R. 
11 W. The morainic belt also bears northeastward 
across the northwestern part of Mackinac County into 
the southern part of Luce County. The Manistique 
Lakes lie in it, and its north edge is near the Duluth, 
South Shore & Atlantic Railway across the entire 
width of southern Luce County. There is a sandy out
wash plain outside of the moraine in the headwaters 
of Mille Coquins River and east of Mille Coquins 
Lake which runs southeastward to the shore of Lake 
Michigan n~ar Naubinway. The outer part of the 
morainic system turns southeastward and runs past 
Gilchrist to Lake Michigan. This part carries sandy 
ridges, which conceal much of the surface of the mo
raine. A plain of sandy gravel sets in on the north 
shore of Lake Michigan a few miles farther east, but 
morainic features are weak to the north of it. This 
outer member of the morainic system is a definite 

" feature as far east as the southwestern part of T. 43 
N., R. 7 W. There are scattered morainic knolls a 
few miles farther back from Lake Michigan along or 
near the Soo Line from Gilchrist nearly to Trout 
Lake. 

The main part of this morainic system lies still 
farther north and runs eastward across southern Luce 
County into Chippewa County, keeping south of the 

great Taquamenaw Swamp. There are two conspic
uous recesses in t,he north border of the moraine in, 
Luce County, one from 1 to 4 miles west of Newberry 
and the other, from 4 to 10 miles east of that town., 
In the first recess a low clay plain extends about 3' 
miles south of the Duluth, South Shore & Atlantic 
Railway, and in the second about 5 miles. Along
the St. Ignace branch of this railroad there is a low 
sandy plain rising gently southward to the divide 
between Lake Superior and Lake Huron, 3 luiles north
west of Trout Lake. Near the line of Luce and School
craft Counties the morame is greatly interrupted by 
$wamps for about 6 miles south of the railroad. These 
swamps appear to be underlain by sand, and so does the 
great swamp that occupies much of the drainage area 
of Manistique River in Schoolcraft County. Near 
Eckerman the moraine under ,discussion becomes 
merged with a later one, which continues northeast
ward nearly to the head of the outlet of Lake Superior 
at Point Iroquois. 
Ther~ are few places where this morainic systmu is 

developed at a level less than 150 feet above Lake 
Michigan. ,Where the land stands lower along its 
course there are usually sandy plains and swamps. 
Some of the highest points are found at the west end, 
in the interlobate tract in western Schoolcraft County, 
where the altitude reaches fully 950 feet above sea 
level, or about 370 feet above Lake Michigan. A 
single knoll near Rexton is also 950 feet above sea 
level, and a knoll a mile south of McMillan reaches 
about 1,000 feet. The altitude of the greater part 
of the moraine is between 800 and 900 feet. The 
highest level of Algonquin waters in this district is 
not far from 900 feet above the sea, being a little 
above that level in western Schoolcraft County and 
a little belQw in southern Luce and Chippewa Counties 
and in Mackinac County. The islands rose but little 
above the lake and were of slight extent. 
. The relief of the moraines on the outer or south 
border IS generally very, slight, being ordinarily only 
20 to 30 feet. The inner-border relief is much greater, 
as a low swamp lies along the border in Schoolcraft 
and Luce Counties and western Chippewa County. 
The lowest part of the swamp in southern Manistique 
County is less than 650 feet above sea level, and the 
altitude is only 720 feet at the divide between the 
Manistique and Taquamenaw drainage basins. The 
altitude is low as far east as Soo Junction. Eastward 
from that point the swamp rises to 800 feet at Eck~r
man and about 825 feet at Strong station. In places 
a narrow plain lies along the south side of the swalUp 
in Luce County, and the morainic features set in at 
750 to 800 feet above sea level, or 20 to 70 feet above 
the level of the swamp. The village of Newberry 
stands on this plain. 

Throughout much of its course the lnoraine has a 
strong expressjon. The_basins aTe especially conspic .. 
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HOHS. The swells have usually rather gentle slopes, 
but a few of theIn are steep and rise high above the 
surrounding part of the lnoraine. Thus the highest 
points of a chain of knolls about 1 Y2 miles north of 
Garner are about 100 feet above the rest of the moraine, 
and a knoll north of Rexton rises 90 feet. The mo
raine in western Schoolcraft County has many sharp 
knolls and ridges ·60 to 75 feet high. Some of the 
basins are very large. The one occupied by Manis
tique Lake has an area of about 15 square miles. 
The neighboring morainic knolls and ridges rise 60 
to 80 feet above the lake. Some small basins are 
very deep. Those in the Hiawatha SettleJ?lent which 
contain small lakes have rims about 40 feet above the 
lakes, and the lakes are said to be 60 to 75 feet in 
depth. As a rule, however, the lakes along this 
Jnorainic system are shallow, and there are many 
basins that are occupied by swanlps or have dry 

bottoms. The basins are nearly all in the part of the 
InorallllC system that was covered by the waters of 
Lake Algonquin. The basins are preserved where 
they lie near the level at which strong wave action 
seems likely to have occurred, as well as where they 
were deeply sublnerged. 

A considerable part of this 11lorainic system has 
been built up to about the level of the highest part of 
the Niagara escarpment where it lies along the crest. 
of the escarplllent. The drift is thus rather thin 
where the rock stands high and thick where it stands 
low. The drift is very thick to the north of the 
escarpment. The moraine lies mainly north of the 
escarpment, though its outer part· extends to and in 
places beyond the escarpment from the vicinity of 
Hendrie westward to Manistique River. The rock 
has been struck north of the escarpment in only a few 
borings, as shown in the following list: 

Dee1) borings along 01' near the moraine nm·th of the Niagara escarp"!wnt 

Location Altitude Depth 

Feet Peet 
Van Leuven estate, sec. 25,1'.47 N., R. 4 W_ 825 140 
Strong (Turner's mill) __________________ 840 220 

Strong (Turner's boarding house) ________ 845 203 

Near Soo Junction ___________________ :-_ 720 172 

( 
186 

New berry asylum _____________________ 870 245 
457 

Newberry waterworks _________________ 775 110 
Newberry chemical works ______________ 765 92-128 

Newberry Furnace _____________________ 765 80 
Ryberg well Y2 mile east of Newberry ___ 760 140 
Dollarville, banaher Lumber Co. ________ 725 120-140 
.J. Watson, sec. 4, T. 45 N., R. 12 W _____ 760 106 
School house sec. 9, T. 45 N., R. 12 W ___ 850 192 
.J. Templeton, sec. 1~ T. 45 N., R. 12 W_ 850 196 
A. Carlson, sec. 1% . 45 Nit R. 12 W ___ 850 150 
.1. Hunter, sec. 9, .45 N., . 12 W _____ 740 103 
A. Pentland, sec. 10

1 
T. 45 Nit R. 12 W __ 740 103 

J. Swanson, sec. 2, ~. 45 N., . 12 W ____ 750 84 
.l. Peterson, sec. 11, T. 45 N., R,'12 W ___ 740 53 
About 3 miles southeast of Newberry ____ 860 170 

McMillan (at schoolhouse) _____________ 785 80 
Helmer post office, by Manisti\le Lake __ 705 70 
SChoolhouse

i 
sec. 29, T. 45 N., . 12 W __ 775 96 

Charles Mc {enna, sec. 29, T. 45 N., R. 12 W ______________________________ 
765 86 

Jerry Holland, sec. 30
1 

T. 45 N., R. 12 W_ 730 85 
. 1. Richards, sec. 21, ~. 45 N., R. 12 W __ 775 76 
Mr. Stafford, west of Manistique Lake ___ 770 80 
BIaney, Wm. Mueller Lumber CO _______ 

1 

750 214 

Remarks 

No rock struck. 
Rock at bottom. Drift mainly clay to 175 feet; gravelly hardpan, 

quicltsand, and sandy gravel below. 
Sand 7 feet at top, then clay to 175 feet, below which is gravelly 

hardpan and quicksand 
Rock at bottom. Drift largely a gummy clay. Thin bed of gravel 

on the rock. 

l
One well, 245 feet, from gravel. Four wells, 186 feet. Rock at 

320 feet. Drift entirely sandy or gravelly material. Water ob
tained from upper part of limestone, drift water being cased out. 
Shale in lower 70 feet. 

Three wells. Entirely in sand to gravel at 90 feet. 
Ten wells, 92 to 108 feet; test well, 128 feet; sand, 5 feet; clay, 16 to 

18 feet; fine sand extending to 90 feet, coarser sand to bottom of 
wells, and in test well to rock at 126 feet. 

Section as in well at chemical works. 
Black muck, 5 feet; clay, 80 feet; quicksand and gravel to bottom. 
Four wells; rock struck at 130 to 140 feet. Flowing wells. 
Hardpan and clay, 120 feet; sand and gravel at bottom. 
Largely through sandy drift. 

Do. 
Do. 

Red clay, 40 feet; sandy slush to gravel at bottom. Flowing well. 
Largely red clay to sand at 90 feet. Flowing well. 
Entirely through sand. Flowing well. 
Mainly red clay to sandy slush at bottom. Flowing well. 
Well at a wood camp penetrated sandy drift 100 feet; blue hard-

pan, 65 feet; sand, 5 feet. 
Water from sand under clay. 
Water from gravel below clay. Flowing well. 
Limestone at 40 feet. 

Do. 
Limestone at 18 feet. 
Rock at bottom . 
No rock struck. 
Drift 113 feet, shale 101 feet. Drift was as follows: Clay loam and 

sand, 15 feet; quicksand, 26 feet; gravel, 4 feet; blue clay with 
. sand streaks, 65 feet. 

On the long stretch of moraine between Iroquois 
Point and Manistique River the only notable amounts 
of clay or clayey till are found either on the inner bor
der orin a few townships in southwestern Luce 
County, northwestern Mackinac County, and eastern 
Schoolcraft County. The clay on the inner border 
beneath swamps is reported to have very few pebbles. 

It is comnl0nly red at the surhce but is said to become 
blue in some places at considerable depth. The red 
color may be due to the incorporation of material from 
the· red layers of sandstone. The red color is pro
nounced in the vicinity of Manistique and Whitefish 
Lakes and westward to Manistique River. Consid
erable coarse material is incorporared with the sandy 
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material that forms the great bulk of the moraine, 
which should be classed ordinarily as a sandy till 
rather than as assorted material (sand and gravel). 
Boulders are not usually conspicuous on the surface 
either between Point Iroquois and Manistique River 
or west of the Manistique Swamp. There are places, 
however, where cobblestones from 4 to 10 inches in 
diameter abound. 

In the Hiawatha Settlement, north of Manistique, 
the hardwood tracts are'in places thickly strewn with 
cO'bblestones, and small boulders are not rare. Cob
blestones are very numerous also on a table-land east 
of Scotts Camp, in the southern part' of T. 45 N., R. 
17 W. The ridges in western Schoolcraft County 
and southern Alger County are only in places thickly 
strewn with boulders. 

The most extensive farming district on this moraine 
is found in the tract of clayey till in southwestern Luce 
County, northwestern Mackinac County, and eastern 
Schoolcraft County, though a fair-sized area has been 
developed in the Hiawatha Settlement, and there are 
some good farms on the inner slope of the moraine in 
the vicinity of Newberry. In all these farming dis
tricts, except the Hiawatha Settlement, there is more 
or less clay, but the soil in that settlmnent is a gravelly 
loam. 

MORAINES NORTH OF THE MANISTIQUE AND 
TAQUAMENAW SWAMPS 

There is a strong morainic system north of the Man
istique and Taquamenaw Swamps which is combined 
with the one south of these swamps from the' east 
end of the swamp near Strong station eastward to 
Iroquois Point. It runs westward along the north 
side of the Taquamenaw Swamp through Luce County 
and the north side of the Manistique Swamp in Alger 
County and northern Schoolcraft County. It con
tinues westward about to the meridian of Munising 
and then swings around to the south on the east side 
of the Au Train-Whitefish Valley and dies out about 
3 miles north of the Alger-Delta county line. Its 
general width from Munising eastward is 5 or 6 miles, 
but here and there it expands to 10 miles or more. It 
lies near the Lake Superior shore from Munising to 
Grand Marais, but in the part between Grand Marais 
and Emerson the ,inner border of the main moraine is 
5 to 10 miles from the shore and a small inner member 
fills part of the space between it and the- lake. East
ward from Emerson it again borders the lake shore 
closely. 

In the portion of the nloraine east of Munising the 
crest generally stands not far from 900 feet above sea 
level but ranges from less than 800 feet up to about 
1,000 feet. Along the inner slope, on the south shore 
of Whitefish Bay, the morainic contours extend down 
within 50 feet of the Lake Superior level, or 650 feet 
above the sea, but farther west they rarely reach so 

Iowa level, and the inner border is generally at an alti
tude between 700 and 800 feet. The outer border is 
only 700 to 720 feet above sea level in the lowest part 
of Taquamenaw Swamp but reaches about 840 feet 
near Strong 'station, at the point of divergence fronl 
the outer morainic belt. The altitude is still higher 
along the outer border in the Manistique drainage 
basin, being usually not far from 900 feet. The edge 
next an outwash apron south of Munising stands at 
1,000 to 1,020 feet for a few miles, but it falls to about 
850 feet at the border of the Whitefish Valley. 

This morainic belt, like the outer one, has a rolling 
surface, with numerous basins inclosed among the 
knolls. The larger basins contain lakes or swamps, 
but many of the smaller ones are dry, the water table 
being below the level of their bottoms. The most 
prominent knolls rise 100 feet or more above neigh ... 
boring sags and basins, and a height of 40 to 60 feet is 
common along the moraine from Iroquois Point to 
Au Train River. The prominent knolls occur com· 
monly in clusters, which tower above neighboring parts 

,of the moraine. Although the moraine is several 
miles wide, it does not seem to admit of separation 
into two or more constituent ridges but is a great and 
intricate mass of rolling drift. 

The portion of this moraine east of Munising is 
composed very largely of ,sandy till, the clayey till and 
laminated clay being almost entirely confined to its 
inner border and present even there only ,in a few 
places. Indeed, the writer observed clayey till in 
only two localities, one between Taquamenaw River 
and Salt Point, west and south of Emerson, and the 
othor in the vicinity of Munising. Clayey till.occurs 
on the inner border of the moraine east of Munising, 
and a laminated clay near Hallston, south of Munising. 
It is not unlikely, however, that clayey t.ill occurs 
elsewhere along the moraine at points not found by 
the writer. 

In the district east of Au Train River the drift has 
considerable. thickness except on the border of Lake 
Superior along the Pictured Rocks, or for 18 to 20 
nliles northeast from Munising. Thin drift is present 
north of the moraine on Train Point, west of Munising, 
and also on Grand Island, north of Munising. 

The only rockoutcrops east of Grand Marais appear 
to be those along Taquamenaw River between the 
uppAr and lower falls, near the line between Luce and 
Chippewa Counties. There are a few small outcrops 
near Grand Marais, but none of much consequence 
occur east of the Pictured Rocks, whose east end is in 
T. 48 N., R. 17 W. Outcrops are nearly continuous 
along the Lake Superior shorf' from this township 
westward to T. 43 N., R. 23 W. 

But few well records were obtained along this mo
raine. A well at Stillnlan station, on the Munising, 
Marquette & Northeastern Railway, is 90 feet in 
depth. It penetrated SOlne clayey hardpan, but at the 
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surface there is a sandy drift. The soil in this region 
is clay loam, and the well is thought to have penetra'ted 
S01ne clay as well as sand. ,A well at Robert Gogarn's 
farIn, about 2 miles northeast of Munising, in sec. 6, T. 
46 N., R. 18 W., is about 20 feet deep. It is only half 
a mile from the shore of Lake Superior and about'135 
feet higher. A well in sec. 33, T. 47 N., R. 18 W., put 
down by Henry Russell, of Munising, entered rock at 
only 12 feet, though at an altitude more than 200 feet 
above Lake Superior. A well near the outer border of 
the nlornine east of Mud Lake, in sec. 31, T. '45 N., 
R. 20 W., is 72 feet deep and is entirely in sandy drift. 
Two I11iles farther south, on slightly lower ground, rock 
was struck at 20 feet. A well at a Imuber camp on the 
outwash apron south of Wetmore, in sec. 36, T. 46 N., 
R. 19 W., is 104 feet deep and is entirely in sandy drift. 
The altitude is about 965 feet above sea level. 

FrOJll Iroquois Point southwestward nearly to Trout 
Lake a plain of sandy gravel lies along the southeast 
border of this nlorainic system. It is 880 to 930 feet 
above sea level next to the nlOraine but slopes rapidly 
to the southeast. / 

From its point of separation fr01n the outer morainic 
belt near Strong station westward as far as the meridian 
of Newberry there is a swamp on the immediate outer 
border of this moraine. An outwash apron of gravelly 
sand appears in a recess of the moraine 6 to 12 miles west 
of the meridian of Newberry, chiefly in T. 47 N., R. 
11 W., but extending southward into T. 46 N., R. 11 W. 
This outwash apron appears to have been built in suc
cessive steps fr01u south to north as the ice border 
receded, there being Illore than one plain of filling. 
The ice contact at the north edge of each plain is 
marked by a low blufHike rise, the northern edge of 
each plain being a little higher than the southern edge 
of the next one and being trenched in places by the 
passage of streaIns across it from the next later plain. 

West of this outwash apron a morainic spur extends 
as far south as the southern edge of the apron, and 
fr0111 both there is a steep descent over a bluff to the 
Taqumnenaw Swanlp, which is there only 2 or 3 miles 
wide and was traversed by a strait of Lake Algonquin. 

West of this spur, on the west edge of Luce County, 
an outwash apron of gravelly sand sets in which borders 
the nloraine entirely across the north end of School
craft County, though broken up more or less by swamps 
at the west in T. 47 N., R. 16 W. The outwash apron 
extends southward from the moraine for several miles 
and gradually drops down to the marsh drained by 
Manistique River and its tributaries. 

For the next 18 or 20 Illiles, or nearly to the meridian 
of Munising, swamps are conspicuous on the outer 
border of the moraine, and dry sandy plains are of 
very slight extent. But abput 2 miles east of WetnlOre, 
or 5 Iniles southeast of Munising, there is a higb out
wash apron of gravelly sand with an abrupt border on 

the east, next to the swamp, having a relief of 100 
feet or more. From this point west and south to the 
Whitefish Valley there is a continuous outwash apron. 
The absence of the filling of outwash in the district 
to the east may be attributable to the ponded condition 
along that part of the ice border. The parts where 
outwash plains occur were high enough to stand above 
Lake Algonquin or were very close to the upper level 
of the Algonquin waters. 

In the district west of the Au 'Train-Whitefish Valley 
there does not appear to be a definite morainic belt 
in continuation of the one under discussion. Most 
of .the surface is gently undulating, like ground moraine. 
In ~ few places groups of sharp knolls are present, but 
these do not seem to line up into a definite morainic 
belt. It seems lil{ely, therefore, that in the district 
west of the Au Train-Whitefish Valley the ice border 
did not hold any position long enough to build up a 
definite moraine. The drift is very thin in the part 
covered by the waters of Lake Algonquin from Au 
Train River westward about to Chocolate, River. 
This is a strip from 6 to 10 mUes in wjdth next to the 
Lake Superior shore. In places the surface is strewn 
with slabs of the local rock formations in such numbers 
as to render the soil difficult to till. There are, how
ever, small farming settlements on this lake-washed 
land where conditions for cultivation are better. 

In the district east of Grand Marais there is a rather 
weak moraine which farther west is combined with the 
stronger one but which is here separated from it by a 
space of 2 to 6 miles. I t runs eastward across northern 
Luce County and comes out to the Lake Superior, 
shore near the Luce-Chippewa cOlmty line. Its width 
is 1 to 2 miles and its innf\r border is only 1 to 4 miles 
back from the shore of Lake Superior. Its altitude is 
75 to 150 feet above the level of Lake Superior, and 
it stands 15 to 30 feet above the plain at its south edge. 
The plain, however, rises southward within a short 
distance to an altitude higher than any part of the 
moraine. This moraine has a subdued swell and sag 
topography, and there are very few basins on it. It 
carries more boulders than are commonly present on 
the bordering plains .. It is on the whole very loose 
textured. The more clayey parts of the moraine 
carry maple and other hardwood forest; the lighter or 
sandy parts are timbered with pine. 

The trend of this morain,e compared with that of 
the strong moraine outside of it suggests a northwest
ward recession of the ice border from the southeast 
end of Lake Superior. It is the latest moraine devel
oped in the district under investigation, and the further 
history of the ice retreat must be looked for in Canadian 
territory. It is probable that a study of the eastern 
shore of Lake Superior will throw considerable light 
upon the method of retreat of the ice from the Lake 
Superior Basin •. 
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THE LAKE FEATURES 

PREDECESSORS OF GLACIAL LAKE DULUTH 

In the course of the melting and shrinking of the 
Superior lobe within the area that now drains to Lake 
Superior water became ponded along the ice border 
in several independent small lakes, to which names 
have been applied that correspond usually to the drain
age districts in which they stood. Thus glacial 
Lake N emadji occupied much of the headwater part 
of the N emadji River drainage basin, glacial Lake 
Brule occupied a part of the Brule River drainage 
basin and glacial Lake Ontonagon part of the Ontona
gon River drainage basin. These lakes were all in 
the district west of the Keweenaw Peninsula. East 
of th~t peninsula the ice drained to the basins of Green 
Bay or Lake Michigan along the glacial drainage 
channels noted above in the description of the moraines 
of the western part of' the northern peninsula of 
Michigan. Glacial Lake Duluth, however, extended 
a few miles farther east than the Keweenaw Peninsula, 
to the border of the Huron Mountains, east of Kewee
naw Bay. In the early part of the recession of the 
ice front Lake Duluth, with an outlet from the Brule 
River Valley through the St. Croix River Valley, 
was present in the western part of the Lake Superior 
Basin. A little later the ice border retreated suffi
ciently to allow the small independent lakes to become 
a part of Lake Duluth or to be drained by the lowering 
of the water level, for in general the water level was 
lowered as these lakes became merged with Lake 
Duluth. 

GLACIAL LAKE ST. LOUIS 

One of the bordering lakes was present when the 
Superior ice lobe was at its full extent. It stood in 
the part of the St. Louis River drainage basin north
west of the border of the Superior lobe. (See pI. 2.) 
It was held between that ice lobe and the Keewatin 
ice that came in from the northwest to a position a 
little to the east of Mississippi River. This lake was 
briefly described by N. H. Winchell,S and its highest 
stage was named Lake Upham and a lower stage 
Lake St. Louis. As it preceded the other small lakes 
on the border of the Superior ice lobe, it will be dis
cussed first. 

This lake, which occupied the central part of ~he 
St. Louis River drainage basin, was thought by Wm
chell to have had at its highest stage a westward 
discharge to the Mississippi and at a lower stage a 
discharge down the St. Louis Valley to Scanlon, 
Minn., where it came to the ice edge and was deflected 
southwestward in a course along or near the edge of 
the ice lobe into tributaries of St. Croix River. Win
chell had no idea that at the highest stage of this 
lake the Keewatin ice from the northwest was still 

8 Glacial lakes of Minnesota; Geol. Soc. America Bull., vol. 1~, pp. 109-128, 1901. 

occupying the Mississippi Valley along the west side 
of the lake, and so he assumed that there was free 
discharge from the lake to the Mississippi. It is a 
question, therefore, whether two names are neccessary 
and whether the early and highest stage of the lake 
should be called Lake Upham. The name Lake St. 
Louis is self-explanatory and seems in every way 
suitable for all stages.9 There is still some uncertainty 
as to the course of drainage while the ice border 
retreated to a position in which the outlet co.uld take 
the course past Scanlon, above noted. It is lil(ely to 
have been through some of the many swampy de
pressions along or near the edge of the ice lobe in 
southern St. Louis County and neighboring parts of 
Carlton and Aitkin Counties. Data are not avail
able as to the relative altitude of these swamps, and 
the course of the drainage may remain unsettled until 
such data are available. 

The head of the outlet that leads down St. Louis 
River is near Mirbat, about :3 miles below Floodwood. 
A well-defined beach comes to this outlet from the 
west along the south side of East Savanna River. 
Its altitude is about 1,275 feet above sea level. This 
is nearly as high as the divide between East Savanna 
and West Savanna Rivers at the place where Winchell 
supposed the lake had a westward discharge. A sur
vey for a canal from St. Louis River to the Mississippi 
crossed this divide at an altitude of 1,282 feet.lo This 
does not give quite so Iowa passage across the divide 
as is found along the line of the railroad that runs from 
Swan River station on the Great Northern Railway 
southwestward to the Mississippi at Jacobson, the 
summit there being about 1,275 feet above sea level. 
There may be places on the divide with still lo~er 
altitudes. The divide is occupied by a great muskeg 
swamp, which so far as the writer is aware has not 
been surveyed except along the two lines just noted. 
West of the divide there is a complex system of glacial 
knolls and ridges, many of which rise to a greater 
height than the divide, but among them are low tracts 
through which water now drains from the western 
part of the muskeg swamp westward to the Missis
sippi. The east front of the Keewatin ice is thought 
to have been standing near these ridges while the glacial 
lake was forming its beach south of the East Savanna 
and to have persisted during the recession of the 
west front of the Superior ice lobe to Scanlon and the 
opening of the St. Louis Valley outlet. 

Differential uplift has raised the northern part of the 
district covered by this glacial lake to more thafl: 1,300 
feet above sea level. There may be some significance 
in the fact that a change from silt to sand occurs on . 

g The writer and Sardeson have used the name Lake Upham for the most expanded 
stage in their discussion of the features of this lake in Bulletin 13 of the Min?es~ta 
Geological Survey. This was done because the water body had an extent Similar 
to Winchell's conceptions, whereas Lake St. Louis, as conceived by Winchell, was 

much smaller water body. 
10 54th Cong., H. Doc. 330, p. 13, 1896. 
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that border at about 1,300 feet. It is thought that 
the sand may indicate only a shallow depth of water. 
The silt., on the other hand, seems to have been laid 
down in deeper water, where waves and currents did 
not have a disturbing influence. The banks of 
stl'enms traversing this old lake bed show thick deposits 
of .:nenrly pebbleless silt. Silt-laden water may have 
come partly frolll the neighboring ice sheet on the 
west. Probably there was also a large amount of 
silt brought down St. Louis River from a great recess 
in the ice at the headwaters of its drainage basin. 
The ]n](e became so filled with silt that it was very 
.shallow in the final stage of its history. Only a few 
feet of deepening in the outlet would have been re
·quircd to drain it completely. It is therefore an open 
question whether the lake persisted long enough for 
the ice bnrrier at the west to have given way and thus 
·opened n pnssage into the Mississippi. 

It has not been feasible to trace the shore of 
this lake in the district east of St. Louis River or, 
indeed, anywhere except for the few miles along the 
south side of East Savanna River, for that is the only 
place on the whole circuit of the shore of the lake 
where the cOlmtry has been cleared and drained. 
The northward differential uplift suggested above is 
,an inference frOl11 the observed northward rise of the 
shore Jines of glacial Lake Aitkin, in the Mississippi 
Valley (pI. 2), as well as of glacial Lake Duluth, in the 
neighboring part of the Lake Superior Basin. 

The outlet streanl followed down the course of the 
])resent St. Louis River to Scanlon, near Carlton. 
"But there it was turned aside by the front of the 
SupClior ice lobe, took a southward course to Kettle 
niver, in northern Pine County, and followed down 
tha,t streal11 to the St. CroL"\: and thence to the Mis
sIssIppi. After turning away from the St Louis Valley 
'the outlet soon crossed the present divide between the 
Great Lnkes and Mississippi drainage systems. This 
crossing was near Atkinson, at an altitude of 1,170 
feet, or about 100 feet lower than the head of the outlet 
nenr Floodwood. Later, when the border of the 
Superior ice lobe had been melted back to the line of 
the ThOlllson moraine, a slightly lower passage became 
ll,vn.ila,ble south of Atkinson between the Thomson and 
Cloquet 1l10raines. This was stated by N. H. Winchell ll 

to be 1,125 feet above sea level at the divide. Still 
:tater there was discharge to a small nlarginal glacial 
Jake in the Lake Superior Basin at Wrenshall. A 
thick deposit of calcareous clay in the vicinity of 
Wrenshnll Inay have been brought in by drainage 
from the I(eewatin ice' and its calcareous drift. 

The bed of the outlet in its course along St. Louis 
Uiver is one-third of a Inile or less in width and has 
the nppearance of a scourway, for in places it is literally 
paved with boulders. On leaving St. Louis River at 
Scnnlon the streanl entered a line of glacial drainage 

II neology of Mlnnosota, vol. 4, p. 19, 1899. 

in which deposits of sand and gravel had been laid 
down. It cut into these deposits and near Barnum 
reached the underlying rock at an altitude of about 
1,100 feet above sea level. 

GLACIAL LAKE NEMADJI 

In his report on Carlton County in volume 4 of 
the" Geology of Minnesota" Winchell called attention 
to the channel that leads westward from the west end 
of the Lake Superior Basin to Moose Lake, where it 
joined the outlet of Lake St. Louis. Later he applied 
the name Lake Nemadji to the small body of water 
that stood between the receding ice border and the 
head of this outlet, for its bed is now largely drained 
by Nemadji River.12 The head of the outlet is about 
1,070 feet above sea level, and there is a moderate 
fall in the 5 miles to, Moose Lake, where it joins the 
Lake St. Louis outlet. The width of the outlet aver
ages only about one-sixth of a mile and where greatest' 
is scarcely one-fourth of a mile. The channel was cut 
to a depth of 10 to 20 feet. The small size of the 
outlet indicates that the lake which discharged through 
it was rather small. 

The Thomson moraine marks the position held by 
the ice edge for a considerable part of the time when 
this outlet was in operation. The area of the lake bed 
outside this moraine is oiily about 20 square miles. 
The part of the melting ice lobe that discharged into 
this lake may also have been very smalJ. A few miles 
to the east of the Moose 'Lake outlet, the Brule-St. 
Croix outlet receive.d the discharge from. the ice border. 
It is' probable that the transfer of the entire drainage 
of the west end of the Lake Superior Basin to the 
Brule-St. Croix outlet and the begutming of Lake 
Duluth did not take place until after the Fond du Lac 
moraine had been formed and the ice edge hegan to 
recede from its inner slope. In that case the area 
of Lake Nemadji may have reached a maximum of 
about 50 square miles. 

The part of the lak-e bed outside the Thomson 
moraine is nearly all coated with a thill deposit of fine 
sand and there is sand on part of the bed between the 
TIJomson and Fond du Lac moraines. It is th,us in 
contrast wjth the district inside the Fond du Lac 
moraine, which has a stiff red-clay soil with only a 
few small sand-covered spots. This sand was probably 
laid down in part as outwash from the ice, though 
some was due to wave action on the shores of the lake. 

Lake N emadji formed a well-defined sandy beach 
along its northwest shore, which traverses a farming 
district and is thus open to study. In places there 
are two s~all ridges, the inner 5 to 10 feet below the 
outer.> The south shore, on which there has been very 
little clearing of forest and brush, can not be followed 
so readily. It was possible to determine the lake 
border easily, however, by the abrupt change to strong 

12 Geol. Soc. America Bull., vol. 12, p. 121, 1001. 
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moraine. The lake seems to have cut into the morainic 
ridges in places and thus formed steep bluffs 20 feet 
or more in height. These cuts, as well as the well
defined beaches of ~he northwest shore, indicate that' 
'the lake endured for a considerable time. 

GLACIAL LAKE BRULE 

There was a small lake in the part of the Brule River 
drf:tinage basin south of the copper range that seems to 
have preceded Lake Duluth and used the outlet to the 
St. Croix Valley before the waters of the larger lake 
had been turned into this outlet. The ice at this time 
was resting on the copper range in eastern Douglas 
County, Wis., an~ also covering the northern part of 
the Bayfield Peninsula in Bayfield County. Lake 
Brule received not only the waters escaping directly 
from the part of the ice border crossing its drainage 
basin but also the discharge from the melting ice for 

. many miles to the east, probably from as far as Baraga 
County, Mich. It is not improbable, therefore, that 
the outlet was measurably deepened by this discharge 
before the waters of Lake Duluth began their work. 

Lake Brule covered an area of about 20 square miles 
between the copper range and the Duluth, South Shore 
& Atlantic Railway. A large part of this lake bed is 

. swamp land, but drift hills occur in and around the 
swamps and giv~ the impression of roughness of surface 
that at first seems inconsistent with a lake bed. Some 
of the hills were completely submerged, so that no 
wave work was done on them. Others stood a little 

. above lake level and bear marks of wave cutting on 
the slopes. A conspicuous hill of this sort is to be seen 
east of Bru,le:Riv:er:-' south ":of . rth~.~ <vin~g.e.' of .~Br.ul£L. 
Traces of lake action reach there an altitude of 1,125 
to 1,130 feet above sea level as determined by a line of 
hand levels run from the railway near by. Evidence of 
a similar altitude was found in the northwestern part 
of the lake bed in the vicinity of Benwood and Blue
berry stations. Lake deposits are inconspicuom:; on the 
borders' of this little lake basin. The silt seems to have 
settled in its deeper part along Brule River at a level 
100 feet or more below the highest shore. The fea
tures of the Brule outlet are taken up in the discussion 
of Lake Duluth. The head is near the . line of the 
Duluth, South Shore & Atlantic Railway, although the 
present divide between the Great Lakes and Missis
sippi drainage basins is some 14 miles to the southwest, 
or immediately north of upper St. Croix Lake. The 
open waters of Lake Duluth had their southern limit 
6 miles farther north, where Brule River breaks through 
the' copper range, or about 20 miles by direct line 
northeast from the present divide. (See fig~ 7.) 

GLACIAJ., LAKE ASHLAND 

Glacial Lake Ashland occupied several townships in 
northwestern Ashland County, Wis., and extended 
west in Bayfield County to the eastern slope of the 

Bayfield Peninsula. It discharged across the penin
sula along the line of the Duluth, South Shore & 
Atlantic Railway as far as Pike Lake and then took 
a westward course to Muskeg, passing south of Iron 
River village. From Muskeg it followed the course 
of the Northern Pacific Railway westward into the 
Brule Valley. . 

The highest shore line is crossed about 3 miles north 
of Mellen by the Soo Line. It has a storm beach at 
1,128 feet above sea level and an ordinary beach at 
1,123 feet. The head of the outlet at Pike Lake is at 
very nearly the same altitude, being about 1,125 feet 
above sea level on a terrace and 1,110 to 1,115 feet in 
a narrower channel cut into the terrace. The valley, 
including the terrace, is about one-third of a mile 
wide, and between Pike Lake and Iron River the valley 
is in places nearly 50 feet deep. The deeper inner 
chann~l is scarcely half as wide as the outer channel. 
It is not entirely certain that the lake outlet excavated 
the broader channel, for that may have been cut by 
glacial drainage while the ice border was pressing 
against the eastern slope of the peninsula close to the. 
head of the outlet. Moreover, the smaller channel 
seems consistent with the small size of the lake.' 

The limits of the lake on the northeast seem to have 
been at a moraine that runs northward to the Lake 
Superior shore at Clinton Point, about 18 miles east 
of Ashland. The ice seems to have covered the Bay
field Peninsula about as far. south as the ridge west' 
of the fish hatchery, 3 to 4 miles southwest of Bayfield, 
and to have stood at the north edge of the sandy pine. 
plain or outwash apron in the nOfthern part of T. 
A.9:N., :R ... _6:w.:·.~; ·,and, the,so.ti,thwestern~· pai,twof ·T.· 50· . 
N., R. 5 W. It appears to have held its position here. 
long enough for a marked deepening of the Brule-· 
St. ,Croix outlet, for the highest beach fornled to the. 
north of the moraine above noted is lower than the, 
'highest one in the Lake. Ashland and Lake Brule. 
areas. It is about 1,115 feet above sea level at Saxon, 
Wis., or 8 feet lower than at Coria, on the south side. 

. of Lake Ashland. This figure, however, does not 
measure the full amount of difference in lake level, for 
this district has been subjected to northward differen
tial uplift. Saxon is about 15 miles northeast of Coria~ 
and the uplift in that direction is likely to be not 
less than 15 feet, for in the 40 miles from Saxon north
east to the Porcup:ne Mountains it alnounts to 48 feet, 
or from 1,115 to 1,163 feet above sea level. It is. 
probable, therefore, that the Brule-St. Croix outlet 
was deepened about 20 feet while Lake Ashland was 
an independent lake. 

The bed of Lake Ashland consists very largely of 
red clay. There is a sandy coating in parts of the. 
border of the lake at levels a little below the highest 
beach. The soil on glacial ridges in the lake is also 
of looser texture than that on the plains between them. 
It is doubtful if this red clay was wholly the deposit 
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()f LAke Ashland and its successor, Lake Duluth. It 
luay be glacial in large part and may even be -older 
than the latest ice invasion, though this is an open 
question. Lake Ashland gave place to Lake Duluth 
when t.he ice had receded fronl the Bayfield Peninsula 
far enough to open water conununication there. 

GLACIAL LAKE ONTONAGON 

Glacial Lake Ontonagon occupied 1nuch of the 
On tonagon drainage basin in the northern peninsula 
of Miehigan south of the copper range, the position 
of the ice border for a considerable part of its existence 
being along the copper range. The south shore is 
oasily 'traceable across northeastern Gogebic County, 
southern Ontonagon COlmty, and southern Houghton 
County. This shore is about 1,320 feet above sea 
level at the west end of the lake and 1,335 to 1,340 
feot a t the east end; the greater height at the east is 
due to the eastward conlponent of the differential 
uplift. As the north shore was an ice wall, there is 
no reeord preserved to give a 1neasure of the north
ward c01nponent of the uplift, but it is greater than 
the westward cOlnponent, for the direction of tilting 
was about south-southwest. It is not improbable 
thnt the ice sheet had sonle attraction and raised the 
lake waters higher at the east end of the lake than at 
the west end, for the east end of the lake extended 
into a recess in the ice sheet where it was bordered by 
thicker ice. 

Over the bed of this lake there is generally a thin 
coating of fine loamy material on a red clayey till. 
In the eastern part of the lake bed from Trout Creek 
village northward to Pori there are sandy deposits, 
and at its northeastern limits, in southern Houghton 
County, there is a gravel plain which extends from 
Frost Junction to Sidnaw. This great gravel plain 
seenlS to have been formed as an outwash from the 
ice in to the edge of this lake. There are high rolling 
tracts within this lake area that rose about to the 
level of the surface of the lake. They have a looser
textured soil than the bordering plane tracts. 

The outlet of this lake is a small shallow channel 
one-eighth to one-fourth mile wide and 20 to 40 feet 
deep. The outflow crossed from Gogebic Lake to the 
Presque Isle River Valley neal' the line of the Duluth, 
South Shore & Atlantic Railway. It then followed the 
course of the present river northward a few miles but 
wns turned back southward in a sharp loop by the ice 
fron t and came to the line of the railroad again a short 
distnnce west of Thomaston. Fronl this point the 
rnilroad runs in the outlet channel much of the way 
westwArd to Saxon, Wis. The fall in the outlet is 
rapid, being 200 feet in 40 1niles from Gogebic Lake to 
the 'Visconsin State line. The fall is not uniform, 
stretches of gentle gradient alternating with those of 
steep gradient, but precise data as to the differences in 
the rate of fall have not been obtained. The fall is 

especially rapid from the meridian of Thomaston west
ward to' North Bessemer, being about 100 feet in 6 
1niles (from 1,270 to 1,170 feet above sea level). 

The ice border was only a few miles north of this 
outlet, probably at a moraine that lies within 2 to 5 
miles of the shore of Lake Superior from the Porcupine 
~10lmtains westward to Clinton Point in Wisconsin. 
In that case Lake Ontonagon was a contemporary of 
Lake Ashland, and its outlet led to Lake Ashland in 
the northwestern part of Iron County, Wis. The 
Brule outlet received at this time not only the drainage 
from land areas tributary to Lake Ashland and Lake 
Ontonagon and the lake areas themselves but also the 
waters coming from the melting ice front from the 
Keweenaw Peninsula westward past the Bayfield 
Peninsula. 

From Baraga County eastward the waters from the 
melting ice were discharged toward the Lake Michigan 
Basin into Lake Chicago down to the time when the 
waters of Lake Duluth were admitted to the district 
bordering Keweenaw Bay.· In Marquette County 
there was ice-border drainage southward to the Lake 
Michigan Basin down to the time of the greatest 
expansion of Lake Duluth. Lake Chicago, however, 
appears to have given place to Lake Algonquin before 
the waters of Lake Duluth were drawn down to the 
Algonquin level. 

GLACIAL LAKE DULUTH 

LIMITS OF THE LAKE 

The lake which had been discussed by Upham13 as 
the "Western Superior Glacial Lake" was later, 
through a suggestion of F. B. Taylor/4 nam~ed Lake 
Duluth. Its beaches are especially prominent in the 
city of Duluth and have long been recognized as old 
shores. As already indicated, it was preceded by a 
string of small lake~ on thea border of the Superior 
ice lobe. With the shrinking of the ice lobe these 
independent lakes became confluent at a level in 
harmony with the outlet to the St. Croix Valley. It 
is probable that several small glacial lakes,'N:emadji, 
Ashland, and Ontonagon, became lowered to the level 
of Lake Brule and its outlet in the order na1ned. In 
Lake N emadji and Lake Ashland the 'lowering was 
very slight, probably somewhat less than 20 feet. 
But Lake Ontonagon was lowered nearly 200 feet and 
much of its bed became a land surface. Narrow bays of 
Lake Duluth, however, extended a few miles up each 
of the tributaries of Ontonagon River south of the 
copper range. 

On the north' side of the Lake Superior Basin Lake 
Duluth extended eastward step by step with the reces
sion of the ice border. This recession seems to have 

13 Upham, Warren, Minnesota Geol. Survey Twenty-second Ann. Rept., pp. 
54-66, 1894. 

If A short history of the Great Lakes, in Dryer, C. R., Studies in Indiana geog
raphy, 1st ser., p. 10, fig. 1,1897. 
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taken so long a time that the outlet became materially 
deepened. As a result the highest beach of the east
ern part of the north shore does not correspond with 
the highest beach of the western part but is the con
tinuation of one of the lower beaches. The same is 
true of the beaches on the south shore, the highest 
beach in Michigan being too young and too low to be 
correlated with the highest beach west of the Bayfield 
Peninsula. In the present state of the country, with 
few roads and much of the surface still in brush, it 
has not been feasible to map in detail each of the higher 
shore lines and clear up its relation to the moraines. 
But there seems no question that a correlation such 
as has been worked out on other glacial lakes will some 
day be established here. 

The eastern limits of Lake Duluth on the south 
shore have been found to be at the Huron Mountains, 
in northwestern Marquette County, Mich. When 
the ice melted away from the northern and eastern 
slopes of these mountains border drainage channels 
were opened, which took not only the discharge from 
the melting ice but also the waters of Lake Duluth 
and carried them 'into the Lake Michigan Basin. 
Lake Duluth was thus lowered step by step as lower 
and lower lines of border drainage were opened by 
continued recession of the ice border. Eventually 
the waters were lowered to the level of Lake Algon
quin, and that body of water occupied the western 
part of the Lake Superior Basin as well as the basins 
of Lake Michigan and Lake Huron and finally the 
eastern part of the Lake Superior Basin. The eastern 
limits of Lake Duluth on the north coast of Lake 
Superior have not been determined. It is known, 
however, that the lake extended at least to the Kami
nistikwia River Basin back of Fort William, Ontario, 
and it may have extended considerably farther. It 
is probable that there was a protrusion of the ice into 
Keweenaw Bay at the time of greatest expansion of 
Lake Duluth, and the east end of the Keweenaw 
Peninsula may have been beneath the ice down to the 
time the Lake Duluth waters were drained eastward. 
(See fig. 7.) This idea was suggested by observations 
on thp, southeastern slope of the peninsula near Gratiot 
Lake, where the moraines fail to show strong lake 
action at the high levels at which it is displayed around 
Calumet, a few miles to the west. Whether the ice 
protruded into the lake between the Keweenaw Pen
insula find Isle Royal or between Isle Royal and the 
Canadian shore depends upon the amount of iceberg 
formation that took place. The depth of water was 
in places more than 1,000 feet, or' sufficient to favor 
the breaking off of icebergs. Whether ,the ice ,persisted 
on Isle Royal to the end of Lake Duluth time is not 
known. No part of the island rises high enough to 
record Lake Duluth shore lines. 

BEACHES NEAR THE OUTLET 

Lake Duluth formed several beaches in the vicinity 
of its outlet in Douglas County, Wis., which show 
little or no splitting of beaches as a result of differ
ential up1ift. 'These beaches, therefore, owe their 
difference in level mainly to the deepening of the out
let. The altitudes of beaches crossed by the Duluth 
& Minneapolis branch of the Soo Line in western 
Douglas County, a few miles west-northwest from ,the 
head of the outlet, were determined on the ground 
with the railroad profile in hand. The upper 'limit 
of wave action, with a rather indefinite beach, is 1,100 
feet above sea level, and strong gravelly beaches occur 
at 1,070-1,076, 1,040-1,044, and 1,017-1,022 feet. 
The floor of the outlet at the present divide north of 
upper St. Croix Lake in T. 45 N., R. 11 W., is 1,022 
feet above sea level as determined by a canal survey 
by United States Army Engineers. l5 Here the floor has 
but a thin, cover, scarcely 5 feet, of muck and peat. 
It is evident, therefore, that the beach at 1,017-1,022 
feet is the lowest that could have opened into this 
outlet. It is possible that the faint shore at 1,100 
feet is older than Lake Duluth and represents the work 
of Lake Nemadji. The gravelly beach at 1,070-1,076 
feet is evidently the product of Lake Duluth, and this 
is 50 feet above the bed of the outlet. It is certain, 
therefore, that the outlet was deepened 40 to 50 feet 
during the life of Lake Duluth. If the weak shore 
at 1,100 feet pertains to Lake Duluth the deepening 
of the outlet was about 75 feet. 

The present divide in the outlet is in a part of the 
channel that was cut in an outwash gravel plain just 
outside the limits of the outer morainic system of the 
Superior lob~. The gravel plain was built up to an 
altitude of about 1,140 feet in the vicinity of this 
divide north of Upper St. Croix Lake. This is higher 
than any of the shore work of Lake Duluth or of its 
small forerunners (if due allowance is made for sub
sequent differential uplift). Some trenching of the 
gravel plain, therefore, seems to have preceded the 
discharge of lake waters across it. Streams flowing 
direct from the melting ice edge might easily have 
produced the amount of trenching here displayed. 
It was not more than 40 feet at the time Lake Brule 
began its discharge. It may have reached 60 to 65 
feet before Lake Brule gave place to Lake Duluth, 
and it was 110 to 120 feet at the end of the Lake 
Duluth discharge. There was markedly deeper ex
cavation just south of the present divide in the part 
of the channel occupied by Upper St. Croix Lake. 
The bed of this lake is in places only 993 to 995 feet 
above sea level, and the lake may have been filled to 
some extent by wash into the basin since the Lake 
Duluth waters ceased flowing through the channel. 

16 54th Cong., H. Doc. 330, 1896. 
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The bed is 18 to 20 feet lower than the floor of the 
valley inlmediately south of Upper St. CroL'\: Lake. 
The overdeepening here is, therefore, at least 20 feet. 
It occurs at a place where the outlet is only one-fourth 
to one-third lnile wide, or scarcely more than half 
the usual width. It' is but natural, therefore, that 
the outlet should have been scoured deeply when a 
strealn of such great volume as was discharged by the 
expanded Lake Duluth was thus restricted. 

B1!:ACHES OF THE NORTH SHORE 

Around the west end of the Lake Superior Basin 
there are usually three strong beaches with intervals 
of abou t 25 feet between theIn. They seem to corre
spond with the three observed on the Soo Line in 
western Douglas County, Wis. In the 'central part 
of the city of Duluth the highest of these beaches is 
about 1,135 feet above sea level and the lowest is not 
lnore than, 1,085 feet. The series have an altitude 
here about 60 feet greater than on the south side of 
the basin, though the intervening distance is only about 
24 lniles. There thus appears to have been a north
ward differential uplift of 2.5 feet to the mile. A 
weak shore line is found at 1,160 feet above sea 
level in Duluth, which nlay be correlated with the 
weak shore at 1,100 feet on the south side of the 
basin in western Douglas County. 

Near the west line of Lake County, Minn., the 
Duluth & Northern Minnesota Railroad crosses the 
highest well-defined beach of Lake Duluth at Higgins 
station at 1,165 feet above sea level, whereas the 
lowest of the Duluth series of beaches stands at about 
1,110 to 1,115 feet. There is evidence of faint shore 
action at 1,190 feet. A similar series was noted east 
of W aIdo, bu t only barometric readings were taken 
there. The same is true on a line from Beaver Bay 
westward to Beaver station, where the beaches are 
present west of a rock range as well as on its eastern 
slope. This full series does not seem to extend much 
farther northeast, and probably the highest strong line 
as well as the faint shore line above it terminated west 
of the moraine that runs into the Lake Superior Basin 
in eastern Lake County. To the east of this moraine, 
in the southwest end of Cook County, a road survey 
crosses the highest beach at 1,191 feet and one just 
below it at 1,175 feet. The next definite beach is at 
1,126 feet, but it is doubtful. if this beach belongs in 
the series made by the lake that discharged through 
the Brule-St. CroL'\: outlet. The outlet may thus have 
been cut within 20 feet of its full depth before the ice 
had receded to this district east of the moraine. 

Definite levels farther east are available on two lines. 
One is the survey of Poplar River, which reaches the 
highest shore at about the level of the dam, at 1,224 
feet above sea level. The other line was run from 
Grand Marais by Axel Berglund, surveyor of Cook 
County, under the writer's direction, and reached the 

highest shore at 1,275 feet. There are strong gravelly 
beaches on the line by Grand Marais at 1,250 feet and 
at 1,206-1,209 feet. Beaches are faint from 1,200 
feet down to 1,006 feet, where one thought to be the 
highest beach' of glacial Lake Algonq uin occurs. 
Barometric observations were taken on a prOlninent 
hill northwest of Hovland, in sec. 6, T. 62 N., R. 4 E., 
which made the upper limit of lake action fully 1,300 
feet. There were beaches at short intervals on the 
slope below this level. 

Observations were also nlade with aneroid barometer 
on McKay Mountain, south of Fort William, Ontario, 
which indicate lake action up to 1,350 feet above sea 
level, or about 200 feet below the top of the mountain. 
A beach was noted near milepost 57 on the Canadian 
Northern Railway,in the Kaministil{wia River Basin, 
at an altitude of about 1,370 feet, and another west of 
Shabakwa station at about 1,300 feet, as well as lower 
beaches that probably pertain to Lake Algonquin. 
The upper limits of Lake Algonquin here probably 
reach at least 1,100 feet above sea level. It is probable 
that the highest beach of Lake Duluth in Cook County, 
Minn., and in the Kaministikwia Basin in Ontario 
was formed after the outlet had been cut nearly to its 
full depth, or to what is now about 1,020 to 1,025 feet 
above sea level. In that case the amount of differen
tial uplift between the isobase of the head of the outlet 
near Upper St. Croix Lake and I(a'ministikwia River 
is not far from 350 feet. This does not measure the 
total uplift, for the head of the outlet itself has suffered 
an uplift of perhaps 250 feet, the precise amount being 
as yet undetermined. 

BEACHES OF THE SOUTH SHORE 

At the extreme west end of the lake, in Carlton 
County, Minn., beaches of Lake Duluth are crossed 
by the Duluth & Moose Lake branch of the Soo Line 
,at 1,062, 1,052, and 1,027 feet above sea level. The 
inner slope of the lowest beach drops down rapidly to 
1,018 feet, and at that level the sand rests on a clayey 
till. 

At Holyoke the Great Northern Railway profile 
shows the altitude of the highest beach as about 1,065 
feet, with a bluff back of it rising to 1,075 feet. Other 
beaches are crossed at 1,050 feet and at 1,021-1,025 
feet. The next railway to the east is the Soo Line, run
ning south in western Douglas County, Wis. Along this 
line there is evidence of wave action up to 1,100 feet, 
but, as noted above, the definite beaches are at 1,070 
to 1,076, 1,040 to 1,044, and 1,017 to 1,022 feet. The 
Duluth & Chicago branch'of the Soo Line runs out of 
the Lake area in Douglas County in a valley, and the 
limit was not accurately determined. But on the Chi
cago, St. Paul, Minneapolis & Omaha Railway, which 
runs only about 2 miles farther east where it leaves the 
lake area, the upper limit of lake action seems to be at 
1,118 feet. As a faint beach at Hines is 1,113 feet 
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above sea level, the limit of 1,118 feet may mark storm at about 1,115 feet above sea level. There is a second 
levels rather than the ordinary stage. A strong beach beach at about 1,104 feet. Lower beaches are very 
at 1,085 feet is crossed by the Northern Pacific Railway indefinite and probably lower than the Brule-St. 
at Wiehe, 10 miles farther east. Above this are notches Cro~ outlet. In the northern peninsula of Michigan 
on the slope of a moraine near Maple at 1,106 and 1,128 the level of the highest beach has been determined at 
feet. There are beaches at about 1,060 and 1,040 feet several points west of the Keweenaw Peninsula, and 
just south of this railroad near Poplar. The Chicago, the topographic maps of the Houghton and Calumet 
St. Paul, Minneapolis & Omaha Railway from Ashland quadrangles serve to show the limits on part of that 
to St. Paul crosses the Duluth beaches near Grand- peninsula. A line of levels by the Michigan Geological 
view (Pratt post office), Bayfield County, and reaches Survey in the Porcupine Mountains, as reported by 
the highest gravelly beach at 1,080 feet. There are A. C. Lane, makes the highest beach at 1,163 feet 
notches higher up, on morainic knolls, at 1,100 and in sec. 15, T. 51 N., R. 43 W. The highest beach has 
1,120 feet. ' In the village of Grandview the Duluth the same altitude where crossed by the Chicago, Mil
beaches are finely exhibited at 1,055 to 1,060 feet and waukee & St. Paul Railway 1 mile south of Pori. An 
at 1,075 to 1,080 feet. T'he Soo Line from Ashland to isobase connecting these' places trends~bout N. 74° 
Milwaukee crossess the Duluth beaches between High- W., thus making the tilt line N. 16° E. in this part of 
bridge and Coria, Ashland County. These beaches the Lake Superior Basin. The upper limit of Lake 
were examined by the writer after the new survey of Duluth is somewhat cJefinitely known at Bruce Cros
this line had been made and while the figures that had sing and Ewen, 1,134 feet; Rockland, 1,178 feet; 
been painted on posts along the right of way to show' Greenland, 1,192 feet; Twin Lakes, near the Winona 
the altitudes were still preserved. A beach that is mine, 1,215 feet; the Taylor mine switch, south of 
referred to glacial Lake Ashland was noted at 1,123 L'Anse, 1,215 feet; near Toivola, 1,240 feet; near Mill 
feet, with a storm beach at 1,128 feet. The highest Mine Junction, 1,250 feet; and on Centennial Hill, in 
gravel beach of Lake Duluth is at 1,102 feet and the Calumet, 1,305 feet. An isobase for 1,215 feet con
base of the cut bank back of it at 1,107 feet. A sandy necting the Taylor mine switch and TWin Lakes bears 
ridge at the southeast end of Coria switch is at 1,091 N. 58° W., thus giving the tilt line a bearing N. 32° E. 
feet. The next strongly marked shore line below this This isobase projected across Lake Superior strikes 
is at 1,038-1,040 feet near Davis switch. There is a the north shore near Lutzen, where the highest beach 
bear.h at 1,015 feet nearly 'a mile east of Highbridge, is at 1,224 feet. It is also about in harmony with the 
but this seems' rather low to belong to the Duluth isobase of the Nipissing Great Lakes for this same 
series. It is, however, well defined .. The lnam street in 'district. 
I-Iighbridge is on a beach ridge at 990 feet. There are In numerous places lower shores of the Lake Duluth 
no definite beaches between this' one and the highest series and of the transition to Lake Algonquin are well 
shore line of Lake Algonquin, near South York, at 860 displayed. It is only in the Calumet and Houghton 
feet, though there are faint shore lines in this interval. quadrangles, however, that much effort was made to 

At Bayfield the exhibit of beaches is especially full determine their altitudes. The facts that these 
because of the exposed situation. The highest beach beaches have been tilted 2 feet or more to the mile 
of Lake Duluth, as determined by F. T. Thwaites, , 'and that shores are found at slightly different alti
who ran a line of spirit levels up to it along the main tudes in neighboring places, as shown above in the 
highway from the Lake Superior shore, is 1,148 feet Bayfield records, make it difficult to establish corre
above sea level. It is a gravelly bar at that place, lation except by continuous tracing. Such work is 
but usually it is a cut bluff, as are also lower shores. impracticable in much of the area because of its brushy 
The present writer ran a ljne of hand levels across the condition. In exposed situations, as on the northwest 
series farther east in private roads and through fields slope of the Keweenaw Peninsula, there is a beach for 
and found the upper limit at 1,153 feet and lower about every 20-foot interval, and in places the inter
beaches at 1,130, 1,075, 1,055, 1,035, 995, 972, and 915 val is but 10 or 15 feet. But in protected situations 
feet (the last the highest beach of Lake Algonquin). there is only here and there a shore feature distinct 
Thwaites noted beaches at 1,148, 1,119, 1,067, 1,042, enough to be easily recognized or followed. 
1,012, 993, 962, and 915 feet (the last the highest of 
Lake Algonquin). The error in hand levels is very 
slight, amounting to less than the variation usually 
displayed by a single beach. Some lack of correspond
ence is due to the development of a cut bank in one 

'place at a level where one was not developed in the 
other. 

On the inner or north slope of the moraine north 
of Saxon, Wis., the highest beach of Lake Duluth is 

GENERAL CHARACTER OF THE LAKE BED 

Wherever the bed of Lake Duluth has a plane sur
face the prevailing soil is a heavy red clay with few 
pebbles, covered by remarkably little sand or loose
textured material. The clay is sufficiently calcare
ous for the development of nunlerous calcareouf? 
nodules, and there are a few limestone pebbles em
bedded in it. Were there no limestone pebbles the 
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nature of the clay might seem to be due entirely to the 
precipitation of calcium carbonate from the lake. 
But their presence indicates that some of it is due to 
glacial agencies that brought in calcareous material 
frOlll linlestone areas. The source of the limestone 
pebbles is not fully determined. They may have been 
brought in wholly or in part from the northwest at a 
pre-Wisconsin glacial stage. Or they may have been 
brough t in from the J anles Bay region by a mOVeIllen t 
in the Illinoian or the Wisconsin stage. There is also 
a possibility, if not a probability, that some lin1estone 
outliers, such as the one west of Baraga in the Ke
weenaw Basin, were distributed here and there over 
the region and that they have supplied calcareous 
material. Chert derived from limestone is a COlnmon 
feature in the drift over nearly' the whole of the area 
bordering Lake Superior on the south. Some of the 
calcareous n1aterial is probably due to the precipita
tion of calcareous sediment on the lake bed during 
the period of lake occupancy. On rough areas that 
were covered by the lake, such as the slopes of the Bay
field and Keweenaw Peninsulas and much of the north 
shore, the soil is largely stony till, with only a small 
aIllOunt of the red clayey till at the surface. The 
stony till in places rests on a red clayey till somewhat 
silllilar to the red clay in the lake bed. The beaches 
of Lake Duluth on the entire circuit of the lake are 
developed on this stony till, the red clayey till gener
ally not being conspicuous above the lowest of the 
beaches that open into the Brule-St. Croix outlet. 
For this reason they are gravelly and sandy ridges~ 
wi th only here and there a cutbank. In very exposed 
situations, however, as in the Bayfield and Keweenaw 
Peninsulas, cut banks are comnlon features, and they 
connect with bars built out into the recesses of the 
old shore. 

At a few places the shores were of bare rock with 
insufficient drift cover to be shaped by the waves. 
Such places, howey-er, embrace scarcely 1 per cent of 
the old coast. It is usually not difficult to trace the 
limits of lake action across these rock areas by pebbly 
deposits built in the coves and by the clearing out of 
earthy n1aterial from cracks and openings in the rock 
'surface as a result of wave action. On the whole, the 
'shore records are clear, and it is only because of the 
brushy condition of the land surface that they have not 
been traced through continuously. 

THE DIFFERENTIAL UPLIFT 

The entire area of Lake Duluth was subject to 
tilting in late Pleistocene time, and it seems probable 
that the head of the outlet now stands about 250 
feet higher than at the time the lake discharged through 
it. It was hoped that the study would clear up 
definitely the part of Pleistocene time embraced in 
this uplift, expressed in tern1S of lake history, as has 
been done in the basins of the lower Great Lakes. 

100874 0 --:?D-5 

The complexity of the shore lines of the western part 
of the Lake Superior Basin, which are coupled partly 
with the shore lines of the forerunners of Lake Duluth 
and partly with the recession of the ice step by step 
while the f>utlet was in process of deepening, makes it 
difficult even to set off by themselves the beaches 
that open into the Brule-St. Croix outlet, much less 
to determine whether uplift and splitting of beaches 
had begun before the outlet had shifted to the east. 
As indicated in the description of the shore lines, the 
full series of the Lake Duluth features seems not to 
extend on the north shore to the east edge· of Lake 
COlmty, Minn., and on the south it may not pass 
around the north end of the Bayfield Peninsula. It 
seems advisable, therefore, to take only this restricted 
district into consideration in the first step toward the 
d~termination of the tilting of the shore lines. In 
part of this district the shores of Lake Nemadji have 
to be separated from those of Lake Duluth. 

The uplift of the Lake Duluth beaches on the north 
shore may be determined by considering the rise of 
the lowest member as well as the rise of the highest. 
In some respects the lowest is of chief importance, 
for it is sure to be related to a definite height of the 
outlet-namely, the height at the time when it came 
to b~ abandoned. The highest shore line is not so 
easily correlated with a given altitude of the head of 
the outlet. . 

If, then, we take the lowest of the Lake Duluth 
shore lines we find it rising from about 1,022 feet 
above sea level at the southwest end of the lake in 
Carlton County, Minn., to about 1,115 feet on the 
meridian of Two Harbors, near Higgins, in western 
Lake County, a distance of 55 miles in a direction 
N. 50° E., or 20.4 inches to the mile. The direction 
of maximum tilting, however, in the highest well
define,d beach in the part of the Lake Superior Basin 
west of the Bayfield Peninsula seems to be about N. 
20° E., or at a right angle with the 1,135-foot iso
base connecting Duluth, Minn., and Bena, Wis. (See 
fig. 8.) In a direction N. 20° E. from the isobase of 
1,022 feet in the lowest beach opening into the St. 
Croix outlet to the 1,115-foot or corresponding beach 
near Higgins the distance is 44 miles, which makes the 
rate of tilting 25.63 inches to the mile. The isobase 
of 1,022 feet, . like that of 1,070 feet for the highest 
beach, runs near the head of the outlet. There is a 
rise in this lowest beach of 55 feet (to 1,077 feet) in 
the first 22 miles from the isobase of the outlet to the 
isobase running from Duluth to Bena, or 30 inches to 
the mile, and only 38 feet (to 1,115 feet) in the 22 miles 
from that isobase to Higgins, or 20.73 inches to the 
n1ile. From this isobase opposite Higgins to one pass
ing through the beach on the highway west of Schroe
der at 1,175 feet there is a rise of 60 feet in 42 miles, 
or 17 inches to the mile. In Cook County, as shown 
by Figure 8, the tilt line trends about N. 30° E. From 
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the highway west of Schroeder to Grand Marais on a 
tilt line of N. 30° E. the rise of 34 feet to 1,209 feet is 
made in 30 miles, or at a rate of 13.6 inches to the 
mile. 

The highest beach in Cook County, Minn., and 
that on the part of the northern peninsula" of Michi
gan with corresponding isobases (fig. 8) probably 
represent one of the intermediate beaches of the west 
end of the lake basin, but they show a markedly higher 
rate of rise toward the north-northeast than the low
est Lake Duluth beach in this part of the Lake Supe-

of Canada. If the tilting were continued at this rate 
to the Canadian Pacific Railway the highest beach at 
the railway should be about 1,450 feet above sea level, 
but the highest one noted there is at 1,370 feet. The 
highest beach there may, however, be a lower member 
of the series than the highest beach in Cook county, 
for it stands in the direction of the recession of the ice 
border and may have been covered with ice at the 
time the highest beach in Cook County was forming. 

The amount of the uplift at the head of the Brule-St. 
Croix outlet is roughly calculated by determining the 

'?L..~,_9~~_-'---.l._~ ........ 5p Mi ies 

FIGURE S.-Map showing isobases of the highest beach of glacial Lake Duluth. Figures indicate altitude above sea level. 

rior Basin. Uplift was thus in progress there before the 
lowest beach was formed. At the highest beach in 
Cook County, Minn., the rise from the beach at 1,191 
feet on the highway west of Schroeder to that on 
Poplar River is 33 feet in 13.3 miles, or 30 inches to 
the mile along the course of the beach. The rate would 
be about 3 feet to the mile if calculated along the tilt 
line. The rate is nearly as great from Lutsen to Grand 
Mar~is and to a hill northwest of Hovland, where the 
highest beach is about 1,300 feet above sea level by 
barometric measurement. The available data suggest 
that the rate of uplift is not so high in the adjacent part 

amount of uplift of the' neighboring Lake Algonquin 
beach. N ear the isobase of the Brule outlet the Lake 
Algonquin beach stands at about 850 feet. The alti
tude of the Port Huron outlet of Lake Algonquin is 
605 feet. The uplift of the Algonquin beach on the iso
base of the outlet of Lake Duluth is therefore about 245 
feet.' The uplift of the head of the Brule-St. Croix ou tlet 
is at least thatmuch, and if some uplift took place before 
the Algonquin beach was formed it is that much lllore. 
It is doubtful, however, whether much uplift took place 
until the time of Lake Algonquin. We may therefore 
provisionally leave the amount at about 245 feet. 
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Deductmg this from 1,022 feet, the present altitude of 
the head of the outlet, we have 777 feet as the altitude 
of the outlet when it was in operation. It is probable 
that the uplift affects St. Croix River at least as far 
down as St. Croix Falls, but with diminishing amou'nt 
downst.ream. The river below the falls is now 687 
feet above sea level. At the mouth of Trade River, 
12 nwes upstrean1, it is at 753 feet. The distance by 
stI'ealn Ironl the outlet of Upper St. Croix Lake to 
the lnouth of Trade River is 101 miles and that from 
the divide north of the lake is about 105 miles. 
T.here Iuay have been only 24 feet of fall in that 
dist~tnce before the uplift occurred. The ICettle River 
rapids h"ead 33 Iniles above the mouth of Trade River 
and now stand 850 feet above sea level. It is not 
unlikely that a considerable part of the estimated fall 
of 24 feet took place at these rapids and that the out
let was cut to a very low grade down to that point. 
The rapids Iuay have been as high as 770 feet, or within 
80 feet of their present altitude. By whatever amount 
the St. Croi..~ Falls have been uplifted the fall of the 
stream 11lUSt have been greater than 24 feet. There 
is now a descent of 15 feet in the 20 miles from the 
foot of the fnlls to the 1110Uth of Apple River. This 
may be largely a I'esult of uplift. If we assume an 
uplift of 15 feet in 20 Iniles and extend the estimate 
up to the 11lOuth of Trade River, 12 miles farther, we 
have not less than 25 feet of uplift there. In that case 
the fall would have been 49 feet instead of 24 feet 
between the head of the outlet and Trade River. 
This would g'ive 1'00111 for the rapids at ICettle River 
to httve had some pro111inence during the operation 
of the outlet. 

On the Keweenaw Peninsula and in Keweenaw Bay 
and on its eastern border the trend of the tilt line seems 
to be about N. 30° E. The rate of tilting seems to be 
sOlllewhat uniforn1 at about 2.7 feet to the mile from 
Ewen or Bruce Crossing to Calumet, a distance of 
63nwes. Intel'luediatepoints, such as Greenland, Twin 
Lakes, and Toivola, fall into the plane almost exactly. 

To the west, between the Porcupine Mountains 
and Keweenaw Peninsula, the tilt line seems to trend 
about N. 17° E., and it is similar in the district west
ward frOID. the Porcupine Mountains to the Bayfield 
Peninsula and as noted above about N. 20° E., between 
the Bayfield Peninsula and the northwest shore of the 
lake. The axis of tilting appears to curve toward the 
south in passing to the southwest end of the basin. 
Thus the southeast shore appears to have experienced 
a 1110re rapid rate of uplift than the northwest shore, 
ruld the isobases converge in passing from the north
west shore to the southeast, as indicated in Figure 8. 

It will be a n1atter of much interest to determine 
whether this differential uplift is in correspondence 
with ice weighting, the greater resilience being where 
depression by ice weighting was greater. It is very 
probable that the district northwest of Lake Superior, 

being at the west edge of the Labrador ice field and at 
the east edge of the Keewatin ice field, was subject to 
very slight ice weighting in the part of the Wisconsin 
stage under discussion, which followed the withdrawal 
of the Pa,trician ice sheet. On the other hand, the 
southeast shore of the lake was subject to converging 
ice movements and a resulting heaping of ice. The 
ice was moving southward in the district west of the 
ICeweenaw Peninsula and southwestward to westward 
in the district east of the peninsula. There is thus 
enough correspondence b~tween the ice accumulation 
and the degree of uplift at least to suggest causal 
relationship. 

TRANSITION FROM LAKE DULUTH TO LAKE ALGONQUIN 

The strong movement of the ice up the slope to the 
Huron Mountains and the district to the southeast 
prevented the lowering of the waters in one single drop 
to the level of Lake Algonquin. Instead there was at 
first border drainage at levels but little below the Brule
St. Croix outlet. Lower and lower passages for border 
drainage were opened from time to time as the ice 
melted back. But we may infer from the strength of 
the beaches formed in the western part of the Lake 
Superior Basin at levels between the Lake Duluth and 
Lake Algonquin shores and controlled by the level of 
the heads of border drainage channels that the ice 
n1argin may have held a given position for considerable 
time. 

The water reached the Lake Michigan Basin and 
swelled the lake in that basin. It is probable that at 
first the water was poured into Lake Chicago, for it is 
doubtful if the ice had melted away from the district 
south of the Straits of Mackinac sufficiently to allow 
the waters of Lake Algonquin of the Lake Huron Basin 
to beconle confluent with Lake Chicago and thus initi
ate the greater Lake Algonquin. Eventually, however, 
this connection was opened and Lake Algonquin took 
possession of the Lake Michigan Basin as well as the 
Lake Huron Basin. The part of the northern peninsula 
between Lake Michigan and Lake Superior and the 
eastern part of the Lake Superior Basin were still occu
pied by the ice when this occurred. 

There seems to have been a brief period when the flow 
from the Lake Superior Basin went southward through 
the Au Train-Whitefish Valley while the ice was still 
occupying the part of the south shore of Lake Superior 
to the east. It is probable that the waters were not, 
brought to the level of Lake Algonquin in the Lake 
Superior Basin until the withdrawal of the ice from that 
part of the Lake Superior shore. . 

The courses of the border drainage channels have 
been followed for short stretches and crossed at fre
quent intervals, but a complete tracing has not been 
attempted. Contour maps and careful leveling in' the 
district traversed by these channels are needed to serve 
as a basis for definite correlation of channels. 
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In places near Marquette there are faint shore lines washed appearance up to fully 950 feet in the district 
that were formed at levels higher than the Algonquin between Wetmore and the Lake' Superior shore at 
water plane. One of these at 985 to 9,90 feet was Munising. In the southern part of Munising, less than 
traced from Dead River in sec. 7, T. 48 N., R. 25 W., a mile from the shore of Lake Superior, levels run by 
southeastward to the Mount Mesnard Rap-ge, south the Cleveland Cliffs Iron Co., showed that a ridge with 
of Marquette. Its precise altitude was determined an altitude of 96& feet is notched on its north slope 
on some knolls in the southern part of section 21 by about 5 or 6 feet lower, or about 960 feet above sea 
reference to the United States Geological Survey level. Morainic hills within 1 or 2 llliles southwest 
bench mark near by and found to be 985 feet. The of Munising rise to fully 1,000 feet and others east 
altitude seems to increase slightly toward the north- and southeast equally near the shore to about 1,000 
northwest and to be not less than 990 feet in section feet. They are hummocky and irregular from the 
7, where tracing began. The same shore line was noted crests down to an altitude of about 950 or 960 feet, 
also north of .Dead River, where a road running west below which the surface is much smoother and seems 
in the southern part of section 6 crosses it just below to have been wave-washed. v 

the 1,000-foot level. It can be traced but little The highest points on Grand Island, which stands in 
farther, as rock hills set in on whose slopes there was the bay north of Munising, are about 950 feet above 
scarcely enough drift material to allow the waves to sea level and consist of nearly bare limestone. The 
form a beach. ,The only direction in which the body scarcity of drift seems likely to be due to removal 
of water that formed this shore line could have dis- by wave action, as the ledges are subject to attack 
charged was eastward, and the outlet must have been from all directions. A beach of gravelly nlaterial is 
north of the "Calciferous" escarpment in eastern crossed by the Cleveland Cliffs driveway in the north
Marquette County and western Alger County, for ern part of the west shore of the island at an altitude 
the escarpment rises above 1,000 feet. On the Mar- of 885 feet. This fits in well with the altitude of the 
quette-Alger county line it could not haye been farther highest Lake Algonquin beach farther east, whereas 
south than the north edge of secs. 11 and 12, T. 46 N., the higher beaches just noted seem to be above the 
R. 23 W., or about 6 miles from the shore of Lake Lake Algonquin water plane. A beach. at 875 to 880 
Superior. The course was probably eastward from feet both north and south of Anna River at Wetmore 
that point across the northern part of T. 46 N., R. 22 may be the highest one of Lake Algonquin there. 
W., and thence southeastward into the Au Train- In order to account for a water body being held up to 
Whitefish lowland to the lake in the Lake Michigan the high level of 950 to 960 feet near Wetillore and 
basin. These lake features above the Lake Algonquin Munising, it seems necessary to assume that the ice 
plane near Marquette seem to show that the ice was was still present in the great Manistique Swanlp, to 
still occupying part of the.south shore of Lake Superior the east and southeast. It also seems probable, as 
farther east. Otherwise the Lake Algonquin water already indicated, that the Scaffold Hill table-land 
level would have extended to Marquette. stands in a recess in the ice border, the ice having been 

on the east as well as the north when this table-land Below the shore line just noted near Marquette 
was fOJ'med as an outwash plam·. If the l'ce on the there is a slight wave-cut notch near the 940-foot 
north disappeared earlier than that on the east the 

level, but the first strong well-defined shore line in the waters would have been ponded where these lake 
Marquette quadrangle is 20 feet lower, or near 920 features occur. The most probable line of discharge 
feet. This may be the highest Lake Algonquin beach. would have been through the Au Train-Whitefish 
. To the east of the Au Trajn-Whitefish lowland, in lowland. This lowland may thus have been a line 
the vicinity of Munising and Wetmore, lake features of discharge for ponded waters over the whole interval 
were noted at levels that seem to be higher than the from Marquette to Munising. The beach at 985 to 
Lake Algonquin plane. Accurate levels were run to 990 feet above sea level in the vicinity of Marquette 
these lake features north and south from Wetmore may pertain to a lake that had a narrow line of dis
station by L. G. Hornby under the writer's direction. charge between the ice and the" Calciferous" escarp
To the south, on the north slope of a table-land known lllent in eastern Marquette County and western Alger 
as Scaffold Hill, there seems to have been wave action County, with enough fall in this line of discharge to 
up to an altitude of 960 feet. This may, however, bring it down to the level of a lake at 950 to 960 feet 
Jllark the stornl beach, and the low-water level may around Munising. Or this lake near Marquette may 
be represented in a beach 10 or 12 feet lower, or 948 have slightly antedated the melting of the ice from the 
to 950 feet above sea level. North of vVetmore, in Munising region. 
section 12, about a nlile from the railroad station, a GLACIAL LAKE ALGONQUIN 
weak gravelly bar was found at 950 feet and another 
at 946 feet. Gravelly bars at 929 feet, at 903-904 feet, \ The name Lake Algonquin was first applied by J. W. 
and at 879 feet were crossed in ru~ning northward Spencer 16 to a lake occupying the southern part of 
from Wetmore station. The surface has a wave- Ie Am. Assoc. Adv. Sci. Proc" vol. 37, p. 199, 1889. 
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the basin of Lake Huron and the tributary Saginaw 
Basin. The lake, as shown in Plate 7, discharged 
southward past Port Huron through St. Clair. River, 
Lake St. Clair, and Detroit River to Lake Erie. The 
northern part of the Lake Huron Basin and Georgian 
Bay were still occupied by the ice sheet, and the ice 
covered the northern part of the southern peninsula of 
Michigan between this lake and Lake Chicago, in the 
Lake Michigan Basi.n. With the melting away of this 
ice barrier the two water bodies came to the same level. 
At about the same time the ice front was melted back 
sufficiently in the Georgian Bay Basin to open an east
ward outlet past IGrkfield, Ontario (pI. 7 and fig. 9), 

? 
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The highest shore line of Lake Algonquin to the south 
of the Kirkfield outlet and its isobase is not the' one 
that opens into that outlet, for this shore became 
submerged when the tilting raised the water to the 
level of the Port Huron outlet. The waters to the 
north of the Kirkfield outlet probably dropped away 
from the highest shore of that region at the same time 
they were rising from the Kirkfield outlet to the 
Port Huron outlet. In the absence of definite data 
as to the amount of uplift that was necessary to raise 
the water from the Kirkfield to the Port Huron out
let it is not possible to determine which shore line to 
the north of the I(irkfield outlet is to be correlated 

o 50 100 200 Miles 
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FlClURl~ n.-Map showing isobases of glacial Lake Algonquin at its highest stage and isobases of glacial Lake Iroquois as represented by 
Ooldthwait. ~rhe figures above the lsobases indicate altitude above the horizontal or unaffected part of the beach south of the hinge line; 
the figures in parentheses below the !sobases and the scattered figures elsewhere indicate altitude above sea level. 

and down Trent River to the Lake Ontario Baain, 
which wa,s sOluewhat lower than the outlet past Port 
Huron, but how much lower has not been detennined. 
This 'change of outlet appears to have drawn down the 
waters of the Lake Michigan Basin as well as the Lake 
Huron Basin. The eastward outlet was lnajntained 
for a long time, perhaps until the ice had disappeared 
frOln the northern peninsula of Michigan and the waters 
of the western part of the Lake Superior Basin had 
been brought to the level of the lake in the Huron and 
lvfichigan Basins. An uplift that raised this eastward 
outlet and returned the discharge to the southward 
outlet appears to have occurred in the midst of the 
Lake Algonquin stage rather than near itf3 beginning. 

with the beginning of the discharge through the Port 
Huron outlet. 

It is probable that when the waters were raised 
from the Kirkfield outlet to the level of the Port 
Huron outlet they were also raised sufficiently at the 
south end of the Lake Michigan Basin to cause some 
outflow through the Chicago outlet. The main dis
charge, however, seems to have been through the. 
Port Huron -outlet, and this became deepened to a. 
level below that -of the head of the Chicago outlet~ 

The part -of Lake Algonquin in the Lake Huron 
and Lake Michigan Basins has been discussed in 
Monograph 53. Attention is therefore given here to, 
the part that encroached upon the northern peninsula, 
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of Michigan and the border of the Lake Superior 
Basin in Michigan, Wisconsin, and Minnesota. There 
are so few data available on the Lake Algonquin 
shore lines in the Canadian part of the Lake Superior 
Ba!3in that it can not be adequately treated at this 
time. It was shown in Monograph 53 that the Lake 
Algonquin beach is a single strong line in the Saginaw 
Basin, in the part of the Lake Huron Basin between 
the Saginaw Basin and Port Huron, and in the Lake 
Michigan Basin as far north as Manistee, Mich., 
and Two Rivers, Wis. North of the SaginaW' Basin 
and the points named in the Lake Michigan Basin 
the shore features become more and more complex. 
Within a short distance three or four distinct ridges 
become traceable, which at first differ· but little in 
altitude but which become more widely separated 
toward the north and also more numerous. In the 
northern part of the northern peninsula there are half 
a dozen or more distinct shore lines, all referable to 
Lake Algonquin. 

At the top of the series are -usually two or three 
ridges that are especially strong and continuous which 
are separated by intervals of but 5 to 10 feet. Below 
this strong series the ridges are more widely spaced and 
usually weaker and less continuous. They appear to 
have been formed while uplift was going on most 
rapidly, whereas the ridges at the top were developed 
before rapid uplift had set in, and their separation 
may be due in part to the cutting down of the outlet. 
The lowest member of this upper series may be the 
one that should be correlated with the single strong 
beach that leads to the Port Huron outlet and to the 
-Chicago outlet. It seems probable, also, that the 
western part of the Lake Superior Basin had become 
connected with Lake Algonquin by the time this strong 
seriesowas completed. On the whole, the Lake Algon
quin beaches in the western part of the Lake Superior 
Basin are weak and widely spaced, as if they might 
have been formed during the time of rapid uplift. 
On the south border of this part of the basin there is a 
stiff clay on which sandy and gravelly material is very 
scan ty, and the shores there are generally marked by 
slight notches in the clayey slope. On the north side 
of the Lake there was a large amount of gravel and 
cobble to be worked into beaches, and the beaches are 
more distinct than those on the south shore, yet even 
there they are in general widely spaced and appear 
to have been developed while rapid uplift was in 
progress. 

From the west end of the Lake Superior Basin 
eastward to the Au Train-Whitefish outlet the limits 
of Lake Algonquin are found to lie only a short dis
tance from the present Lake Superior shore. The 
lake extended into the N emadji Basin only about to 
the Wisconsin-Minnesota State line, or scarcely 20 
miles beyond the present head of Lake Superior. 
Its north shore throughout its course in Minnesota 

stood but 1 to 3 miles back from the present Lake 
Superior shore. From Superior, Wis., eastward around 
the Bayfield Peninsula to Ashland, Wis., the dis-tance 
of Algonquin limits from the present lake shore 
ranges from a mile or less at Bayfield up to 6 or 7 
miles. In the Bad River drainage basin, southeast of 
Ashland, the lake reached back in places 18 or 20 
Illiles from Lake Superior. The limits were very 
close to the Superior shore from the vVisconsin
Michigan line eastward past the Porcupine Mountains. 
From these mountains northeastward to the Portage 
Canal the lake limits are 6 to 12 miles back, but fronl 
the canal eastward to the end of the peninsula they 
are closer. The lake covered the entire width of the 
peninsula at the Portage Channel and also at the Al
louez Gap. On the east side of I(eweenaw Peninsula 
the greatest extension was at the head of I(eweenaw 
Bay, where it reached 20 miles to the southwest. 
From I(eweenaw Bay eastward to the Au Train
Whitefish lowland the limits were from 1 to 6 miles 
bac.k from the Lake Superior shore. 

The limits of Lake Algonquin are less definitely 
known in the uninhabited districts of northeastern 
Delta County and adjacent parts of Alger and School
craft Counties, Mich., but it is thought that an aggre
gate area of about 200 square miles in this region may 
have stood above the Algonquin level. From Munising 
eastward across eastern Alger County and northern 
E?choolcraft County into Luce County the amount of 
land standing above Lake Algonquin has not been 
determined. In this district there are extensive out
wash plains which are slightly below 900 feet at their 
northern edge, and they may be not far from the Algon
quin level. 

In Schoo craft, Luce, Mackinac, and Chippewa Coun
ties there was only a few square Illiles that stood above 
the level of Lake Algonquin. There were small islands 
south of McMillan, south of Newberry, between the 
Hendricks quarry and Rexton, and along the high 
escarpment in northern Mackinac County and east of 
Trout Lake in Chippewa County. At the highest 
stage of Lake Algonquin there Illay have been an 
island of considerable extent in the high area l?outh of 
Whitefish Bay. There certainly-was a large island there 
when the lake level had been lowered a few feet. 

The shore lines of Lake Algonquin show a rapid rise 
northward in the area between the Huron and Michi
gan Basins and the Lake Superior Basin. Thus the 
upper limit of lake action on Mackinac Island is at 
809 feet above sea level; on St. Joseph Island, at 934 
feet, with a storm beach at 940 feet; and about 5 miles 
north of Sault Ste. Marie, Ontario, at 1,015 feet. This 
gives a rise of 206 feet in a distance of about 52 miles 
or practically 4 feet to the mile. The altitude is about 
930 feet near Rexford station, or practically the same 
as on St. Joseph Island. An isobase drawn from Rex
ford to St. Joseph Island bears about 15° south of east, 
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thU8 making the trend of the tilt line N. 15° E. This 
isobase is 32 Illiles frOlll Mackinac Island, there being 
thus a rise of about 125 feet in that distance, or nearly 
4 feet to the Illile. In the district north of the isobase 
the rise is 85 feet in 20 Illiles to the shore lines north of 
Stndt Ste. Marie. The rate of tilting is thus but little 
greater to the north of the Rexford-St. Joseph isobase 
than to the south. The line frOlll Mackinac Island to 
the shore north of Sault Ste. Marie falls very close to 
the direction of maxinullll tilting, N. 15° E. 

The tilt line appears to trend nearly north in the 
pnrt of the northern peninsula of IVlichigan from Mar
quotto eastward about to Whitefish Bay. There are, 
howevor, places in which the shore lines fail to come up 
to the general plane. For exanlple, in the vicinity of 
Roxton there is definite shore work up to nearly 900 
foot above sea level, but at McMillan, about 30 miles 
to the northwest, the highest shore work seems to be 
about 30 feet lower, or between 860 and 870 feet. To 
fit the plane it should be well above 900 feet. The 
shore work east of Trout Lake is also about 30 feet 
too low to fit the plane. This discrepancy might be 
accounted for if the ice covered the district around 
McMillan and Trout Lake to a later time than at Rex
ton, so that the highest beach at Rexton is not repre
sonted at these other places, but it is diflicult to find 
anything to support this explanation unless the ice 
porsisted as stagnant ice in the low a~eas immediately 
north of McMillan and along the Soo Line east from 
Trout Lake. A few miles farther northwest than 
~1cMillan on the road leading from Seney to Grand 
~1arais shore features are found to come up about to 
the genoral plane, or to l110re than 900 feet. 

The )110st rel11arkable rise in the upper shore line 
that has yet conle to notice is found along the border 
of the Au Train-Whitefish Valley. From a point near 
the Delta-Alger county line northward to Chatham 
there is a rise of 93 feet in a distance of 13.5 miles, or 
about 7 feet to the mile. In the southern 8 miles of 
this line the rise is 65.5 feet, or slightly more than 8 
foet to the mile,. and in the northern 5.5 miles the rise 
is 27.5 feet, or 5 feet to the mile. This most rapid rate . 
of tilting is in a narrow passage only 1 to 1 ~ miles 
wide. Farther north, where the rate is lower, the 
wators had greater width. " 

The rate is still lower in Delta County south of this 
narrow strip. The rate of rise from Brampton to the 
Delta-Alger county line is about 3 feet to the mile. It 
is possible that the highest shore action in this narrow 
strip and tho district to the north occured at a transi
tion stage in the course of the lowering of the waters 
frolll Lake Duluth to the Lake Algonquin level, for 
this lowland seems likely to have carried the discharge 
f1'01l1 such a transition lake southward to the Lake 
~1ichigan Basin. The passage may at :first have been 
obstructed by drift deposits in southern Alger County, 
so that in cutting through this barrier there may have 

been considerable descent. In that case the uplift 
may turn out to be consistent with that shown to the 
north and to the south of this narrow part and to be 
between 3 and 5 feet to the mile. 

The rise of the highest Algonquin shore along the 
west side' of the Green Bay Basin increases in rate 
from south to north. In the 50 miles from Menominee 
to Ford River at Newhall the rise is 75 to 80 feet, or 
about 1~ feet to the mile. From Newhall to the 
north line of Delta County there is a rise of about 95 
feet in 32 miles, or practically 3 feet to the mile. The 
trend of the shore is very nearly in the direction of the 
tilt line, as determined by drawing isobases from the 
highest Algonquin shore west of Green Bay to the 
highest shore on the peniD.sulas and islands east of 
the bay. The altitudes on the Wisconsin islands and 
peninsula were determined by J. W. Goldthwait by 
wye level, and those on the Michigan slope by W. H. 
Hobbs, but those on the west side of Green Bay, by the 
present writer, are chiefly from railroad surveys. 

The altitudes of the Lake Algonquin shores are 
accurately determined in the Marquette, Houghton, 
and Calumet quadrangles. In the Marquette quad
rangleAlgonquin shore action and corresponding stream 
deltas are conspicuous at 920 feet, but shore action is 
l110re obscure at higher altitudes. There is, however, 
a shore at about 940 feet and one at about 990 feet, 
each traceable for several miles in the southwestern 
part of the quadrangle. The shore at 990 feet is 
evidently above the Algonquin plane, and the one 
at 940 feet may be also. 

The highest Algonquin beach is between the 1,000 
and 1,020 foot levels at the sou'th edge of the Houghton 
quadrangle but rises to 1,042 feet at the Isle Royale 
mine, a mile south of Houghton, and to 1,080 feet 
directly west of Calumet. It is at 1,095 to 1,100 feet 
near Mohawk and at 1,110 feet at the north edge 'of 
the Calumet quadrangle, west of Cliff. N ear the 
Central mine it is above 1,120 feet. Throughout its 
course in the Houghton and Calumet quadrangles it 
is an exceptionally strong beach. Where cut into 
steep slopes the bluff back of it is in places 15 to 20 
feet high, but more commonly it is a gravelly ridge 
with a deposit several feet in depth. The highest 
Lake Duluth beach developed on this peninsula stands 
200 to 220 feet above the highest Lake Algonquin 
beach. These beaches seem to run nearly parallel 
across these quadrangles, and the interval between 
them is no greater at the north than at the south edge. 
Each shows a rise of about 100 feet in 33 miles in a 
north-northeast direction. 

There are but few accurate measurements of the 
highest Algonquin beach in the western part of the 
Lake Superior Basin. The Soo Line, running south
eastward from Ashland, Wis., crosses it near North 
York at 860 feet above sea level. At Bayfield, Wis., 
a line of levels run by F. T. Thwaites crosses the beach 
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at 915 feet and levels on Oak Island, also run by 
Thwaites, cross it at 926 feet. Oak Island is about 
40 miles nearly due north of North York, and the 
northward component of uplift, 66 feet in 40 miles, 
is thus about 20 inches to the mile. The rate of 
rise is slightly higher across Lake Superior-from Oak 
Island to Grand Marais, Minn., a distance of about 
60 miles in a course slightly east of north. The 
measured altitude of the highest Algonquin beach at 
Grand Marais is 1,042 ,feet, and there is thus a rise 
of 116 feet in 60 miles, or a little less than 2 feet to 
the mile. Near the west end of the lake the altitude 
on the south shore is 850 to 855 feet. On the north 
shore it rises from about 860 feet near Fond du Lac 
to 880 feet in the main part of Duluth and 910 feet 
near Knife River. At Amnicon Falls, which is about 
28 miles nearly south of Knife River, the altitude of 
the highest Algonquin shore is 855 feet, or 35 feet 
lower than near Knife River. The rate of tHting here 
is thus very similar to that between Oak Island and 
Grand Marais, or slightly less than 2 feet to the mile. 
The data are not sufficient to determine the precise 
direction of the tilt line, but such as are available·sug
gest that it is but little east of north and about the 
same as that of the shores of Lake Duluth. (See figs. 
7 and 8.) 

TRANSITION FROM LAKE ALGONQUIN TO THE NIPISSING 
GREAT LAKES 

BATTLEFIELD BEACH 

The expansion of Lake Algonquin continued as the 
ice front was gradually melted back until it reached 
eastward beyond Georgian Bay as well as northward 
over much if not all of the Lake Superior Basin. 
From the east end of Georgian Bay a lowland extends 
past North Bay into the Ottawa Valley. It is 600 to 
800 feet lower than the bordering uplands and several 
miles in width. On its north side are large tributary 
valleys, which may have served as passages for ice 
tongues extending southward from the main ice sheet 
after its border had receded a few miles on the uplands 
north of the Ottawa Valley. It has been suggested 
by F. B. Taylor 17 that the Ottawa Valley may have 
afforded an outlet eastward around the south ends 
of these ice _ tongues by which the waters of Lake 
Algonquin were drawn down below the level of the 
Port Huron outlet, and that the Battlefield and Fort 
Brady beaches, which s-tand a few feet above the level 
of the Nipissing beach, may have been formed while 
the discharge was eastward past these ice tongues. 
With the complete withdrawal of the ice from the 
Ottawa Valley the water was drawn down to the 
Nipissing level. 

The name Battlefield was applied by F. B. Taylor 
to a beach on Mackinac Island that traverses an old 
battlefield. This beach stands 130 to 135 feet above 

17 U. S. Geol. Survey Mon. 53, p. 440, 1915. 

Lake Huron, or 710 to 715 feet above sea level. It is 
about 70 feet above the Nipissing beach and 30 to 35 
feet below the lowest Algonquin beach. When traced 
southward on the borders of the southern peninsula it 
is found to drop less rapidly than the Algonquin beaches 
as far south as Norwood, on the east side of Lake Mich
igan, and Ossineke, in the west side of Lake Huron. 
At Norwood it is about 650 feet above sea level, and 
at Ossineke 640 feet. The highest Algonquin beach 
at these points is only 22 to 24 feet above the Battle
field beach. 

The Battlefield beach is well defined on the islands 
along St. Marys River from Dnunmond Island to 
Sugar Island and is present back of Sault Ste. Marie, 
where its altitude is 790 feet. This beach is also well 
defined on the borders of the Lake Superior Basin in 
Michigan, Wisconsin, and Minnesota. It becomes 
complex on the borders of this basin and is split into 
two or three members, whose altitude, as determined 
by hand level near Grand Marais Mich., is 785 feet, 
760 feet, and 725 feet above sea level. Above these 
beaches at Grand Marais are five Lake Algonquin 
beaches, of which the highest is 895 feet and the lowest 
820 feet above sea level. The highest beach here 
may not be the highest of the Algonquin series. Back 
of Sault Ste. Marie, Ontario, beaches that seem refer
able to the Battlefield series are found at intervals of 
10 to 15 feet from 740 feet up to 790 feet above sea 
level. Nine Lake Algonquin beaches ranging in alti
tude from 820 feet to 1,015 feet are found in that 
locality. The Battlefield' beach is especially well 
displayed on the Keweenaw Peninsula and the east 
face of the Bayfield Peninsula and at nlany places 
along the north side of Lake Superior in northeastern 
Minnesota. In all these places it is usually repre
sented by two or more lnembers separated by narrow 
spaces. 

FORT BRADY BEACH 

The Fort Brady beach stands between the Battle
field beach and the Nipissing beach. It seems to have 
been first brought to notice in the writer's studies in 
1905. It is named from the fort at Sault Ste. Marie 
that stands on it. At the fort there is a cut bank, in 
front of which is a boulder-strewn terrace. The 
beach is relatively weak, being about like the weaker 
members of the Algonquin series. At Fort Brady 
the beach is slightly below 700 feet above sea level, 
but a few nliles to the east, at the north end of Sugar 
Island, it reaches 704 feet. It declines to about 660 
feet at St. Ignace and is exceptjonally well developed 
in that vicinity. At Grand Marais and in the vicinity 
of Marquette it is 670 feet above sea level. It is weH 
displayed on the Keweenaw and Bayfield Peninsulas 
and pn the Apostle Islands, as well (ts along most of 
the north shore of Lake Superior in Minnesota. 

The lake that formed this beach was probably 
merely a lower stage of the one that formed the Battle-
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field beach and discharged eastward through the 
Ottnwn Valley while it was still partly obstructed by 
the ice. 

PASSAGES BETWEEN THE LAKE SUPERIOR AND LAKE 

MICHIGAN BASINS 

Reference has ah'eady been made to the Au Train
Whitefish lowland, which runs southward from the 
Lake Superior coast at Au Train to the head of little 
Bay de Noc, an a,rm of Green Bay, at Rapid River. 
The divide on this lowland is in a swamp between 
Mud. Lake and Trout Lake at 768 feet above sea level, 
or 166 feet above Lake Superior. This lowland has a 
rock floor exposed along much of its length, and Au 
Train River falls about 100 feet in less than a mile 
directly north of the crossing of the' Munising, Mar
quette & Southeastern Railway. This lowland has 
been under consideration by Government officials and 
others interested in the development of navigation 
between the Lakes as a short cut between Lake 
Superior and Lake Michigan. But the expense of. 
developing a waterway has been found to be so great 
that It overbalances the advantages in shipping. The 
amount of shipping between the ports on Lake Superior 
and Lake Michigan is relatively small when compared 
with the shipping toward the Atlantic seaboard. 

Another passage between the Lake Superior and 
Lake Michigan drainage basins is found near Wetmore 
station on the Duluth, South Shore & Atlantic Railway. 
Here a swanlp connects the head of Anna River with 
one of the tributaries of Manistique River. Its 
altitude is 838 feet. It is a relatively narrow passage, 
and the land close by on either side is nearly 900 feet 
above sea level. 

A passage east of Seney connects headwaters of 
Taquanlenaw River with one of the tributaries of 
Manistique River. This is the lowest passage into 
the Manistique drainage area from the Lake Superior 
Basin, being only 720 feet above sea level. It is 
about 2 miles in general width in its narrowest part, 
froin a point near McMillan westward into the Manis
tique drainage basin, but there widens out into an 
extensive nlarsh through which several of the tribu
taries of the Manistique take their courses. East of 
McMillan in places the swamp is ,widened to 5 or (j 

miles or more and is bordered by morainic ridges. A 
sandstone formation is crossed by Taquamenaw 
River at the northeast end of the swamp, and a descent 
is made in a short distance over the sandstone ledges 
to the level of Lake Superior. The effect of the 
northward differential uplift has been to increase the 
swampy conditions in the Taquamenaw by reducing 
the gradient of the stream. But in the Manistique 
drainage system, which leads southward, the gradient 
has been increased. As a result, the streams are 
cutting trenches and have narrow strips of dry land 
on their i111111edia te borders. 

The Manistique drainage basin is bordered on the 
north by extensive outwash plains next to the morainic 
belt that lies along the south edge of the Lake Superior 
Basin which are at a much higher level than the marshy 
plains to the south or the swampy passage connecting 
the Taquamenaw and Manistique drainage areas. 
There is generally an abrupt blufflike rise of 50 feet or 
more from the marshy sandy plains to these outwash 
plains. The higher plain consists usually of gravel 
and cobbles; the low plain and marshes are underlain 
by sand. It seems probable that the low plain was 
covered with lake waters to the height of the high 
plain at the time the high pla~ was built up as an 
outwash from the ice into this lake. If so, the abrupt 
border marks an old shore line or the place to which the 
outwash into the lake reached: 

There are two table-lands of cobbly and gravelly 
outwash farther south in the Manistique drainage 
basin whic,h stand SOlllewhat higher than the bordering 
swamps and sandy plains. One of these is in the 
Hiawatha SettleIllent and is described on page 51 in 
connection with the Illoraine of which it is an outwash. 
I t is fully 50 feet above the bordering sandy land and 
probably was built up at the edge of a lake, though it 
stands lower than the highest Algonquin shore. The 
other table-land lies about 6 miles southeast of 
Shingleton. It is covered with cobbles and gravel, 
but the surrounding lower land is sandy. It is about 
60 feet higher than the sandy plain and covers about 
4 square Illiles. It seems to be SOlllewhat lower than 
the highest Algonquin level. 

NIPISSING GREAT LAKES, 

The next stage in the geologic history of this region 
is represented by the Nipissing Great Lakes. These 
lakes occupied the basins of the upper three Great 
Lakes, Superior, Michigan, and Huron, and were almost 
as distinctly separated as those of ,to-day. (See pI. 8.) 
They were, however, all at a single level, for their 
waters covered the present rapids at Sault Ste. Marie 
to a depth of about 50 feet. The water also stood 
about 50 feet above the Strait of Mackinac, and there 
was a strait farther south leading from the head of 
Little Traverse Bay past Burt and Mullet Lakes to 
Cheboygan. On most of the borders of Lakes Su
perior, Michigan, and Huron the Nipissing shore line 
is less than a mile from the present water's edge. For 
a short distance near the west end of Lake Superior 
the present lake, as indicated in Figure 10, covers and 
extends beyond the Nipissing shore line. The water 
was about 2 miles in width at Sault Ste. Marie but 
expanded to a width of 10 to 12 miles a few miles to 
the southeast, in the vicinity of Mud Lake. p The out
let of the Nipissing Great Lakes, as determined by 
F. B. Taylor in 1893, had its head at North Bay, 
Ontario, on the northej1st shore of the present Lake 
Nipissing. The discharge passed down Mattawa River 
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to the Ottawa and thence to an arm of the sea in the 
St. Lawrence Valley. (See pI. 8.) Later the differ
ential uplift raised the outlet at North Bay so high 
that the lake waters were brought up to the St. Clair 
outlet at Port Huron. By this rise any shore work 
done by the Nipissing Great Lakes south of the isobase 
that runs through the North Bay outlet would have 
been submerged and to a large degree obliterated. 
The original Nipissing beach is to be seen, if anywhere, 
only in the extreme northeastern part of the Lake 
Superior Basin. The visible Nipissing beach is there
fore, in the main, the product of the shore work after· 
this rise, at a time w~en both the North Bay and the 

On Whitefish Point a large nUlnber of ridges of 
sandy gravel were developed by the Nipissing Great 
Lakes, which extended the point several miles beyond 
its former limits. The area occupied by these sand 
ridges is indicated on Plate 1. At the city of Escanaba 
the currents of this lake stage and a slightly higher 
lake stage gathered up the sandy material laid down at 
the mouth of Escanaba River and strung it out in a 
long ridge that reaches from the mouth of the river 
beyond the city and has· a width of about a mile and 
a length of 5 or 6 miles. The city thus stands on a sand 
bar, and the swamp back of the city represents a bay 
that separated it from the mainland. At Au Train 
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FIGURE 1O.-Map showing isobases of the Nipissing Great Lakes at the two-outlet stage. The figures above the isobases indicate 
altitude above the horizontal or unaffected part of the beach south of the hinge line; the figures in parentheses below the iso
bases and the scattered figures elsewhere indicate altitude above sea level. 

St. Clair outlet were in use. The Nipissing beach is 
a strong shore line throughout nearly all its course 
around the Nipissing Great Lakes. In places it is 
marked by a steep bluff 25 to 30 feet or more in height, 
and in others by strong gravel bars. To cut back far 
enough to give this height the lake probably en
croached on the land a considerable part of a mile. 
The headlands or projections and exposed points on 
this old shore are generally marked by cut banks 
showing removal or encroachment, and the recesses 
along the shore are generally marked by ridges· of 
sandy gravel which tend to fill them and thus straighten 
the shore. 

there is.a great accumulation of sand;v and gravelly 
material filling in the space between Au Train Lake 
and the shore of Lake Superior. There are also very 
extensive sandy bars along the shore of Lake Michigan 
immediately west of the Strait of Mackinac, filling the 
space between Brevoort Lake and the Lake Michigan 
shore. They cover a space 1 to 2 miles in width and 8 
to 10 miles in length. These several places afford some 
of the most striking examples of the development of 
sand ridges in connection with the Nipissing Great 
Lakes, -bu t-the ·wave-wurk murrg-the"shore-is a; ·conspicu
ous feature throughout almost the entire borders of 
Lakes Superior, Michigan, and Huron. Many of the 



MORAINES AND SHORE LINES OF THE LAKE SUPERIOR BASIN 71 

land-survey plats made by the Government surveyors 
indicate the position of the Nipissing shore as the 
"former coast line," its features being so strikingly 
siluilar to that of the present shore and its separation 
so slight both in altitude and in distance as to leave 
no doubt concerning the interpretation. 

The luain Nipissing beach is at the level where the 
waters stood when the outlet past Port Huron came 
into use. In the course of the cutting down of the Port 
Huron outlet to the present level, a cut of about 15 
feet, the waves have formed beaches below the main 
one. In the part of the shore where no uplift has 
oecurred these lower beaches are less than 596 feet 
above sea level. This part embraces most of the Sagi
naw Basin, the part of the Lake Huron Basin east of 
the Thunlb of Michigan, and the part of the Lake 
~1ichigan Basin south of Manistee, Mich., and Algoma, 
Wis. The northern parts of the Lake Huron and Lake 
Michigan Basins, including much of Georgian Bay and 
Green Bay, have suffered uplift, and so has the entire 
Lake Superior Basin. As a r€tmlt of this uplift the 
ll1ain Nipissing beach has been carried up to about 700 
feet above sea level in the vicinity of the North Bay 
outlet and in the northeastern part of the Lake Supe
rior Basin. The lower beaches appear at several 
lower levels, but are relatively weak features, and indi
cate that uplift was going on at such a rate that the 
lowering waters had not time to build strong shores at 
t1ny given level. . 

The altitudes and tilting of the highest Nipissing 
beach have been set forth in Monograph 53 for the Lake 
Superior Basin, as well as for the Lake Michigan and 
Lake Huron Basins. Plate 8 and Figure 10 are taken 
from that report. It was shown that on the east side 
of Lake 1-1uron the beach rises from an altitude of 596 
or 597 feet at the south end to 698 feet at North Bay. 
On the west side of Lake Huron it rises from 595 feet 
at Port Huron to 626 feet at Cheboygan and 631 feet 
on Mackinac Island. On the east side of Lake Michi
gan it is at 595 to 597 feet as far north as Herring Lake, 
a few nliles south of Frankfort, NIich., and on the west 
side as far north as a point 4 miles north of Algoma, 
Wis. Between that point and Rapid River, at the 
head of Little Bay de Noc, it rises to 613 feet. It is 
also at 612 to 613 feet on the Garden Peninsula at 
Fayette Bay. 

On the south side of Lake Superior the Nipissing 
beach declines from about 650 feet at Sault Ste. Marie 
to 635 feet at Grand Marais, Mich., 628 feet at Mar
quette, 620 feet at L'Anse, 616 feet at Ontonagon, 
and 606 feet near Bayfield, "Vis.; west of the Bayfield 
Peninsula it is either combined with or falls below the 
present shore of Lake Superior. As the Keweena:w 
Peninsula is farther north than neighboring parts of 
the south shore of Lake Superior the Nipissing beach 
is sonlewhat higher there, being 640 feet above sea 
level at Eagle Harbor and Copper Harbor, 635 feet at 

Lac la Belle, and 630 feet at the north end of the Por
tage Canal. On the north shore of Lake Superior the 
Nipissing beach is combined with or below the present 
shore of the lake as far northeast as Beaver Bay. At 
Little Marais it is only 10 feet above Lake Superior, 
or 612 feet above sea level. It reaches 623 feet at 
Lutzen, 630 feet at Grand Marais, 638 feet at Chicago . 
Bay, and 661 feet at Port Arthur. In the northeastern 
part of the Lake Superior coast, at J ackfish Bay and 
Peninsula Harbor, it is slightly above 700 feet. The 
accompanying map (fig. 10), taken from Monograph 
53, sets forth the trend of isobases for each 20 feet of 
uplift in the three basins occupied by the Nipissing 
Great Lakes. 

FEATURES OF THE PRESENT SHORES 

The features of the pre~ent shores of the Great 
Lakes have on the whole a stronger expression than 
those of the glacial lakes, the lake cliffs reach greater 
heights, and the beaches and bars are more pronounced. 
The shores of the Nipissing Great Lakes come nearer 
than those of any of the glacial lakes in rivaling the 
strength of the present shores. From this it should 
not necessarily be inferred that the glacial lakes were 
of correspondingly shorter duration, for it seems not 
unlikely that shore work was hampered to a greater 
extent by a frozen condition in the glacial lakes than 
it is in the present lakes. 

The prf:}sent lakes have encroached on the land 
along the greater part of their shores, and in places 
cliffs over 100 feet in height rise abruptly from the 
water's edge. The islands especially show prominent 
cliffs. The building of barrier bars across bays is 
conspicuously illustrated in Minnesota Bar, at the 
head of Lake Superior, and in the bar across Chequa
megon Bay opposite Ashland, Wis. .At Gladstone, 
Escanaba, and Menominee, Mich., there ha3 been a 
marked growth of sandy points lakeward. In the 
vicinity of Marquette, Mich., rocky islands have been 
joined to the mainland by the filling in of the channels 
that once separated them. . 

The northward differential uplift has caused a rise 
of water at the southwest end of the Lake Superior 
Basin, so that the Nipissing shore is submerged for 
a short distance from the head of the lake. There 
are features which suggest that this uplift may still 
be in progress. George R. Stuntz, 18 a land surveyor, 
found stumps in places beneath the water of St. Louis 
River near its mouth, which seem to indicate a 
relatively recent rise of the water on the land. G. L. 
Collie 19 in his studies of the Apostle Islands has found 
evidence of a rise of water that has caused the removal 
of the ends of spits that extend out from the islands 

\8 On some recent geological changes'in'nurtheasternWisconsin: Am:·Assoc, Adv. 
Sci. Proc" vol. 18, pp, 205-210, 1870. 

10 The Wisconsin shore line of Lake Superior: Geol. Soc. America Bull. vol. 12, 
pp. 197-216, 1901. 
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into Chequamegon Bay. One at the south end of 
Madeline Island, "according to well-authenticated 
tradition," once extended 5,000 feet from the island. 
A shoal now marks its former position and shows 
that the extent is not exaggerated. It is a de
structional feature, not constructional. Old residents 
of Madeline Island state that the spit has been cut 

away 2,000 feet in the last 50 years. It remains 
to be determined whether this recent rise is indepen
dent of the uplift that tilted the Nipissing and earlier 
beaches or is part of a movement that has continued 
to the present time. Its rate seenlS to be lnore rapjd 
than is consistent with a continuous uplift dating back 
to the tinle of the Nipissing beach. 



THE FAUNA OF THE MIDDLE BOO,NE NEAR BATESVILLE, ARKANSAS 

By GEORGE H. GIRTY 

INTRODUCTION 

The geologic section at Batesville, Ark., so far as it 
is of present concern, compris<I)s the Batesville sand
stone, the Moorefield shale, and the Boone chert. 
The forInations are cited in descending order, and the 
Boone is underlain at different places by rocks of 
differon t ages ranging fronl Ordovician to Devoninn. 

The faunas of the Batesville sandstone and Moore
field shale are already known. The Batesville fauna 
was first described by Weller 1 and somewhat later 
was reviewed by me:l on collections l110re extensive 
inasInuch as they cOlllprised lllaterial fronl Marshall 
as well as frOll1 Batesville. I also described the fauna 
of the Moorefield shale,3 using the same two localities 
as sources for nly collections. On the other hand, Illy 
contacts with the Boone fauna of that region have 
been few and 1110re or less .in the nature of after
thoughts. The faunas of the Moorefield and Bates
ville, then little known, were of chief interest,whereas 
the fauna of the Boone was naturally supposed to be 
the smne as other Boone faunas, with which I was 
fairly familiar. 

I had already observed, as I thought, that lithologi
cally the Boone exposures near Batesville were SOllle
what different frOlll the l110re typical exposures farther . 
west. N ear Batesville the fOrIllation seelned to con
sist of a darker, finer-grained, and Inore siliceous rock, 
lacking in beds of a crystalline or crinoidal nature, and 
conspicuously poor in fossil relnains. It was divisible 
iIito a lower calcareous Illember and an upper cherty 
IllOl11ber. The cherty n}{nllber, which was thought to 
be about 250 feet thick, even included near the 
middle some 20 feet of beds conlprising calcareous 
shale, limestone, and calcareous sandstone, mostly 
black or dark gray. This feature is of course quite 
foreign to the Boone in its typical aspects. Finally, a 
small fauna collected in the upper part of the chert 
member 4 proved to be closely related to the fauna 
of the Moorefield shale and widely different from the 

I Weller, Stuart, The Batesville sandstone or Arkansas: New York Acad. Sci. 
Trans., yo!. 16, pp. 251-282, pis. 19-21, 1897. 

I Oirt.y, O. 11., 'fho rauna of tho Batesville sandstone, northern Arkansas: U. S. 
Geol. Survey Bull. 593, 1915. 

a Oirty, O. 11., 'l'be fauna of the Moorefield shale of Arkansas: U. S. Oeol. Survey 
Bull. 439, lOll. 

10irty, O. 11., Fauna of tbe so-called Boone chert near Batesville, Ark.: U. S. 
Geol. Survey Dull. 595, 1015. 

typical Boone faunas. These facts, which were brought 
out in Bulletin 595, might provisionally be interpreted 
in three ways: (1) The Boone at BatesvJlle is not the 
true Boone but a different formation and, if different, 
younger; (2) it is equivalent to the typical Boone but 
is more or less transformed in lithologic character and 
in fauna; (3) it is a more extensive formation, the 
lower part equivalent to the Boone but the upper part 
younger. The problem thus seemed to focus upon the 
lower part of the fonllation. If the fauna of the lime
stone menlber proved to be of the norlnal Boone type, 
and consequently different fr0111 the higher fauna, the 
inference would naturally follow that the Iimestone 
member represents the true Boone, and that the chert 
member is a later formation. If the fauna cpuld be 
assigned to some definite part of the Boone, the infer
ence would be modified to suit, but further progress 
along any but speculative paths seemed barred until 
sOlllething was known of the lower fauna. 

Unfortunately, when I had an opportunity to exam
ine the lower part of the Boone section near Batesville, 
I had little idea that the Boone of that region presented. 
such a problem; my observations were hasty, and no' 
collections were made. Under SOllle circumstances· 

. one has recourse to one's friends, and as Mr. H. D .. 
Miser was about to visit the Batesville region 'on an 
economic behest, I asked him to collect some fossils 
from the limestone member in the hope that its rela
tions to the typical Boone might thus be deterl11ined. 
My request was graciously fulfilled, and Mr. Miser 
made the two collections upon which this. r~port is 

. based. This evidence, however, does not solve the 
problem but rather complicates it, for the fauna of 
the llliddle Boone, though conspicuously different from 
the upper fauna, is also conspicuously different from 
the fa.unas 'of the typical Boone. The purpos~ of 
the present' paper, then, is to place these facts ·'on. 
record and to discuss certain relations which they 
suggest. 

Mr. Mi~~r has kindly furnished the following 
descr~ptioli' of the stratigraphic relations and occur
rence of the rocks from which these fossils came: 

The fossils described in the present report were obtained by 
me from a bed of limestone near the middle of the Boone chert 
at two localities on Spring Creek 5 miles northwest of Bates-
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ville, one in an abandoned limestone quarry on the east side of 
the Spring Creek valley about a quarter of a mile northeast, of 
Denieville and the other on the east side of the valley about a 
mile southeast of Big Spring. . 

The limestone yielding the fossils is 22 feet thick in the 
quarry near Denieville and appears to be only a few feet thick 
at the locality a mile southeast of Big Spring. It is light gray, 
ranges from fine to coarse grained, occurs in layers attaining a 
thickness of 6 feet, and contains a few layers and nodules of 
flint. In addition to the brachiopods and the other fossils 
described by Mr. Girty, the limestone 'contains numerous 
crinoid stems, which are in fact abundant enough for the rock 
to be 'called a crinoidal limestone. Similar limestone of appar
ently the same age is exposed at other places in the Batesville 
region, though no fossils have been observed or obtained except 
at the two localities on Spring Creek. At Pfeiffer, 5 miles north
east of Batesville, there is an even-bedded fine-grained light-gray 
limestone 40 feet thick, which is being quarried, dressed, and 
marketed for use as a high-grade building stone. Similar 
though cross-bedded limestone has been quarried on the Blowing 
Cave road 2 miles north-northeast of Batesville. 

The fossil-bearil1g limestone on Spring Creek and the lime
stone at the two localities just mentioned are near the middle 
of the Boone chert, a forml;l.tion whose thickness is estimated to 
be between 300 and 400 feet. The full thickness of the Boone 
is revealed on Spring Creek. The base is exposed in a small area 
beginning at Big Spring and extending down the creek for almost 
half a mile. Here the Boone is underlain by the St. Clair lime
stone, of Silurian age. The topmost beds of the formation are 
exposed near Ruddells Mill, 2}1 miles southeast of Denieville, 
where the Boone is overlain by the Moorefield shale. 

The oose of the limestone at the quarry near Denieville 
stands 50 feet above the bottom of Spring Creek, but no rock 
exposures were observed in the steep slope below the quarry. 
The chert underneath the limestone is thus not revealed there. 
It is, however, exposed farther upstream, especially along the 
Batesville-Cushman road, which follows Spring Creek 'past 
Big Spring. A large fresh exposure of the chert has been 
blasted recently in the construction of the highway three-quar
ters of a mile southeast of the spring. It shows the unweath
ered rock to consist of gray to blue flint in thin and thick layers, 
parts of which are limy. The flint on weathering loses its 
small quantity of calcium carbonate, becomes slightly porous, 
and breaks into hard, angular gray fragments that cover the 
steep slopes, with no admixture of clay. The flint as revealed 
in a fresh exposure on the highway and also in exposures to the 
north toward the outcrops of the' St. Clair limestone has a 
southerly dip of a few degrees. On a hill half a mile southeast 
of Big Spring flinty chert that is below the fossil-bearing lime
stone of the Boone extends from the base to the top of the hill, 
which is 150 feet high. The chert below the limestone bed of the 
Boone is thus lJ.lOre than 150 feet thick but perhaps does not 
exceed 160 feet. 

The upper chert member of the Boone along and near Spring 
Creek-the part of the formation lying above the fossil-bearing 
limestone-has been described by Mr. Girty in Bulletin 595 
of the 'United States Geological Survey. He says that a fairly 
satisfactory estimate of the thickness is 200 to 250 feet. At the 
Denieville qultrry the upper chert continues up the slope to the 
crest of the hill, 165 feet above the top of the limestone. The 
chert as revealed on the slopes occurs in part as soft, knotty, 
thin ledGes but mostly as loose slabs and fragments of porous 
gray to brown vermicular chert, in some of which there are 
sparse casts of fossil remains. 

The following beds are exposed along Spring Creek: 

Section on Spring Creek between Big Spring and Ruddells Mill 

Moorefield shale, including at the base a limestone facies 
several feet thick that has been called "Spring Creek 
limestone. " 

Boone chert: Feet 
Chert weathering to porous vermicular slabs and 

fragments, sparsely fossiliferous; fauna described 
in Bulletin 595 __________________________ 200-250 

Fossiliferous gray limestone; fauna described in 
present report _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 22 

Flint weathering to hard angular fragments _ _ _ 150-160 
St. Clair limestone; base not exposed_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 50+ 

For the purpose of recording a fauna the bare list 
of species is often highly unsatisfactory. It is not so 
always, because in a region where, a fauna is well 
known certain undesirable features of a bare list are 
by that fact correspondingly minimized. Even then 
such a list makes somewhat trying demands upon the 
knowledge and imagination of the reader. If the 
fauna is new, however, or if, though not new, it comes 
from a new and renlote area, the disadvantages in
herent in a bare list become serious, and one feels the 
need of supplementing it by descriptions and figures. 
A list presents not facts but interpretations of facts, 
and it affords no opportu'nity for qualifying or dis
cussing the interpretations which it presents-namely, 
the identifications of species. 

In attempting to record the character of the middle 
Boone fauna of the Batesville region I have been pre
vented from giving discussions and illustrations of 
the different species, such as I would like, by the un
satisfactory character of the fossils. They are, to be 
sure, abundant, but at the same time they are rather 
poorly preserved. The matrix seems to consist of 
thin irregular plates of granular or crinoidallime~tone 
alternating with fine-grained impure calcareous IT: \te
rial that has been more or less converted into chert. 
The same process of alteration which gave a cherty 
character to the rock has perhaps caused it to adhere 
tightly to the shells. At all events, most of the shells 
are seriously exfoliated and, where they are partly 
concealed by 11latrL"<, sometimes very hard to uncover. 
Of many species only the larger features could be 
determined, and specimens that were suitable for 
illustration, that exhibited at one time all the sig
nificant characters shown singly by the others, were 
indeed few. Under these circumstances it has not 
been found practicable to illustrate all the species or 
to describe some of them in any but a large way. 
Nevertheless, the general aspect of the fauna, I be
lieve, will be presented to others almost as well 8.8 

the collections themselves presented it to me. 
The subjoined table shows the representation of the 

middle Boone fauna of the Batesville region in the 
two collections by which it is at present known. The 
species marked with an asterisk are to be compared 
with species in the meager fauna of the upper Boone, 
which as here considered is that obtained frOln the 
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cherty beds, to the exclusion of the richer fauna 
obtained frOI11 the overlying "Spring Creek lime
stone." Species are thus lllarked that lnay prove to 
be the smne, though they are not now known to be 
so, as Tril}lophyllum? sp. or Rhombopora? sp. It is 
rather doubtful whether subsequent knowledge will 
show these fonns to be identical; on the other hand, 
SOIue of the Producti that are not Inarked as identical 
lllay prove to be so. On the whole, although but 
six species are lnarked as COlnmQn to the two faunas, 
this probably overstates the relationship indicated by 
the facts at hand. As at present kl)own (and it would 
be useless to speculate. what future discoveries will 
reveal) the lniddle fauna is very different fronl the 
upper, and the difference is even lnore impressive in 
the collections than in the lists, because of the numer
ical representation of the species. Regarding the 
fauna of the "Spring Creek liInestone," as that fauna 
is lllore extensive than the upper fauna of the Boone, 
by so llluch the lllore does it differ frOIn the present 
one. 

Distrib'ution of the middle Boone fa1ma from localities 3203 and 
3204 a 

3203 3204 

Cladochonus beecherL _____________________ - X 
Cladochonus aff. C. longL___________________ X 
Cyathaxonia? ll. Sp _________ ~_______________ ______ X 

*Triplophyllum'l Sp__________________________ ______ X 
*Rhombopora'l Sp_ _ _ _ _ __ _ _ _ ___ _ _____ _ __ _ _ _ __ X 

Cystodictya pustulosa? _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ X X 
H.hipidomo!la atf. R. jerseyonsis_ _ _ _ _ _ _ _ _ _ _ _ _ _ X 
Scluzophona compacta _____ - - - - ___________ -_ X X 

"'Orthototos? Sp __________ - ___ -- - ___________ - X 
Chonetos misorL _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ X X 
Chonotos miseri val' _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ X 
Chonetes afr. C. shllmardianlls_ - - _ - - _ - - - - __ - - X X 
Chonotes batesvillensis __ - - - - - - - - - - - - - - - _ - - - - X X 

"'Pl'Odlictella hirslltiformis'? - - - - - - -- -- --- - -- - -- ___ -- - X 
Productlls magnlls__________________________ X 
Prodllctlls crawfordsvillonsis'? _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ X 
Prodllctus mosialis'L ______________________________ . X 
Prodllctlls burlingtonensis ___ :.. - - - _____ - _ _ _ _ _ _ X 
Productus aff. P. gallatinensis________________ X 

"'Prodllctlls ovatlls val'. minor ___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ X 
Avonia arkansana val'. mliltilirataL__________ X _____ _ 
Pustliia aff. P. gradata _________________________________ _ 
Pusttlla incrassata _____________________________________ _ 
Rhynchopora palmori?______________________ ______ X 
Rhynchopora sp___________________________ ______ X 
Spirifor ftoydensis? _____ - - - - - - - - __ - - - - - - - _ _ _ X X 
Spirifor incortiformis _______ - - - - - _ _ _ _ _ _ _ _ _ _ _ _ X X 
Spirifor washingtonensi's val'. incomptlls_______ X 

"'Spirifor martiniiformis______________________ X X 
Spirifor sp ________________ - - - - - - - __ - - _ _ _ _ _ _ _ _ _ _ _ _ X 
Syri ngothyris subcllspidatlls ___ - - _ _ _ _ _ _ _ _ _ _ _ _ X X 
Psoudosyrinx gigas _______ - - - - - -_ __ _ _ _ _ _ ___ _ X X 
Brachythyris suborbicularis ___ - - - __ - - - - _ _ __ _ _ X X 
Roticuln.ria sotigera val'. internascens_ _ _ _ _ _ _ _ _ X X 
Sp!r!for~na sllbolliptica val'. fayettevillensis_ _ _ _ X X 
Sp1l'lfel'lna sp______________________________ X X 
Hlisteclia circularis _______ - - - - - - _ _ _ _ _ _ _ _ _ _ _ _ X 
Bembexia magna?__________________________ ______ X 
Orthonychia lIngula ____ - - _ - - - - - _ - __ - - - - - - _ _ X X 
Orthonychia undata________________________ X X 
Orthonychia sp____________________________ X 
Platyceras oxynotullL ___ - - - _ - - - _ _ _ _ _ _ _ _ _ _ _ _ X X 
Platyceras latullL _________ - - __ - __________ .. _ X 'X 
Proetus sp. aff. P. rOllndyi val'. alternatlls_____ X 
C yth orella s p ________ - - - - - - - - - - __ - - - _ - - - - _ _ _ _ - _ _ _ X 

• For a description of these localities see p. f!1. 

As at present known, the fauna of the lniddle beds 
of the Boone comprises 45 species or varieties. It is 
essentially a fauna of brachiopods, and among these 
the Spirifers are by all means the most abundant. 
Measured in variety the Producti are essentially 
their equals, but in n,umbers they are far inferior. 
Spirifer incertiformis and S. jloydensis are especially 
abundant, and shells of Syringothyris and Reticularia 
are also numerous.' Of the Producti, P. burlington
ensis is the best represented, though it is lnuch less 
abundant ,than the Spirifers just mentioned. 

In considering the relations of this fauna it lllllSt be 
borne in mind that the specific identifications are more 
or less provisional. As regards the specific identifi
cations the disfigurement of the specimens-that is, 
the loss of characters which they have suffered through 
exfoliation or other accidents-is lnore likely to cause 
them to be identified with kindred species when they 
are really distinct than to cause them to appear dis
tinct when they are really identical. Be this as it lnay, 
it is obviously impossible to discuss the relations of 
the fauna except upon the evidence as it now stands. 
With the undetermined species and with a few that 
appear to be new (Chonetes miseri, O. batesvillensis, 
Pustula incrassata, and Spirifer incertiformis) we have 
in such discussion no concern. 

In a few points the fauna of the lniddle Boone 
shows affinities with that of the upper Boone fr01n the 
saIne area and with that of the "Spring Creek linle
stone," which are closely related to one another and 
for present purposes may be treated as a unit. As 
evidence in this direction one might cite Productella 
hirsutiformis, Avonia arkansana var. multilirata, Spiri-
jer martiniiformis, Reticularia setigera val'. internas
cens, and some others. This evidence is wea.k, how
ever, in comparison with that which is opposite in 
character. The greater nmnber of species, especially 
the lnore abundant and more characteristic species of 
either fauna are conspicuously absent from the other. 
To pass over the Producti, Spirifer jloydensis, S. 
incertiformis, Syringothyris subcuspidatus, and Pseudo
syrinx gigas are found in the fauna of the middle Boone 
but not in that of the upper Boone and "Spring Creek 
limestone," whereas Spirijer arkansana and a great 
rhynchonelloid development (Oamarotoechia, Leiorhyn
chus, and Moorefieldella) are found in the faunas of 
the upper Boone and "Spring Creek limestone" but 
not in that of the middle Boone. These cOlnparison~ 

. lnight be pursued much further, but they would lead 
to the same conclusion that the mi~dle fauna, though 
allied to the upper ones in a few articles, is over
whelmingly different. 

To reach any substantial conclusion as to the precise 
relations of this fauna to the typical Mississippian 
faunas of Iowa and Missouri is at present out of the 
question. Its relations seem to lie distinctly with the 
lower Mississippian faunas rather than with the lniddle 
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Mississippian, and little, if at all, with the upper 
Mississippian. The relative abundance of Platyceras 
types, unless it is interpreted in terms of environment 
,rather than of time, is .suggestive of the Burlington 
fauna. Productus burlingtonensis to some extent 
confirms the evidence of tqe Platycerata, though 
similar Producti occur in higher and in lower faunas. 
Rhipidomella jerseyensis and Hustedia circularis might 
be regarded as still further confirmation, for they occur 
in the Fern Glen and Chouteau faunas, which appear 
to be closely allied to the lower Burlington fauna. 
Pustula gradata, if it is the same as P. alternata, and 
also Brachythyris sub orbicularis span Burlington and 
Keokuk time and might be cited for either geologic 
epoch. 

As suggesting Keokuk rather than Burlington time, 
we have Oladochonus beecheri, Prod.uctus magnus, 
P. crawjordsvillensis, P. mesialis, Spirifer fioydensis, 
Pseudo syrinx gigas, and SY1'ingothyris subcuspidatus, a 
somewhat more weighty assemblage. Obviously, 
however, this is far from being a characteristic Burling
ton fauna or a characteristic Keokuk fauna. The 
flashes of resemblance are neither very numerous nor 
very ill umina ting. 

As might be expected, the fauna that we have here 
shows greater affinity with the typical Boone fauna 
than with the typical faunas of the Mississippian, 
which are more remote, but its Boone affinities are sur
prisingly tenuous in view of its geographic proximity. 
A discussion of this relation is embarrassed by the fact 
that the Boone faunas as compared with those of the 
typical Mississippian are but little known. I have 
myself, it is true, devoted considerable study to them, 
but the study has been unequal-much to .certain 
groups, to others little. In a general way the species 
found in the Boone are the same as those of the typical 
Mississippian rocks, but they are somewhat differ
ently assembled and comprise as well some types that 
are absent or have not yet been found in the typical 
Mississippian. The typical Boone, aside from the St. 
Joe limestone member, which has a fauna of its own, 
contains at least two distinguishable faunas-an 
upper one supposed to be of Warsaw age and a lower 
one, which seems to represent the Burlington and 
Keokuk faunas undifferentiated. I do not wish to 
convey the impression thq,t a more intimate knowl
edge of these faunas will not afford means for dividing 
them more finely, but those two divisions are the 
most obvious ones. 

N either of the t'Yo faunal facies found in the typical 
Boone is represented with full integrity by the fauna 
of the middle Boone near Batesville. The later one 
is, indeed, somewhat pointedly suggested by such 
forms as Productus magnus, Rhynchopora palmeri, and 
Spirifer washingtonensis var. incomptus,' even though 
the identification with those species is not final. 

Nevertheless, most of the significant lnembers of that 
fauna are lacking in this one-for instance, Spirifer 
late ralis , S. washingtonensis, and many other species, 
including some that are undescribed. On the whole 
this fauna from Batesville contains n10re species that 
are close to or actually identical with species of the 
Burlington and Keokuk part of the Boone than 
species that are similarly related to species of the 
Warsaw part, and the general aspect of the ffl,u.n~ 
seems to be older than Warsaw, in spite of the few 
forms that suggest that epoch. A more specific treat
ment of this phase of the subject must be deferred 
until my detailed study of the· Boone faunas is brought 
to completion. The only safe statement at present 
seems to be that this fauna from Batesville does not 
faithfully represent any of the faunas known fr01n the 
the typical Boone but appears to be more solidly 
related to the earlier faunas, which are of Burlington 
and Keokuk age, although possessing a few features 
that suggest the later epoch. 

If one were to forget for the moment the paleon
tologic evidence and were to consider that of lithology, 
geography, stratigraphic succession, and such tracing 
as has been done, he would probably conclude that 
the Boone of the Batesville region was the SaI11e' as 
the Boone farther west-for instance, the same as 
the Boone in its typical Qutcrop in Boone Cotmty, 
though somewhat altered in its extension to the east. 
He might even be inclined to believe that the middle 
part of the Batesville Boone, which furnished the 
present fauna and which to me seemed a distinguish
able part of the formation, was the St. Joe member. 
This hypothesis the character of the fauna collected 
by Mr. Miser seems to put beyond the pale of serious 
consideration. On the other hand, the alternative 
extreme, that these beds represent the whole of the 

.Boone, seems also improbable, though by no lneans 
to be dismissed without consideration. For example, 
the pronounced change in the faunas that appeA.rs to 
have occurred between middle and upper Boone 
time in the Batesville region might be cited in favor 
of this interpretation, which, if adopted, would make 
much of the Batesville Boone post-Boone in age. 
Furthermore, if, as is now believed, the upper part 
of the typical Boone is of Warsaw age, ,the upper 
part of the Batesville Boone would needs be post· 
Warsaw-possibly Spergen,' possibly St. Louis in age. 
That the upper Boone fauna of the Batesville region 
is neither a Spergen nor a St. Louis fauna is beside 
the mark, for it almost necessarily has to correspond 
with some one of the typical Mississippi'an faunas, 
and it is equally unlike any of them. 

If what seems to be the more conservative hypoth
esis were adopted, the middle part of the Boone in 
the Batesville region would correspond to the Bur
lington and Keokuk part of the typical Boone, and 
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the upper part of the Boone near Batesville to the 
Warsaw part of the typical Boone. Where in the 
largely unexplored Boone section near Batesville the 
boundary between K.eokuk and Warsaw occurs can 
not now be designated. Possibly there is no good 
stratigraphic boundary; possibly ~ven no good paleon
tologic bOlmdary, for although the faunas at present 
known are wide apart in facies, they are also rather 
wiele apart in their occurrence within the formation. 

It will be seen that of the three hypotheses which 
presented thOlllselves in the forepart of this discussion, 
the one which at the end of it seems the- most probablo 
is that the Boone of the Batesville region is an east
ward extension of the typical Boone, son1ewhat trans
forJlled in its lithologic and still more in its falmal 
characters, the upper faunA. becon1ing more cOlllpletely 
trnnsforlned than the n1ieldle fauna but both having 
undergone vital changes. Although this hypothesis 
is ndopted, it is adopted provisionally and without 
wholly dislnissing the nlternative one that the upper 
pnrt of the Boone in the Bntesville region is younger 
than the upper beds of the typical Boone. 

As connected with the adoption of a hypothesis 
involving pronounced changes in the lithologic char
ncter of the Boone and even n10re pronounced cha.nges 
in its fauna, we 111ay scan the character of our early 
Mississippian sedin1ents in a very broad way. Our 
Burlington and ICeokuk rocks appear to be part of a 
lilnestone lens of almost continental proportions. It 
can hardly be doubted that the Madison limestone 
alld its correlates C01ne within the same general period 
of tilne, and it seelns probable that these western 
limestones were originally, even if they are not now, 
continuous with those so well known in the Mississippi 
Valley. All the direct evidence on this head is, one 
might say, buried beneath the deposits of the Great 
Plains region. These' Mississippian rocks have, we 
know, been rClnoved in places during Carboniferous 
time. To what extent they are now continuous under 
cover and to what extent they were originally contin
uous, though in part removed by erosion, is, for the 
reason given, largely speculative. My own belief is 
that the Burlington and ICeokuk rocks forn1ed one 
lobe of a widespread liinestone lens, chiefly developed 
in western seas. To the south and east, on the other 
hand, this li1nestone lens surely gave way to clastic 
deposits, for one can scarcely doubt that the "Iillob
stone group" of Indiana and ICentucky, the Waverly 
group of Ohio, the ~tfarshall formation and·Coldwater 
shale of Michigan, and in part the lC Siliceous group" 
of Tennessee were in a broad way c(;mtemporaneous. 
Although these formations, which comprise sands, 
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both fine and coarse, and shales of various colors 
including black, with but small proportions of inter
Iningled calcareous matter, are so strikingly different 
from the Burlington and ICeokuk in lithologic charac
ter, they differ even more strikingly in their faunal 
content. If these faunal and lithologic transitions 
took place, it seems likely from all the evidence that 
the sediments and faunas of the Batesville region now 
known as Boone were in the transition zone where the 
(;alcareous lens was merging with its clastic equiv
alent. 

The discussion must turn next to a fauna recently 
described 5 that came from some limestones supposed 
to represent an attenuated extension of the Boone in 
an opposite direction-that to the southwest, this to 
the east. The region in which these limestones 
occur-San Saba County, Tex.-is remote from Bates
ville, and the two faunas are widely unlike. This was 
to be expected not only from geographic considera
tions but because the fauna from Texas is peculiar in 
consisting of dilninutive types, as well as in other ways. 
Nevertheless, if both represent the Boone, they may 
be essentially contemporaneous and their differences 
may answer to differences in environment. The 
fauna from Texas, however, has a facies that impresses 
one as primitive, so that if the rocks containing it 
represent some particular part of the Boone, instead 
of being the thin end of a Boone wedge, they would 
apparently represent the lower part. On the other 
hand, the fauna from Arkansas, if the rocks near 
Batesville represent the modified Boone, belongs by 
stratigraphic. position in the middle part. 

It seems desirable before concluding this discussion 
to bring together and set down the facts regarding the 
other Mississippian faunas of the Batesville region 
that are related to the one here described, even though 
the same ground has already been traversed in other 
reports. Those reports covered collections made at 
Marshall as well as at Batesville, and although they 
offer ready means for separating the two faunas, I 
shall repeat the record for this region alone, with an 
eye to discussing the classification of the Batesville 
section. The following list, which is taken from 
Bulletin 595, shows the species that have been iden
tified in the upper part of the Boone near Batesville. 
In the list of species from the middle Boone (see p. 75) 
I have marked with an asterisk those that occur in the 
upper Boone; so in the list of species from the upper 
Boone I am marking those that occur in the fauna of 
the Moorefield shale. 

5 Oirty, O. H., Mississippian formations of San Saba County, Tex.: U. S. Oeol. 
Survey Prof. Paper 146, pp. 25 et seq., 1926. 
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Species from the upper part of the Boone chert near Bak;sville, Ark. 

[Based on lots 387, 387a, 388, 389, 390, 1237B, 1248W. For description of these 
localities see pages 96-97, and for further details see United States Geological Sur
vey Bulletin 595, 1915) 

*Triplophyllum sp.' a. 
Triplophyllum? Sp. 

*Batostomella Sp. 
Stenopora sp. 
Rhombopora? sp. 

*Lingula albapinensis. 
*Orbiculoidea newberryi var. moorefieldana. 

Derbya? sp. 
*Productella hirsutiformis. 
*Productella hirsutiformis var. baiesvillensis? 
*Productus coloradoensis? 
*Productus ovatus. 
Productus sp. a. 
Productus sp. b. 

*Rhipidomella arkansana. 
*Leiorhynchus carboniferum. 
*Leiorhynchus carboniferum var. polypleurum? ~ 
*Camarotoechia purduei var. agrestis? 
*Moorefieldella eurekensis. 
*Spirifer martiniiformis. 
*Spirifer arkansan us. 
*Reticularia setigera var. internascens. 
*Martinia? pilosa. 

Conocardium meekanum var. magnum. 
Conocardium sp. a. 
Conocardium sp. b. 

*Parallelodon multilil'atum. 
*Bembexia nodimarginata. 

Bembexia sp. 
Pleurotomaria aff. P. carbonaria. 
Pleurotomaria sp. 
Euomphalus planidorsatus. 
Sphaerodoma? sp. 

*Primiiia moorefieldana? 
Bairdia aff. B. cestriensis. 

At this point I find it necessary to digress and for 
the sake of clarity to repeat what has already been set 
down in another place. When the Moorefield shale 
was described it was made to contain at its base beds 
which had previously been nalned "Spring Creek 
limestone," consisting of about 18 feet of earthy black 
limestone and dark or black shale more' or less mixed 
with sand. In fact, the "Spring Creek limestone" 
furnished most of the fossils that were later described 
as constituting the fauna of the Moorefield shale. 
Though in color similar to the black Moorefield shale 
above it, ~he "Spring Creek limestone" is different in 
its rock materials, and though in both features, per
haps, conspicuously different from the typical Boone, 
it is not so very different from the modified Boone of 
the Batesville region. Furthermore, as already de
scribed, when the fauna of the upper Boone came to 
be known, it proved to be essentially identical with 
that of the "Spring Creek limestone," while the 
residual Moorefield fauna, deprived of its "Spring 
Creek limestone" species, was conspicuously different 
from both. The following list shows the species 
identified in, the "Spring Creek limestone" near 

Batesville; the only ones found in the overlying shaly 
heds at the ~ame locality are marked by an asteriRk. 

Fauna of the" Spring Creek Umestone" of the Batesville region, 
Arkansas 

[Based on lots 1248A, 1248R, 1248T, 1248V, 1248Y, 1248Z, 2048, 2049, 2049a, 2049b, 
2049c, 2049d, 2049f, and 2053. For a description of these localities see pages 96-97, 
and for further details see U~ited States Geological Survey Bulletin 439, 1911) 

Triplophyllum sp. 
Enchostoma bicarinatum. 
Batostomella dubia. 
Batostomella parvula. 
Stenopora sp. 
Fenestella aff. F. rudis? 
Fenestella aff. F. multispinosa? 
Lingula batesvillae. 
Lingula albapinensis. 
Orbiculoidea newberryi var. moorefieldana. 
Orbiculoidea newberryi val'. marshallensis? 
Orbiculoidea newberryi var. ovata. 
Orbiculoidea newberryi var. caneyana. 
Chonetes sp. 
Productella hirsutiformis. 
Productella hirsutiformis var. batesvillensis. 
Productus coloradoensis? 
Productus ovatus. 
Avonia arkansana var. multilirata. 
Pustula biseriata. 
Pustula subsulcata. 
Pustula subsulcata var Janus. 
Pustula moorefieldana. 
Pustula moorefieldana var. pusilla. 
Rhipidomella arkansana. 

*Leiorhynchus carboniferum. 
Leiorhynchus carboniferum val'. polypleurum. 
Camarotoechia purduei. 
Camarotoechia purduei var. agrestis. 
Moorefieldella eurekensis. 
Moorefieldella eurekensis var. subcuboides. 
Girtyella brevilobata. 
Girtyella turgida var. elongata., 
Spirifer arkansan us. 
Spirifer moorefieldanus. 
Spirifer increbescens. 
Reticularia setigera var. internascens. 
Spirifer martiniiformis. -
Martinia? pilosa. 
Ambocoelia laevicula? 
Spiriferina subelliptica var. fayettevillensis. 
Composita subquadrata var. lateralis. 
Composita madisonensis var. pusilla. 
Composita humilis. 
Eumetria verneuiliana. 
Solenomya? sp. 
Sphenotus? meslerianus? 
Sphenotus? sp. 
Solenopsis nitida? 
Edmondia crassa. 
Edmondia crassa var. suborbiculata. 
N ucula rectangula. 
Leda vaseyana (fide McChesney). 
Leda nasuta. 
Parallelodon multiliratum. 
Cypricardinia moorefieldana. 
Schizodus batesvillensis. 

* Deltopecten batesvillensis. 
Deltopecten? sp. 



FAUNA OJ!" THE MIDDLE BOONE NEAR BATESVILLE, ARKANSAS 79 

Allerisma walkeri var. abbreviatum. 
Bembexia nodim.arginata. 
Bucanopsis cancellata'f 
Bellerophon sp. 

"'Strophostylus afT. S. carleyanus. 
Orthoceras aff. S. crebriliratum. 
Bactrites? smithianus? 

"'Goniatites choctawensis? 
Griffithides sp. 
Paraparchites nicklesi. 
Primitia moorefieldana. 
Bairclia attenuata. 

To round out the subject as I would wish, it has 
seelned desirable to add a list of the Moorefield fauna 
proper, that obtained from the forlnation exclusive of 
the "Spring Creek limestone." This list is given 
below. The facts as here set forth suggest a regroup
ing of the Mississippian rocks near Batesville, such 
that the" Spring Creek limestone" shall be considered 
part of the Boone instead of part of the Moorefield. 
This thesis has, however, another aspect. The pale
ontology of these rocks in the region of Moorefield, 
east of Batesville, is very inadequately known, but 
there is reason to believe that they will afford much 
that is new. It is frOln there, in fact, that most of the 
fauna which I am about to list was obtained, espe
cially the goniatites, which form its most distinctive 
elelnent. The "Spring Creek limestone" has not 
been definitely recognized in the section at Moore
field, but SOlne beds that on lithologic, stratigraphic, 
and paleontologic grounds I thought to represent that 
horizon were so closely associated with some goniatite
bearing ledges that it seemed almost out of reason to ' 
refer thenl to separate forlnations. The Moorefield 
shale, in this its typical region, contains more beds of 
limestone and affords a better prospect of obtaining 
fossils than the exposures near Batesville, which in 
fact I found exceptionally poor in both respects. The 
"Spring Creek lilnestone" and the overlying beds of 
the l\100refield shale, then, lnay prove to be more 
cOlnpletely lnerged lithologically and especially pale
ontol~gically at l\100refield than they were found to 
be at Batesville. 

Fa'una of the M oorefielcl shale exclusit'e of the "Spring Creek 
limestone" as known from Batesville and Moorefield, Ark. 

{Unsed on collections Crom stations 2051, 2051b, 2051c, 1245A, 1245B, 8nd 1248:1. 
J<'rom United Stutes Geological Survey Bulletin 595, page 14. 'l'be localities 
mentioned are described on pages 96-97 or the present report] 

Orbiculoidea newberryi var. caneyana. 
Leiorhynchus carboniferum. 
Caney ella vaughani. 
Caney ella percostata. 
Deltopecten batesvillensis. 
Pleurotomaria? sp. 
Strophostylus aff. S. carleyanus. 
Orthoceras sp. a. 
Orthoceras sp. b. 
Enclolobus oJ:natus. 

Bactrites? carbonarius. 
Goniatites choctawensis. 
Goniatites crenistria. 
Goniatites subcircularis. 
Goniatites newsomi. 
Gastrioceras richardsonianum? 
Gastrioceras caneyanum. 
Eumorphoceras bisulcatum. 
Girtyoceras meslerianum. 

The absence of synonymic lists from the description 
of species next following will probably be noted. Such 
lists form an important, one might almost sayan 
essential, part of formal works in the field of descr~p
tive paleontology. Material like this, however, WhICh 
comes from but two localities and is but indifferently 
preserved, is unsuited to for~al treatment, and. to 
combine long lists of citations with sketchy descnp
tions might be thought inappropriate if not pre
tentious. In fact, this account of the middle Boone 
fauna at Batesville may be regarded as an annotated 
faunal list on a somewhat extensive scale. It seemed 
adequate, therefore, to cite only a few works such. as 
would properly present one side of a picture of WhICh 
the descriptions and figures presented the other. 

Another itenl, essential in many reports but here 
not specifically giYen, is that of horizon and locality. 
The reasons for this omission are the same as for the 
foregoing. Only two collections are involved, both 
from beds at the same horizon and a~ localities not far 
apart. The 10caFties are described on pages 73-74 
and 96-97, and the species which each of them yielded 
are shown in the table on page 75. 

DESCRIPTION OF SPECIES 

Cladochonus beecheri (Grabau) 

1899. M onilopora beecheri Grabau, Boston Soc. Nat. Rist. 
Proc., vol. 28, No. 16, p. 411, pI. 1, figs. 2, 3, pI. 2, 
figs 1-5. Keokuk group: Crawfordsville, Ind. 

This species seenlS to be fairly common, though only 
seven specimens are in the collection, and those are ill 
preserved. They consist mostly of single corallites, 
are mostly internal molds, and are mostly imperfect at 
one end or at both. They are chiefly distinguished by 
their large size, SOlne being as much as 8 milliIneters in 
diameter, which would probably mean 10' millimeters 
if the epitheca were still present. As to length, not 
even a reasonable estimate can be made, because the 
corallites, now imperfect, did not taper to a point but 
were truncated at the proximal end. The longest 
fragment measures 13 lnillimeters, and I can not doubt 
that a length of 15 millimeters was attained or exceeded 
by many. The cOl'allum apparently branched freely, 
for several of the corallites ha ve two lateral scars 
where they were connected with others. 

. In its larg'e size this form sugg~sts O. beechen, and, 
. , r . 

indeed, it suggests no other AmerICan speCIes. 
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Cladochonus aft'. C. longi (Rowley) 

1901. Aulopora longi Rowley, Am. Geologist, vol. 27, p. 352, 
pI. 28, fig. 57. Upper and lower parts of Burlington 
limestone: Louisiana, Mo. 

This is a much more delicate type than the fore
going, distinguished not only by its small size but by 
the long, slender stem or stolonal part of the epitheca. 
The general appearance suggests O. longi, and the pro
portions are not far different. The species is poorly 
represen ted. 

Cyathaxonia? n. sp. 

This unusual coral is represented by a few fragmen
tary specimens. Only a partial description can be 
given, and even in that some points are open to verifi
cation or correction. The shape appears to have 
been subcylindrical or very gradually tapering, and 
the size (for the genus to which it is provisionally as
signed) very large. The diameter is at least 13 milli
meters. The structure con5ists of three rather 
distinct zones, an axial zone occupied by the colu
mella, a peripheral zone or epitheca, and an internle
diate zone traversed by the septa. 

The colurnella is very massive. In transverse 
section it: is surrounded by a few concentric lamellae, 
and longitudinal sections also show a few plates run
ning up and down the sides but at the same time 
cemented to one another and tothe columella. 

The septa occur in pairs and possibly should be 
classed -as primary and secondary. Such they may be, 
but they do not everywhere conspicuously alternate in 
si7-e, and the effect of pairing is produced by their union, 
two at a time, at their inner ends. The thick plates 
thus produced then continue inward and arc amalga
mated with the columella. Each of the septa is nlade 
up of two plates, and they become thicker peripher
ally until their sides are in contact, thus forming a 
solid and very thick epitheca. I am unable to give 
the precise number of septa, but there are probably at 
least 60 (apparently from 60 to 70). The interseptal 
loculi are not very long radially and are narrower 
than the septa. They are apparently unoccupied, 
tabulae or dissepiments being absent. 

In some respects this coral has the characters of 
Oyathaxonia, yet in others it is more or less anomalous. 
As compared with other Mississippian Cyathaxonias, 
this species is exceptionally large. The way the septa 
unite in pairs before their inner ends consolidate 
with the columella is also unusual, as well as the struc
ture of the columella of concentric plates, in the outer 
parts at least. The columella is far less complex than 
in the characteristic types of Lonsdaleia, and that 
genus is quite out of the question on other grounds. 
The coral is somewhat more closely related to Litho
strotion, but it lacks the outer vesicular zone of that 
genus, which is, in fact, almost as little to be consid
ered as Lonsdaleia. The species is doubtfully a 

Oyathaxonia, b~t if not of that genus, it appears, so fa.r 
as the facts are now known, to represent an unde-
scribed one. 

Triplophyllum? sp. 

This type is represented by a single rather small 
specimen which appears to be constructed more after 
the plan of Triplophyllum than after that of Oya
thaxonia? sp., with which it is associated. Besides its 
small size it is characterized by its very rapid, very 
irregular expansion. Approximately it has a length 
of 25 millimeters and a dialneter, where it is widest, of 
about the same. 

Rhombopora? sp. 

. This species is represented by a single small frag
mentary specimen, of which it did not seem advisable 
to make thin sections. The following notes were 
accordingly made under unfavorable conditions, and 
some of them may need correction. 

The branches are about 3 millimeters in dialneter 
and have a strongly and abruptly thickened mature 
zone comprising about half the radius on each side. 
The surface is divided into rather regular hexagons by 
low, relatively broad ridges. The hexagonal areas are, 
of course, depressed, but the aperture in the center, 
which is rather small and circular, is surrotmded by a 
raised peristome. Apparently the zooecial tubes are 
without diaphragms. The tops of the ridges appear 
to be granular, but no well-defined acanthopores have 
been observed. 

The generic position of this striking fOrIn renlains in 
doubt so long as some of the structural characters are 
in doubt. The very sharply defined mature zone, 
the evenly thickened walls, the open zooecial tubes, 
without diaphragms, and the vestibulate configuration 
of .the hexagonal areas defined by the walls are all 
suggestive of Rhombopora. The peculiar and striking 
appearance of the outer surface, due to the regular 
hexagonal areas with their slnall apertures and ele
vated peristomes, reminds one of the genus Stenopora 
when specimens are broken just so as to show the 
centrally perforated diaphragms. In this bryozoan, 
however, all the cells have this appearance simultane
ously instead of sporadically, and the suggested 
relationship to Stenopora is also contradicted by the 
fact that diaphragms are apparently nowhere present. 

Cystodictya pustulosa Ulrich? 

1 ~90. Cystodictya pustulosa Ulrich, Illinois Geol. Survey, vol. 8, 
p. 495, pI. 76, figs. 2, 2a. Keokuk group: Kings Moun
tain tunnel, Ky.; Keokuk, Iowa; Warsaw and Nauv{'o,. 
Ill. 

To this species are referred several small fragments, 
chiefly interesting because of the rarity of Bryozoa of 
any sort at these localities. The zQoecia open from 
distinct prominences or low pustules, but at the same 
time the pustules occur in longitudinal rows and are. 
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con(uected by obscure ridges. This is also true of 
typical O. pustulosa. 

Rhipidomella aft'. R. jerseyensis Weller 

1914. Rhipidomella jel'seyensis 'Yeller, Illinois Geol. Survey 
MOll. 1, p. 157, pI. 20, figs. 36-43. Fern Glen forma
tion: Elsah, Ill.; Kimmswick, Mo. 

The single snlall pedicle valve included here is 
associated with Schizophoria compacta and may be a 
mislef1ding speci.men of that species, but it apparently 
belongs to the relf1ted genus Rhipidomella and has the 
general appearance of R. jerseyensis. I ts characters are 
too illlperfectly known for a trustworthy identification. 

Schizophoria compacta Girty, n. sp., MS. 

This species is represented by three brachial valves 
and one pedicle valve fronl station 3203 and by a nlere 
fragment jrOlll station 3204. The shape is subcircular, 
somewhat wider than long; the length of the largest 
specimen is about 23 millinleters. The brachial valve 
is rather strongly gibbous but develops a narrow and 
obscure sinus. The pedicle valve is shallow, deep~st 
in the posterior part; toward the front it also is 
apparently depressed into a faint sinus. The beak is 
nloderately incurved. 

The surface is Inarked by. fine radial lirae, SOlne of 
which are nlOl'e prOlninent than others. At least on 
the exfoliated surface (such being the condition of all 
my specimens) some of the lirae are defined by much 
deeper striae than others. They may thus be actually 
rather depressed than prOluinent, but they are rendered 
in this way especially conspicuous. 

This form much resembles a manuscript species 
found in the Boone lilnastone and is probably identical 
with it. The critical characters necessary to a good 
identification are, however, not well shown, and it 
may prove m.ore nearly related to such species as S. 
chouteauensis and S. sedaliensis. 

Orthotetes? sp. 

Strophonlenoid shells are rare in the Boone fauna 
neal' Batesville, and the scanty material does not 
perlnit a decision as between the two probable genera 
01·thotetes and Schuchertella. Such iluportance as the 
lllatel'ial possesses is negative and is derived frOlu the 
fact that the species is not large and not abundant, so 
far as the evidence can be trusted. 

Chonetes miseri Girty, n. sp. 

Plate 9, Figures 1-3 

Shell smal1 , subquadrate or deeply sernicircular, 
very hng for its width. The dinlensions of the' 
typical specimen are, width 8 Inillimeters, length 6 
:millimeters. The cardinal line slightly exceeds the 
width in front, the outlines con~racting gradually 
forward and being broadly rounded about the anterior 
lllargin. 

The convexity of the pedicle valve is high and sym
metrical, the 11l0st prominent point being about luid-

way, in a side view, with diluinished curvature toward 
the posterior and the anterior Inargins. Corresponding 
to this the posterior part of the valve has a con·· 
spicuously flattened appearance and the umbonul 
parts are depressed. A sinus is not developed. 

The brachial valve is not known. 
The surface is marked by rather fine faint radial 

lirae crossed by rather strong coarse crenulations, 
which are most conspicuous upon the crests of the 
lirae. 

O. miseri is in a measure intermediate between O. 
logani and O. planumbonus, approximating the one in 
sculpture, the other in configuration. The surface 
lnarkings are comparable to those of O. logani except 
that they are appreciably finer and a little fainter. 
In shape the shell is relatively narrower and less 
extended at the hinge line. It is somewhat more 
convex and differs greatly in the flattened posterior 
region, which in O. logani is arched with a prominent 
Ulnbo. 

On the other hand, O. miseri resernbles O. planum
bonus in the flattened posterior region and obscure 
mnbo but differs in the greater convexity, in the smaller 
size, and in the less transverse shape. The sculpturo, 
though similar, shows decided differences. It is finer 
and far more regular. In O. planumbonus the con
centric nlarkings are the dominant superficial fea
tures, the lirae being so faint as to be sometimes 
scarcely appreciable. Often they can be recognized 
only as radial rows of scalelike crenulations. The 
crenulations may be connected laterally to form lamel
lose' concentric lines which are sharp and sometimes 
have a wavy irregular course. Nothing comparable 
to this has been observed in the present form, which is 
regular in its sculpture and has the radial lirae quite 
as distinct as the concentric crenulations. On other 
specimens than the typical one, however, the crenula
tions make continuous lalnellose lines that are close 
and regular in their distribution, like delicate fluted 
frills. Much, however, depends upon the light in 
which the speciInens are viewed. If they are held 
at one angle the concentric lines are conspicuous, or 
even the only ones visible; if they are held at another 
the radial lirae come into prominence. Similar 
considerations must be taken into account in connec
tion with exfoliation, which I suspect sometimes 
affects the relative strength of these markings. The 
specimens of O. planumbonus which I have used for 
comparison, though nwnerous, may be weathered or 
exfoliated to such an extent that their sculpture has 
been appreciably modified. 

Chonetes miseri Girty, var. 

This specimen, the only one of its kind, is a pedicle 
valve having a peculiar shape and possibly a peculiar 
sculpture. The posterior region is flattened, as in 
the typical specimen, but over the anterior half the 
curvature is subangular from side to side with some-
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what obliquely flattened slopes. This tends to give 
the outline more of a triangular shape. 

The shell is in large part exfoliated, but where the 
sculpture is shown (approxilnately) it consists of 
strong lalnellose concentric lines with very faint or 
obsolete radial lirae. This occurs far around at one 
side, however, where the radial lirae are regularly 
weak and the concentric markings, if not exceptionally 
strong, at least exceptionally conspicuous in con
sequence. 

Except for the flattened umbo the configuration of 
this shell recalls O. geniculatus, but obviously the 
sculpture i~ entirely different. The sculpture is 
more like that of O. planumbonus, but the resem
blance is probably exaggerated by the part of the shell 
where the surface markings are shown and by the 
exfoliation which they have suffered. The specimen 
may be only an abnormal form of O. miseri, but it is too 
abnormal to be passed over without special mention. 

Chonetes aft'. C. shumardianus DeKoninck 

1847. Chonetes shu,mardiana De Koninck, Monographie des 
genres Productus et Chonetes, p. 192, pI. 20, figs. la-d. 
Carboniferous: Knobs of Jefferson County, Ky. 

1914. Chonetes shumardanus De Koninck. Weller, Illinois 
GeoI. Survey Mon. 1, p. 89, pI. 8, figs. 1-7. New 
Providence shale: Kentucky. 

The form identified as above is of moderate size, 
some specimens probably measuring as much as 20 
millimeters in width, of quadrate shape, distinctly 
wider than long, and of rather high convexity. rhe 
pedicle valve bears a faint sinus, and the brachial valve 
doubtless a corresponding fold. The pedicle valve is 
rather strongly convex. Of the brachial valve only 
one fragmentary specimen has been examined, and it 
is but gently arched. 

The most characteristic feature of this form is its 
fine sharp liration. The shell is thick, and most of 
the specimens are deeply exfoliated. One of them 
retains part of the surface intact, and there the lirae 
are fine, sharp, and rigid; five to seven of them occur 
in a space of 1 millimeter, and they are crossed by fine, 
sharp crenulations. 

This form approaches O. shumardianus very closely 
but shows, or appears to show, a few minor differences. 
None of the specimens from Batesville is as large as 
many of those from Kentucky, and their convexity is 
perhaps a little higher. Weller describes the median 
sinus in O. shumardianus as being entir~ly obsolete. 
This appears to be only true in part, as' some of my 
specimens from Kentucky have an appreciable sinus, 
though others appear to be regularly arched. It is 
the larger specim®s, generally, that have a sinus. 
The Ken tuckyspecim'ens -occur in shale . and ha ye.he.en 
more or less flattened, a process which would tend to 
lower the convexity and obliterate the sinus. To 
some extent the not very material differences between 

them and the Batesville specimens can be accounted 
for in this way. 

This form might be identified with O. illinoisensi~ 
almost as well as with O. shumardianus. The scale of 
liration can be matched almost equally well in both. 
The convexity is stronger than it is in O. illinoisensis, 
but on the other hand that species, like this one, has 
a median sinus. Weller, it is true, says that the lirae 
in O. illinoisensis are not crenulated; nevertheless, 
many of my specimens from Burlington ana points 
adj acent clearly show the presence of fine crenulations, 
and I suspect that Weller's specimens, like some of 
mine, had lost this feature, which, I believe, is char
acteristic not only of O. illinoisensis but of a large 
group of Chonetes to which 0; illinois ens is belongs. 

Chonetes batesvillensis Girty, n. sp. 

Plate 9, Figures 4-6 

Shell rather small, none of the specimens observed 
being wider than 15 millimeters. Shape semicircular 
or subquadrate. Cardinal angles quadrate or slightly 
acute. Hinge line equaling the width in front. 

Pedicle valve rather convex; beak and region adja
cent, more or less depressed. The type specimen 
bears toward the front a faint mesial depression, but 
other pedicle valves are regularly rounded. 

The only brachial valve seen is nearly flat. 
The surface is marked by moderately coarse, 

sharply defined radial lirae,' of which three or' four 
occur in 1 millimeter. The lirae are crossed concen
trically by fine, sharp elevated lines that generally are 
conspicuous only upon their crests but locally are 
continued across the interspaces. The lirae are all 
but interrupted at intervals by the development of 
large" spines," of which only the openings now remain. 
The sculpture has a certain irregular appearance, due 
to a slightly unequal development of the lirae and their 
partial in terru ption by the "spines" as well as to the 
locally stronger and more continuous development of 
the concentric lines. 

In the general character of its sculpture this form 
is intermediate between O. illinoisenis and O. ornatus, 
having much coarser lirae than the one and much 
finer lirae than the other. The specimens of O. 
illinoisensis studied by Weller evidently did not show 
that the lirae were crenulated, but specimens in my 
collection have this character quite distinct. Cons~
quently in this feature also the present form is inter
mediate. I might refer it to O. burlingtonensis pro
visionally (not having specimens by me for com .. 
parison) but for Weller's description of the concentric 
lines, "which are more strongly developed across the 
intercostal furrows than upon the costae themselves 
and are often or nearly quite obsolete." This is far 
from true of the form from Batesville. The con
centric lines are always present and always a con
spicuous feature. They commonly appear as crcnula-
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tions, and only here and there (where the lirae are 
locally weak) are they noticeably continuous. The 
largo "spines," their tendency to interrupt the lirae, 
and the generally somewhat irregular character of the 
sculpture would also seem to distinguish this form 
fr0111 O. burlingtonensis and indeed from most of the 
species of Ohonetes occurring in the typical Mississip
'pian section. To some extent such characters may 
be made appreciable by the accidents of preserva
tion or partly obscured in the same way, so that the 
value of this difference can not at this time be 
accurately estinlated. 

Productella hirsutiformis (Walcott)? 

Plate 9, Figure 10 

1884. Prod1tct1ts hirs~ttiforrne Walcott, U. S. Geol. Survey Mon. 
8, p. 133, pI. 2, fig. 10. Upper Devonian: Eureka and 
White Pine districts, N ev. 

1909. P"oductella hirsu,tiformis (Walcott). Girty, U. S. Geol. 
Survey Bull. 377, p. 24, pI. 2, figs. 4-6. Caney shale: 
Ardmore, Atoka, and Tishomingo quadrangles, Okla. 

1911. Productella hirsutiforrnis (Walcott). Girty, U. S. Geol. 
Survey Bull. 439, p. 50, pI. 3, figs. 1-4. Moorefield 
shale: Batesville and Moorefield, Ark. 

To this species is referred a single specimen, a pedicle 
valve which is about 30 millimeters in length and about 
50 1nilliIneters in width. The convexity is very low 
and on the whole very regular. The shell is deeply 
exfoliated, but nowhere affords any evidence of having 
had radial costae. I t is true that over a small area 
irregular, interrupted radial markings can be seen, but 
at that point the specimen is more deeply exfoliated 
than anywhere else-essentially an internal mold, in 
fact-and these markings are to be regarded as be
longing to the inner surface. Extremely faint con
centric undulations are about the only other markings 
visible. The evidence is fairly conclusive that the 
shell bore small scattered spines, buf it is not conclu
sive as to their number and arrangement. Clearly, 
however, a row of spines protruded from it close to 
the hinge line, so close and so regularly arranged as 
to suggest the genus Chonetes, though of course an 
assignment to that genus can not be considered. 

The characters noted above seem to ally this form 
with Productella hirsutiformis and P. patula, but no 
trustworthy identification can be made with such evi
dence as is available. 

Productus magnus Meek and Worthen 

Plate 9, Figures 11, 12 

1861. Prodltctus rnagmts Meek and Worthen, Acad. Nat. Sci. 
Philadelphia Proc., p. 142. Keokuk limestone: Mon
roe County, Ill.; Ste. Genevieve County, Mo. 

1914. P1'Od~tct1tS magmts Meek and Worthen. Weller, Illinois 
... Geol.·-Sur-veyoMon. 1, 'p. 1l7,-pl. 15;~--figs.~-1":"'8.· ::Upper 

part of Keokuk limestone: Monroe County, Ill.; St. 
Louis County, Mo. 

This species is represented only by brachial valves, 
and a satisfactory identification is not possible with-

out the pedicle valve. Nevertheless, the resemblance 
between the brachial valve of the Boone fonn and 
that of P. magnus is striking. 

The specimens are preserved as external molds and 
show a large shell distiI).ctly wider at the hinge than 
at any point in front and having slight sinuses in the 
outline just below the auricles. The largest speci
mens have a width at the hinge of 65 or 70 millime~rs; 
the length of such specimens is about 45 millime~rs. 
The visceral disk is large and in a general way flat or 
slightly convex (the mold is here being described), and 
the trail is rather narrow and somewhat abruptly and 
~strongly deflected. Pieces of the shell show that a 
deposit was laid down around the upper part of the 
trail, thinning downward so that the inner surfaoo of 
the valve was much more abruptly and strongly 
deflected than the outer surface. 

The surface markings are not clearly shown. Ra
dial costae are present, but they are rather fine and 
rather weak. Concentric wrinkles are also to be seen, 
chiefly toward the cardinal angles and on the trail 
(where, however, the markings are more like fascicles 
of growth lines), but these also are rather feeble, rather 
fine, and it would appear rather irregularly distrib
uted. No evidence of spines has been observed. 

The shells here considered differ a good deal in size, 
and if size is an index the larger ones belong to P. 
magnus rather than to P. crawfordsvillensis, two species 
which are related to each other and are not readily 
distinguishable if represented only by brachial valves. 
Sonle of the smaller shells, on the other hand, may 
belong to P. crawfords1)illensis-one especi~lly which 
is about 50 millimeters in width and 40 millimeters in 
length. Apparently, however, the brachial valve of 
P. crawfordsvillensis has a 1nuch longer trail than that 
of P. magnus, and if so, this email shell is in better 
agreement with P. magnus. 

Prod uct us cra wf ordsvillensis Weller? 

Plate 9, Figures 13, 14 

1914. Productus crawfordsvillensis Weller, Illinois Geol. Survey 
. Mon. 1, p. 116, pI. 12, figs. 4-7. Beds of Keokuk age: 
Crawfordsville, Ind. 

This identification n~sts almost wholly upon a 
brachial valve preserved as an external mold, but it 
is also used for two pedicle valves and several other 
brachial valves of infet:ior character. These pedicle 
valves are EO poor that although no satisfactory identi
fication of P. crawfordsvillensis is possible without a 
knowledge of the pedicle valve, they have been dis
regarded as evidence. The brachial valve which thus 
has mainly deterInined the identification is trans-

-,.VeI'selYisuDquadrate in ·outline., sijghtly extended,at the 
ears and slightly emarginate helow t,hem. The vis
ceral disk is very large and the trail short. These two 
parts make with one another an angle that i~ slightly 
obtuse, joining in a strong curve without any distinct 
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boundary. The visceral disk is almost flat or in the 
mold gently convex, divided in the anterior part by a 
faint median sinus. The width at the hinge is 45 
millimeters; the length 35 millimeters. 

The surface is n1arked by radial costae that are 
sharply defined upon the trail and upon part of the 
visceral disk but are fainter as they approach the beak. 
They are rather fine, about six in 5 millimeters. The 
visceral disk is crossed by concentric wrinkles, which 
are rather fine, irregular, and mostly rather w~ak. 
Fine, sharp, regular incremental lines are also shown, 
especially upon the trail. If this valve bore spines, 
the evidence for thelll has been obscured. 

The general character of this brachial valve recalls 
especially P. magnus' and P. crawJordsvillensis. P. 
magnus, determined like this species upon the brachial 
valve, has been identified in the other collection, and 
a marked sin1ilarity between the two brachial valves 
is at once seen. This one, however, is' much smaller, 
and the outline is n10re quadrate, with subparallel 
sides. It differs still more conspicuously in the radial 
costae, which are much more sharply developed. 
In the presentation of P. crawJordsvillensis and P. 
magnus offered us by Weller, this specimen is in most 
respects nearer P. crawJordsvillensis. The brachial 
valve of P. crawjords-villensis, however, has a rather 
uncommonly long trail, a fact that is brought out 

, more clearly in Weller's description than in his figures, 
and in this respect the two valves differ rather strongly. 
Furthermore, the identification here adopted lacks the 
evidence, confirmatory or otherwise, of the pedicle 
valve with its more or less characteristic curvature 
and profuse development of spines upon the prolonged 
trail. 

To other de8cribed species this forn1 seems less 
comparable than to these two, unless it were entered 
with the catholic Productus semireticulatus. There 
is, however, an undescribed speciee, P. crassilabrum 
of my manuscript, to which it may belong. I refer 
to the form which in the Moorefield fauna of Arkansas 
I identified as Productus semireticulatus val'. coloradoen-

, sis and which fron1 the same horizon, but from north
eastern Oklahoma, Snider cited as P. coloradoensis. 
Brachial valves of that species resemble this brachial 
valve very closely. ~1any have the trail somewhat 
more prolonged, and some have a, stronger development 
of the concentric wrinkles, but these differences are 
not constant. In P. crawJordsvillensis the spines on 
the trail of the pedicle valve should be indicated by 
dil11ples upon the trail of the brachial valve. In 
P. crassilabrum the trail of the pedicle valve is not so 
prolonged, and it is not furnished with numerous 
spines. Consequen~ly the present form, from our 
incomplete data, seems really in better, accord with 
P. crassilabrum than with P. crawJordsvillensis. 

Productus mesialis Hall? 

Plate 9, Figures 15-19 

1858. Productus mesial is Hall, Iowa Geol. Survey Rept., vol. 1, 
pt. 2, p. 636, pI. 19, figs. 2a-c. Keokuk limestone: 
Nauvoo, Ill. 

1914. Product us mesialis Hall. Weller, Illinois Geol. Survey 
Mon. 1, p. 112, pI. 10, figs. 7-13; pI. 83, figs. 14-17. 
Keokuk limestone: Pierce City, Mo.; Nauvoo, Ill. 

The specimens referred here SeeI11 to be possessed 
of essentially the same characters, but their preserva
tion is such that these characters have been to some 
extent obscured and to SOll1e extent perhaps trans
fotmed. The form thus presented lllay be described 
as a small or mediul11-sized n1ember of the semireticu
latus group, di2tinguished in the way of configuration 
by having the pedicle valve more or less flattened over 
the visceral disk and strongly deflected about its 
margin. This character, though shared by all the 
specimens, may have been exaggerated or even 
entirely produced by compression. It is conspicuous 
in the specimen which chiefly suggested the identi
fication adopted and which on that account might be 

,n1istaken for a brachial valve. This specil11en is 
about 45 millimeters in width and 30 millimeters in 
length, measured from the beak to the anterior ll1argin. 
It is marked by rather fine costae, which are rather 
feebly expressed and tend to beco111e even feebler on 
the anterior slope. The visceral disk is crossed by 
fine, rather regular and strong concentric corrugations. 
The trail, which is shorter than the visceral disk, 
bears a few very large spines, each of which covers 
several of the costae and gives rise to low plications 
that extend forward to the margin. To what extent 
spines were developed on the vi~ceral disk is uncertain, 
as the shell is exfoliated there. The other pedicle 
valves agree with this one so far as their characters 
are preserved, the chief difference being that some are 
more closely striated. 

The brachial valve from the same locality that shows 
corresponding characters is somewhat smaller than the 
pedicle valve described, about 33 millimeters in width 
and 27 millimeters in length. The visceral disk is 
nearly flat, and the marginal parts are so strongly 
curved that the short trail forms with it an angle dis
tinctly acute. The radial costae are of about the 
same character as those of the pedicle valve, but they 
are more sharply defined. The costae are cross9d by 
concentric wrinkles, which are llloderately fine, 
strong, and regular. This valve developed at least a 
few spines of its own, but it affords no evidence in the 
w'ay of nodes as to how the pedicle valve ll1ay have 
been equipped. 

These shells resemble P. mesialis in their size, in 
their somewhat geniculate pedicle valve, and in the 
large spines that developed from it. On the other 
hand, it is not certain how far the geniculate shape 
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may have been accidental or due to compression. 
The spines, though large, are far less numerous, and 
the mesial sinus, though distinct enough, is much less 
pronounced than those of P. mesialis. This fornl 
appears fronl the evidence to be nlore nearly related 
to that species than to any other, but the affirmative 
evidence is not wholly to be trusted, and the negative 
evidence, if constantly maintained, discredits the 
identification. At all events the material is not 
sufficiently good to form the basis for a new species 
even if a new species were clearly indicated. 

Productus burlingtonensis Hall 

Plate 9, Figures 20-24 

1858. Productus jlemingi var. burlingtonensis Hall, Iowa Geol. 
Survey Rept., vol. 1, pt. 2, p. 598, pI. 12, figs. 3a-g. 
Burlington limestone: Burlington, Iowa; Quincy, Ill. 

1914. Produ.ct,us burlingtonensis Hall. Weller, Illinois Geol. 
Survey Mon. 1, p. 104, pI. 9, figs. 1-10. Burlington 
limestone: Burlington, Iowa; Springfield, Mo.; Quincy, 
Ill. 

The shells referred here belong to the semireticulatus 
group and have little to distinguish them, save that 
they are of nlediunl size, highly arched, and rather 
finely striated. The most perfect pedicle valve has a 
wid th at the hinge of nearly 40 millinleters and a length 
of 35 millimeters from the umbonal prominence to 
the front nlargin. Sonle specimens are slightly 
larger, others slllaller. The shell is strongly arched, 
with the anterior slope consider'ably produced so that 
the umbonal parts project far beyond the hinge line 
and have a squarish shape. Transversely the vault is 
flattened across the top and indented into a narrow, 
inconspicuous sinus. The sides descend steeply but 
near the hinge suffer an abrupt outward deflection so 
as to for111 rather sll1all oblique arched auricles. 

The surface is nlarked with fine, even, radial costae 
and over the visceral disk by rather fine, rather strong, 
and rather regular concentric wrinldes. Small but 
numerous spines once projected from the surface, as is 
now indicated by obscure nodes, which are visible 
chiefly on the anterior half of the shell. 

The best brachial valve observed has characters 
corresponding to the pedicle valve just described. It 
is gently concave over the visceral disk and strongly 
though not abruptly curved about its margin to form a 
trail that is nearly straight radially and distinctly 
shorter than the disk itself. Low radial tmdulations 
cross the visceral disk. Three of these are elevated, 
one forming the 11lesial fold, the others situated one on 
each side a little below the hinge line. It is not certain 
that the brachial valve bore spines, but the spines 
of the pedicle valve are reflected upon it in the shape of 
rounded depressions-low nodes on the specimen itself, 
which is an external nlold. 

Though sOlnewhat larger than the generality of 
shells found at Burlington, these specimens agree with 

P. burlingtonensis very closely. In fact, I am unable 
to name any characters of importance in which they 
show material difference. On the other hand, it is not 
clear to wha,t extent they differ from those here identi
fied as P. mesialis?, and the line between the two 
groups is more or less arbitrary, though this fact may 
signify not so much that the two forms can not be 
distinguished as that the doubtful specilllens no longer 
show the distinctive characters. It seems more prob
able that some of the specimens placed with P. 
mesialis? may really belong here than that any of the 
specimens referred here really belong under P. 
mesialis? Between characteristic representatives of 
the two forms which I have sought to discriminate, 
marked differences appear. One difference is that of 

, configuration, the prolonged anterior slope and the 
gibbous umbonal region of the present form con-' 
trasting strongly with the flattened umbonal region 
and the irregular curvature of the other species. The 
other species also has a few large spines; this a larger 
number of 11luch smaller ones.' ' 

Productus atf. P. gallatinensis Girty 

1899. Productus gallatinensis Girty, U. S. Geol. Survey Mon. 
32, pt. 2, p. 533, pI. 68, figs. l1a-l1d, 7a-7c. Madison 
limestone : Yellowstone National Park. 

This form is represented by a single pedicle valve, 
some of whose characters are not well shown. It 
resembles several of the small semireticulate Producti, 
notably P. gallatinensis and P. parvus. P. parvus 
generally forms a broad shell which is divided by a 
more or less distinct sinus. This specimen is more 
elongate and slender, and it lacks a sin us. P. parvus 
is rather copiously supplied with spines. The facts 
with regard to this specimen are not clear, but ap
parently the spines were much less numerous. The 
nlost conspicuous difference is found in the transverse 
wrinldes, which in this shell are uncommonly large 
and strong for its size, much more so than on any of 
Iny specilllens of P. parvus frOl11 Pella, Iowa, which 
have been used for comparison. The same difference, 
though it is less pronounced, distinguishes this speci
men from the type specimen of P. gallatinensis, with 
which, however, it appears to agree closely in other 
respects. Both specimens are exfoliated and are pos
sibly misleading in the matter of spinose equipment. 
They 11lay have had many more spines than are indi
cated in their present condition. 

Productus ovatus var. minor Snider 

1915. Productus ovatus var. minor Snider; Oklahoma Geol. 
Survey Bull. 24, p. 79, pI. 3, figs. 19-21. FayetteVille 
shale: Northeastern Oklahoma. 

This nal11e, as used here, 'covers several specimens 
of the ovatus group distinguished by their small size 
and fine striation. The specimens, which are probably 
mature, l11easure only about 13 millimeters in width, 
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though but few of them can be measured accurately. 
In such characters as are shown they agree very closely 
with P. ovatus val'. minor, but they may be only a 
dwarfed variety of P. ovatus, which is pos~ibly all that 
the typical variety minor is also. 

Avonia arkansana var. multilirata Girty? 

Plate 9, Figure 25 

1910. Pmd1tctus arkansanus var. multiliratus Girty, New York 
Acad. Sci. Annals, vol. 20, No.3, pt. 2, p. 217. Basal 
part of Fayetteville shale: Fayetteville quadrangle, 
Ark. 

1911. Prod'uct,us arkansanus var. multiliratus Girty, U. S. Geol. 
Survey Bull. 439, p. 43, pI. 2, figs. 10, 11. Moorefield 
shale: Batesville quadrangle, Ark. 

Under this title is included a single pedicle valve 
which appears to be in a half-grown stage. The out
line is nlore or less quadrate, though the sides con
spicuously converge forward. The cardinal angles 
are rounded, probably through breakage. The con
vexity is low and rather regular .. The beak is small 
and projects but little beyond the hinge line. The 
vault is flattened across the top and depressed into a 
rather weak and narrow sinus; it descends very grad
ually to the ill-defined auricles. 

The surface lnarkings comprise radial costae, con
centric wrinkles, and spines. The costffi are fine and 
sharp, but somewhat irregular and-intermittent. The 
concentric wrinkles, which are weak and irregular 
across the vault, become stronger as they approach 
the sides and considerably disturb the radial costae, 
which consequently take on more or less the chara~ter 
of elongated, disconnected spine bases. The spines 
are apparently small and numerous. Their develop
ment renders the costae somewhat nodose and dis
continuous. 

This specimen in many respects closely resembles 
A. arkansana val'. multilirata. That variety is, of 
course, nluch more elongated and convex, but it shows 
little disparity in a proportional part of the posterior 
end. The lirae on the Boone specimen also appear 
to be less continuous, more distinctly interrupted or 
at least senlidiscontinuous. Another species which 
deserves consideration in this connection is Productus 
setiger, but if the Boone specimen is mature, obvious' 
differences in shape aside from differences in sculp
ture would show that it can not be classed with that 
species. If,. on the other hand, it is not mature, it 
would, when fully grown-if one may predict its 
characters-have been rather large for P. setiger, just 
as it now has radial lirae that are too irregular and 
concentric wrinkles that are too weak and incon
spicuous in the auricular region. It seems to have 
less in common with P. setiger than with A. ark an
sana var. multiliratq, and, all things considered, it is 
less likely to belong to the latter than to some species 
at present undescribed. 

I 
Pustula aff. P. gradata Swallow 

1863. Productus gradatus Swallow, St. Louis Acad. Sci. Trans., 
vol. 2, p. 93. Keokuk limestone: Keokuk, Iowa; 
Lewis and St. Louis Counties, Mo. 

The single specilnen referred here is an iInperfect 
brachial valve which shows the inner surface but is 
more or less deeply exfoliated in places. The char
acters shown are therefore in large part not the 
real surface characters, which must be inferred. Un
questionably the outer surface was crossed by strong 
concentric corrugations, which were nlore or less 
imbricated. The bands that were defined in this way 
differ O'reatly in width, though nlost of them are rather 
narro\~. The surface was also clearly beset with 
numerous small spines, which appear to have arranged 
themselves in several rows on each band, to have been 
oblique, and to have been attached to elongated bases. 

These characters indicate rather clearly that this 
shell is a member of the punctata group of Pustula of 
which P. alternata, P. genevievensis, and P. biseriata 
are representative Mississippian species. The size of 
this specimen, which must be nearly 40 millinleters in 
lenO'th indicates a relationship with the larger species b , . 

rather than with P. biseriata. As between P. alternata 
and P. genevievensis, the characters actually observed 
offer no grounds for choice, but the probabilities un
doubtedly favor P .. alternata. Now under P. alternata 
'VelIeI' places as synonyms P. vittata Hall and P. gradata 
Swallow, and perhaps he is right in doing so. Shells 
of this group, however, do vary a great deal in their 
surface markings, and typical P. alternata can readily 
be distinguished among them. The same is probably 
true though not equally, of P. vittata and P. gradata. 
All three names I believe stand for real differences in 
the shells themselves, the chief question being to what 
extent the three types are merged into one by inter
gradatio~. At present I am inclined to believe that 
careful discrimination will lead to the r.ecogni tion of 
all three species, and the evidence-very unsubstantial, 
it is true-suggests P. gradata as the better identifica
tion for the Boone' specimen. Even with ample 
allowances for differences between the markings of the 
pedicle and brachial valves of such shells, it scarcely 
seems possible that this 'specimen can be the brachial 
valve and the associated specimen identified as 
A. arkansana val'. multilirata? the pedicle valve of the 
same species. 

Pustula incrassata Girty, n. sp. 

Plate 9, Figures 7-9 

Although this species is represented in the eollec
tion by seven specimens, they are all apparently 
pedicle valves, and one of them is so much more perfect 
than the rest that the following description is for the 
most part drawn from it alone. 
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Shell slnall; outline subcircular, widest at the hinge, 
strongly rounded across the front, the sides becOlning 
nCt1.l'ly stl'tLight above and diverging posteriorly. Con
vexity moderate; curvature rather regular, though 
longitudinn.lly it is a little stronger in the posterior 
pn,rt and transversely a little stronger in the median 
part. Unlbo rather depressed, spreading at a wide 
angle. Ears small, ill defined. The surface lacks both 
eoneentric wrinkles and radial costae. Spines are 
fairly n111ncrous but snlall, and they project from incon
spieuous roundish bases. The shell is very thick and 
In.mcllosc, and the surface of the type specimen is 
1narked by sharply defined i1nbricating layers, an 
appCttl'i1nee which is probably due in part to exfoliation. 
Other speciInens suggest that the original markings 
('onsisted of fine irregular striae of growth, S0111e of 
whieh here and there were distinctly stronger than 
the rest. 

The other specirnens are l110re deeply exfoliated 
than the typical one, in places reduced to the condi
t.ion of internal )nolds. They show that upon the in
side, there was a solid elevation or platform which ex
tended fr0111 a point near the beak distinctly less than 
half the length of the shell. It rises rather sharply 
at the sides but declines gradually at the front and 
perhnps at the back as well. In shape it is distinctly 
elongated, widening somewhat toward the anterior 
end. The shell seenlS to be excavated somewhat on 
each side of the platform about nudway, so that in
ternal HlOlds show a rnther broad, deep channel down 
the nuddle of the Ulnbonal region, with a distinct 
Inoundl:ike elevntion on each side. Many Producti 
show the sanle feature, all perhaps in SOlne nleasure, 
nnd in certain onos it is developed to an astonishing 
degree. 

In so)ne respects this species recalls Pustula moore-
fieldana val'. pusilla, but conlparisons between them 
nre somewhat hl11npered by the fact that the typical 
specinlens of that for111 are brachial valves and of this 
pedicle valves. The brachial valves of P. moorefieldana 
val'. p'l.tsilla all show a few angular ridges which divide 
tho surface into concentric bands. Sonle correspond
ing feature would be expected on the pedicle valve 
also, but nothing of the sort is shown by the pedicle 
valves of P. incrassata. The pedicle valve of P. 
moorefieldana val'. p'l.tsilla is, in fact, imperfectly 
known. The best specin1en available for cOlnparison 
is 1110re inflated than P. incrassata; its spines produce 
distinet elongated bases, and it has, nl0reOVel', an un
cOllllnonly thin instead of an uncoml11only thick shell. 
P. inc1'Ctssata l11ight perhaps be regarded as a dwarfed 
fonn of P'l'oductella hirsutijormis val'. batesvillensis, so 
reduced in size that it was only 9 millimeters wide in
stead of 30 millin1eters. So to interpret the relation
ship would be at present a )nere assUlnption, with 
sonle evidence unfavorable to it. Another related 
species is one described in Inanuscript as Productella 

planiconvexa. Pedicle valves of that species aro rela
tively much broader. They are less convex, and 
they show certain superficial differences, for the 
spines are apparently larger and less nUl11erou8, and 
the surface is crossed by concentric corrugations, 
which though not strong are distinct, regular, and fine. 

Rhynchopora palmeri Girty, n. sp., MS.? 

Rhynchopora palmeri is a )nanuscript nl11ne proposed· 
for a series of specin1ens in Iny collection which appear 
to belong to a species that was identified and figured 
by Weller in his invaluable nlOnograph as R. beecheri, 
but that is probably not true R. beecheri, especially if 
that species be restricted to the l110re conln10n of the 
varied forins covered by the original description. The 
present collection contains but two specimens, both 
very fragl11entary, which reselnble R. palmeri so far as 
their characters are shown. 

Rhynchopora sp. 

This species is ahnost certainly different fronl that 
referred to R. palmeri, though both are represented 
by mere fragments. It has Inore slender and more 
nunlerous plications, of which five occur in the sinus, 
so that six must occur on the fold. The number of 
lateral plications can not be given. 

Spirifer fioydensis Weller? 

Plate 10, Figures 1-5 

1914. Spirijer floydensis Weller, Illinois Geol. Survey Mon. 1, 
p.351, pI. 49, figs. 15-19. "Knobstone" group: Floyd 
County, Ind. 

This species is extremely abundant, but the speci
Inens eXI1111ined are crushed, broken or exfoliated, so 
that in spite of their number the characters that 
belong to them, especially the more nlinute characters, 
are not well shown. 

In a general way, this form markedly resembles S. 
arkansanus (of which I was at first inclined to regard 
it as a variety) arid S.floydensis. It is on the average 
distinctly sl11aller than S. arkansanus, no specimens of 
this form being as large as the typical specimens of 
that. The plicatjons are generally stronger; few speci
mens, if any~ have the broad, flat costae that are 
rather characteristic of S. arkansanus. The plications 
bifurcate more rarely, and so far as observed they never 
have the appearance, so COlnlnon in S. arlcansanus, 
of being double or in pairs. However, the plications 
of both the fold and the sinus increase by the sub
division of others, and furthermore the first plication 
on each side of the fold of the brachial valve is as a rule 
bifurcated. Presumably a corresponding condition 
exists on the pedicle valve, but it is less conspicuous. 
The plications of the sinus are sOlnetimes noticeably 
finer than those of the lateral areas, and, in addition, 
they are sometimes noticeably fainter. As to the size 
of theplica'tions, a coarsely ribbed and a finely ribbed 
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variety can be distinguished, but the extremes are not 
far apart, and most of the intermediate stages can be 
found. . 

Of the fine surface markings nothing definite can be 
said. Most of the specimens show no sculpture what
ever. A very few have what appear to be traces of 
fine radial striae. These specimens are exfoliated, and 
to this fact they probably owe the appearance men
tioned, for some of the specimens referred to S. mar
tiniiformis, which should be entirely smooth if correctly 
identified, show, in places, fine striae comparable to 
these. Two or three specimens that seem to retain the 
outer layers of the shell more intact than the rest, on 
the other hand, present to view only obscure growth 
lines without trace or with only the faintest trace of 
radial markings. Fine, regular radiallirae are a well
recognized and presumably constant character of S. 
arkansanus, and thus, again, another difference is 
suggested. 

Although one might wish to identify this species 
with S. arkansanus, which occurs at essentially the 
same locality but at a higher horizon, it manifests a 
closer agreement, so far as one may judge at this 
time, with S. jloydensis. Many specimens agree 
closely with Weller's' description and figures; others 
have a somewhat deeper and more angular sinus in 
the pedicle valve. In neither species are the fine 
details of sculpture at present definitely known. 

Some of these shells might be mistaken for a large 
variety of S. keokuk. In that species the median rib 
in the sinus of the pedicle valve is commonly larger 
than the other ribs of the sinus; in this, the median 
rib tends to be small rather than large, and in con
sequence the sinus in such specimens has a somewhat 
deep, angular shape, while that of S. keokuk is shallow 
and rounded. The plications of S. keokuk are as a 
rule more elevated, but in this character and in the 
shape of the sinus the two species overlap to some 
extent. 

Weller compares S. floydensis with S. keokuk, and 
in a general way it appears to bear the same relation 
to S. keokuk that this species does. On the other 
hand, the median sinus in some of these specimens is 
deeper and more angular than in the 'figured speci
mens of S. jloydensis, and tl~e plications seem more 
generally to be simple. Some specimens from Indiana 
which I have tentatively identified as S. jloydensis 
(they have rather strongly rounded plications) show 
fine radial lirae crossed by rather stronger growth 
lines. Something of the sort is suggested by these 
specimens, but the facts are so uncertain that they 
may show difference inst3ad of agreement. 

The present species differs rather conspicuously 
from the associated one cited as S. incertiformis in its 
coarser costae and n10re gibbous and prominent 
umbo. The finely ribbed variety of this species, 
above referred to, differs only in the configuration of 

the umbo, and many specimens (owing probably to 
their numerous in1perfections) occupy a doubtful 
place. 

Spirifer incertiformis Girty, n. sp. 

Plate 10, Figures 6-17 

This form occurs with the one cited as S.fioydensis? 
and in nearly equal abundance. Fronl that species 
it is distinguished by its finer costae and by its wider 
umbonal angle, the umbonal region appearing some
what flattened and the beak incurved and not very 
conspicuous. The sinus of the pedicle valve is broad 
toward the front, more or less angular, and rather 
deep. It is not, however, well defined but joins the 
lateral areas in a regular curve without any definite 
boundary. The fold of the brachial valve has eor
responding characters, but it is more sharply bounded. 
In a number of specimens the costae on the lateral 
areas are arranged in groups of two or ~hree, and this 
arrangement may have been rather general, for doubt
less exfoliation has tended to obscure it. It is not 
conspicuous, but it 'can be clearly seen if looked for, 
especially over the posterior half of the shell. The 
costae are grouped by their spacing, not by their 
prominence, without the least suggestion of the 
bundling or fasciculation that is so conspicuous a 
feature of Spirifer triplicatus. 

The cardinal area of the pedicle valve is moderately 
high, about 6 or 7 millimeters in most specimens, and 
somewhat variable in direction. It may be almost 
erect-that is, almost complanate with the shell 
margins-but is commonly much less inclined back~ 
ward from the hinge. It is curved in the upper part, 
rather strongly in some specimens, but alrnost flat 
below. The delthyrium is wider than it is high, 
measuring 10 or 11 millimeters at the hinge line. 

All the specilnens collected are more or less ex
foliated and are almost smooth, for the n10st part 
without a trace of such fine surface markings as'may 
have been originally present. This fact would indi
cate that the markings were rather fine, and from the 
evidence available, including some external molds, 
they almost certainly consisted of fine radial lirae, 
cancellated by fine lamellose concentric lines. 

In most of the characters 0 bserved this species 
appears to agree closely with S. incertus as described 
and figured by Weller, and the relation between then1 
hangs more upon possible differences in sculpture than 
upon observed differences in configuration. S. incertus 
is marked by fine regular concentric lamellae or in1-
brications, and it i5 doubtful whether the present form 
has anything at all comparable. Ilnbrications as 
strong as those of S., incertus would leave traces, one 
would expect, even on the exfoliated surface, but the 
exfoliated specimens from Batesville are essentially 
smooth. Indeed, from the best evidence available I 
am fairly satisfied that this species is marked by fine 
radial striae, which S. incertus lacks, and that it 



FAUNA OF THE MIDDLE BOONE NEAR BATESVILI,E, ARKANSAS 89 

lacks coarse inlbrications, which S. i!iJcertus pO$sesses. 
If this difrerence exists, the present species can not be 
S. incertus. It is in fact, nlOre nearly related to 
S. 8ubequalis, which has a sinillar configuTation, espe
cially in the flattened, spreading shape of the uInbo of 
the pedicle valve, and also sinillar finely cancellated 
surface Inarkings. S. subequalis is, however, much 
Dlore coarsely costate, besides differing in other ways
it is more extended transversely, its brachial valve is 
more gibbous, and it shows other differences. 

Though similar in a general way, characteristic 
speciInens of this species are readily distinguished froIn 
characteristic speciInens of the associated fOrIn iden
tified as S. jloydensis? Without taking into account 
possible differences in sculpture, S. floydensis? is nlOre 
coarsely costate and has a 1nore pr01ninent and jutting 
umbo. SpeciInens occur, however, that seem to be 
interInediate, having finer costae than S. jloydensis? 
and a more prOlninent beak than S. incertiformis. I 
have regarded such specinlens as constituting a 
111utation of S.jloydensis?, and they can be recognized 
by the configuration of the umbo, if that is adequately 
shown. 'iV ere Inany characters of these specimens not 
in doubt, however, such questions probably would not 
anse. 

A few specimens included under this caption, one 
especially, shows a peculiar phase that possibly should 
be given recognition as a distinct variety. This spec
imen is a pedicle valve, and the costae in the sinus, 
instead of becOlning nlUl1eroUS by subdivision, in
crease gradually in size so that toward the front they 
are conspicuously larger than the plications on the 
lateral areas. 

Spirifer washingtonensis var. incomptus Girty, n. var., MS. 

Plate 10, Figures 18-21 

This identification rests primarily upon a large but 
imperfect pedicle valve, on which the following de
scriptiye sketch is based, and secondarily upon two 
small and probably inuuature pedicle valves that ap
parently belong to the sanle species. 

The cardinal angles appear to have been a little 
extended and acute, thus constituting the greatest 
width, which was about 37 Dlillimeters; the length was 
22 Inilli111eters. The convexity is rather high, and 
the median sinus broad, deep, and fairly well defined. 
The plications are rather large and strong. Three 
occur in the sinus, the median one the largest, and ten 
on each of the lateral slopes. The sculpture, observed 
close to the cardinal line, consists of fine radial lirae 
crossed by fine lamellose concentric lirae. 

The two ,slnaller specinlens show characters sinlilar 
to those of the large one, with such modifications as 
might be expected in young shells of the sanle species. 
It is a noteworthy fact, as bearing upon the original 
sculpture of the specimens identified as S. jloydensis, 
few of which show any surface lnarkings at all, that all 

three of the present speciIuens are clearly nlarked by 
fine superficial radiating lirae. 

This form is distinguished from the associated 
Spirifers especially by its coarse and strongly expressed 
costae. The costae are finer than those of the speci
mens referred to Brachythyris suborbicularis, and they 
are also stronger; the specimens so referred are further 
distinguished by their shape and their lack of fine 
sculptural nlarkings. This species is of the general 
character of S. keokuk, but it is larger and especially 
has much coarser plications. It is, in fact, rather nlore 
like S. increbescens. In its general shape it differs 
conspicuously from typical S. washingtonensis, being 
more compact and less alate. In the Joplin district, 
however, a short-hinged variety of S. washingtonensis 
is associated with the typical fornl, and this the Bates
ville shell greatly reselubles. In fact, it would at 
present be difficult to nanle any important difference 
between them. Nevertheless, conlparisons have been 
possible only between pedicle valves, and between 
these only in certain characters, so that although nega
tive evidence is wanting (apart fr01u that of geologic 
age and faunal association) the affirmative evidence' 
for the identification is inconclusive. 

Spirifer martiniiformis Girty 

Plate 12, Figures 18-20 

1911. Martinia glabra1 Girty, U. S. Geol. Survey Bull. 439, 
p. 70, pl. 9, figs. 9-11. Moorefield shale: Batesville, 
Ark. 

1915. Spirifer martiniif01'mis Girty, U. S. Geol. Survey Bull. 
595, p. 30, pI. 1, figs. 2-4. Boone chert: Batesville, 
Ark. 

Of more than a score of specimens referred to 
S. martiniijormis in lot 3204, all, with possibly one 
exception, are pedicle valves. 'They show a rather 
large species (though a length of 35 millimeters is the 
maximum observed) having the general appearance of 
Martinia and Reticularia. The width is greater than 
the length, the convexity high, the beak prominent 
and incurved, and the cardinal angles strongly rounded. 
The cardinal area is high, ra ther well arched in the 
upper part, defined by pronounced angles, and divided 
by a rather narrow delthyrium. The pedicle valve is 
depressed along the median line in to a conspicuous 
sinus, which is broad and subangular toward the front 
but in the umbonal region is only a narrow, shallow 
though distinct groove. 

The shell in these specimens is exfoliated and pre
sents a smooth, shining, finely fibrous appearance, and 
such external molds as could be found show it to be 
practically devoid of surface markings. On the inside 
the valve possesses dental plates of considerable height 
and length, placed rather close together and diverging 
but slightly toward the front. 

If only its external characters were considered, this 
form would be referred to Martinia, but the presence 
of strongly developed dental plates makes such a 
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reference impossible. Though having the configuration 
of Reticularia and like it possessing dental plates, the 
complete absence of a median septum would remove 
that genus also. from consideration, even aside from 
the fact, which is well assured, that the surface lacks 
the concentric bands and rows of spines so character
istic of Reticularia. From R. setigera val'. internascens, 
with which they are associated, these shells are readily 
distinguished by a number of characters, several' of 
which are useful even in the imperfect condition in 
which all these specimens are found. Besides marked 
differences of structure, this form has a conspicuous 
median sinus, and it has a perfectly smooth surface, 
whereas the Reticularia shows the characteristic con
centric banding, even if exfoliated, and also either. 
indications of the rows of spines or, if the exfoliation 
goes deeper, the intricate network of fine lines. That 
these shells belong to the same species as those 0 b
tained somewhat higher in the formation and described 
as Spirifer martiniiformis, I can not doubt, for an 
essen tial agreement was found in every character 
shown. 

dpirifer sp. 

This specimen, which is a pedicle valve, does not 
perhaps deserve individual notice e.xcept for its appear
ance of combining the external e~pression of Brachy
thyris with the internal characters of Spirifero It has 
at first sight a broadly ovate shape with a short 
hinge line and a surf ace marked by large depressed 
ramal plications. The sinus is well developed though· 
ill defined, and it tends to be somewhat angular or 
sharply rounded. The beak is prominent and suberect. 

The general aspect, therefore, is highly suggestive of 
shells of the Brachythyris gronp, and the specimen 
might pass without challenge if identified as B. sub or
bicularis, were it not so broken as to show the presence 
of two powerful dental lamellae. The specimen is 
obviously imperfect and probably owes its shortness 
of hinge to that fact. Certainly the cardinal extremi
ties are broken, but the portions also missing around 
the rest of the margin may be sufficient to compensate 
for this loss and still make the shell a short-hinged 
species. The best interpretation, however, seems to 
be that this is an aberrant specimen of the form 
referred to S. floydensis, distinguished especially by 
unusually large depressed costae. 

Syringothyris subcuspidata (Hall) 

Plate 11, Figures 4-9 

1858. Spirijer subcuspidatus Hall, Iowa Geol. Survey, vol.. 1, 
pt. 2, p. 646, pI. 20, figs. 61a, b. Keokuk limestone: 
Keokuk, Iowa; Nauvoo and Warsaw, Ill. 

1914. Syringothyris subcuspidatus (Hall). Weller, Illinois Geol. 
Survey Mon. 1, p. 401, pI. 71, figs. 3-7. Keokuk 
limestone: 'Varsaw, Ill. 

Though this form is in a general way similar. to 
Pseudo syrinx gigas and occurs in the SaIne fauna, the 

two species are :r;eadily distinguished unless the speci-· 
mens have lost many of their original characters. In 
those shells the cardinal area is so much better de
veloped than the opposite side that the area slopes. 
forward from the hinge line, lnaking an acute angle 
with the plane of the valve. In these, the relations 
are just the reverse; the cardinal area is not so long as 
the opposite side, the area slopes backward instead of 
forward, and the angle is obtuse instead of acute. 
FurtherInore, those shells are highly punctate, while 
these are apparently impunctate; and lastly those are 
without the inner tube or syrinx which these possess. 
This last character, though fundanlentally the nlost 
significant, is under the existing conditions the least 
available for discriminating the two forms because it· 
is in so few specimens shown definitely or even at all. 
The presence of a syrinx is, of course, nlost readily 
determined if the fossils are preserved as internal 
molds; those from the Boone, however, are preserved. 
in a limestone matrix without enough differentiation 
in color to render the facts at all clear. A syrinx has. 
been identified in at least sonle of the specimens 
referred to S. s'ubcuspidata, whereas it has not been 
identified in any of those referred to P. gigas. In 
view of the poor preservation of even the best of these 
specimens nly obse~'vations do not prove the absence. 
of this structure. 

The punctate character of the shell in P. gigas is. 
in most specimens very conspicuous, but in some it is 
not so readily ascertained. Nearly all the species of' 
Syringothyris are described by Weller as having a 
punctate shell, but in my experience· the punctate, 
structure can rarely be seen, and still more rarely is. 
it developed in a degree comparable with that of P. 
gigas. The shells under con sid era tion seem to be 
without punctae, though this may mean only that· 
they are finely punctate. At all events they offer a 
marked contrast to those cited under P. gigas and 
at the same time demonstrate a point in common with 
S. subcuspidata, the punctate structure of which Weller 
was unable to observe, though he did not doubt that. 
it was originally present. 

The cardinal area is essen tially flat in some speci
mens but gently concave in others. Its direction can 
be determined definitely only in specimens that are, 
perfect about the margin, and those are few. It 
sometimes appears to lnake more of a right angle with 
the plane of the valve than an obtuse angle, though 
this can not be stated positively and is stated at all 
only to suggest that a certain variation does occur,. 
but in any event a marked contrast is shown in this. 
regard with P. gigas. 

Of the numerous species of Syringothyr'is recognized 
by Weller in the Mississippian faunas of the Missis
sippi Valley, none has so many characters in conlmon 
with the present form as S. subcuspidata. In fact, at· 
this time I am unable to name any differences of 
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importance. Though probably not to be classed as 
important, one difference may e}':ist in the plications 
of the pedicle valve, which, in my shell, are very 
subdued, m.uch less distinct than they are represented 
in Weller's figures. 

Pseudosyrinx gigas Weller 

Plate 11, Figures 10-15 

1914. Psclulosyrinx gigas Weller, Illinois Geol. Survey Mon. 1, 
p. 410, p1. 66, figs. 1-5. Keokuk (?): Kentucky. 
Keokuk limestone: Warsaw, 111. Beds of Keokuk 
age: Crawfordsville, Ind. 

This species is abundant at both stations, but the 
largest and best specimens were obtained at station 
3203. Some of these shells are of large size, one 
Ineasurlllg no less than 65 millimeters at the hinge 
line. The width, however, is conditioned by the angle 
included between the sides of the cardinal area, 
together with the height of the area. The height 
naturally varies with age, but the angle made by the 
sides, though constant for each specimen, varies from 
one specinlen to another. In the large specimen just 
nlen tioned, which. is uncommonly broad,' this angle 
is about 1050

, while in a narrow specimen it is only 800
• 

The height of the area in the narrow specimen is about 
40 millimeters and in the broad one a bou t 55 milli
meters. Few of Iny specinlens have the area as high 
as 40 millilneters, however. 

Besides their size, one of the noteworthy features 
of these shells is the height of the cardinal area, which 
in eomparison with the length of the side opposite to 
it is very great. The greater height of the area causes 
it to have a strong forward inclination from the 
cardinal lille. In most specimens the area is nearly 
flat, but it may be appreciably curved, especially ill 
the upper part, and the growth of the valve as a whole 
may be somewhat twisted. 

A third conspicuous feature of these shells is their 
highly plllctate structure, which is especially con
spicuous in the specimens from station 3204 but is 
readily seen in all of thenl. 

Several other features possibly deserve me~tion. 
The sinus of the pedicle valve widens rapidly and may 
be very broad at the anterior Inargin. It is ill-defined, 
but the fold corresponding to it in the brachial valve 
has very definite boundaries. The lateral plications 
of the pedicle valve are commonly depressed and, 
though, distinctly defined, far from conspicuous. 
They are as a rule distinctly stronger than the lateral 
plications of the brachial valve. 

In none of the specimens observed has a syrinx 
been discovered, and in one specimen which was 
ground down across the apex the structure was ap
parently absent. If the syrinx was undeveloped, ~s 
it appears to be, this form belongs under Pseudo syrinx 
instead of Syringothyris, and it appears to agree very 
closely with P. gigas. 

Brachythyris sub orbicularis (Hall) 

Plate 11, Figures 1-3 

1858. Spirijer suborbicularis Hall, Iowa Geol. Survey Rept., 
vol. 1, pt. 2, p. 644. Keokuk limestone: Keokuk, 
Iowa; Warsaw, Ill. 

1914. Brachythyris suborbicularis (Hall). Weller, Illinois Geol. 
Survey Mon. 1, p. 374, pI. 61, figs. 1-8, pI. 62, figs. 1-2. 
Burlington limestone: Springfield, Mo.; Sulphur 
Springs, Mo. Keokuk limestone: Keokuk, Iowa; 
Springfield, Mo. Beds of Keokuk age: Crawfordsville, 
Ind. 

Some of the forms assumed by Spirijer floydensis? 
simulate species of the Brachythyris group very closely, 
so that one is sometinles in doubt where certain speci
mens belong, though only, of course, if they are in an 
imperfect condition. A few specimens in my collec
tions, however, can safely be referred to Brachythyris 
because of their configuration, of their lack of super
ficial sculpture, and, where the facts ha ve been 
determined, of their lack of internal structures in the 
pedicle valve. 

The most characteristic of the specimens here 
referred have a rather elongate shape and contract 
above to a sonlewhat short hinge line. The surface 
is covered by rather large, weak plications, which are 
distributed sonlewhat in the following manner: The 
sinus begins as a narrow, deep groove i~closed between 
two bounding costae. Shortly the groove becolnes 
shallow or flat and defined by incised lines which 

. form the inner outlines of two costaeJ one on each 
side, given off by the bounding costae of the sinus. 
Thus in the anterior part the sinus is ill-defined, 
though its boundaries can be detennined by tracing 
forward the plications that bound it in the umbonal 
region. It has one plication on each side and a flat, 
narrow bottom defined by grooves, like a sort of 
depressed plication, which traces back into the simple 
sulcus or sinus of the umbonal region. The lateral 
plications number eight or more, the exact number 
being difficult to determine because they grow finer 
and fainter toward the sides and gradually lose 
definition entirely. The surface is apparently quite 
without fine superficial nlarkings except those of the 
nature of growth lines. 

Besides specimens having the characters just recited, 
I am including in this species others whose shape is 
broader and still others whose plications are ahnost 
obsolete. 

Although comparison can not be made in every 
detail, this form agrees very closely with B. sub
orbicularis, so that with the facts at hand it can not 
be distinguished specifically. 

Reticularia setigera var. internascens Girty, n. var., MS. 

Plate 12, Figures 1-12 

In ordinary states of preservation shells of this type 
retain few characters that are useful for the differentia
tion and identification of species. The range of varia-
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tion in shape is slight, and the very nature of the sculp
ture renders exfoliation inevitable if specimens are 
-obtained in the usual way by being broken from hard 
rock. When the details of the sculpture are, though 
somewhat rarely, ascertained, they can generally 
not be ascertained in enough specimens to give much 
assurance as to the range of variation. Possibly on 
this account Weller was led to supplement such 
{!haracters as are customarily used by the striated 
markings of the inside of the shell and the amount of 
surface covered by them. 

The present fOrIn, which is represented by numer
ous though ill-preserved specimens, is of fairly large 
size, a width of 30 millimeters, however, being very 
rarely exceeded. The brachial valve is much wider 
than long and has a rather regular transversely 
elliptical shape. The pedicle valve, because of the 
projection of the umbonal parts, has the two dimen
sions more nearly equal, though here also the width is 
almost invariably greater. The proportions, however, 
vary. 

The pedicle valve" is highly convex. The beak 
tapers rapidly to a point and is not strongly incurved. 
The cardinal area is rather high and slopes backward 
but slightly from the cardinal line, but the curvature, 
chiefly localizeci in the upper part, brings the point of 
the beak to an angle of about 45° from the perpen
dicular .. Many pedicle valves lack an appreciable 
sinus, but others show a faint depression down the 
median line, which becomes distinct only as it ap
proaches the anterior border. 

The brachial valve is less convex than the pedicle 
valve but is a little inflated in the umbonal region. 

The surface markings are of the usual type, but they 
appear rather widely different in different specimens, 
largely, I believe, as a result of varying preservation. 
As a rule the surface is crossed by rather conspicuous, 
fine, regular corrugations, which gradually increase in 
size toward the front. It is also more or less covered 
by fine inosculating lines that have a generally radial 
direction.· They form a sort of irregular network of 
cr~pelike wrinkles, and the finely roughened surface 
which they produce is distinctly different from that 
made by the straight, continuous radial lines on the 
interior of R. pseudolineata, such as are shown by some 
of Weller's figures and by some of my specimens fronl 
the ~eokuk limestone at Keokuk. I am not quite 
satisfied, however, that this character is uniformly 
present in R. pseudolineata, as I have specimens 
presumably of that species from the chert beds of the 
Joplin region that have a hachured surface much like 
that which I have just attempted to describe, only 
coarser. In apparent association with such speci
mens others having rectilinear markings also occur. 
Have we two distinct or one variable species? 

Returning to the specimens f.rom Batesville, the 
surface where it is not so deeply exfoliated sometimes 

shows small elongated excavations or nicks (really the 
loci of spines) which are very regularly arranged and, 
though they are not connected, produce an appear
ance as of slender, widely spaced radiating groOV'33. 
One may suspect that both sorts of markings had their 
origin in the spinose character of the outer surface, 
or rather that all three are an expression of changes 
in the mantle by which the entire shelly structure was 
created. Presumably as deposits were laid more 
and more thickly over the older parts of the shell, the 
individual scars made by the spines became trans
formed into the fine reticulation above described. The 
details of the transformation are, however, hard to 
understand, for the reticulation is far too fine to corre
spond directly to the relatively large and widely spaced 
spines. 

On the inside the pedicle valve possesses a median 
septum and dental plates. The septum is rather low 
and thick and is confined to about one-third of the 
shell in the posterior part. Incredible as it may 
seem, the dental plates are fairly strong in some speci
mens and quite undeveloped in others. Where present 
they are somewhat less than half as long as the 
septum; they are situated rather close to it and are 
distinctly but not strongly divergent. 

In the brachial valve a median septum may fairly 
be described as absent, though internal molds show 
an incised line which represents a linear elevation of 
inconsiderable height. Much more obvious are two 
rather narrow, elongated muscle scars, somewhat 
enlarged in the lower part and rounded at the end, 
that are situated not far apart close to the median 
line. These appear as excavations on the shell itself, 
where they are separated by a narrow ridge down the 
center and are bounded on the outer side by a rather 
thick elevated margin. In some aspects of preserva
tion these three ridges might be misinterpreted as a 
median septum and, possibly, two socket plates. 

Although no structure that could appropriately be 
called a septum has been observed in any brachial 
valve, a septum may sporadically be developed, for 
in R. pseudolineata also it is not invariably present. 
Weller, indeed, describes it as a character of that 
species, but his figure of a specimen from Callaway 
County, Mo. (fig. 11), fails to show a septum, and the 
only brachial valve in my collection from the same 
locality also fails to show one. Of other chert speci
mens (and no type of preservation would more faith
fully disclose the facts than internal molds in chert) 
some have a well-developed septum, but others have 
not. This statement should be qualified to some 
extent, inasmuch as most of them have at least a faint _ 
groove along the median line, somewhat more pro
nounced thap. the other radial grooves that cover the 
inner surface. This groove could hardly be identified 
as the impression of a septum, however; but if the 
structure here is a septum, it is not hard to find speci-
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nleJ1S which though they lllust be referred to Spirifel', 
have a much better septulll in the pedicle valve, for on 
in terns.] molds the 1110l111d of 111atrix that filled the 
spn.ce between the dental plates bears not uncom
BlOnly a distinet groove. One other concession must 
n.lso be lnade. The faint groove on the brachial valve 
of the specinlens under discussion might be all that 
remained of an appreciable septum nearly buried in 
H. secondary deposit, or callus. As against this we 
should bear in nlind that the specimens still showing 
the impression of a high or at least a distinct septm11 
were presumably thickened in a corresponding manner. 

This species is clearly not R. pseudolineata. It re
sembles thEtt species in the almost complete obsoles
cence of fold and sinus but differs in alnlost every 
other important character. It agrees rather better 
with R. cooperensis, though it is hard to compare the 
two on equal ternlS. The very different faunal lLSSO
ciation and geologic age in which the present fOrIn 
occurs establishes a strong presumption against its 
belonging to the species named. It is a larger shell, 
and besides this and one or two minor differences, the 
dentnl plates of the pedicle valve are relatively 
shorter, 11101"e nearly parallel, and placed lnore closely 
to the Inedian septmll. R. setigera 111ust also be dis
missed after a brief consideration. Like the other, it 
occurs with a I11arkedly different fauna. It is com
Inonly :flexed into al11uch more pronounced fold and 
sinus, and the concentric rows of spines are generally 
ButCh fn.rther apart, though enough variation is shown 
in this regard to lay the statenlent open to exception. 
Possibly too, the n.bsence of a median septum in the 
brachial vnlve of the present species and the presence 
of the twoaelongated 11lusele scars may be reckoned a 
distinguishing character not only frOln R. set'igera but 
from other species. A ButCh closer'agreeInent is fOlllld 
with fl fOrIn which occurs at the same general locality 
but at a somewhat higher horizon, which I propose to 
call R. setigera val'. internascens. I can not yet say 
that the two for111s agree in every essential point, 
though they agree in many, but at least r anl unable 
to mention nny essentin.l point in whi('.h they differ. 

Spiriferina subelliptica var. fayettevillensis Girty 

1910. S1)ir'ijerina' s'II,bellipt'ica var. jayettevillensis Girty, New 
York Acad. Sci. Annals, vol. 20, No.3, pt. 2, p. 221. 
Basal part of Fayetteville shale: Fayetteville, Ark. 

H)ll. Spin/erina s~tbelli1)t?:ca var. jayettevillensis Girty, U. 's. 
Geol. Survey Bull. '139, p. 74, pI. 8, fig. 5. Moorefield 
shale: Batesville, Ark. 

This speeies is inadequately represented by speci
mens whieh are both few in number and in1perfect in 
preservn.tion. The width of the larger specimens I11USt 
have been as much as 20 Inillilneters. The fold and 
sinus are simple and are similar to the lateral plications 
except that they are conspicuously larger and stronger. 
Eseh of the lateral slopes bears six or possibly seven 
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simple costae. The surface is marked by regulltr 
concentric lamellae, which are rather closely arranged. 
The shell substance is strongly and coarsely punctate. 

So far as the characters are shown this form is in 
complete agreement with the one from the "Spring 
Creek limestone" identified as S.· 81.tbezz,iptica val'. 
fayettevillensis,and with one, I11uch better represented, 
from the "Mayes formation" of OklahOl11a, which 
apparently belongs to the same spe('.ies. The general 
probabilities also favor this identification and add 
materially to the not wholly conclusive evidence of 
the specimens themselvp.~. 

Spiriferina sp. 

Plate 12, Figures 13-17 

The shells included here differ from one another 
sufficiently to suggest that they might be referred to 
different species if their characters were adequately 
known. Probably, therefore, it will be better to 
describe in a few words two or three specimens indi
vidually rather than to embrace all in a general de-, 
scription. 

One pedicle valve £rOln station 3203 is of unCOln
mon size-at least 40 millimeters in width-very trans
verse, and with acute cardinal angles. Each of the 
lateral areas bears seven or eight costae s'eparated by 
sub angular furrows. The sinus, which is simple, is 
relatively large and shallow. The surface is crossed 
by rather coarse, regular concentric 'lamellae, and the 
shell is traversed by a few small tubules. A median 
septmll is apparently present. 

Another pedicle valve (fron1 station 3204) is still 
larger, possibly 50 Inillimeters in width, and appar
ently not so transverse. The plications are larger 
and weaker, the llledian.sinus being especially broad. 
The shell appears to be feebly punctate, t),nd a median 
septum appears to be present. 

The other specinlens are mostly sB1aller and pre
sumably younger, but they have essentially the same 
characters, especially the punctate structure and the 
lamellose sm'face. 

The two IllOSt diagnostic cbaracters ascribed to these 
shells, the median septum and the punctat'e structure, 
are more or less dubious. They are, in fact, so obscure 
that I at first referred these fossils to Spirifer moore
fieldanus. More careful study directed to these 
critical characters led I11e to believe that a median 
septum was present in the pedicle valve. Conse
quently I was inclined to refer the species under the 
genus D,elthyris. The shell substance appears fibrous 
arid implinctate even to a careful inspection, and it 
was ahnost by accident that I discovered that one of 
the smaller specimens when wet showed punctae. 
This led I11e to reexalnine the larger specimens, and 
t~lese also proved to be punctate, but the punctae. are 
so few and so irregular, in so far as one can see, that 



94 SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY, 1928 

they might almost be due to SOlne boring organism. 
The larger specimens share with the small ones the 
character of lamellose surface markings and probably 
of a median septum, for it is the larger ones that show 
t4ese best. It would seem unwise, therefore, when 
they have such 'significant characters in common, to 
attempt to distinguish between the small specnnens 
and the large ones that are so feebly and so erratically 
punctate. I have considered whether this form might 
not be the same as, or a variant of, the one identified as 
Spirijerina subeZZiptica val'. jayetteviZZensis. They do 
not, to be sure, differ greatly in configuration, though 
they do in size, the larger speclinens in this group being 
very much larger than any known speclinens of the 
other. The shell structure in the speclinens referred to 
S. subeZZiptica var. jayetteviZZensis is conspicuously 
punctate, so that that fea-ture was recognized from the 
first. The punctae are finer as well as more obvious, 
and the concentric lamellae are finer and more closely 
arranged. There would thus appear to be two distinct 
species, but the distribution between them of the speci
mens contained in the collection is not free from doubt. 

Hustedia circularis (Miller) 

1892. Retzia circularis Miller, Indiana Geol. Survey Eighteenth 
Ann. Rept., adv. sheets, p. 72, pI. 9, figs. 32-34. 
Chouteau limestone: Sedalia, Mo. 

1914. Hustedia circularis (Miller). Weller, Illinois Geol. Sur
vey Mon. 1, p. 451, pI. 76, figs. 47-52. Chouteau 
limestone: Sedalia, Mo.; Pettis County, Mo. 

The only specimen referred bere is probably a pedi
cle valve. It is a small oval sbell about 6.5 milli
meters long and 5.5 millimeters broad, rather strongly 
arched, and marked by slender but well-defined 
rounded. costae to the number of 16 or 18. The sur
face near the anterior margin . appears to be slightly 
depressed across the middle, and the median stria is 
apparently a little deeper than the other striae that 
separate the costae. There are eight or possibly nine 
costae on each side of the median stria. The shell 
substance is distinctly punctate. 

This specimen seems to agree perfectly with H. cir
cuZaris in all its ascertained characters, but this agree
ment is not enough, in the group of shells to which it 
belongs, to establish its identification. The generic 
position of neither H. circuZaris nor the present form 
is certainly known, nor can it be determined from the 
exterior alone. 

Bembexia magna Girty, n. sp., MS.? 

This is a fine large species, but it is represented by 
a specimen so fragmentary that its characters can be 
given only in part. The final volution may have been 
as much as 35 millimeters in diameter. The whorls 
were probably well rounded, so that the suture was 
deeply depressed, and the spire was probably mod
erately high. The slit band is a conspicuous feature 
and was probably situated on the periphery or a little 

above. It is a shallow groove, about 2 mililineters 
wide, guarded by sharp ridges and crossed by fairly 
regular, closely arranged lamellose lines. The char
acter of the surface above the slit band is not well 
shown, but it clearly was marked by· ratber strong, 
regular transverse lirae, coarser and more widely 
spaced than those on the band. The lower surface 
also is marked only by strong, regular transverse 
lirae, flattened or broadly rounded on top and rising 
abruptly from somewhat wider interspaces. 

The slinple character of this species, its regularly 
rounded volutions, marked only by transverse lirae 
which are interrupted by a broad, prominent slit 
band, make this a striking form and one easily to be 
recognized if it had been already described from our 
Mississippian faunas. Nothing like it, however, ap
pears in the literature, except possibly two large forms 
named by Worthen but too imperfectly known for 
recognition. I have, however, a species described in 
manuscript as Bembexia magna, whose characters are 
a]most exactly like those of the present specimen, 
though the two forms are of a markedly different geo
logic age and are associated with markedly different 
faunas. In the characters shown, the only differences 
noted are that the present form may be a little more 
strongly and coarsely striated on the surface below 
the slit band and a little less sharply striated on tbe 
surface above it. 

Orthonychia ungula Weller 

Plate 12, Figures 21, 22 

1906. Orthonychia ungula Weller, St. Louis Acad. Sci. Trstns., 
vol. 16, p. 461, pI. 7 figs. 36-37 .. Glen Park limestone: 
Glen Park, Mo. 

Three specimens are included here, none of which 
is in exact agreement with the species cited. One 
from station 3203 closely resembles Weller's figure of 
O. jejJersonensis, but the figure represents a perfect 
shell, while my specimen is broken at the apex in 
such a manner as to indicate that that part was 
originally slightly hook-shaped. Of the two speci
mens figured by Weller to represent O. ungula, my 
specimen is less curved t~an one and less slender than 
the other. A second specimen from station 3203 and 
another much like it from station 3204 are even more 
imperfect, but their present appearance is suggestive 
of the smaller and more curved specimen of O. ungula. 

Orthonychia undata (Winchell) 

Plate 12, Figures 23, 24 

1865. Metoptoma '1.tndata Winchell, Acad. Nat. Sci. Philadelphia 
Proc., p. 31. [Kinderhook group], bed No.5: Burling
ton, Iowa. 

1901. I goceras '1.tndata (·Winchell). Weller, St. Louis Acad. Sci. 
Trans., vol. 11, No.9, p. 202, pI. 20, fig. 16. Kinder
hook grO\lp, bed No.7: Burlington, Iowa. 

This identification is primarily concerned with a 
single specimen from station 3203 which has a rather 
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rapidly expn,nding shnpe und is erect, straight, and 
almost sY11unetrical, although it is slightly compressed 
so that one ttxis is a little longer than the other in 
transverse section. The rate of expansion and other 
,charu.cters are very suggestive of O. und(Lt(L as figured 
'by Weller, but the size is less than half that of the 
typical specirnen. The straight axis and absence of 
longitudinal folds distinguish this fOrJn frOlll Oapulus 
fissurella and similar species, while the more rapid 
expansion and the absence of folds distinguish it fr01n 
the broad variety of It Platycer(Ls infundibulum" 
figured by Meek and '""orthen. A very similar though 
even smaller and less perfect specimen was collected at 
station 3204. 

Orthonychia sp. 

The single speciJnen included here resernbles the one 
fr0111 the saIne locality referred to O. undat(L, but it is 
decidedly 1110re slender. It resembles the form or 
forlns described by Meek and Worthen under the 
nan1e of Platyceras infundibulum, but has only half 
the height of any of those specimens and lacks the 
plications of S0111e of them. 'Its rate of expansion is 
intennediate between the slender specimen for which 
the provisional name extinctor was suggested and the 
more spreading one shown by l\1eek and Worthen's 
Figures 3b and 3c.6 

Platyceras oxynotum Girty, n. sp. 

Plate 12, Figures 28, 29 

Shells of the Platyceras type nre rather abundant 
in the middle Boone fauna near Batesville, but almost 
all the speciJnens collected are fragmen tary-a fact 
which renders a satisfactory identifica.tion, in a genus 
where even good specimens aTe identified with 
difficulty, almost impossible. The typical specimen 
cited under this title is a large and nearly complete shell 
having the shape of a rapidly expanded cone which 
is bent into a hook at the apex but is more gently 
curved toward the aperture. Even the apex does not 
form a closed coil, and the whole shell makes only 
about one complete volution. The expansion is 
rapid, but only in the anterior-posterior dilllension; 
the transverse expansion is much more gradual, with 
the result that tho shell has a strongly compressed 
nppearance, ,and the anterior side is even somewhat 
angulate or keeled, consequently also the aperture is 
111lwh longer than it is wide, measuring about 28 
by about 21 lllillimeters. The entire shell has a 
maximum length of about 48 millimeters. It is only 
slightly unsYlnlnetrical with reference to a plane 
passing through the long axis of the a,perture but 
displays a .backward inclination so that in side view 
the apex projects very apprecia,bly beyond the 
posterior outline of the parts below. A few large 
obscure folds are introduced towa.rd the aperture, 

e Meck, F. 13., and Worthen, A. n., Illinois Oeol. Survey, vol. 5, pl, 17, 1873. 

which is sinuous in two directions-that is, the sides 
of the shell are plicated, and its margin is scalloped. 

In ~ide view this specimen much rl3sembles Keyes's 
figure of P. latum, although it is even more loosely 
coiled, and the apex rises higher above the plane of 
the aperture. The outline of the aperture, however, 
is here laterally compressed, much longer than wide, 
while there it is rounded and wider than long. The 
same may be said of P. capax, which is 'little more than 
a small form of P. latum. 

Platyceras latum Keyes 

Plate 12, Figures 25-27 

1888. Platyceras latum Keyes, -Am. Philos. Soc. Proc.; vol. 25, 
p. 242, pl., figs. 10, 11. Burlington limestone: Burling
ton, Iowa. 

1894. Capulus latus Keyes, Missouri Geol. Survey, vol. 5, p. 
176, pI. 53, figs. 13a, b., Burlington limestone: 
Burlington, Iowa, Hannibal, Mo. 

r am covering under this title a nu~ber of specimens, 
mostly somewhat fragmentary, that vary considerably 
among themselves. In general they have a conical 
shape, gently arched so as to make a more or less 
complete turn, rather less than more, and inclined so 
that the apex considerably overhangs the posterior end 
of the aperture. The aperture itself is rounded, about 
as wide as it is long, and somewhat campanulate, the 
shell tending to .flare appreciably in the lower part. 
Seemingly the inclination is mainly backward, little 
if at all to one side, and the growth is fairly sYlllllletrical 
with reference to a plane passing through the anterior
posterior axis. 

One noteworthy deviation frOlll this generally 
symmetrical shape is shown by several specimens and 
consists in a strong expansion toward the left posterior 
segment with a straightening of the outline so that the 
aperture to that extent is somewhat triangular instead 
of circular, and the greater development of the shell 
is on the left-hand side. Seemingly also some speci
mens have a stronger backward inclination than others 

. ' but unless speCImens ,are rather perfect about the 
aperture, which few of mine are, this may be more of 
an appearance than a reality. ' 

My specim'ens are mostly or wholly exfoliated so 
that their surface characters can no longer be s~en. 
One which is crushed and fragmentary and therefore 
especially uncertain as to its relations shows very fine 
longitudinal costae of several sizes. These are su
perficial, and consequently the othes specimens ll1ay 
originally have been ornamented in like manner. If 
so, they can scarcely be cited as P. latum, and of 
course this particular specimen is, for the same 
rea~on, more than under suspicion. . 

The characters just enumerated bring these shells 
into close relationc;hip with P. latum, at least in point 
of configuration. Those with the unsymmetrical 
aperture of course are in that respect not like P. latum, 
although they seem to be a mere modification of those 
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that are. None of my specinlens is as large as the 
one originally figured, and the slnaller ones are more 
like P. capax, which seems little more than a small 
variety of P. latum, distinguished in addition; by its 
possibly less oblique shape. 

Proetus sp. aft'. P. roundyi var. alternatus Girty 

1926. Proet'u8 ro'undyi val'. alternatu8 Girty, U. S.GeoI. Survey 
Prof. Paper 146, p. 40, pI. 6, figs. 13a-15b. Limestone 
of Boone age: San Saba County, Tex. 

Of this form the collection contains only a single 
specimen, a small pygidium of semicircular outline 
about 6 ,millimeters wide and 4 millimeters long. It 
is rather strongly arched from side to side, the axial 
lobes rising considerably fronl the pleural lobes. The 
pleural lobes are not strongly arched themselves but 
descend with considerably obliquity. The axial lobe 
is broad at the anterior end, though not so broad as 
the pleural lobes. The segmentation is fairly sharp 
over the anterior half of the pygidium but obscure or 
incomplete over the posterior half, so that the number 
of segnlents can not be counted with any certainty. 
Besides this the axial lobe is largely exfoliated. 
,N evertheless, it has four disting;uishable segments 
'toward the anterior end, with space for three or 
possibly four indistinct ones posterior to them. The 
segmen ts of ,the pleural lobes seem to correspond 
exactly with those of the axial lobe, so that there are 
four distinct pleural, segments in the anterior part 
with several others suggested or incOlnpletely defined 
in the' posterior part. The pleural segments thus 
appear as an outward prolongation of the axial seg
ments; the pleural segments, however, are subdivided, 
with the anterior semisegment of each pair narrower 
than the other and slightly depressed below it. In 
the general obsolescence of the segmen ta tion pos te
riorly the subdivision of the segments is first obscured 
and then the definition of the segments themselves. 
The marginal parts of the pygidium are unsegmented, 
forming a distinct but undefined border. The sur
face throughout appears to be uniformly and finely 
granulo.se. 

I have been unable to locate this pygidium under 
any of our 11ississippian species of Pr'oetus. It ap
pears to belong to an undescribed species or else, as 
its s111all size suggests, to be a young specimen of some 
known form. Of the described species some have 
]110re numerous segments; some that have about the 
saIne number of lateral segmerits have more 1l11lnerous 
axial segme:tHs. Even in this specimen the correspond
ence between the segments of the axial and pleural 
lobes nlay not be as cOlnplete as I supp03e, though 
discordance must be liluited to the posterior half. 
Proet'us swallowi has a like number of segments on the 
pleural lobes (seven), but it has eleven on the, axial 
lobe, and it is also much larger. Proetus tennesseensis 
comes nearest perhaps to the Boone fonn. It, is de-

scribed as having eight or Dine segluents on both the 
axial and pleural lobes, but nothing is said about the 
pleural segments being subdivided. Winchell reIn arks 
th,at the length of the pygidium ia nearly twice the 
breadth, proportions very different from those of Iny 
specimen, but Winchell evidently meant to say just the 
opposite, as he gives measurements tt length % inch and 
breadth % inch." In some respects this pygidimn 
luuch reselubles that of P. roundyi, especially the 
varietyalternatus. That species, however, hfts 11 axial 
segments; this apparently only 7 ~r S. 

Cythe~ella sp. 

This, the only ostracode in the collection', consists 
of a single valve which is poorly preserved but which 
clearly belongs to the genus Oytherella. It occurs on a 
chip of rather siliceous lilnestone, and the character of 
the inner or contact margin can not be determined. 
The outline is a little nlore strongly curved along the 
dorsal than. along the ventral side and Inore strongly 

, curved at the anterior than at the posterior end. A 
faint indentation occurs near the middle of the valve
probably the external expression of a muscle scar. 
The specjmen, which is probably a left valve, does not 
closely resemble any described species. The Ineasure
ments are, length 0.96 millimet.er, hejght 0.60 millilneter. 

REGISTER OF LOCALITIES CITED 

387. Batesville quadrangle, Ark. Loose pieces of chert in 
the bed of Spring Creek, a mile or two above Ruddell's mill. 
Upper' chert member of the Boone. 

387a. Same as 387. Another loose piece found near by. 
Upper chert member of the Boone. 

388. Batesville quadrangle, Ark. Spring Creek, 1 mile above 
the trestle near Ruddell's mill. Loose pieces of chert from the 
top of the hill, probably about in place. Upper chert member 
of the Boone. ' 

389. Batesville quadrangle, Ark. Loose blocks of chert, 
probably in place on hillside just south of station 390 but about 
150 feet higher in section. Upper chert member of the Boone. 

390. Batesville quadrangle, Ark. Hillside along Spring 
Creek, half a mile north of Ruddell's min, near Batesville, 
Ark. Lower part of black cal..:areous shale near the middle of 
the upper chert member of the Boone. 

1237B. Batesville quadrangle, Ark.' Probably in NW. U 
NE. U sec. 21, T. 13 N" R. 7 W. The point thus designated 
is 6 or 7 miles southwest of Batesville. Upper chert member 
of the Boone. ' 

1245A. Batesville quadrangle, Ark., Howards Wells, in 
SE. Usee. 28, T. 14 N., R. 5 W. Moorefield shale. 

1245B. Batesville quadrangle, Howards Wells, Ark. Speci
men thrown out in digging well. Given by the proprietor, 
Mr. Howard. Moorefield shale. 

1284A. Batesville quadrangle, Spring Creek, Ark. In :ra.il
road cut east of trestle over wagon road. Moorefield. shale 
(" Spring Creek limestone"). 

1248R. Batesville quadrangle, Spring Creek, Ark. Moore
field shale (" Spring Creek limestone"). 

1284T. Batesville quadrangle, Spring Creek, Ark. Loose 
material on railroad embankment. Moorefield shale (" Spring 
Creek limestone"). 
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1248V. Bntesville quadrangle, Spring Creek, Ark. 'Loose 
material on railroad embankment. Moorefield shale (" Spring 
Creck limestone "). 

1248W. Batesville quadrangle, Ark. Found loose on the 
railroad embankment nlong Spriilg Creek near Batesville. 
Upper chert member of the Boone. 

1248X. Batesville quadrangle, Ark. NE. ~ SW. ~ sec. 34, 
T. 14 N., R. 5 W. Moorefield shale (" Spring Creek limestone "). 

1248Y. Batesville quadrangle, Spring Creek, Ark. Railroad 
embankment. Moorefield shale (" Spring Creek limestone "). 

1248Z. Batesville quadrnngle, Spring Creek, Ark. Debris 
along railroad bank. Moorefield shale. 

2048. Batesville quadrangle, Ruddell's mill on Spring Creek, 
2Y2 miles west of Bntesville, Ark. Moorefield shale (" Spring 
Creek limestone ") . 

2049. Batesville quadrallgle, 2Y2 miles west of Batesville, 
Ark., cut on railroad above Ruddell's mill; about same as 2048. 
Moorefield shale (" Spring Creek limestone "). 

2049a. Batesville (jlladrangle, Ruddell's mill, 2Y2 miles west 
of Batesville, Ark. A single loose block of II Spring Creek lime
stone. " 

2049b. Snme H::; 2049n. Another loo::;e block. Moorefield 
shale (" Spring Creek lime::;tone "), 

2049c. Same as 2049a. Another loose biock. Moorefield 
shale (" Spring Creek limestone "). 

2049d. Batesville quadrangle, Ark. Railroad ballast adja
cent to cut at Ruddell's mill. Evidently from th~ "Spring 
Creek limestone." 

2049f. Batesville quadrangle, Ark. Loose material from 
Moorefield shale (" Spring Creek limestone "); Spring Creck, 
Ark., same locality as 2049a. 

2051. Batesville quadrangle, Moorefield, Ark.; hill opposite 
Godfrey's house., Moorefield shale. 

2051b. Batesville quadrangle, Moorefield, Ark.; hill near 
Godfrey's house. Moorefield shale. 

2051c. Batesville quadrangle, Moorefield, Ark. Moorefield 
shale. 

2053. Batesville quadrangle, cut on railroad about half a 
mile west of White River Junction, Ark. Moorefield shale 
(" Spring Creek limestone "). 

3203. Batesville quadrangle, 1 mile southeast of James, 
Ark. Limestone in Boone chert, 150-160 feet above base of 
Boone. 

3204. Batesville quadmngle, limestone quarry at Denieville, 
Ark. Limestone in Boone chert, about same hori~on as 
3203. ' 
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PLATE 9 

Chonetes miseri Girty, n. sp. (p. 81). 
Figures 1-3. A pedicle valve seen from above, X4 and natural size; side view in outline. 

Boone chert, James, Ark. (station 3203). 
Chonetes batesvillensis Girty, n. sp. (p. 82). 

Figures 4, 5. A pedicle valve taken as the type. Seen from above, X 2 and natural size. 
Boone chert, Denieville, Ark. (station 3204). 

Figure 6. Another pedicle valve, seen from above, X 2. 
Boone chert, James, Ark. (station 3203). 

Pustula incmssata Girty, 11. sp. (p. 86). 
Figures 7-9. A pedicle valve seEm from above, X 3 and natural size; side view in outline. 

Boone chert, Denieville, Ark. (station 3204). 
Prod1lctclla liirslltijormis (Walcott)? (p. 83). 

Figure 10. A fragment of a pedicle valve, deeply exfoliated. Its general relations appear to be with P. hi1"fmt1jonnis as identi
fied in the Moorefield shale. 

Boone chert, Denieville, Ark. (station 3204). 
Prod1lct'us magmts Meek and Worthen (p. 83). 

Figures 11, 12. A brachial valve preserved as an external mold with fragments of shell adhering to it. Seen from above and 
side view in outline. 

Boone chert, James, Ark. (station 3203). 
Prod1lctus cm'Wjm·dsvillcnsis Weller ? (p. 83). 

Figures 13, 14. A brachial valve preserved as an external mold. Seen from above and side view in outline. 
Boolle chert, Denieville, Ark. (station 3204). 

Productus mcsialis Hall? (p. 84). 
Figures 15, 16. External mold of a brachial valve that has been somewhat deformed by pressure. Seen from above and side 

view in outline. 
Figures 17-19. A pedicle valve that has been somewhat deformed by pressu·re and has lost some of its surface characters 

through exfoliation. Anterior view, posterior view, and side view in outline. The brachial valve 
shown by Figures 15 and 16 may belong with the species identified with Prod1wtus budingtoncnsis; 
this is hardly true .of the pedicle valve, by reason of its large spines. 

Boone chert, Denieville, Ark. (station 3204). 
Productus bw·lingtonensis Hall (p. 85). 

Figures 20, 21. External mold of a brachial valve. Visceral disk and side view. 
Figures 22-24. Three vie\vs of a pedicle valve that has been obliquely compressed 

Boone chert, .James, Ark. (station 3203) . 
. t'1vonia arkansan a var. m1tltilimta Girty? (p. 86). 

Figure 25. An imperfect pedicle valve of doubtful affinities. 
Boone chert, James, Ark. (station 3203). 
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PLATE 10 

S1)'in'jer floydensis Weller? (p. 87). 
Figures 1, 2. A pedicle valve, seen from above and side view in outline. 
]i'igures 3, 4. Similar views of another pedicle valve. 
]i'igure 5. An exfoliated brachial valve. 

Boone chert, .James, Ark. (station 3203). 
,r:37)i/"'l"j(~r 'incC1·tijonn'is Girty, n. sp. (p. 88). 

]i'igures 6-8. Three views of a pedicle valve of more than average length. 
Fig\l1'es 9, 10. A small transverse pedicle valve. 
]i'igures ll, 12. Two views of a strongly arched specimen which probably owes this peculiarity to compression. 
]i'igure 13. A brachial valve which is scarcely more than an hlternal mold. 
Figllre 14. A brachial valv(', similarly preserved, of somewhat different type. 

Boone chert, James, Ark. (station 3203). 
Spi1"l:Jcr inctJrtiJonnis Girty vttr. (p. 89). 

Figures 15-17. Three views of a pedicle valve distinguished by large costae in the sinus. 
Boone chert, James, Ark. (station 3203). 

S1)'in"j(J'r 'lI.'w·;hin(Jtonensis Weller val'. inc01nl)tus Girty, n. var. (p. 89). 
Figl\l'cs 18-21. Four views of a characteristic specimen. The same species apparently occurs in the fauna under consideration, 

but the specimens are too poor for illustration. 
Boone chert, mine dump, Prosperity, Mo. 
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PLATE 11 

Brachythyris suborbicularis (Hall) (p. 91) . 
. Figure 1. A large fragmentary pedicle valve. 

. Boone chert, Denieville, Ark. (station 3204) 
Figures 2, 3. Two views of a small pedicle" valve. 

Boone chert, James, Ark. (station 3203). 
Syringothyris subcuspidata (Hall) (p. 90)." . 

Figures 4-6. A rather broad pedicle valve, seen from above, side view in outline, and view of the cardinal area. 
Figures 7-9. Three similar views of a narrower and somewhat twisted pedicle valve. " 

Boone chert, Denieville, Ark. (station 3204). 
Pseudosyrinx gigas Weller. (p. 91). 

Figures 10-12. Cardinal area, anterior surface, and side view of a twisted pedicle valve. 
Figures 13-15. Three similar views of a small pedicle valve. 

Boone chert, James, Ark. (station 3203). 
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PLATE 12 

Rel'iwlfLria setige'l"(~ Hall var. intemascens Girty, n. var. (p. 91). 
Figures 1-3. Three views of an exfoliated pedicle valve. 
Figures 4-6. Three views of a pedicle valve that is not so deeply exfoliated. 
Figures 7, 8. A brachial valve which is practically an internal mold and shows the muscular imprint.s. 
Figures 9, 10. A brachial valve that retains most of the shell but has been some\\ihat flattened by pressure. 

Boone chert, James, Ark. (station 3203). . 
Figure 11. Internal mold of a pedicle valve in chert. 
Figure 12. Internal mold of a pedicle valve in chert. The specimen shows well the median septum, the dental lamellae, and 

the finely hachured surface. . 
Boone chert, Denieville, Ark. (station 3204). 

Spin!m"/:na sp. (p. 93). 
Figures 13, 14. Fragment of an exfoliated pedicle valve which retains traces of coarse concentric lamellae and is pierced by 

rather large and very scarce punctae. Seen from above and side view in outline. 
Boone chert, James, Ark. (station 3203). 

Figures 15-17. An exfoliated and somewhat broken pedicle valve. The section across the beak shows the presence·of a median 
septum. The surface retains traces of strong concentric lamellae, and scattered punctae can be 
seen here and there. Seen from above, side view in outline, and cardinal area. 

Boone chert, Denieville, Ark. (station 3204). 
S1>injm' mm·t'in'i'ljormis Girty (p. 89). 

Figures 18, 19. Two views of a pedicle valve showing the Martinia-like shape. 
Figure 20. Internal mold of a pedicle valve showing the imprints of well-dev-eloped (~nt:al ptates. The differences ill shape 

and convexity between the specimens, shown by a comparison of Figures 18 and 20, is due to the 
thickness of the shell which is present in the one and absent in the other. 

Boone chert, Denieville, Ark. (station 32(4). 
Orthonychia ~tn(rltla Weller (p. 94). 

Figures 21, 22. Side view and posteriur view of an imperfect specimen preserved as an internal mold. 
Boone chert, James, Ark. (station 3203). 

Orthonychia 'u:ndata (Winchell) (p. 94). 
Figures 23, 24. Two views of a specimen doubtfully referred to this species. 

Boone chert, James, Ark. (station 3203). 
Platyceras lat'!t1n Keyes (p. 95). 

Figures 25-27. An imperfect specimen which is an internal mold but for small pieces of shell that still adhere to it. It is 
represented as seen from above, from the side, and from the posterior end. 

Boone chert, James, Ark. (station 3203). 
Platyceras oxynot~tm Girty, n. sp. (p. 95). 

)i'igures 28, 29. The typical specimen, which is in large part an internal mold. The apex is restored from a fragment of the 
same shell left in the matrix. The specimen is represented as seen from the side and from above. 

Boone chert, James, Ark. ~station 3203). 
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·SALINITY OF THE WATER OF CHESAPEAKE BAY 

By ROGER C. 'VELLS, REGINALD Ie BAILEY, and EDWARD P. HENDERSON 

INTRODUCTION 

It is well known that the water of Chesapeake Bay 
is more or less salty. This characteristic has a bearing 
on navign.tion, engineering, the fish and oyster indus
tries, sanitation, sedilnentation, and many other mat
ters. The snltiness, or salinity, of the water is far from 
uniform throughout the bay, however, and the data 
presented in this contribution show the distribution, 
range, and variation of the salinity in so far as about 
2,500 deterJninations lnade at intervals during 1920, 
1921, imd 1922 could reveal the nature of the phe
nOlllenu. involved. The results show that definite 
physical factors are at work which, in spite of occa
sional seasonal fluctuations, tend to reproduce definite 
conditions fro.m year to year. Briefly, it lnay be said 
that the salinity of the water increases from the head 
of the bay to its mouth in a fairly regular way at any 
given tune and that the salinity also generally increases 
with depth at any given location. The final adjust-
luen ts reached are the result of a c01nplex interplay of 
severn.l different factors, whose separate influences are 
in this paper c;onsidered Ul connection with the indi
vidual dete.L'lninations. 

DeterJninn.tions of the salinity of the water of 
Chesftpeake Bay were lnade in the chemical laboratory 
of the United States Geological Survey at the request 
of the United States Bureau of Fisheries, cooperating 
in a general biologic survey of the bay lnade ~der the 
direction of Dr. R. P. Cowles, of Johns Hopkins 
University. The results are published by the Geo
logical Survey on account of the bearing they have on 
problems of geology, especially sedunentation, in 
Coastal Plain areas, the relation to biologic and other 
questions being left for consideration elsewhere. 
Doctor Cowles has kindly consented to release for 
publication the data on the telnperature, depth, loca
tion, and other features of the samples collected under 
his direction, which are essential to establish the records 
of the salnples. 

The saInples were collected frojn the Bureau of 
Fisherie's boat Fish Hawk, by nleaJlS of the usual water 
bottle a.nd with the precautions generally observed 
in collecting salllples of sea water. They were pre
served in CI Jnagnesium citrate" bottles. At the end 
of the cruise one set of samples was shipped to W ash
ington for deternlination of the salinity. The ther
mO.meters used to determine the temperature of the 

water at the different depths at the time of collection 
were standardized by the Bureau of Standards. 

The word "salinity" as used in this report, llleans 
the total nlUllber of parts, by weight, of cbenlical 
compounds of the same composition as those found in 
sea water, dissoived in 1,000 parts, by weight, of the 
salllple. More specifically, the salinity, S, is defined, 
according to I(nudsen,t as a definite function of the 
chlorid e con ten t, Cl, thus: . 

S = 0.030 + 1.8050C1 

PREVIOUS WORK 

A considerable nUlllber of deterlninations of the 
salinity of the water of ChesftpeakeBaywere published 
in 1916 by the United States Public Health Service in 
connection with a study of the pollution or" the tidai. 
waters of Maryland and Virginia. 2 Most of these, 
however, were made on samples from rivers and inlets 
along the borders of the bay. Some further deterIllina
tions were published in 1917 by Sale and Skinner.s 

but the localities are too scattering to establish any 
general relations concerning the distribution or the 
salinity over the bay as a whole. . ,I 

The determinations in these two papers fit in very 
well with those found in the present investigation. 
Some of the salinities found by Cumming in· 1914 in 
the sOlmds along the eastern shore of the bay are higher 
than those found by the writers at corresponding 
stations in the bay-a fact, however, which may be 
in harmony with the tendency outlined on page 109. 

ME'l'HOD OF DETERMINATION 

The salinity of each salnple was calculated fr01n the 
chlorine content, as deterIllined by titration by silver 
nitrate, potassium chromate being used as indicator. 
Titrations on Bureau of Fisheries samples Nos. 8707 
to 8737 were made by R. C. Wells, on Nos. 8738 to 
8769 by R. K. Bailey, and on Nos. 8770 to 9019 by 
E. P. Henderson. Mr. Wells supervised the methods 
used. Each author calculated the densities of the 
salllples he analyzed fr0111 the data in Knudsen's 
tables. 4 

I Knudsen, Martin, Hydrographische Tabellen, p. iii, Copenhagen, 1901. 
'2 Cumming, H. S., Investigation of the pollution of the"tldal waters of Maryland' .... 

and Virginia with special refel'ence to shellfish-bearing areas: Public Health BUll. 
74, 199 pp., with maps, 1916. 

3 Sale, J. W., and Skinner, W W., The vertical distribution of dissolved oxygen 
and the precipitation by salt water in certain tidal areas: Franklin Inst. Jour., 
December, 1917, pp. 837-848. 

j Knudsen, Martin, op. cit. 
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The titrations were lnade essentially as reCOln
mended by the Oonseil perlnanent international de la 
mer, except that an ordinary 50 cubic centimeter 
burette and a 15 cubic centimeter pipette were used. 
The silver nitrat~ solution was of such strength that 
about 41 cubic centimeters was required for a 15 ~ubic 
centimeter portion of normal sea water. This pro
cedure necessitates a little more calculation to reduce 
the results to standard form, but is believed to be fully 
as accurate as that with the special apparatus and 
silver nitrate solution. The usual precautions to 
maintain a uniform temperature and clean apparat~s 
were observed. 

The silver nitrate solution was standardized with a 
sample of sea water sent out from Oopenhagen, 
marked "01 =19.379 %0," which was checked and 
found to be correct on the basis of weighings in air and 
counting the bromine as an equivalent amount of 
chlorine. A pipette full of standard sea water is 
titrated against the silver nitrate solution after the 
addition of 5 drops of 10 per cent potassium chromate 
solution, until a definite pink color persists for about 
three minutes while the solution is stirred vigorously 
with a stirring rod. Suppose it is found that 42.58 
cubic centimeters of silver nitrate is required., Knud
sen's table on page 19 shows that sea water having 
19.38 parts of chlorine per thousand has a salinity of 
35.01 parts per thousand and a density at 0° of 1.02814. 
Knudsen's table on page 41 shows that the drensity of 
this water at 20° would be 1.02463-that is, 1 liter at 
20° would weigh 1,024.6 grams-and 1,024.6 grams of 
the water would contain 35.87 grams of salts, as 1,000 
grams contain 35.01 gran1s of salts by definition of the 
word salinity. , 

If now an unknown sttlnple is titrated and requires 
b cubic centimeters, of silver nitrate the salt content 

in gran1s per liter at 20° C. will be 42~58 X 35.87. 

The fraction !~:~~ will be a constant factor, and the 

product indicated gives the salt content in grams per 
liter at 20° for each sample titrated. The results are 
reduced to salinity, or parts per thousand, by means 
of the accompanying Table 1. It is not necessary 
that the titration should be made at exactly 20°, but 
it is essential that the silver solution and the sample 
being titrated should be at approximately the same 
temperature. It is obvious that the factor used 

(f~r 'example, !;:~~) should refer to the same temper

ature as the table of corrections (Table 1), and that 
this factor mlist be determined for each lot of silver 
nitrate solution made up. A large quantity of silver 
nitrate solution prepared at one time saves repeated 
standardizations, but' has the disadvantage of chang
ing in temperature more slowly than the small bottles 
of sea water being titrated. When many titration.s-

are to be made it is con venien t to have the silver 
nitrate solution kept in a dark bottle pi aced on a shelf 
above the burette but connected by a siphon so that 
the burette may be quickly filled merely by opening a ' 
pinchcock. 

TABLE 1.-Correction for red'ucing salt content expressed as grams 
per liter at 20° C. to salinity, OJ' lJarts per thousand 

Grams Grams 
per liter Correction per liter Correction 
at 20° C. fit 20" C. 

10 -0.06 26 -0.44 
11, -.07 27 -.48 
12 -.09 28 -.52 
13 -.11 29 -.56 
14 -.13 30 -.60 
15 -.15 31 -.64 
16 -.17 32 -.68 
17 -.19 33 -.72 
18 -.21 34 -.77 
19 -.23 35 -.82 
20 -.26 36 -.87 
21 -.29 37 -.92 
22 -.32 38 -.97 
23 -.35 39 -1. 03 
24 -.38 40 -1. 09 
25 -.41 

The density at 0° is read from the salinity by n1eans 
of Knudsen's tables, pages 1-22, and the density at 
the temperature the sample had when collected is cal
culated by means of the tables on pages 39-42. 

It is believed by the writers that the salinities and 
densities calculated as described above are bu~ slightly 
if at all inaccurate, even for the n10re dilute waters, 
as can be readily shown. The tables are based on 
the assumption that sea water is diluted with prac
tically pure water, whereas· in Chesapeake Bay it is 
actually diluted with river water of somewhat different 
composition from sea water. For example, Susque
hanna River water, according to Dole,S has the fol
lowing mean composition,in parts per million of dis
solved matter: Si02, 8.7; Fe, 0.09; Oa, 21; Mg, 4.6 j 
Na+K,8.9; HOOa, 54; S04, 31; NOa, 3.4; 01,8.1; 
total, 112. Here the ratio of total dissolved matter 
to chlorine is 13.8, whereas in sea water it is 1.806. 
But sea water is so much more salty than Susquehanna 
River water that the admixture of river water in 
such quantities as occur in Chesapeake Bay does not 
alter the ratio between the chlorine and total salts 
appreciably. 

As an illustration it is calculated that a mixture of 
6 kilograms of Susquehanna River water with 1 kilo
gram of sea water would have a chlorine cop.tent of 
2.62 grams per kilogram, from which the calculated 
salinity, according to Knudsen's table, would be 4.76 
and the density at 0° O. 1.00377. The true salinity 
of this mixture, determined by analysis, would be 4.81, 
and its density at 0° approximately 1.00382. The 
difference is of the order of the experimental error. 

6 Dole, R. B., U. S. Geol. Survey Wat.er-Supply Paper 236, p. 104, 1909. 
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Slight variations ill conlposition of the salts doubt
less occur with the season, but it would be impossible 
to make a cOluplete analysis of every smuple.6 It has 
not seelued worth the tune required to nlake any 
correction on this account. The lnethod used has 
perJnitted a In,rge nmnber of detenninations to be 
Inade, giving results which permit comparisons of 
the different waters on a conmlon basis, and so far 
as known n.o cOlnparisons will have any significant 
error on account of the slight departure of the w:aters 
fronl average ocean water. 

LOCATION OF STATIONS 

In accordance with the custom of the Bureau of 
Fisheries each station where samples were collected 
was designated by a consecutive nunlber, and con
sequently the saIne stations, or points as near as the 
navigator of the Fish Hawk could get to thenl, appear 
repeatedly with new nUlnbers. For the sake of 
sinlplicity these stations have been reduced to a 
sUlgle series of nUlllbers, 1 to 34, and stations differ
ulg by only very short distances are grouped together, 
provided the diffe.rences Ul location are not essential. 
The location of these stations by chart bearings and 
by latitude and longitude is given in Table 2. (See 
also pI. 13.) 

TABLE 2.-Location of stations in Chesapeake Bay 

------------------------------------------
Station Bureau of 

No. Fisheries Nos. Bearings, latitude, and longitude 

--_·-------1----------------------------
1 

2 

3 

8738 8928-
8799 8959 
8800 8960 
8866 9019 
8867 9078 

8739 

8736 8926 
8;40 8957 
8797 8962 
8802 9017 
8864 9076 
8869 

7 Foot Knoll Light W. by N. ~ N.; 
Craig Channel Light NW. 
Lat. 390 08' 49" N. 
Long. 760 19' 42" W. 

Sandy Poil'lt Light SW.; Baltimore Light 
W. 

Lat. 390 03' 52" N. 
Long. 760 20' 04" W. 

Off Sandy Point. Sandy Point' Light 
SW. by S. ~ S.; Baltimore Light NW. 
%: N. 

Lat. 390 02' 16" N. 
Long. 760 22' 27" W. 

4: 8737 8927 Love Point. Sandy Point Light SW. by 
8798 8958 . W. ~ W.; Baltimore Light NW. by W. 
8801 8961 % W. 
8865 9018 Lat. 390 02' 23" N. 
8868 9077 Long. 760 20' 30" W. 

5 8741 8954 
8796 8963 
8803 9014 
8861 9045 
8872 9073 
8925 

6 8735 8955 
8742 8964 
8804 9015 
8862 9046 
8871 9074 
8924 

Thomas Point Light N. by E. ~ E.; 
Bloody Point Light E. Va S 

Lat. 380 50' 10" N. 
Long. 760 27' 02" N. 

Bloody Point Light E. by S. about 1 %: 
miles. 

J .. at. 380 50' 09" N. 
Long.~76° 25' 44" W. 

o For slight c1lfTerences between wlediterranean water and average sea water see 
Bertmncl, Frellndler, ancI l\'i(mnger, C'ompt. R!1J1d., vol. 174, p. 1251, 1922. 

TABLE 2.-Location of stations in Chesapeake Bay-Continued 

Station Bureau of Bearings, latitude, and longitude No. Fisheries Nos. 

7 8734 8923 
8743 8956 
8795 8965 
8805 9016 
8863 9047 
8870 9075 

Bloody Point Light E. ~ N. about Yz 
mile. 

Lat. 380 49' 55" N. 
Long. 760 24' 08" 'V. 

8 8732 8952' Governor's Run Wharf W. ~ S. Va mile; 
8745 8967 .Spar buoy S 2 B N. %: w. . 
8793 9013 Lat. 380 30' 13" N. ! 

8807 9044 . Long. 760 28' 52" W. 
8859 9072 

9 

10 

11 

12 

8873 

8733 
8744 
8794 
8806 
8800 
8874 

8731 
8746 
8792 
8808 
8858 
8875 

8730 
8747 
8791 
8809 
8857 
8876 

8729 
8748 
8969 

13 8726 
8751 
8788 
. 8812 
8854 
8879 

14 8727 
8750 
8789 
8811 
8855 
8877 

15 8728 
8749 
8790 
8810 
8856 
8878 

16 8723 
8752 
&785 
8813 
8851 
8880 

17 ,8724 
8753 
8786 
8814 
8852 
8881 

18 8725 
8754 
8787 
8815 
8853 
8882 

8922 
8953 
8966 
9012 
9043 
9071 

James Island. North end' of Jam~s~ Is
land E. ~ N.; bell buoy 18 A N.:~ E. 

Lat. 380 31' 07" N. 
Long. 760 25' 09" \V. 

8921 
8951 
8968 
9011 
9042 
9070 

Cove Point. Cove Point Light N. Va W.; 
buoy 21 NE. by E. %: E. ' . . 

Lat. 380 21' 04" N. 
Long. 760 22' 11" W. 

I 

8920 
8950 
8969 
9010 
9041 
9069 

Barren Island. Barren Island Buoy., .. 16 . 
D, NE. by N. 200 yards. 

Lat. 380 20' 20" N. 
~ong, 76? 18' 09" W. 

Hooper Island. Hooper Island Lig~t S~.; 
Cedar Point Light NW. by W. % W.; 
Point No Point S. Va v.,r. 

Lat. 380 16' 22" N . 
. Long. 760 16' 36" W. 

8917 Point No Point. Point No Point Light 
8947 NW. by N. ~ W.; Point Lookout· Light 
8971 SW. by S. ~ S. .. 
9007 Lat. 380 07' 11" N . 
9038 Long. 760 16' 48" W. 
9066 

8918 Point No Point. Point No Point Light 
8948 W. by N. ~ N.; Point Lookout:Light 
8970 SW. % W. . 
9008 Lat. 380 07' 09'" N. 
9039 Long. 760 13' 32" W. 
9067 

8919 Holland Island. Point No Point Light 
8949 'V. VB N.; Holland Bar Light SE. ~ S. 
9009 Lat. 380 07' 20" N. 
9040 Long. 760 09,' 44" W. 
9068 

8914' 
8944 
8974 
9004 
9035 
9063 

Mouth of Potomac. Point Lookout Light 
NE. by E. ~ E.; bell buoy 5 NW. ~ N. 

Lat. 370 59' 56" N. 
Long. 760 23' 19" \V. 

I 

I 

8915 Mouth of Potomac. Point Loo.1<out Light 
8945 NE. by E. % E.; Point Lookout buoy, 
8973 N 2, E. ~ s-:- . 
9005 Lat. 380 01' ·21" N. 
9036 ,Long. 76° 21' 14"~ W. 
9064.-

8916 Mouth of Potomac. Point Lookout Light 
8946 E. by S. ~ S.; Point Lookout buoy, N 2, 
8972 SE. ~ S. 
9006 Lat. 380 02' 28' 'N. 
9037 Long. 760 20' 43" ,V. 
9065 
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TABLE 2.-Location of stations in Chesapeake Bay-Continued TABLE 2.-Location of stations in Chesapeake Bay-Continued 

Station Bureau of 
No. Fisheries Nos. 

19 8722 8913 
8756 8943 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

- 8782 8975 
8817 9002 
8850 9033 
8884 9061 

8755 8942 
8783 8976 
8816 9003 
8849 9034 
8883 9062 
8912 

8721 8911 
8757 8941 
8784 8977 
8818 9001 
8848 9032 
8885 9060 

8720 8910 
8758 8940 
8781 8978-
8819 9000 
8847 9031 
8886 9059 

8719 8909 
8759 8939 
8781 8979 
8819 8999 
8846 9030 
8887 9058 

8717 8907 
8760 8938 
8780 8981 
8820 8998 
8845 9029 
8889 9057 

8718 8937 
8779 8980 
8821 8997 
8844 9028 
8888 9056 
8908 

8716 8778 
8761 8822 

8715 8906 
8762 8936 
8777 8982 
8823 8996 
8843 9027 
8890 9055 

8714 8905 
8763 8935 
8776 8983 
8824 8995 
8842 9026 
8891 9054 

8713 8904 
8764 8934 
8775 8984 
8825 8994 
8841 9025 
8892 9053 

Bearings, latitude, and longitude 

Smith Point Light W. Y2 N.; Great Wi
comico Light SW. by W. Y2 W. 

Lat. 37° 52' 35" N. 
Long. 76° 09' 05" W. 

Smith· Point Light 'V. %: N.; Tangier 
Light SE. % S. 

Lat. 37° 52' 34" N. 
Long. 76° 05' 33" W. 

Smith Point Light NW. by N.;, buoy 
NNW.; Great Wicomico Light 1:;W. by 
W.Y2 W. 

Lat. 37° 51'40" N. 
Long. 76° 09' 48" W 

Off Rappahannock Spit. Windmill Point 
Light W. Y2 N.; bell buoy SW. by W. 
Y2 W. 

Lat. 37° 35' 52" N. 
Long. 76° 11' 37" W. 

Off Rappahannock Spit. Windmill Point 
Light W. by N. ~ N.; bell buoy W. 
%N. 

Lat. 37° 35' 20" N. 
Long. 76° 09' 07." W. 

Off Sandy Point. Can buoy 1 E. % S. 
3Y2 miles; buoy 10 C N. by E. ~ E. 

Lat. 37° 33' 02" N. 
Long. 76° 02' 06" W. 

Sandy Point. Can buoy 1 SE. Y2 E. 
about 1 mile; spar buoy, o. c. c. w, 
10 B, SW. by S. Y2 S. 

Lat. 37° 33' 51" N. 
Long. 75° 59' 36" W. 

New Point Light SW. by W. ~ W.; Wolf 
Trap Light W. Y2 N. . 

Lat. 37° 23' 31" N. 
Long. 76° 04' 49" W. 

New Point Comfort. Buoy C 9 NW. by 
N. ~ N.; New Point Comfort Light 
NW. %: W.; York Spit Light S. by W. 
Y2 W. 

Lat. 37° 16' 50" N. 
Long. 76° 14' 12" W. 

Off New Point Comfort. New Point Com
fort Light NW. by W. % W.; York Spit 
Light SW. Y2 W.; buoy C 7 W. 

Lat. 37° 15' 58" N. . 
Long. 76° 11' 00" W. 

Off Cape Charles City. Plantation Light 
SE. by E.; buoy 10 E. by N. % N.; buoy 
15 S. by E. Va E. -

Lat. 37° 15' 50" N. 
Long. 76° 07' 44" W. 

Station Bureau of 
No. Fisheries Nos. 

30 8712 8903 
8765 8933 
8774 8985 
8826 8993 
8840 9024 
8893 9052 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

8711 

8707 8929 
8769 8988 
8770 8989 
8831 9020 
8898 9048 

8899 

8710 8902 
8766 8932 
8773 8986 
8827 8992 
8839 9023 
8894 9051 

8709 8901 
8767 8931 
8772 8991 
8828 9022 
8838 9050 
8895 

8708 8900 
8768 8930 
8771 8987 
8829 8990 
8837 9021 
8896 9049 

8836 

8835 

8834 

8833 

8832 

Bearings, latitude, and longitude 

Cape Charles City. Plantation Light 
SE. % S.; buoy 10 N. U E. 

Lat. 37° 15' 18" N. 
Long. 76° J4' 54" W. 

South end of 35-foot channel. Bnov S. '.I: 
N. by W. % W.; buoy 2 S\V. Va S. 

Lat. 37° 09' 10" N. 
Long. 76° 06' 31" W. 

Thimble Shoal. Thimble Shoal Light 
ENE. %: E.; can buoy 15 SE. Va E. 

Lat. 37° 00' 35" N. 
Long. 76° 15' 24" 'V. 

Bell buoy 2 N. by "T. % 'V.; bell buoy 3 
W.~N .. 

Lat. 36° 57' 56" N. 
Long. 76° 04' 52" W. 

Cape Charles. Cape Charles Light NE.; 
buoy E. Y2 S.; lightship SW. by S. 3~ S. 

Lat. 37° 03' 22" N. 
Long. 75° 58' 24" 'V. 

Between the capes. Lightship S. % E.; 
Cape Henry Light S. ~ W. 

Lat. 37° 00' 10" N. 
Long. 76° 00' 42" \V 

Cape Henry. Cape Henry Light SW. by 
S. % S.; lightship N. % 'V. 

Lat. 36° 56' 56" N. 
Long. 75° .59' 52" W. 

Atlantic Ocean E. ~ S. from whistle buoy 
off Cape Henry; line of 10 fathoms depth; 
about 30 miles out. 

Lat. 36° 56' N. 
Long. 75° 35' W. 

Similar to 37; line of ~O fathoms depth; 
about 50 miles out. 

Lat. 36° 56' N. 
Long. 75° 11' W. 

Similar to 37; line of 40 fathoms depth; 
about 70 miles out. 

Lat. 36° 56' N. 
Long. 74° 42' ·W. 

Similar to 37; line of 50 fathoms depth; 
about 83 miles out. 

Lat. 36° 56' N. 
Long. 74° 38' \V. 

Similar to 37; line of 100 fathoms depth; 
about 87 miles out. 

Lat. 36° 56' N. 
Long. 74° 35' W. 
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V ARIATIONS OF SALINITY 

VARIATIONS OVER THE BAY AS A WHOLE 

The salinity of the water increases fr0111 the head of 
the bay to its 11l0Uth at any given tillIe, but not in a 
wholly regular way. It is approxu11ately 6 in the 
latitude of Baltullore and about 24' between Cape 
Charles and Cape Ifenry; that of average sea water 
is about 33. There is a tendency toward higher 
salinities on the east side of the bay than on the west 
side at the Salne latitude. Although this condition 
has been ascribed to the fact that the principal rivers 
enter the bay on its west side, the rotation of the 
earth may also be a factor. It is well known that a 
body moving freely in any du'ection on the surface 
in the Northern IIemisphere is deflected to the right, 
and many instances of the operation of this tendency 
have been noted in the 11lovelnent of natural waters, 
Thus, the Gulf Stream flows across to Europe and 
the polar currents are deflected toward Greenland and 
Labrador. Above Pa~uxent River there is not much 
difrercnce in the stream flow into Chesapeake Bay on 
the east and west sides, and most of the water enters the 
bay from the Susquehanna at its head, yet there is still 
a slight difference in salinity on the two sides. This is 
what would be expected if it is assUllled that the out
flowing lighter water is deflected to the right and passes 
south along the west side of the bay. The difference in 
salinity between the east and west sides of all the lower 
portion of the bay is In arked , and the relations in the 
channel between the capes are also what would be ex
peeted frOlll the operation of the principle cited above. 

The principal drainage areas furnishing water to 
Chesapeake Bay are shown in Table 3, together with 
estirnates of their 111ean rate of contribution.7 

TABLE 3.-Annual inflow into Chesapeake Bay 

Susquehn.nnn. River Bn.sin _______________ _ 
West shore of bn.y between Susquehn.nnl1 

and Potomnc Rivers __________________ _ 
Potomn.c Hi Vel' Basin _ .. _________________ _ 
Rn.ppn.hn.nnock River Basin n.bove Fred-ericksburg ___________________________ _ 
Ru.ppn.hn.nnock River Bn.sin below Freder

ieksburg n.nd minor stremns tributary 
to the bny between Potomn.c River and 
latitllde 37° 30' ______________________ _ 

In.mes River n.bove Cu.rtersville __________ _ 
Appomattox HiveI' above Mattoax- ______ _ 
Baln.nce of In.mes River Basin, all of York 

River Bu.sin, and all minor strenms tribu
tary directly to the bay between latitude 
37° 30' n.nd Cape Benry ______________ _ 

East shore of bay between Susqueha.nna 
River u.nd Cape Charles _______________ _ 

Chesnpeu.ke Bu.y itself __________________ _ 
Grand total _____________________ _ 

Drainnge 
area (square 

IIllles) 

27,400 

2,390 
14, 140 

1,590 

1,310 
6,230 

745 

6,340 

3, 980 
64,.125 
3,380 

67, 505 

Mean rate 
of contri

bution 
(second

feet) 

41,300 

3, 230 
14,850 

1,710 

1,440 
7,540 

930 

6,970 

5,580 
83,550 

a 4, 500 
88, 050 

o MOlin IInnl1nl rnlnfnll on hay nhout 41i inchos; ovaporation assumed to be 60 per 
cont of mlnfnll. SOIllO Inter calculations by ono of tho writcrs indicate that the 
nlllllmi ovnporntlon is noarer tho annual minfnll; if this is correct, the net contri
buti<)!1 over tho bny ItseiC is negligible, 

7 From U, S. 0001. Survoy Wator-Supply Paper 234, p. 52, 1009, and other water
supply PIlPOI'S' 8llmmarlr.ed for tl10 writors by J, C. Hoyt, of the Geological Survey. 

Fr01n the data in Table 3 and the known cross sec
tion of Chesapeake Bay it is calculated that the aver
age outward current is about 0.3 nautical lnile an 
hour. The rate naturally varies with the cross section 
of the bay. This rate, however, appears sufficiently 
large to warrant a consideration of the effect of the 
earth's rotation on the direction of the currents. The 
tides convert the net outflow into a series of iInpulses, 
first one way and then the other, and these do not occur 
in the same direction siInultaneously over the whole 
area of the bay. Any given phase of the tidaliInpulse 
occurs about nine hours later in the latitude of Balti
Inore than at Cape Henry. Winds and seasonal flows 
also cause large variations in the currents in the bay, 
and the net result of all of these movements is a greatly 
accelerated lnixing of the water of different densities 
and salinities. 

Deterlninations by Doctor Cowles at station 14 
January 25 and 26, 1921, by means of current Ineters 
and at different depths, showed rates of flow both 
above and below the mean rate "given above. The 
highest rate was 1.70 miles an hour at a depth of 
30 meters, the lowest 0.14 mile at the surface. Sunilar 
deterlninations at station 1 on January 27 and 28 
ranged fr0111 0.14 mile at a depth of 5 nleters to 2.07 
miles at the surface. Determinations at station 1 
on March 26 and 27 ranged from 0.12 to 1.10 lniles, 
both at the surface and with nearly the same direction 
of the wind, but on March 30 and 31 at the sanle sta
tion the variation was only from 0.02 to 0.46 mile. 
At station 14 on June 1 and 2 the rate ranged from 
0.04 to 0.83 mile; 'at station 1 on the two following 
days the range at the surface was from 0.03 to 1.43 
miles and at depth fr01n 0.07 to 0.96 nlile. The sur
face velocities of the ebb tides are about 0.1 mile 
greater at their maxullum than those of the flood tides 
in the latitude of Point Lookout, whereas at Cape 
Henry Light the difference is about 0.5 Inile, other 
conditions being siInilar. 

'The salinity of Chesapeake Bay water generally 
increases with depth. In other words, thel'e must be 
a slow movement of the denser water from the .ocean 
up the bay in the deepest channels, while the lighter 
water flows out over the heavier. For the reason 
mentioned above, however, this current. also bears 
slightly toward the right-that is, in general toward 
the east side of the bay. Between Cape Henry and 
Cape Charles the net movement is of course outward, 
but there is also a slight under current of salt water 
moving inward at depth, chiefly on the Cape Charles 
side, which 1naintains the salinity of the bay. 

Table 4 gives in a condensed form the average saluli
ties observed at the surface and at the bottom at each 
station on the dates for which observations are avail
able. The results are also shown graphically by 
curves in Figures 11, 12, and 13. In preparing these 
curves all observations for each station were averaged 
to a single figure for each period during which samples 



110 SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY, 1928 

were collected. FrOln the curves figures were then 
taken for each of the 12 months and averaged to 
obtain the anm.ial mean for that station at the surface 

twelfth, and no more, in the annual mean. It is real
ized that the data are not as extended as might be desir
able for calculating either monthly or annual averages, 
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FIGURE n.-Salinity at stations 1 to 14, Cbesapeake Bay, by months 

and at the bottom-that is, the annual lnean was 
obtained partly by graphic interpolation and is not 
exactly the arithmetical mean of the figures in Table 4. 
As thus calculated each lnonth received a weight of one-

yet the curves and averages give a better idea of the rela
tions than could be obtained from nurnerical data alone. 

It should be borne in mind that like other measure
lnents dependent on such natural conditions as rain-
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fall find stol'lns, the salinity is subject to occasional 
temporary and sOlnetimes large variations from the 
mean, but it constantly tends to return to a fairly 

lady, in the fall, after the evaporation of the sunuuer, 
the salinity gradually increases to a slightly higher and 
more steady figure. 
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steady and regular figure. As would be expected 
from the usual spring floods in the Susquehanna 
River, there is a general tendency toward lower salmi
ties, especinHy in the upper bay, in the spring. Simi-

VARIATIONS OF SALINITY AT SINGLE STATIONS 

The conclusions set forth a.bove are the results of 
averages and lneasurements on a large scale. Nu
merous individual lueasurelnentsat the different sta-
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tions, however, show variations of nlany kinds, eaeh 
dependent on a separate factor, as might be expected 
from the nature of the forces involved. In its simplest 
terms the process that goes on in Chesapeake Bay is 
merely one of mixing river water with ocean water
a process in which the winds and the tides take part, 
the fonner with occasional large effects, the latter with 
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conversely, the configuration of the bottom is partly 
dependent on the curren.ts. The density of the water 
depends both on its salinity and on its temperature. 
These separate factors may sometimes assist or some
times oppose each other, so that the corresponding 
results occasionally vary widely. Illustrations of 
these relations may be found in the accOlnpanying 
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FIGURE 13.-Salinity at stations Zl to 36, Chesapeake Bay, by months 

unceasing regularity, and increasing in effect with the 
nearness to the ocean. Some of the Qther factors 
are rainfall, evaporation, and changes in temperature 
of the water. The adjustments reached are obviously 
the resultant of a complex interplay of forces, each 
v~rying in its own particular way. The discharge of 
the rivers, the rainfall, and the evaporation vary with 
the season of the year. The currents in the water are 
determined not only by the tides, but also by the 
winds, by the small normal discharge to the ocean, and 
partly by the configuration of the bottom, although, 

data, such as different· salinities at the same station 
in different years, months, days, or even hours of the 
day, or, on the other hand, occasionally very slight 
variations over long intervals. Thus the salinities 
found in May, 1920, were uniformly low over the 
whole bay. 

When it is noted that the average salinity changes 
a unit in 3 miles at some localities on the bay and 
that the tides sweep the water back and forth fo1' 
greater distances than this in many places it is clear 
that considerable occasional variations are to be ex-
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pected at individual stations. Similarly, at lllany 
localities the suJinity changes on the average as much 
ns a unit in a depth of 5 lneters. Greater differences 
due to incomplete mixing are COlllmon. 

Continuous records over 24-hour periods at different 
de tes are shown in Table 5 for stations 1 and 14, and 
two such records are plotted in Figure 15 for four 
depths at station 14, about the lniddle of the bay east 
of Point No Point. These curves show that the sur
face water and bottom water vary less in salinity than 
the in tel'mediate waters. The constancy in the bot
tOln water is probably due in part to the lag in its 
motion caused by friction between the water and the 
bottOln; that of the surface water lllay be caused by 
the more thorough IllL'Xing brought about by the winds 
and the waves. 

The greatest llI0Vement seenIS to be shown in inter
mediate waters. In some of these the variations are 
irregular, as if the sampling bottle had penetrated first 
one layer then another. In others the variations are 
clearly due to the tides-that is, flood tides bring 
denser water, ebb tides lighter water. The differences 
in density due to differences in tenIperature are shown 
in the tables, but lnost of thOlll are far smaller than 
those due to differences in salinity, so that only the 
salinjty has been plotted in Figure 15. 

The salinity of the water in the deep "holes" of the 
bay is somewhat more constant, with regard to both 
depth and the season, than it is in lllany shallow parts 
of the bay, as might be expected from analogy with 
well-known relations in oceanic circulation. The 
relatively denser water in the "holes" would be ex
pected to be nIore or less stagnant. In channels this 
lllight not be so, however, but sufficient observations 
hnve not been made to establish any definite correla
tions between the density of the water and the flow in 
the channels. 

TABJ.E 4.-Salinity of the water at. stations ,in Chesapeake Bay 

I Fo)' location or the statiQns see pI. 13. The figures in parentheses indicate the 
numbe)' or observations averaged to obtain the salinity given] 

Station 1 (bottom depth 11 metors) 

SAlinity 

DAte 
SurrflCO Bottom 

Jan. 27, 
1921 ___________________ 

7.2 (11) 13.5 (9) 
Mar. 6, 1920 ____________________ 10.3 (11) 12.0 (10) 
Mar. 26, 

1921 ___________________ 
3.7 (15) ------------Mar. 30,1922 ___________________ 5.6 (5) 10. 3 (15) 

May 8,1920 ____________________ 2.3 6.5 
June 3, 

1921 ____________________ 
6.2 (16) 12.5 (16) 

July 3, 1920 ____________________ 6.8 (16) 12.8 (15) 
Aug. 26,1920 ___________________ 6.0 (16) 15.5 (16) 
Oct. 15, 1920 ___________________ 9.4 (16) 14.2 (16) 
Dec. 10, 1920 ___________________ 5.1 (16) 15.3 (16) 

Annual mealL ____________ 6.3 12.9 

Station 2 (bottom depth 13.7 motol'S) 

Mar. 7, 1920 ___________________ 1 11.6 
1 15. 1 

TABI,E 4.-Salinity of the 1vatm' at stations in Chesapeake Bay
Continued 

Station 3 (bottom depth 13 moters) 

Salinity 

Date 

Jan. 17, 1920 __________________ _ 
Jan. 27, 192L _________________ _ 
Mar. 6,1920 ___________________ _ 
Mar. 28, 192L _________________ _ 
May 7,1920 ___________________ _ 
June 3, 192L __________________ _ 
July 4,1920 ___________________ _ 
Aug. 26,1920 __________________ _ 
Oct. 17, 1920 __________________ _ 
Dec. 9,1920 ___________________ _ 

Annual mean ____________ _ 

SurrflCO 

12.0 
10.4 
12.4 

6. 0 
4.0 
5.8 
8.6 
8. 8 (2) 

10.4 
9.1 

8.3 

Station 4 (bottom depth 21 meters) 

Jan. 17, 1920___________________ 12.3 
Jan. 27, 192L__________________ 10.9 
Mar. 28, 192L__________________ 5.3 
Mar. 29,1922___________________ 5.7 
May 7,1920____________________ 4.4 
June 3, 192L___________________ 5.9 
July 4,1920____________________ 7.9 
Aug. 26, 1920___________________ 8.7 
Oct. 17, 1920 ________________________ _ 
Dec. 9,1920____________________ 10.6 

Ann ual mean _ _ _ _ _ _ _ _ _ _ _ _ _ 8. 1 

Station 5 (bottom depth 10 metel'S) 

Jan. 25,1922___________________ 11. 3 
Jan. 27, 192L__________________ 11. 1 
Mar. 7, 1920 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 13. 8 
Mar. 28, 192L_________________ 8.1 
May 7,1920____________________ 6.4 
June 3, 192L___________________ 7.3 
JUly 4,1920____________________ 9.8 
Aug. 26,1920___________________ 8.7 
Oct. 17, 1920 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 11. 8 

Ann ual mean _ _ _ _ _ _ _ _ _ _ _ _ _ 9. 9 

Station 6 (bottom depth 13 meters) 

Jan. 17, 1920 __________________ _ 
Jan. 25,1922 __________________ _ 
Jan. 27, 192L _________________ _ 
Mar. 7, 1920 __________________ _ 
Mar. 28, 192L ________________ _ 
June 3, 192L __________________ _ 
July 5, 1920 ___________________ _ 
Aug. 26,1920 __________________ _ 
Oct. 17, 1920 __________________ _ 
Dec. 9,1920 ___________________ _ 

13.0 
11. 6 
11. 4 
13.7 
8.4 
8. 4 
9.0 
9. 6 

12.2 
10.4 

Bottom 

17.2 
14.2 
14.8 
12.4 
5.8 

16.2 
8.9 

17. 7 (2) 
15.3 
16.8 

13.9 

17.4 
14.5 
13.0 
15.8 
7.2 

20. 0 
15.4 
13.4 
16.0 
17.7 

14. 9 

12.1 
11. 1 
14. 1 
9.2 
8.8 

15.4 
10.1 
13.4 
15.0 

11.8 

14.5 

11. 4 
14. 8 
11. 3 
11. :3 
16.2 
10. 2 
15.6 
12.6 

Annual mean_____________ 10.5 13.1 

Station 7 (bottom depth 27 meters) 

Jan. 17, 1920 __________________ _ 
Jan. 25,1922 __________________ _ 
Jan. 27, 192L _________________ _ 
Mar. 7, 1920 __________________ _ 
Mar. 29, 192L ________________ _ 
May 7, 1920 _____________ :. _____ _ 
June 3, 192L __________________ _ 
July 5,1920 ___________________ _ 
Aug. 26,1920 __________________ _ 
Oct. 17, 1920 __________________ _ 
Dec. 9,1920 ___________________ _ 

13.6 
13.3 
12.1 
13.8 
7.4 
5.8 
8.4 
9. 4 

10.6 
13.7 
12.4 

Annual mean ____________ -1----ul8 

18. 1 
18.4 
13.3 
15.7 
13. ti 
15.7 
18.6 
17.5 
18.7 
16.5 
13.3 

15.5 
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TABLE 4.-Salinity of the water at .stations in Chesapwke Bay- TABLE 4.-Salinity of the water at stations in Chesapeake Bay-
Continued Continued 

Station 8 (bottom depth 10 meters) Station 13 (bottom depth 13 meters) 

Salinity Salinity 

D~ D~ 

Surface Bottom Surface Rottolll 

.Jan. 16, 1920 ________________________ _ 
Jan. 25,1922___________________ 13.0 
.Jan. 26, 192L__________________ 12.4 
Mar. 8,1920___________________ 15.0 
Mar. 29, 192L ________________ . ______ _ 
May 7,1920____________________ 6.3 
June 3, 192L___________________ 10.6 
JUly 5, 1920 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 11. 3 
Aug. 25,1920___________________ 9.9 
Oct. 17,1920 __ '_________________ 13.0 

Annual mean_____________ 10.9 

Station 9 (bottom depth 22 meters) 

Jan. 16, 1920___________________ 14.1 
Jan. 24,1922___________________ 13.2 
Jan. 26, 192L__________________ 13.0 
Mar. 8,1920___________________ 15.4 
Mar. 29, 192L_________________ 10.9 
Mar. 29,1922__________________ 11. 9 
May 7,1920____________________ 6.9 
June 3, 192L___________________ 10.6 
July 5,1920 __ ·__________________ 11.4 
Aug. 25,1920 ________________________ _ 
Oct. 17, 1920___________________ 13.7 
Dec. 9, 1920______________ ______ 14.7 

Allnual'mean_____________ 12.3 

Station 10 (bottom depth 7 meters) 

Jan. 16, 1920 __________________ _ 
Jan. 24,1922 __________________ _ 
Jan. 26, 192L _________________ _ 
Mar. 8,1920 ___________________ _ 
Mar. 28, 192L _________________ _ 
Mar. 29,1922 __________________ _ 
May 7,1920 __ '- ________________ _ 
June 2,1920 ___________________ _ 
July 5, 1920 ___________________ _ 
Aug. 25,1920 __________________ _ 
Oct. 18, 1920 __________________ _ 
Dec. 8,1920 ___________________ _ 

Ann ual mean ____________ _ 

14.1 
13.8 
13. 1 
15.6 
11. 4 
12.3 
7.0 

11. 0 
11. ,I') 
10.7 
13.8 
14.6 

12.3 

Station 11 (bottom depth 47 meters) 

Jan. 16, 1920 __________________ _ 
Jan. 25,1922 __________________ _ 
Jan. 26, 192L _________________ _ 
Mar. 8,1920 ___________________ _ 
Mar. 28, 1922 __________________ _ 
Mar. 30, 192L _________________ _ 
May 7, 1920 ___________________ _ 
June 2, 192L __________________ _ 
July 5,1920 ___________________ _ 
Aug. 25, 1920 ______ . ____________ _ 
Oct. 18, 1920 __________________ _ 
Dec. 8,1920 ___________________ _ 

14.9 
15.8 
14.4 
15.9 
11. 9 
13.7 
7.1 

11.2 
11. 1 
12.8 
14.4 
14.9 

Annual mean _ _ _ _ _ _ _ _ _ _ _ _ _ 13. 1 

13.5 
13.1 
12.4 
15.0 
11.5 
11.9 
14. 3 
11.7 

9. 9 
13.0' 

,12.4 

18.6 
19.8 
13.7 
15.6 
16.2 
16.9 
15.9 
18.9 
19.0 
18.8 
17.4 
15.8 

17.5 

13.8 
13. 1 
15.6 
11.8 
13.7 
7.3 

11.0 
19.9 
12.6 
13.8 
14.5 

13.5 

20. 0 
20.6 
17.7 
16.1 
15.9 

(6) ___________ _ 

17.8 
19.8 
19.4 
19. 7 
20. 0 
19.6 

18.9 

Jan. 15, 1920___________________ 14.2 
Jan. 23,1922___________________ 15.2 
Jan. 25, 192L__________________ 13.3 
Mar. 8, 1920____________________ 15.8 
Mar. 31, 192L__ _ _ _ __ __ _ _ _ _ _ _ _ _ _ 13. 1 
May 6,1920____________________ 7.3 
June 1, 192 L _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 12. 2 
J uJy 7, 1920 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 12. 3 
Aug. 24, 1920___________________ 13.3 
Oct. 19, 1920 ______________________________ _ 
Dec. 7, 1920__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 15. 0 

14.5 
15. 4 
13.3 
15.8 
14.1 
13.8 
13.2 
17.3 
J3.3 
15.7 
15.0 

Annual mean_____________ 13.2 14.8 

Station 14 (bottom depth 37 meters) 

Jan. 15, 1920 __________________ _ 
Jan. 23,1922 __________________ _ 
Jan. 25, 192L _________________ _ 
Mar. 8, 1920 ___________________ _ 
Mar. 27,1922 __________________ _ 
Mar. 30, 192L _________________ _ 
May 6,1920 ___________________ _ 
June 1, 192L __________________ _ 
July 6, 1920 ___________________ _ 
Aug. 24,1920 __________________ _ 
Oct. 18, 1920 __________________ _ 
Dec. 7,1920 ___________________ _ 

14.7 
15.4 
14.3 
15.9 
12.7 
14.2 
7.3 

12.2 
12.6 
13.8 
15.8 
15.3 

(15) 
(16) 

(12) 
(16) 

(16) 
(16) 
(9) 

(16) 
(15) 

20.3 
19.8 
15.7 
16.4 
16.8 
15.3 
18. 1 
19.2 
20.1 
19.6 
22.0 
19.5 

Annual mean_____________ 13.6 19.2 

Station 15 (bottom depth 8 meters) 

.Jan. 15, 1920 __________________ _ 
Jan. 24, 1922 __________________ _ 
Jan. 26, 192L _________________ _ 
Mar. 8,1920 __________________ _ 
Mar. 28,1922 _________________ _ 
May 6, 1920 __________________ _ 
June 2, 192L _________________ _ 
July 6, 1920 ___________________ _ 
Aug. 25, 1920 _________________ _ 
Oct. 19, 1920 __________________ _ 
Dec. 8, 1920 ________ - _________ _ 

Annual mean ____________ _ 

15. 0 
15. 1 
14 .. 5 
16. 1 
12. 7 

7. 3 
12.5 
13.3 
13.6 
15.2 
15.2 

13.6 

Station 16 (bottom depth 11 meters) 

Jan. 15, 1920___________________ 13.7 
Jan. 23,1922___________________ 13.9 
Jan. 24, 192L__________________ 11.9 
Mar. 9,1920___________________ 11. 2 
Mar. 27, 1922 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 11. 0 
Mar. 31, 192L_________________ 13.3 
May 6, 1920 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 6. 8 
June 1, 192 L _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 7. 5 
July 7, 1920 _____ ~______________ 12.9 
Aug. 24,1920__________________ 12.3 
Oct. 19, 1920 ________________________ _ 
Dec. 7,1920___________________ 14.6 

Annual mean_____________ 11. 9 

15. 1 
16.1 
14.5 
16.2 
13.6 
9.4 

12.8 
13.2 
13. 6 
16. 6 
1.5. 3 

14.7 

14. 0 
14.3 
13.2 
15.7 
13.2 
13.2 
8. 7 

12. g 
15.7 
12. 4 
15.0 
14. 7 

13. 5 

(16) 
(16) 

(15) 
(16) 

(16) 
(16) 
(15) 
(16) 
(16) 
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TABJ.]~ 4.-Salinity of the water at stations in Chesapeake Bay- TABLE 4.-Salinity of the water at stations_ in Chesapeake Bay-
Continued ' Continued 

Station 17 (bottom depth 22 meters) Station 21 (bottom depth 44 meters) 

Snlinity Salinity 

Dn~ D8~ 

.Jan. 15, 1920 __________________ _ 
In.n. 23,1922 __________________ _ 
Jan. 24,1921- _________________ _ 
Mar. 9, 1920 ____ - _ - _________ - - -
M n.r. 27, 1922 ___ - _ - ___________ _ 
lY.: n.r. 31, 1921. ________________ _ 
M H.y 6, 1920 ______ - _________ - __ 
June 1, 192L _________________ _ 
.July 7,1920 ___________________ _ 
Aug. 24,1920 _________________ _ 
Oct. 19, 1920 __________________ _ 
Dec. 7, 1920 _____ - - _ - _________ _ 

Annlln.l mean ____________ _ 

Surrnce 

14.6 
14.6 
13. 6 
12. 1 
10.4 
13. I' 
7.2 
7. 2 

11. 4 
13. 2 
15.0 
15.4 

12.4 

Station 18 (bottom depth 12 meters) 

.In.n. 15, 1920___________________ 13.9 
,Jnll. 23,1922___________________ 15.9 
.In.n. 25,1921.__________________ 14.0 
Mn.I'. 9, 1920_ _ _ _ _ __ _ ____ __ __ ___ 12.6 
Mn.r. 27, 1922 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 11. 8 
Mm'. 31, 1921._________________ 12.9 
Mn.y 6,1920___________________ 7.2 
June 1, 192 L _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 11. 7 
.Jllly 7,1920____________________ 11. 5 
Aug. 24, 1920 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 13. 6 
Oct. 19, 1920 ____________________ - ___ _ 
Dec. 7,1920___________________ 15.6 

Anlllltl.\ mean_____________ 13.0 

Station 19 (bottom depth 12.8 meters) 

~'~Il. 14, ;~~~ ___ ~ ____ -_~~-_~ ______ I 
.lall. 23,1922 __________________ _ 
Jan. 24, 1921. _________ !. _______ _ 
Mar. 9,1920 ___________________ _ 
Mar. 2(),' 1922 __________________ _ 
Mtl.r. 31,1921. ________________ _ 
Mn.y 6, 1920 ___________________ _ 
June 1,1921.. __________________ _ 
.Jul.\' 7,1920_- _____________ . ____ _ 
Aug. 23,1920 __________________ _ 
Oct. 20,1920 __________________ _ 
Dec. 6, 1920 ___________________ _ 

Annull,\ mettn ____________ _ 

16. 1 
18.2 
14 .. 5 
14.6 
11.6 
15. 1 
9.7 
9.1 

14. 7 
14.4 
17.7 
16.9-

14. 5 

Station 20 (bottom depth 12 meters) 

Jan. 23, 1922 ______________ ~ ___ _ 
In.n. 24,1921. _________________ _ 
Mnr. 9, 1920 ___________________ _ 
Mar. 26, 1922 __________________ _ 
Apr. 1, 192L __________________ _ 
Mtt,v 6, 1920 ___________________ _ 
June 1, 1921. __________________ _ 
.T1I1.v 7,1920 ___________________ _ 
Aug. 23, 1920 __________________ _ 
Oct. 20, 1920 __________________ _ 
Dec. 6, 1920 ___________________ _ 

18. 1 
15.5 
14.2 
15.7 
15.2 
11.2 
] 1. 4 
14.7 
]4.7 
15. 1 
17. ° 

Annuttllllean_____________ ]4.8 

Bottom 

15.5 
14. 2 
15.9 
15.3 
14.8 
13.0 
14.6 
17.6 
14.3 
15.9 
15.4 

115.2 

14.8 
15.8 
14. 0 
15. 9 
13.4 
14. 6 

9. 6 
14.1 
13.3 
13.6 
15.4 
15.6 

14. 1 

19.4 
18.8 
17.2 
16.6 
16.6 
1().5 
13.6 
13.8 
18.5 
19. 1 
19.3 
16.8 

17.3 

19.2 
15.5 
15.8 
12. 1 
15.3 
13. 1 
14.7 
14.8 
17.6 
] 7. 1 
17. ° 
16. ° 

Jan. 14, 1920 __________________ _ 
Jan. 23,1922 __________________ _ 
Jan. 24,1921. _________________ _ 
Mar. 9, 1920 ___________________ _ 
Mar. 26, 1922 __________________ _ 
Apr. 1, 192L __________________ _ 
May 6,1920 ___________________ _ 
June 1,1921. __________________ _ 
JUly 7,1920 ___________________ _ 
Aug. 23, 1920 __________________ _ 
Oct. 20, 1920 __________________ _ 
Dec. 6, 1920 ___________________ _ 

Annual mean ____________ _ 

Surface 

14.9 
16. ° 
13. 1 
13.0 
11. 6 
14. 3 
10. ° 
11.3 
14.6 
14. ° 
14.9 
16.6 

13.8 

Station 22 (bottom depth 13 meters) 

Jan. 13, 1920 __________________ _ 
.Tan.22,1922 __________________ _ 
Jan. 24, 1921. _________________ _ 
Mar. 9, 1920 ___________________ _ 
Mar. 26, 1922 __________________ _ 
Apr. 1, 1921 ___________________ _ 
May 5,1920 ___________________ _ 
May 31, 192.1. _________________ _ 
.July 8, 1920 ___________________ _ 
Aug. 23,1920 __________________ _ 
Oct. 20, 1920 __________________ _ 
Dec. 6.1920. __________________ _ 

16.9 
22. 3 
14. 7 
16.2 
14.3 
16.5 
12. ° 
13.3 
15.6 
'16.5 
16.7 
18.3 

Annllal men.IL____________ 16.0 

Station 23 (bottom depth 13 meters) 

.Jan. 13, 1920 __________________ _ 

.Jan. 22,1922 __________________ _ 
Jan. 24,1921.. _________________ _ 
Mar. 9,1920 ___________________ _ 
Mar. 26, 1922 __________________ _ 
Apr. 1, 1921. __________________ _ 
May 5,1920 ___________________ _ 
May 31, 1921 __________________ _ 
July 8,1920 ___________________ _ 
Aug. 23, 1920 __________________ _ 
Oct. 20,1920 __________________ _ 
Dec: 6,1920 ___________________ _ 

Annual mean __ -__________ _ 

16.5 
18. 2 
17.7 
16.7 
15.4 
17. 1 
12. ° 
12.6 
15.6 
18.7 
17.9 
19.2 

1.5. 1 

Station 24 (bottom depth 15 meters) 

Jan. 13, 1920 _____ ' _____________ _ 
Jan. 22,1922 __________________ _ 
Jan. 23, 192L __ ~ ______________ _ 
Mar. 10, 1920 __________________ _ 
Mar. 26,1922 __________________ _ 
May 5, 1920 ___________________ _ 
May 31, 192L _________________ _ 
JUly 8,1920 ___________________ _ 
Aug. 23,1920 __________________ _ 
Oct. 20,1920 __________________ _ 
Dec. 6, 1920 ___________________ _ 

18. ° 
21. 5 
16.2 
17.5 
15.7 
14.7 
18.9 
16.7 
18.9 
17.9 
20. 6 

Annual mean_ _ _ _ _ _ _ _ _ _ _ _ _ 17.9 

(13) 

Bottom 

21. 8 
18. 3 
18. 7 
17.5 

16.8 
19. 6 

19.8 
21. 9 
23. 8 
21. 1 

20.3 

22.3 
17.0 
14.7 
17.4 
18.2 

15. 1 
21. 6 
17.3 
18.9 
IS. 9 

18.1 

23.3 
23. ° 
17.9 
17.9 
18.9 
17.4 

1:3. 9 
21. 6 
20. 5 
25.2 
19.7 

20.6 

23. 6 
24. 5 
21. 6 
19. 2 
i9.4 
21. 0 
25.0 
21. 8 
25.0 
25.1 

22. 9 

(13) 
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TABLE 4.-Salinity of the water at stations in Chesapeake Bay- TABLE 4.-Salinity of the water at stations in Chesapeake Bay-
Continued Continued 

Station 25 (bottom depth 8 meters) Station 30 (bottom depth 42 meters) 

~~~ ~~~ 

D~ D~ 

Surface 

Jan. 13, 1920___________________ 18.8 
Jan .. 22, 1922 ___________________ 20.6 
Jan. 23, 192L__________________ 18.1 
Mar. 26,1922___________________ 17.6 
Apr. 1, 192L ________________________ _ 
May 5, 1920____________________ 17.7 
May 31, 192L __ -"_______________ 18.9 
July 8, 1920____________________ 17.7 
Aug. 23, 1920___________________ 19.4 
Oct. 20,1920___________________ 17.2 
Dec. 6, 1920____________________ 21. 0 

Annual mean_____________ 18.4 

Station 26 (bottom depth 23 meters) 

Jan. 13, 1920___________________ 20.3 
Mar. 11, 1920___________________ 18.2 
May 5, 1920____________________ 15.5 
July 8, 1920 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 17. 7 

Annual mean_____________ 18.3 

Station 27 (bottom depth 10 meters) 

Jan. 12, 1920 __________________ _ 
Jan. 22,1922 __________________ _ 
Jan. 23, 192L _________________ _ 
Mar. 11, 1920 _________________ _ 
Mar. 26,1922 _________________ _ 
Apr. 2, 192L __________________ _ 
May 5,1920 ___________________ _ 
May 31, 192 L _________________ _ 
July 8,1920 ___________________ _ 
Aug. 23, 1920 _______________ .. __ _ 
Oct. 20, 1920 __________________ _ 
Dec. 5, 1920 __________ :. ________ _ 

Annual mean ____________ _ 

19.7 
20.1 
18.7 
18.5 
17.8 
21. 1 
14.0 
16.1 
17.3 
19.5 
17.3 
21.5 
18.4 

Station 28 (bottom depth 13 meters) 

Jan. 12, 1920 __________________ _ 
Jan. 22,1922 __________________ _ 
Jan. 23, 192L _________________ _ 
Mar. 11, 1920 _________________ _ 
Mar. 26, 1922 _________________ _ 
Apr. 2, 192L __________________ _ 
May 5, 1920 ___________________ _ 
May 31, 192L _________________ _ 
July 8, 1920 ___________________ _ 
Aug. 22, 1920 __________________ _ 
Oct. 20,1920 __________________ _ 
Dec. 5, 1920 ___________________ _ 

Annual mealL ___________ _ 

19.3 
19.7 
19.0 
18.4 
17.4 
22.3 
14.5 

19.4 
19. 3 
17.1 
22. 2 
18.7 

Station 29 (bottom depth 28 meters) . 

Jan. 12, 1920 __________________ _ 
Jan. 22,1922 __________________ _ 
.Jan. 23, 192L _________________ _ 
Mar. 11, 1920 _________________ _ 
Mar. 26,1922 _________________ _ 
Apr. 2, 192L __________________ _ 
May 5, 1920 ___________________ _ 
May 31, 192L_:.. _______________ _ 
July 8,1920 ___________________ _ 
Aug. 22, 1920 __________________ _ 
Oct. 21,1920 __________________ _ 
Dec. 5, 1920 ___________________ _ 

Annual mean _____________ _ 

20. 3 
21. 1 
18. 2 
18.5 
16.7 
22. 7 
_16.1 

18. 9 
19.2 
19. 0 
22.4 
19.3 

Bottom 

20. 1 
22. 5 
18.-6 
18.0 
21. 6 . 
18.3 
24. 9 
17.7 
21. 7 
21. 0 
20. 9 
20, 4 

23.8 
22. 5 
24. 9 
22.0 
23.1 

21. 9 
20. 5 
23. 4 
19. 0 
18. 8 
21. 2 
16. 3 
17.1 
22.1 
24. 2 
24. 5 
21. 5 
21. 3 

22. 6 
24. 0 
24.6 
19. 6 
23. 7 
23.0 
20. 7 
17.7 
22. 5 
21. 0 
26.4 
22. 0 
22. 4 

24. 3 
28.5 
24. 5 
20. 3 
22. 3 
23. 4 
19. 2 
27. 0 
23.1 
24. 3 
23. 9 
22.5 
23. 9 

Jan. 11, 1920 __________________ _ 
Jan. 22,1922 __________________ _ 
Jan. 23, 192L _________________ _ 
Mar. 11, 1920 _________________ _ 
Mar. 25, 1922 _________________ _ 
Apr. 2, 192L __________________ _ 
May 5, 1920 ___________________ _ 
May 31, 192L _________________ _ 
July 8,1920 ___________________ _ 
Aug. 22,1920 __________________ _ 
Oct. 21, 1920 __________________ _ 
Dec. 5,1920 ___________________ _ 

Ann ual mean ____________ _ 

Surface 

23. 3 
24. 0 
18.4 
18.7 
19.3 
21. 6 
20. 9 
20. 2 
21. 7 
22. 4 
22. 0 
22. 8 
21. 5 

Station 32 (bottom depth 28 meters) 

Jan. 10,1920 __________________ _ 
Jan. 21, 1922 __________________ _ 
Jan. 22, 192L _________________ _ 
Mar. 12, 1920 __________________ _ 
Mar. 25, 1922 __________________ _ 
Apr. 2, 192L __________________ _ 
May 1, 1920 ___________________ _ 
May 31, 192 L _________________ _ 
Dec. 4, 1920 ___________________ _ 

21. 3 
20. 2 
17.8 
17.7 
18.4 
26. 3 
16.3 
18.7 
14.8 

Bottom 

29. 3 
25.9 
25. 4 
22. 9 
25.4 
28. 3 
24. 6 
26. 9 
25. 2 
28. 5 
27.1 
24. 0 
26. 2 

23. ~ 
23. 8 
21. 2 
28. 8 
27. 2 
31. 2 
25. 8 
27. 6 

Annual mean_____________ 17.7 25.8 

Station 34 (bottom depth 18 meters) 

Jan. 11, 1920 ___________________ 29.4 
Jan. 21,1922 ___________________ 28.9 
Jan. 2.2, 192L _ __ _ ___ _ _ _ _ _ _ __ __ _ 28. 6 
Mar. 12, 1920~__________________ 24.5' 
Mar. 25,1922___________________ 24.2 
Apr. 2, 192L___________________ 29.1 
May 1, 1920_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 20. 0 
May 30, 192L__________________ 30.4 
July 9,1920____________________ 29.8 
Aug. 22,1920___________________ 28.9 
Oct. 21,1920___________________ 20.2 
Dec. 5,1920 ______ .______________ 28.8 

Annual mean _ _ _ _ _ _ _ _ _ _ _ _ _ 26. 6 

-Station 35 (bottom depth 15 meters) 

Jan. 11, 1920___________________ 25.6 
Jan. 21,1922___________________ 29.0 
Jan. 22, 192L__________________ 21. 6 
Mar. 12, 1920 __________________ 21. 7 
Mar. 25, 1922___________________ 19.4 
May 1, 1920_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 25. 4 
May 30, 192L__________________ 24.1 
July 9,1920____________________ 21. 3 
Aug. 22,1920___________________ 23.2 
Oct. 21,1920 ___________________ 21. 3 
Dec. 4, 1920 ___________________ : ~ 

30.9 
31. 3 
30.0 
29. 8 
25. 1 
29. 0 
22. 6 
30. 4 
25.4 
30. 6 
30. 4 

29. \i 

30. 9 
24. 2 
27.4. 
30.3 
30. 6 
28.6 
28.8 
28. 1 
31. 1 
29. 3 
27. 8 

Annual mean_____________ 23.1 29.1 

Station 36 (bottom depth 24 meters) 

Jan. 11, 1920 __________________ _ 
Jan. 21,1922 __ . _______________ _ 
Jan. 22, 192L _________________ _ 
Mar. 12, 1920 __________________ _ 
Mar. 25,1922 __________________ _ 
Apr. 2, 192L __________________ _ 
May 1,1920 ___________________ _ 
May 30, 192L _________________ _ 
July 9,1920 ___________________ _ 
Aug. 22,1920 __________________ _ 
Oct. 21,1920 __________________ _ 
Dec. 4, 1920 ___________________ _ 

Annual mean ____________ _ 

28. 2 
23.9 
19.2 
20. 6 
18.4 
27. 7 
19. 3 
22. 0 
20. 5 
22. 7 
20. 3 
25. 2 
22. 0 

31. 1 
29. 3 
28. 8 
30. 7 
31. 1 
31. 3 
25.8 
30.1 
30. 4 
31. 7 
31. 0 
31. 0 
31. 3 
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The mean allnual salinities at the surface and at 
the bottOlll for certain stations are also shown in 
]"'igu.l·e 14, together with the depth and the distance 
from the rnouth of the bay. It is obvious from this 
diagntm that the salinity increases more or less regu
larly in passing down the bay, that it is greater at 
depth than at the surface, and that the difference be
tween the surface and bottOln salinities tends to be 
gl'eatel' at the stations where the water is deeper and 
less at those where it is shallow. 

The mean annual salinities at the surface and bottom 
at all the stations are shown in their approximate loca
tions on a Inap of the bay in Plate 13. Table 5 gives 
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priInarily by its density, and this in turn by either its 
salinity or its temperature. In the water of Chesa
peake Bay the salinity is by far the more influential 
variable, although in a few places listed in Table 5 
the position of the water appears to be determined 
in part by its temperature-that is, in water of appI~oxi
mately the same salinity the colder water is found to 
lie deeper because of :its greater density. Several 
of the samples appear to indicate unstable conditions, 
but these are relatively rare or within the limits of 
experilnental errors. 

The densities lnight have been plotted exactly as 
the salinities were, and the relations shown would be. 
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SALINITY IN PARTS PER THOUSAND 
FIGURE 14.-Mean annual salinity and depth at certain stations in Chesapeake Bay 

the complete record of all the salinity detenninations. 
The bottOlll depth was not recorded in all the observa
tions; the largest figure given under "Depth" for a 
set of observations at the same date and tune, if an 
uneven figure (as 9.1, 25.32), indicates bottom depth. 

DENSITY OF THE WATER 

In Table 5 is also given the density of each sanlple 
of water for its tOlllperature at the tiIne of collection. 
It is well known that the relative positi~n of any con
siderable portion of a Blass of water is determined 

essentially similar, but the salinities were chosen 
because of their greater weight in deternlining the 
density and as being of more general interest. The 
relations are quantitatively different from those in sea 
water, as the variations in salinity in water of the open 
sea are not nearly as great as those observed in Chesa
peake Bay. The temperature accordingly assumes 
greater significance in determining currents of sea 
water. Moreover, the differences in temperature be
tween surface and bottom sea water are, on 'account 
of· the greater depths involved, considerably greater 
than those observed in Chesapeake Bay. 
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SALINITY OF WATER OF CHESAPEAKE BAY 

TABLE 5.-Salinity and density of 'Water at different depths at 41 stations in Chesapeake Bay 
Station 1 (bottom blue-gray mud) 

Dllto nllli time or collection Tide, etc. 

1920 

Mm'. 6,10.15 a. m __________ Beginning to ebb ________________________ , 

11.45 a. lll _________ ~ ebb _____ ..., __________________________ _ 

1.15 p. 111- ________ ~ ebb ________________________________ _ 

2.45 p. 111_ _ _ _ _ _ _ _ _ Slack _________________________________ _ 

4.15 p.lll _________ Slack _________________________________ _ 

5.45 p. 11'1- ________ Beginning fiood ________________________ _ 

7.15 p. 111. ________ Y2 f1ood _______________________________ _ 

8.45 p. ID _________ :X.( flood _______________________________ _ 

10.15 p. In _________ Beginning ebb------------- ____________ _ 

11.45 p. m _________ ~ ebb ________________________________ _ 

Mm'. 7, 1..15 a. m _________ :X.( ebb ________________________________ _ 

Mny 8, 6.30 a. IlL ________ Flood _________________________________ _ 

.July 3, 2.20 p. 1II _________ U ebb ________________________________ _ 

3.50 p. m _________ ;!1 ebb ________________________________ _ 

5.28 p. m _________ Full ebb ______________________________ _ 

6.58 p. IlL_ _ _ _ _ _ _ _ Beginning flood ________________________ _ 

8.28 p. IlL ________ ~ flood _______________________________ _ 

9.58 p. IlL ________ ;!1 flood _______________________________ _ 

11.28 p. llL ________ :X.( flood _______________________________ _ 

Depth 
(meters) 

0 
6.1 
9.1 
0 
3. 05 
6.1 
9.1 
0 
3.05 
6.1 
9.1 
0 
3. 05 
6.1 
9.1 
0 
3. 05 
6.1 
9.1 
0 
3. 05 
6.1 
9.1 
0 
3. 05 
'6.1 
9.1 
0 
3. 05 
6.1 
9. 1 
0 
3. 05 
6.1 
9. 1 
0 
3.0.5 
6.1 
9.1 
6. 1 
9.1 
0 

11. 37 
0 
5 

10 
12.5 

0 
5 

10 
12.5 

0 
5 

10 
12.5 
0 
5 

10 
12.5 
0 
5 

10 
12.5 
0 
5 

10 
12.5 
0 
5 

10 
12. 5 

Temperature (0 C.) 

Air Sample 

-------- 0.0 
-------- -1.3 
-------- -1.3 
-------- .0 
-------- -.3 
-------- 2.8 
-------- .7 
-------- .4 
-------- .0 
-------- 2.0 
-------- 2.8 
-------- .2 
-------- .0 
-------- -.3 
-------- 1.7 
-------- .0 
-------- 2.7 
-------- 2.8 
-------- 3. 7 
-------- 2. 2 
---_._--- .7 
-------- .0 
-------- .2 
-------- .2 
-------- -.6 
-------- .2 
-------- .6 
-------- .0 
-------- -.3 
-------- 1.7 
-------- -.3 
-------- -.3 
-------- -.6 
-------- -.3 
-------- 1.7 
-------- .6 
-------- -.3 
-------- --------
-------- -.3 
-------- -1.3 
-------- 1.7 
-------- 12.8 
-------- 12.6 
-------- --------

-------- 24. 2 
-------- 20. 5 
-------- 21. 0 
-------- 24.9 
-------- 24. 6 
-------- 24. 6 
-------- 24. 6 
-------- 24. 8 
-------- 24.9 
-------- 24. 6 
-------- 24. 9 
-------- 24. 9 
-------- 24. 9 
-------- 24.1 
-------- 24. 4 
-------- 24. 6 
-------- 24. 6 
-------- 24.1 
-------- 23.9 
-------- 24.1 
-------- 24. 2 
-------- 23. 9 
-------- 24.1 
-------- 24.1 
-------- 23.9 
-------- 23. 9 
-------- 23. 9 

Salinity 
(parts per 
thousand) 

10.46 
10.91 
11. 29 
10. 35 
10. 32 
11.73 
10.86 
10.05 
10. 11 
10.17 
]0.71 
9.51 
9. 76 
9.41 

10.52 
10.45 
10.42 
10.44 
11. 87 
10.91 
10.96 
10.91 
10.88 
10. 05 
10.07 
10.46 
11. 01 
9.72 
9. 96 

11. 33 
14.23 

9. 79 
10.00 
9.71 

15.70 
10.58 
10. 68 
10. 66 
12. 54 
10.92 
10.72 

2. 26 
6.54 
6.97 
7.15 

11. 79 
11. 10 

6. 20 
8. 60 

12.78 
11. 54 
5.93 
8. 64 
9.52 

13.12 
6. 32 
8. 75 

13.48 
13.52 

6. 36 
10.20 
13.03 
13.35 

6. 72 
9. 54 

11. 80 
12.83 

6. 80 
8. 49 

12. 24 
13.31 

119 

Density . 

1. 00839 
1. 00870 
1. 00830 
1. 00830 
1. 00826 
1. 00942 
1. 00872 
1. 00804 
1. 00810 
1. 00818 
1. 00858 
1. 00761 
1. 00782 
1. 00750 
1. 00843 
1. 00837 
1. 00834 
1. 00838 
1. 00949 
1. 00876 
1. 00878 
1. 00875 
1. 00872 
1. 00805 
1. 00807 
1. 00839 
1. 00882 
1. 00779 
1. 00797 
1. 00909 
1. 01412 
1. 00783 
1. 00801 
1.00.778 
1. 01261 
1. 00847 
1. 00855 
1. 00855 
1. 0100.5 
1. 00875 
1. 00859 
1. 00122 
1. 00437 
1. 00538 
1. 00302 
1. 00710 
1. 00547 
1. 002()2 
1. 00369 
1. 00681 
1. 00590 
1. 00163 
1. 00365 
1. 00424 
1. 00699 
1. 00189 
1. 00371 
1. 00746 
1. 00743 
1. 00201 
1. 00487 
1. 00712 
1. 01048 
1. 00238 
1. 00449 
1. 00626 
1. 00697 
1. 00245 
1. 00378 
1. 00660 
1. 00740 
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TABLE 5.-Salinity and density of water at different depths at .1,-1 stations in Chesapeake Bay-Continued 

Station I-Continued 

Date and time of collection Tide, etc. 

1920-Contin ued 

July 4,12.58 a. m _________ Fullfiood _______________________________ 

2.28 a. m _________ Beginning flood ____________________ - - - - -

3.58 a. ID _________ ~ ebb _________________________________ 

5.28 a. m _________ Full ebb _______________________________ 

6.58 a. m _________ Beginning fi ood ____________________ - - - - -

8.28 a. m _________ ~flood--------------------------------

9.58 a. m _________ ~flood--------------------------------

11.28 a. m _____ ~ ___ ~.fiood--------------------------------

12.58 p. m _________ ·Fullflood _______________________________ 

Aug. 26,12 m ______________ 
----------------------------------------

1.30 p. m _________ ----------------------------------------

3 p. m ____________ 
----------------------------------------

4.30 p. m _________ ----------------------------------------

6 p. m ____________ ----------------------------------------

7.30 p. m _________ ----------------------------------------

9 p. m ____________ ----------------------------------------

10.30 p. m _________ ----------------------------------------

12 p. m ____________ ----------------------------------------

Aug. 27,1.30 a. m __________ ----------------------------------------

3 a. m ____________ ----------------------------------------

4.30 a. m __ -' ______ ----------------------------------------

Depth 
(meters) 

0 
5 

10 
12.5 
0 
5 

10 
12.5 
0 
5 

10 
12.5 
0 
5 

10 
12.5 
0 
5 

10 
12. 5 
0 
5 

10 
12.5 
0 
5 

10 
12.5 
0 
5 

10 
·12.5 

0 
5 

10 
12.5 
0 
5 

Bottom. 
0 
5 

Bottom. 
0 
5 

Bottom. 
0 
5 

Bottom. 
0 
5 

Bottom. 
0 
5 

Bottom. 
0 
5 

Bottom. 
0 
5 

Bottom. 
0 
5 

Bottom. 
0 
5 

Bottom. 
0 
5 

Bottom. 
0 
5 

Bottom. 

Temperature (0 C.) 

Air Sample 

-------- 23. 9 
-------- 23. 6 
-------- 23. 6 
-------- 23.9 
-------- 23. 6 
-------- 23. 9 
-------- 23. 6 

::::::::1 
23. 6 
23. 9 

-------- 23. 6 
-------- 23. 6 
-------- 22. 9 
-------- 23.6 
-------- 23.9 
-------- 23.4 
-------- 23.6 
-------- 23. 9 
-------- 23. 6 
-------- 23. 6 
-------- 23. 9 
-------- 23. 6 
-------- 23. 9 
-------- 23.4 
-------- 23. 6 
-------- 23. 9 
-------- 23. 6 
-------- 23. 4 
-------- 23.6 

24. 6 
-------- 23. 6 
-------- 23. 6 
-------- 23. 9 
-------- 23. 6 
-------- 23. 9 
-------- 23. 9 
-------- 23.9 
-------- 23. 5 
-------- 24. 4 
-------- 24. 2 
-------- 24.0 
-------- 24. 4 
-------- 24. 4 
-------- 24.0 
-------- 24.1 
-------- 24. 2 
---.----- 23. 9 
-------- 24.0 
-------- 24. 2 
-------- 23. 7 
-------- 24. 8 
-------- 24. 2 
-------- 23.6 
-------- 24. 2 
-------- 24.2 
-------- 23. 4 
-------- 24.1 
-------- 24. 2 
-------- 23.8 
-------- 23. 4 
-------- 24. 4 
-------- 23. 5 
-------- 23.5 
-------- 24. 2 
-------- 23.4 
-------- 24. 2 
-------- 24. 2 
-------- .23.4 
-------- 23.1 . 24.2 --------
-------- 24. 3 
-------- 24. 0 
-------- 24. 2 

Salinity 
(parts per 
thousand) 

6. 90 
7. 32 

11. 05 
13.02 

7. 14 
9.05 

10.87 
12. 14 
6.91 
6.98 

11. 08 
12.44 

6. 76 
7. 18 
9. 64 

12.60 
6. 74 
7.66 

11. 15 
12.79 

7. 20 
7.55 

11. 41 
12.46 

7. 45 
8. 82 

11.65 
12. 33 
7.47 

11. 40 
12.09 
12. 40 

7. 47 
9.06 

10.87 
----------

4.75 
14.21 
15.21 
4.91 

15.21 
14. 69 
5.75 

11. 93 
16.11 

5. 86 
12. 24 
15.70 
6.05 

10. 77 
16.03 
6. 12 

11. 86 
16.20 
5.69 

13. 09 
15.41 

5. 68 
13.86 
14. 79 
6.14 

13.79 
15.80 
6.05 

14. 38 
16. 02 
6.15 

11. 70 
16.11 

6. 51 
11. 78 
15. 94 

Density 

1. 00252 
1. 00289 
1. 00569 
1. 00691 
1. 00283 
1. 00420 
1. 00567 
1. 00660 
1. 00208 
1. 00273 
1. 00580 
1. 00699 
1. 00256 
1. 00287 
1. 00487 
1. 00721 
1. 00246 
1. 00323 
1. 00585 
1. 00701 
1. 00289 
1. 00308 
1. 00611 
1. 00682 
1. 00294 
1. 00485 
1. 00629 
1. 00674 
1. 00293 
1. 00613 
1. 00656 
1. 00672 
1. 00309 
1. 00406 
1. 00556 

----------
1. 00107 
1. 00782 
1. 00873 
1. 00117 
1. 00867 
1. 00829 
1. 00170 
1. 00630 
1. 00940 
1. 00187 
1. 00756 
1.00912 
1. 00199 
1. 00526 
1. 00936 
1. 00207 
1. 00623 
1. 00948 
1. 00180 
1. 00716 
1. 00888 
1. 00169 
1. 00794 
1. 00838 
1. 00216 
1. 00790 
1. 00917 
1. 00207 
1. 00811 
1. 00935 
1. 00214 
1. 00638 

I 

1. 00971 
1. 00219 
1. 00622 
1: 00928 
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TABLE 5.-Salinity and density of water at different depths at 41 stations in Chesapeake Bay-Continued 

Station I-Continued 

I 
I Date and time or collection Tide, etc. 

I --------------11.-
1920-Continued 

Aug. 27, 6 a. In ___________________________________________________ _ 

7.30 a. m ________________________________________________ _ 

9 a. m ___________________________________________________ _ 

10.30 a. In ________________________________________________ _ 

Oct. 15,8.20 p. m _________________________________________________ _ 

9.50 p. In _________________________________________________ _ 

11.20 p. nl ________________________________________________ _ 

Oct. 16,12.50 tt. 11L _______________________________________________ _ 

2.20 n. In _________________________________________________ _ 

3.50 n. In _________________________________________________ _ 

5.20 a. In _________________________________________________ _ 

6.50 a. In _________________________________________________ _ 

8.20 a. m _________________________________________________ _ 

9.50 a. In _________________________________________________ _ 

11.20 a. In ________________________________________________ _ 

12.50 p. m ________________________________________________ _ 

2.20 p. m _________________________________________________ _ 

3.50 p. m _________________________________________________ _ 

5.20 p. m ______ ~ __________________________________________ _ 

6.50 p. m _________________________________________________ _ 

Dec. 10,7.30 n. m __________ Full flood __________________ .,. ___________ _ 

9 a. m ____________ U. ebb ________________________________ _ 

10.30 a. m _________ ~ ebb. _______________________________ _ 

12 m___ _ ___ __ ___ _ _ % ebb ________________________________ _ 

Depth 
(meters) 

0 
5 

Bottom. 
0 
5 

Bottom. 
0 
5 

Bottom. 
0 
5 

Bottom. 
0 
5 

Bottom. 
0 
5 

Bottom. 
0 
5 

Bottom. 
0 
5 

Bottom. 
0 
5 

Bottom. 
0 
5 

Bottom. 
0 
5 

Bottom. 
0 
5 

Bottom. 
0 
5 

Bottom. 
0 
5 

Bottom. 
0 
5 

Bottom. 
0 
5 

Bottom. 
0 
5 

Bottom. 
0 
5 

Bottom. 
0 
5 

Bottom. 
0 
5 

Bottom. 
0 
5 

Bottom. 
0 
5 

Bottom. 
0 
5 

Bottom. 
0 
5 

Bottom. 

'l'empel'ature (0 C.) 

Air Sample 

-------- 23.1 
-------- 24. 0 
-------- 24. 2 
----.---- 24.8 
-------- 24. 9 
-------- 24. 2 
-------- 23. 2 
-------- 24.0 
-------- 24.2 
-------- 23.6 
-------- 24. 1 
-------- 24. 3 
-------- 19.8 
-------- 20. 0 
-------- 19.9 
-------- 19.6 
-------- 19.3 
-------- 20.1 
-------- 19.5 
-------- 19.8 
-------- 20. 2 
-------- 18.7 
-------- 19.2 
-------- 20. 0 
-------- 19.7 
-------- 19.4 
-------- 20. 1 
-------- 19.4 
-------- 19.6 
-------- 20.1· 
-------- 19.3 
-------- 19.0 
-------- 19.9 
-------- 19.5 
-------- 19. 9 
-------- 20. 4 
-------- 18.9 
-------- 19.2 
-------- 23. 9 
-------- 19.5 
-------- 19.6 
-------- 20. 4 
-------- 19.8 
-------- 19.7 
-------- 20. 3 
-------- 20. 1 
-------- 19.6 
-------- 20. 2 
-------- 20. 1 
-------- 19.5 
-------- 20. 0 
-------- 19.9 
-~------ 19.7 
-------- 20. 2 
-------- 20. 3 
-------- 19.8 
-------- 20.1 
________ I 2(). 3 
-------- 19.7 
-------- 20. 5 
------_.- 7. 0 
-------- 8.8 
-------- 9. 9 
-------- 6. 4 
-------- 8. 6 
-------- 9. 9 
-------- 5.6 
-------- 8.1 
-------- 10.4 
-------- 5.4 
-------- 8. 7 
-------- 10.2 

Salinity 
(parts per 
thousand) 

7.04 
10.74 
15. 69 
7.22 
9. 37 

14.11 
6. 48 

11. 80 
14 90 
5.62 

12. 86 
15.72 
9. 25 

12. 48 
13.51 
9.81 

11. 62 
13.97 

8. 43 
12. 55 
13. 96 
8.07 

10.77 
14.01 

9. 23 
9. 67 

13.85 
8.75 

12. 84 
14.05 

9. 72 
10.18 
13. 26 
11. 10 
13.43 
14.24 
10.,00 
10. 77 
15.14 
10.07 
12. 42 
15. 03 

8. 88 
11. 27 
14.24 
9. 66 

10. 39 
14.59 

9. 49 
11. 80 
14. 78 
9. 60 

12. 38 
14. 10 

8. 69 
11.89 
14.05 

9. 12 
10.86 
15.05 
9. 13 

13.85 
17.23 

6. 92 
13.06 
16.30 

4. 65 
12. 50 
16. 98 
3.84 

12.21 
16.98 

121 

Density 

1. 00290 
1. 00544 
1. 00910 
1. 002.59 
1. 00417 
1. 00792 
1. 00245 
1. 00623 
1. 00851 
1. 00170 
1. 00700 
1. 00909 
1. 00534 
1. 00774 
1. 00855 
1. 00580 
1. 00724 
1. 00884 
1. 00478 
1. 00785 
1. 00881 
1. 00468 
1. 00662 
1. 00889 
1. 00533 
1. 00576 
1. 00875 
1.00503 
1. 00808 
1. 00890 
1. 00579 
1. 00621 
1. 00835 
1. 00680 
1. 00847 
1. 00896 
1. 00604 
1. 00662 
1. 00877 
1. 00610 
1. 00777 
1. 00957 
1. 00505 
1. 00688 
1. 00899 
1. 00557 
1. 00614 
1. 00928 
1. 00545 
1. 00732 
1. 00947 
1. 00558 
1. 00772 
1. 00891 
1. 00480 
1. 00734 
1. 00890 
1. 00513 
1. 00658 
1. 00956 
1. 00716 
1. 01070 
1. 01320 
1. 00529 
1. 01010 
1. 01249 
1. 00299 
1. 00971 
1. 01293 
1. 00299 
1. 00943 
1. 01298 
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Dec. 

Dec. 

Jan. 

Jan. 
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TABLE 5.-Salinity and density of water at different depths at 41 stations in Chesapeake Bay-Continued 

Date and time of collection 

1920-Con tin ued 

10, 1.30 p. ffi __________ 

3 p. m ____________ 

4.30 p. lll ________ ~_ 

6 p. In ____________ 

7.30 p. n1 __________ 

9 p. n1 ____________ 

10.30 p. lll _________ 

12 p. m ___________ 

11, 1.30 a. m __________ 

3 a. m ____________ 

4.30 a. lll __________ 

6 a. m ____________ 

1921 

27, 2.35 p. m __________ 

4.05 p. lll __________ 

5.35 p. lll __________ 

7.05 p. lll __________ 

8.35 p. lll __________ 

10.05 p. m ______ . ___ 

11.35 p. m _________ 

28, 1.05 a. m __________ 

2.35 a. m __________ 

4.05 a. lll __________ 

6.35 a. m __________ 

Station I-Continued 

Tide, etc. 

Slack __________________________________ 

73 flood ________________________________ 

~ flood ________________________________ 

% flood ________________________________ 

Fullflood _______________________________ 

Beginning ebb __________________________ 

73 ebb _________________________________ 

~ 
ebb _________________________________ 

Slack __________________________________ 

Beginning flood _________________________ 

~ 
ftood _________________ 

--------------

% flood ________________________________ 

~ ebb; wind ____________________________ 
NE., force 1 ____________________________ 

% ebb _____________ ~-------------------

Slack __________________________________ 

Beginning flood __________________________ 

73 flood ________________________________ 

% flood __________________________ . ______ 

Fullflood _______________________________ 

Beginning flood _________________________ 

73 ebb _________________________________ 

% 
ebb _________________________________ 

Slack __________________________________ 

Depth 
(meters) 

0 
5 

Bottom. 
0 
5 

Bottom. 
0 
5 

Bottom. 
0 
5 

Bottom. 
0 
5 

Bottom. 
0 
5 

Bottom. 
0 
5 

Bottom. 
0 
5 

Bottom. 
0 
5 

Bottom. 
0 
5 

Bottom. 
0 
5 

Bottom. 
0 
5 

Bottom. 

0 
5 

11. 89 
0 
5 

11. 89 
0 
5 

11. 89 
0 
5 

11. 89 
0 
5 

11. 89 
0 
5 

11. 89 
0 
5 

11. 89 
0 
5 

11. 89 
0 
5 

11. 89 
0 
5 

11. 89 
0 
5 

11.89 

Temperature (0 C.) 

Air Sample 

-------- 6. 0 
-------- 8. 5 
-------- 8. 3 
-.- - - - - -- 5.7 
-------- 7.3 
-------- lO.O 
-------- 5.4 
- - - - - ---- 8. 4 
-------- 10. 1 
-------- 5. 8 
-------- 8. 9 
-------- 10. 3 
-------- 5. 8 
-------- 8. 1 

,-------- 10.0 
-------- 5.9 
-------- 7.8 
-------- 3.7 
-------- 5. 9 
-------- 7.3 
-------- 9. 2 
-------- 5. 8 
-------- 5. 9 
-------- .9.0 
-------- 5. 4 
-------- 5. 3 
-------- 8. 4 
-------- 5.4 
-------- 5. 4 
-------- 8.7 
-------- 5.4 
-------- 8. 2 
-------- 8. 8 
-------- 5.4 
-------- 6. 3 
-------- 9. 2 

6. 6 1.0 
-------- .5 
-------- 3. 7 
-------- 1.3 
-------- 1.7 
-------- 1.8 
-------- 1.3 
-------- 1.7 
-------- 1.8 
-------- .9 
-------- 3. 6 
-------- 3.7 
-------- .8 
-------- 1.9 
-------- 3. 7 
-------- .6 
-------- 1.3 
-------- 3. 7 
-------- .8 
-------- 1.2 
-------- 3. 3 
-------- .4 
-------- 3. 2 
-------- 3. 7 
-------- .3 
-------- 1.5 
-------- 3. 5 
-------- 3. 1 
-------- 3.9 
-------- 3. 5 
-------- .3 
-------- 1.6 
-------- ,9 

Salinity 
(parts per 
thousand) 

4.94 
13. 48 
11. 76 
4.09 

10.50 
16. 26 
3.77 

13. 95 
16.93 

4. 59 
14. 27 
17.38 
6. 16 

12.67 
16. 40 

5. 21 
12. 24 
13. 85 

5. 93 
8. 42 

15.42 
5. 70 
6.02 

14.02 
4. 30 
4. 38 

13. 11 
4.35 
4. 45 

13. 25 
3.85 

13. 17 
13.52 
. 3. 90 
4. 74 

14. 80 

7. 08 
7. 24 

----------
6. 44 
7. 51 

14. 17 
6.91 
9. 90 

14. 10 
7. 22 

12.05 
14. 20 

8. 49 
11. 02 
14. 23 

8. 27 
11.29 
14.01 
8.53 

----------
----------

7. 64 
13.63 
13.97 

6. 92 
6.91 

13.80 
6. 23 

13. 13 
13.95 

5. 99 
8. 54 
8. 70 

Density 

1. 00392 
1. 01043 
1. 00912 
1. 00320 
1. 00822 
1. 01243 
1. 00293 
1. 01080 
1. 01294 
1. 00358 
1. 01102 
1. 01325 
1. 00491 
1. 00984 
1. 01254 
1. 00414 
1. 00955 
1. 01069 
1. 00472 
1. 00659 
1. 01187 
1. 00452 
1. 00478 
1. 01180 
1. 00335 
1.-00344 
1. 01016 
1. 00343 
1. 00350 
1. 0102(} 
1. 00300 
1. 01022 
1. 01044 
1. 00305 
1. 00370 
1. 01139 

1. 00569 
1. 00580 

----------
1. 00516 
1. 00603 
1. 01134 
1. 00553 
1. 00554 
1. 01132 
1. 00579 
1. 00967 
1. 01134 
1. 00681 
1. 00886 
1. 01137 
1. 00663 
1. 00907 
1. 01125 
1. 00684 

----------
----------

1. 00610 
1. 01092 
1. 01113 
1. 00552 
1. 00554 
1. 01104 
1. 00502 
1. 01054 
1.01117 
1. 00478 
1. 00684 
1. 00700 
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TABT"l~ 5.-SaUnity and density of water at different depths at 4-1 stations in Chesapeake Bay-Continued 

Date and time of collection Tide, etc. 

Station I-Continued 

Depth 
(meters) 

. Temperature (0 C.) 

Air Sample 

Salinity 
(parts per 
thousand) 

123 

Density 

--~- .------- --------1--------------------------------1--------·1------1-------·1---------1--------
1921-Contillued 

Mar. 26,7.30 p. 11"1- _________ % flood _______________________________ _ 0 -------- 10. 2 2.45 1. 00167 
5 -------- 9. 7 7.06 1. 00530 

9 p. 111_ _ _ _ _ _ _ _ _ _ _ _ Flood _________________________________ _ 7 -------- 9. 4 7.18 1. 00542 
0 -------- 10. 8 4.02 1. 00283 
5 -------- 9.3 ---------- ----------

10.30 p. Hl _________ 73' ebb ________________________________ _ 7 -------- -------- 6. 46 ----------0 -------- 10.0 5. 39 1. 00398 
12 p. In ___________ % ebb ________________________________ _ 7 -------- 9.3 7.69 1. 00584 

0 -------- 10.8 3.71· 1. 00259 

Mar. 27, 1.30 a. llL _________ Slack _________________________________ _ 
7 -------- 9. 3 7.49 1. 00568 
0 -------- 12.0 3. 10 1. 00197 

3 a. m ____________ Beginning flood ________________________ _ 7 -------- 9. 4 8. 23 1. 00627 
0 -------- 10. 9 3.62 1. 00257 

4.30 a. llL _________ ~ flood _______________________________ _ 7 -------- 11. 0 6. 49 1. 00473 
0 -------- 10. 7 5: 43 1. 00394 

6 a. In ____________ ~ flood _______________________________ _ 7 -------- 9. 8 7. 22 1. 00542 
0 -------- 11.0 3. 70 1. 00255 

7.30 a. IlL _ _ _ _ _ _ _ _ _ Full flood _________ ..: ___________________ _ 7 -------- 9.4 8. 02 1. 00607 
0 -------- 11. 1 3. 10 1. 00208 

9 It. m _ _ _ _ _ _ _ _ _ _ _ _ Beginning ebb _________________________ _ 7 -------- 10.4 6. 52 1. 00481 
0 -------- 11. 7 3. 36 1. 00221 

10.30 a. 11L ________ ~ ebb ________________________________ _ 7 -------- 9. 3 7. 84 1. 00596 
0 -------- 12. 1 3. 60 1. 00236 

12 In ______________ ~ ebb ________________________________ _ 7 -------- 9. 4 8. 35 1. 00633 
0 -- .. _---- 11. 9 3. 63 1. 00251 

1.30 p. In_ _ _ _ _ _ _ _ _ _ Slack _________________________________ _ 7 -------- 9.1 9. 76 1. 00748 
0 -------- 13.7 3.71 1. 00222 

3 p. HL ____________ Beginning flood ________________________ _ 
7 -------- 9. 9 7.75 1. 00582 
0 -------- 12.2 3. 35 1. 00214 

4.30 p. nL__ _ _ _ _ _ _ _ 73' flood _______________________________ _ 7 -------- 9. 9 7. 56 1. 00567 
0 -------- 12.7 3.61 1. 00227 

6 p. 111_ _ _ _ _ _ _ _ _ _ _ _ _ % flood _____ .. _________________________ _ 7 -------- 10.4 5. 92 1. 00436 
0 -------- 13.3 ---------- ----------

June 3,5.07 p. 111 _________________________________________________ _ 
7 -----~-- 10. 5 ---------- ----------0 23. 8 21. 0 6.13 1. 00270 
5 -------- 18.0 11. 91 1. 00773 

7.30 .p. 111 __________________________________ .:. ______________ _ 
10. 98 -------- 15.7 15.80 1. 01116 
0 -------- 21. 0 6.06 1. 00265 
5 -------- 16.5 14. 30 1. 00985 

8.50 p. In _________________________________________________ _ 10. 98 -------- 15.7 15.78 1. 01114 
0 -------- 21. 1 5. 68 1. 00235 
5 -------- 19.7 8.09 1.00509 

10.30 p. In ________________________________________________ _ 10. 98 -------- 16. 3 14.46 1. 01003 
0 

~-------
20. 7 5.45 1. 00226 

5 -------- 20. 7 5. 53 1. 00234 
11.50 p. llL _______________________________________________ _ 10. 98 -------- 16. 6 14. 97 1. 01033 

0 -------- 20. 6 5. 72 1. 00240 
5 -------- 20. 6 6.04 1. 00272 

June 4,1.20 n .. llL _____________________________ ~ __________________ _ 10.98 -------- 16.6 13.95 1. 00956 
0 -------- 20. 5 5. 55 1. 00238 
5 -------- 18.8 7. 01 1. 00385 

3.50 a. 111 __________ 1_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
10. 98 -------- 16.0 9. 87 1. 00657 

0 -------- 20. 2 6. 14 1. 00291 
5 -------- 19.5 9. 87 1. 00567 

4.20 a. 111 _________________________________________________ _ 10. 98 -------- 15.7 15.92 1. 01122 
0 -------- 20. 4 7.15 1. 00363 

5.50 a. In ______________ . _______ . ____________________________ _ 

5 -------- 18.0 11. 91 1 .. 00773 
10. 98 -------- 15.5 16.00 1. 01137 
0 -------- 20. 5 6. 57 1. 00316 
5 -------- 19.7 9. 74 1. 00573 

7.20 a. 111 _________________________________________________ _ 

8.50 a. Ill ___________________________________ . ______________ _ 

10. 98 -------- 15.9 14.31 1. 00998 
0 -------- 20. 6 .6.42 1. 00302 
5 -------- 19.6 9. 32 1. 00543 . 

10. 98 -------- 15.9 15.07 1. 01057 
0 -------- 20. 6 6. 56 1. 00319 

10.20 a. 111 ________________________________________________ _ 

5 -------- 19. 3 8. 05 1. 00455 
10.98 -------- 18. 4 10. 74 1. 00676 

0 -------- 21. 1 6. 42 1. 00391 

11.50 a. Ill. ___ • ___________________________________________ _ 

5 -------- 20. 4 7. 44 1. 00384 
10. 98 -------- 20.1 12. 37 1. 00762 

0 -------- 21. 1 5.57 1. 00226 
5 -------- 21. 0 9. 15 1. 00498 

10. 98 -------- 19.3 5.66 1. 00273 
lOO87",0--2!)---9 
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TABLE 5.-Salinity and density of water at different depths at 41 stations in Chesapeake Bay-Continued 

Station I-Continued 

Date and time of collection Tide, etc. 

1921-Continued 

June 4, 1.20 p. m _________________________________________________ _ 

2.50 p. m _______ .. _________________________________________ _ 

4.20 p. m _________________________________________________ _ 

1922 

Mar. 29,7 p. m _____________ ~ flood; sea moderate; wind N., force 2; 
hazy. 

8.30 p. m _________________________________________________ _ 

10 p. m ___________________________________________________ _ 

11.30 p. m ________________________________________________ _ 

Mar. 30, 1 a. m ____________________________________________________ _ 

2.30 a. m _________________________________________________ _ 

4 a. m _________________________________ .:. ___________ ~ ______ _ 

5.30 a. m _________________________________________________ _ 

7 a. In ____________________________________________________ _ 

8.30 a. m _________________________________________________ _ 

10 a. m ___________________________________________________ _ 

11.30 a. m ________________________________________________ _ 

1 p. m ___________________________________________________ _ 

2.30 p. nl _________________________________________________ _ 

4 p. m ____________________________________________________ _ 

Station 2 

1920 

Mar. 6, 9.50 a. m__ _ _ ____ _ _ _ Full flood _____________________________ ._ 

Depth 
(meters) 

0 
5 

10. 98 
0 
5 

10. 98 
0 
5 

10. 98 

0 
5 

11 
0 
5 

11 
0 
5 

11 
0 
5 

11 
0 
5 

11 
0 
5 

11 
0 
5 

11 
0 
5 

11 
0 
5 

11 
0 
5 

11 
0 
5 

11 
0 
5 

11 
0 
5 

11 
0 
5 

11 
0 
5 

11 

o 
5 

10 
13.7 

Temperature (0 C.) 

Air Sample 

--------
--------

--------

--------
--------

--------
--------

--------

--------

10.00 
--------
--------
--------
--------
--------
--------
--------
--------

--------
--------
--------
--------
--------
--------
--------
--------
--------
--------

--------

--------
--------
--------
--------
--------
--------
--------
--------
--------
--------
--------
--------

--------
--------

--------
--------
--------
--------
--------
--------
--------
--------
--------

--------
--------

21. 3 
20. 7 
19.9 
21. 3 
20. 9 
19.5 
21. 5 
20. 3 
19.3 

8.6 
6. 3 
4. 8 
9. 0 
6. 4 
5. 0 
8. 3 
6. 4 
4. 8 
8.0 
6. 0 
4. 9 

--------
--------

4.7 
8.2 
8. 0 
4. 9 
8. 2 
8. 0 
4.8 
8. 0 
8.0 
5.4 
8.1 
7.5 
5. 4 
7. 8 
7. 7 
5. 0 
8.0 
7. 0 
4. 6 
7. 9 
7. 4 
4. 5 
7.7 
6. 8 
4. 6 
7. 9 
7. 4 
5.0 
7. 8 
7. 8 
4. 8 

3. 9 
.0 

-.3 
-.3 

Salinity 
(parts per 
thousand) 

----------
6. 35 
8.46 

'6.24 
6. 36 
8. 54 
7.29 
7.37 
7. 83 

4.77 
7. 75 
3. 80 
5. 22 
8. 22 

10. 33 
4. 86 
8. 02 

11. 18 
4. 50 
9. 58 

11. 70 
8. 89 
6. 06 

11. 75 
3. 94 
4. 66 

10.69 
11. 50 
4.09 
3. 80 
4. 30 
4. 42 

11. 69 
4. 44 

11. 18 
4. 85 
4. 89 
5.71 

12. 45 
5. 20 
6. 73 
8.03 
5. 69 
7. 68 

14. 20 
5. 18 
9. 13 

14. 13 
4. 71 
7.04 

12. 48 
4. 67 
5. 20 

13. 90 

11. 63 
11. 55 
12.65 
15.13 

Density 

----------
1. 00295 
1. 00471 
1. 00271 
1. 00301 
1. 00487 
1. 00345 
1. 00379 
1. 00436 

1. 00362 
1. 00613 
1. 00306 
1. 00389 
1. 00650 
1. 00825 
1. 00369 
1. 00638 
1. 00887 
1. 00345 
1. 00758 
1. 00933 

----------
----------

1. 00936 
1. 00300 
1. 00368 
1. 00852 
1. 00892 
1. 00314 
1. 00306 
1. 00330 
1. 00356 
1. 00929 
1. 00340 
1. 00864 
1. 00386 
1. OQ377 
1. 00442 
1. 00991 
1. 00401 
1. 00528 
1. 00641 
1. 00441 
1. 00600 
1. 01132 
1. 00402 
1. 00717 
1. 01125 
1. 00360 
1. 00647 
1. 00994 
1. 00361 
1. 00402 
1. 01107 

1. 00932 
1.00926 
1. 01014 
1. 01214 
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TABJ .. 1~ 5.-Salinity and density of 'Water at different depths at 41 stations in Chesapeake Bay-Continued 

Station 3 

Temperature (0 C.) 
Salinity Depth Date lind time of collection Tide, etc. (meters) (parts per Density 

Air Sample thousand) 

1920 

Jan. 17,2.30 p. lll __________ ---------------------------------------- 0 -------- 0.9 12.01 1. 00963 
13.7 -------- .9 17.16 1. 01378 

Mar. 6, 12.44 p. lll _________ ~ ebb _________________________________ 
0 -------- -3.9 12. 43 1. 00997 
5.0' -------- 1. 1 13.00 1. 01044 

10.0 -------- -.3 13.26 1. 01063 
12.8 -------- -.3 14. 78 1.01186 

Mtty 7, 4.47 p. ill ___________ ~ ebb _________________________________ 0 -------- 12.8 4. 01 1. 00266 
13.18 -------- 12.8 5. 76 1. 00393 

July 4, 4 p. m ______________ ~ ebb _________________________________ 
0 -------- 23. 6 8. 58 1. 00392 

10 -------- 23. 6 8. 78 1. 00408 
Bottom. -------- 23.4 8. 89 1. 00422 

Aug. 26, 9.S0 a. m __________ ---------------------------------------- 0 -------- 23.2 8. 11 1. 00366 . Bottom. -------- 24.1 17.69 1. 01064 
10.05 a. m _________ ---------------------------------------- 0 -------- 23.6 9. 46 1.00461 

Bottom. -------- 24.1 17. 67 1.01061 
Oct. 17, 7.40 a. 111. _________ ---------------------------------------- 0 -------- 19.5 10.42 1. 00628 

5 -------- 19.2 10.61 1. 00659 
Bottom. -------- 20.6 15.30 1. 00973 

Dec. 9, 4.18 p. lll ________ . __ ~ fl ood _________________________ . _______ 0 -------- 7.2 9. 14 1. 00715 
Bottom. -------- 10.3 16. 78 1. 01279 

1921 

Jan. 27, 11.05 a. 111 _________ Beginning ebb; sea choppy; wind NE., force 0 -1. 1 1.3 10.43 

I 

1. 00837 
3. 12.81 -------- 3.7 14. 25 1.01142 

Mar. 28, 9.50 a. m __________ Beginning ebb; sea smooth; wind SW., force 0 16.6 11. 8 6. 00 1. 00425 
2. 

10 -------- 8.4 11. 97 1. 00929 
15 -------- 8. 1 12.41 1. 00961 

June 3,2.50 p. lll ___________ ~ flood; sea smooth; wind S., force L _____ 0 23.3 21. 3 5.75 1. 00235 
12.81 -------- 15.6 16.16 1. 01146 

1922 

1\1(1.1".29,4.30 p. m __________ ~ flood; wind N., force 0 ________________ 0 14.44 9.1 5.28 1. 00399 
12.8 -------- 5.3 11. 46 1. 00908 

~.-

Station 4 

I 

1920 
0 

Jan. 17,3.17 p. lll __________ 
---------------------------------~------

0 -------- -0.1 12. 28 1. 00984 
20.1 -------- .9 17.37 1. 01394 May 7, 6.09 p. m ___________ Slack ebb ______________________________ 0 -------- 12.6 4. 35 1. 00287 
19.55 -------- 12.8 7. 16 1. 00501 July 4,2.45 p. m ___________ ~ ebb _________________________________ 0 -------- 23.9 7.89 1. 00333 
10 -------- 23. 9 8. 70 1. 00393 

Bottom. -------- 23.9 15.44 1. 00900 
Aug. 26, 10.05 a. m _________ ---------------------------------------- 0 -------- 23. 5 9. 46 1. 00461 

Bottom. -------- 24.1 17.67 1.01061 
Oct. 17,6.34 a. m __________ ---------------------------------------- 0 -------- 19.2 ---------- ----------Bottom. -------- 21. 1 16.03 1. 01016 
Dec. 9, 5.24 p. m ___________ ~ flood _______________ .. ________________ 0 -------- 7.4 10. 64 1. 00831 

10 -------- 9.6 16. 68 1. 01280 
Bottom. -------- 10.0 17.65 1. 01349 

1921 

Jan. 27, 12.30 p. m _________ ~ ebb; sea moderate; wind NE., force 2 ____ 0 2.7 1.6 10.88 1. 00874 
10 -------- 2. 0 11. 97 1. 00962 
20.13 -------- 3.8 14. 46 1. 01155 

Mar. 28, 7 a. IlL ____________ Flood; sea smooth; wind SW.) force 2 ______ 0 16. 1 12.4 5. 26 1. 00359 
10 -------- 8. 9 10. 21 1. 00784 

% flood; sea smooth; wind S., force L _____ 
18 -------- 7.7 ·12.99 1. 01015 June 3,3.37 p. m ___________ 0 22. 7 20. 8 5.85 1. 00254 
10 -------- 18. 1 11. 91 1. 00770 
22. 7 -------- 14.9 19.66 1. 01426 

1922 

Mar. 29, 5.27 p. lll _________ ~ flood; sea smooth; wind N., force L _____ 0 -------- 9. 2 5.65 1. 00426 
10 -------- 6. 0 10.30 1.00815 
20 -------- 5.2 15.79 1.01251 
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TABLE 5.-Salinity and de,,!,sity of water at different depths at 41 stations in Chesapeake Bay-Contirmoo 

Station 5 

I 
Temperature ("'C.) I 

BaJiJ:rlty Depth Date and time of collection Tide, etc. (meters) (parts per 
Air Sampbi~ 

thousrutd)1 

1920 

Mar. 7, 2.46 p. IlL __________ ~ ebb _________________________________ .0 \ 0.0 13.11 --------
9.1 -------- -. () 14.12 

May 7, 2.30 p. lll ___________ ~ ebb _________________________________ 0 -------- 12. 8 6. 42 
9. 54 -------- 12. 6 8.83 

July 4,6.20 p. nL __________ Beginning flood __________________________ 0 -------- 23. 4 9. 75 
10 -------- 23.6 10.08 

Aug. 26, 5.40 a. lll __________ ---------------------------------------- 0 -------- 23.2 8.67 
Bottom. -------- 24.2 13. 41 

Oct. 17, 12.05 p. nL ________ ---------------------------------------- 0 -------- 20.0 11.81 
Bottom .. -------- 19.8 14.97 

Dec. 9, 1.40 p. lll ___________ Beginning flood __________________________ 0 -------- 7.2 ----------Bottom. -------- 7.2 ----------1921 

Jan. 27, 7.10 a. lll ___________ ~ flood; sea llloderate; wind NE., force 2 ___ 0 -2.2 1.3 11.13 
10.07 -------- 1.3 11.14 

Mar. 28, 1.25 p. lll __________ Ebb; sea choppy; wind SW. by S., force 3 __ 0 18.8 14: 9 8.11 
9 -------- 15.8 9.16 

June 3, 10.55 a. lll __________ Full ebb; sea smooth; wind S., force L _____ 0 22.7 20.4 7.29 
to. 06 -------- 16.0 15.36 

1922 

Jan. 25, 3.15 p. IlL _____ ' ____ ~ flood; wind N. by E., force 2 ____________ 0 -1.11 .9 11.34 
10.06 -------- 1.3 12. 06 

Mar. 29, 12.28 p. m _________ ~ ebb; sea smooth; wind NW., force 2 ____ 0 18. 33 8.5 9.75 
9. 6 -------- 7.3 10 .. 19 

Station 6 

1920 

Jan. 17,9.57 a. lll ___________ ---------------------------------------- 0 -------- -0.1 12.98 
12.8 -------- .15 14. 48 

Mar. 7, 10.49 p. lll __________ ~ ebb _;. ________ ". ______________________ 0 -------- -.3 13.67 
5 -------- -.3 13.70 

10 -------- 1.7 14. 40 
" 13 -------- -.3 14.81 

July 5,6.05 a. m ___________ ~ ebb _________________________________ 0 -------- 21. 9 9. 02 
5 -------- 22.6 9. 42 

10 -------- 22.6 9. 57 
Bottom. -------- 22.9 16. 22 

Aug. 26, 6.13 a. lll __________ ---------------------------------------- 0 -------- 23.2 9. 54 
Bottom. -------- 23.6 10.17 

'Oct. 17, 11.20 a. m _______________ .. ___________________________________ 0 -------- 19.9 12. 22 
Bottom. -_._----- 20. 0 15. 62 

Dec. 9, 12.57 p. m ___________ Slack ebb _______________________________ 0 -------- 7.2 lO. 42 
Bottom. -------- 7.4 12.55 

1921 

Jan. 27, 7.53 a. lll ___________ ~ flood; sea llloderate; wind NE., force 2 __ 0 -1.6 1.8 11.38 
12.81 -------- 1.9 11. 39 

Mar. 28, 3.03 p. m __________ Flood; sea choppy; wind SW. by S., force 3_ 0 21. 1 ·lO.O 8. 37 
14 -------- 9. 6 11.32 

June 3, 11.31 a. lll __________ Beginning flood; sea smooth; wind S., force L 0 22. 2 21. 1 6. 09 
12.81 -------- 15.8 15. 86 

1922 

Jan. 25, 3.58 p. lll __________ ~ flood; wind N. by E.: force 3 ___________ 0 -3.33 .4 11. 59 
12.81 -------- 2. 5 ----------Mar. 29, 1.19 p. nL _________ ~ ebb; sea smooth; wind NW., force 2 _____ 0 18. 33 8. 4 9. 76 
12. 00 -------- 5.8 11. 09 

I 

Station 7 

1920 

Jan. 17,8.47 a. m _________________________________________________ _ 0 -------- -0.1 13. 57 
25. 0 -------- .65 ' 18.14 

Mar. 7, 4.53 p. m __________ Slack ebb _____________________________ _ 0 -------- -.3 13. 77 
10 -------- -.3 14. 58 
20 -------- 1.7 15. 58 
25 -------- ,0 15.68 

][)~msilLy 

I 1.0lI05 
1.0:H31 
1. 00444 
:t.00613 
1.00484 

I 1.00506 I 

1.00408 
1.00739 
1.00742 
1.00966 

1-------- --
----------

1.00894 
1.00895 
1.00557 
1.00607 
1.00379 
1.01077 

1.00910 
1.00969 
1.00753 
1.00797 

1. 01041 
1. 01162 
1. OlO96 
1. 01100 
1. 01157 
1. 01188 
1. 00468 
1. 00480 
1. 00492 
1. 00988 
1. 00475 
1. 00512 
1. 00756 
1. 01011 
1.00811 
1. 00981 

1. 00915 
1. 00916 
1. 00631 
1. 00869 
1. 00272 
1. 01119 

1. 00931 
----------1. 00754 

1. 00879 

1. 01089 
1. 01457 
1. 01104 
1. 01169 
1. 01250 
1. 01259 
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TABJ~E 5.-Salinity and density of water at different depths at 4-1 stations in Chesapeake Bay-Continued 

Station 7-Continued 

Temperature (0 C.) 
Salinity Depth Dntc nnd time of collcction Tide, etc. (meters) (parts per Density 

Air Sample thousand) 

1920-Continued 

May 7, 1.18 p. 11L __________ Beginning eblL _________________________ 0 -------- 12.5 5. 81 1. 00400 
25. 32 -------- 12.3 15.66 1.01164 

July 5, 7.15 a. llL __________ % ebb _________________________________ 0 -------- 21. 9 9. 40 1. 00497 
5 -------- 22.1 11. 22 1. 00628 

10 -------- 22. 1 14. 10 1. 00844 
20 -------- 22. 4 16.89 1. 01047 

Bottom. -------- 22. 1 17.49 1. 01100 
Aug. 26, 7.05 a. IlL _________ ---------------------------------------- 0 -------- 23. 7 10. 65 1. 00545 

Bottom. -------- 24. 0 18. 74 1. 01144 
Oct. 17, 10.05 a. IlL _' _______ ---------------------------------------- 0 -------- 19. 4 13.70 1. 00879 

10 -------~ 19.9 14. 46 1. 00925 
20 -------- -------- 16. 00 ----------

Bottom. -------- 20. 2 16. 50 1. 01074 
Dec. 9,11.50 a. lll __________ Fu 11 ebb ___________________________ .. ___ 0 -------- 7.9 12. 42 1. 00967 

10 -------- 8.3 12. 68 1. 00984 
20 -------- 8.8 12. 84 1. 00990 

Bottom. - - - - - -"-- 8.1 13. 33 1. 01036 
1921 

Jan. 27, 8.50 a. lll __________ ~ flood; sea moderate; wind NE .. force 2 __ 0 -3.3 2. 0 12.14 1. 00975 
10 -------- 2.0 12. 33 1. 00982 
20 -------- 2.1 12. 36 1. 00993 
37. 45 -------- 2. 4 13. 27 1. 01064 

Mar. 29, 11.10 a. 11L _______ Ebb; sea choPPYj wind NNE., force 3 ______ 0' 3. 3 10.5 7. 43 1. 00551 
10 -------- 10. 5 8. 29 1. 00618 
20 -------- 9. 9 10. 38 1. 00788 
30 -------- 8.4 13. 53 1. 01048 

June 3,12.34 p. m __________ 'U flood; sea smooth; wind S., force L _____ 0 22. 2 21. 1 8. 36 ,1. 00437 
10 -------- 18.8 12.05 1. 00767 
20 -------- 15.2 17.96 1. 01290 
27. 45 -------- 15.0 18.64 1. 01346 

1922 

Jan. 25, 4.50 p. m_ -------- Full flood; wind N. by E., force 2 _________ 0 -4.44 O. 8 13. 26 1. 01064 
10 -------- 1.9 15.97 1. 01281 
20 -------- 3.2 18. 95 1. 01514 
27. 90 -------- 2. 5 18. 36 1. 01471 

Mar. 29, 2.13 p. m _________ Full ebb; sea moderate; wind N., force 2; 0 14. 44 8.2 9. 84 1. 00761 
partly cloudy. 10 -------- 7. 2 11.00 1. 00862 

20 -------- 4. 5 

I 
15.26 1. 01216 

26. 5 -------- 4. 0 16. 79 1. 01340 

Station 8 

1920 
Jan. 16, 1.49 p. 111 _________________________________________________ _ 0 -------- O. 2 ---------- ----------
Mar. 8, 8.49 a. lll_ _ _ _ _ _ _ _ _ _ Slack _____________ - ___________________ _ 

10.1 -------- . 1 13.51 1. 01085 
0 -------- -.3 14.98 1. 01201 

10 -------- -1.1 15.03 1. 01205 May 7,9.10 a. lll _______ . ___ %: flood _______________________________ _ 0 -------- 12.8 6.29 1. 00434 
9. 54 -------- 12.6 11.88 1. 00868 J\lly 5, 2 p. llL ____________ Beginning ebb _________________________ _ 0 -------- 24. 6 11. 30 1. 00570 
5 -------- 24. 3 11.36 1. 00583 

Bottolll. -------- 24. 4 11.69 1. 00605 Aug. 25, 6.1.5 p. 111 _______________________________________ • __________ _ 0 -------- 24.1 9. 86 1. 00475 
Bottom. -------- 24. 0 9. 87 1. 00475 Oct. 17,3.20 p. 1n _________________________________________________ _ 0 -------- 19.4 12. 99 1. 00814 
Bottom. -------- 19.4 13.03 1. 00816 

1921 

.Jan. 26, 4.50 p. ilL _ _ _ _ _ _ _ _ _ % flood; sea llloderate; wind NNE., force 2 __ 0 1.1 2. 3 12. 44 1. 00999 
9.15 -------- 2. 3 12. 40 1. 00997 

Mar. 29, 3.50 p. lll _________ Flood; sea choppy; wind NNE., force 2 ___ _ (J 4. 4 10.7 ---------- ----------
10 -------- 9. 9 11. 50 1. 00874 

June 3,6.31 a. 111 ___________ ~ ebb; sea slllooth; calm ________________ _ 0 15.0 20. 6 10. 63 1. 00620 
9. 15 -------- 16.7 14. 28 1. 00981 

1922 

Jan. 25,12.05 p. llL ________ % flood; sea moderate; wind N. by E., 
force 3. 

0 1.11 0.7 13.03 1. 01045 
9.15 -------- 0.8 13. 14 1 01056 

Mar. 29, 9.10 a. 111 _________ U ebb; sea slllooth; wind NW., force 2 ____ _ 0 12. 22 6. 4 11.91 1. 00938 
9.14 -------- 5. 6 13. 23 1. 01049 
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TABLE 5.-Salinity and density of water at different depths' at 41 stations in Chesapeake Bay-Continued 

Station 9 

Temperature (0 C.) 
Salinity Depth Dcnsity Date and time oC collection Tide, etc. (meters) (parts per 

t Air Sample thou~and) 

1920 

Jan. 16, 2.45 p. m __________ ---------------------------------------- 0 -------- 0.15 14.13 1. 01134 
22. 8 -------- .65 18. 59 1. 01493 

Mar. 8, 6.36 a. m __________ ~ flood ________________________________ 0 -------- -.8 15.37 1.01234 
10 -------- -.3 15.57 1. 01249 
20 -------- 1. 1 15. 80 1. 01269 
22 -------- -.3 15. 58 1. 01250 

May 7,10.12 a. 11L _________ Flood __________________________________ 0 -------- 12.8 6.85 1. 00477 
22. 72 -------- 12.6 15.91 1. 01178 

July 5,12.18 p. m __________ ~ flood ________________________________ 0 -------- 23.8 11. 44 1. 00602 
10 -------- 23.6 11. 62 1.00618 
20 -------- 23.1 18.61 1. 01158 

Bottom. -------- 23.6 18. 95 1. 01171 
Aug. 25, 6.59 p. m ___________ ---------------------------------------- 0 -------- 24.-1 --------_ .. ----------

Bottom. -------- 24. 2 18.79 1. 01142 
Oct. 17,4.15 p. m __________ ---------------------------------------- 0 -------- 20. 2 13.72 1. 00865 

10 -------- 19.4 14.73 1. 00958 
Bottom. -------- 20. 3 17. 44 1. 01141 

Dec. 9, 6.54 a. m ___________ ~ ebb ________________________________ ._ 0 -------- 7.8 14. 69 1.01145 
10 -------- 7.9 14. 57 1.01134 

Bottom. -------- 7.9 15. 80 1. 01233 
1921 

(; 

Jan. 26, 5.50 p. m __________ ~ flood; sea moderate; wind NNE., force 2_ 0 O. 0 2. 7 13. 04 1. 01047 
10 -------- 2. 6 12.95 1. 01040 
22. 42 -------- 3. 4 13. 73 1.01100 

Mar. 29, 2 p. m ___________ ._ Ebb; sea choppy; wind NNE., force 2 _____ 0 2.7 10.8 10.87 1. 00814 
10 -------- 11. 6 11. 13 1.00823 
19 -------- 7.5 16.18 1. 01265 

June 3,5.15 a. m ___________ ~ ebb; sea smooth; calm ________ . _________ 0 14.4 19.4 10.58 1.00614 
10 -------- 19.3 10.62 1. 00647 
22. 41 -------- 15.3 18.93 1.01362 

1922 

Jan. 24,10.55 a. m _________ ~ flood; sea choppy; wind N. by E., force 4_ 0 -1.11 1.7 13.17 1.01057 
10 - - - _. - - _ .... 1.6 13.53 1. 01086 
21. 96 -------- 2. 6 19. 76 1.01573 

Mar. 29, 7.58 a. m _________ Beginning ebb; sea smooth; wind NW., 0 10. 00 7.3 11. 89 1. 00931 
force 1. 10 _._------ 6.3 12.87 1.01016 

22.00 -------- 4.6 16.89 1.01342 

Station 10 

1920 

Jan. 16, 11.29 a. nL _______________________________________________ _ 
Mar. 8, 9.29 a. 11L _________ Beginning ebb _________________________ _ 

0 -------- O. 4 
0 -------- .2 
7. 3 -------- - 6 

14.10 1. 01132 
15.56 1.01249 
15.62 1. 01253 

May 7,7 a. 111-_____________ %' flood _______________________________ _ 0 -------- 12.8 
7. 27 -------- 12. 6 

6. 96 1. 00486 
7. 30 1. 00516 

July 5,.4.40 p. 11L __________ Beginning ebb _________________________ _ 0 -------- 24. 1 
Bottom. -------- 23. 9 

11. 46 1. 00520 
19.88 1. 01231 

Aug. ~5, 4 p. 111-___________________________________________________ _ 0 -------- 24. 0 
Bottom. -------- 23.9 

10.67 1. 00538 
12. 64 1. 00662 

Oct. 18,6 p. 111 ________ · ____________________________________________ _ 0 -------- 19. 5 
Bottom. -------- 19. 2 

13.77 1. 00882 
13.77 1. 00884 

Dec. 8,3.58 p. 11L __________ Full flood ______________________ _' ______ _ 0 -------- 8. 2 
Bottom. -------- 8. 4 

14. 56 1. 01132 
14. 52 1. 01126 

1921 

Jan. 26, 2.52 p. IlL _ _ _ _ _ _ _ _ _ ~ flood; sea moderate; wind N., force 2 ___ _ 0 0.0 2. 3 
7.32 -------- 2.3 

13.11 1. 01051 
13.12 1. 01052 

Mar. 28, 6 p. m ____________ Flood; sea smooth; wind NNE., force L __ _ 0 6. 6 10. 6 11. 40 1. 00858 
7 -------- 10.8 11. 84 1. 00889 

June 2,7.45 p. m ___________ % ebb; sea moderate; wind E., force 2 ____ _ 0 18.8 20.8 
7.32 -------- 20. 7 

10.97 1. 00641 
11. 02 1. 00648 

1922 

Jan. 24, S.40 p. m __ -------- Slack; choppy; wind N. by E., force 4 _____ _ 0 -3.88 1.1 
7. 32 -------- .9 

13. 82 1. 01109 
13.83 1. 01111 

Mar. 29, 6.07 a. 11L ________ Full flood; calm; hazy __________________ _ 0 8. 89 7.3 
7.00 -------- 5. 7 

12. 34 1. 00965 
13.71 1. 01016 
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TAHLE 5.-Sal'inity and den~ity of water at d'ifferent depths at 41 stations in Chesapeake Bay.:..-Continued 

Station 11 

I 
Temperature (0 C.) 

Salinity 
Dnte nnd time of collection Tide, etc. Depth (parts per Density . (meters) Air Sample thousand) 

1920 

Jttll. 16, 9.46a. 11L _________ ---------------------------------------- 0 -------- O. 8 14.87 1. 01192 
40. 3 -------- .8 20. 00 1. 01606 

Mar. 8,10.23 a. nL ________ 
Ebb ___________________________________ 

0 -------- .4 15.90 1. 01277 
- 10 -------- .0 16.09 1. 01292 

20 -------- .2 16.10 1. 01292 
30 -------- .0 16. 06 1. 01290 
40 -------- .2 16.13 1. 01295 
47.5 -------- -.3 16.13 1.01295 

May 7, 5.34 n. llL _________ ~ flood ________________________________ 
0 -------- 12. 6 7.12 1. 00501 

20 -------- 12.8 7.13 1. 00498 
~ ebb _________________________________ 47.27 -------- 12.6 17.80 1. 01322 

July 5, 6.05 p. m ___________ 0 -------- 24.1 11. 09 1. 00569 
10 -------- 23. 4 15.44 1. 00913 
20 -------- 23. 6 14.99 1. 00874 
30 -------- 23.4 19.12 1. 01189 
40 -------- 22.1 19. 37 1. 01242 

Bottom. -------- 22.4 19. 38 1.01235 
Aug. 25, 2.30 p. In __________ ---------------------------------------- 0 -------- 24. 2 12. 83 1.00695 

Bottom. -------- 23. 9 19: 70 1.01219 
Oct. 18,6.50 a. lll __________ ---------------------------------------- 0 -------- 19.5 14.36 1. 00927 

10 -------- 19.5 15.08 1. 00982 
20 -------- 20.1 15.37 1.01090 
30 -------- 19.6 17.08 1.01130 
40 -------- 20. 0 26.08 1.01801 

Bottom. -------- 19.4 20.04 1. 01359 
Dec. 8,2.33 p. IU __________ ~ flood __________________ ~ ________ ~ ____ 0 -------- 8.6 14. 93 1. 01155 

10 -------- 8. 2 15.01 1.01166 
20 -------- 9.5 18.35 1. 01411 
30 -------- 9.9 19.68 1.01509 
40 -------- 9. 9 19.75 1.01515 

Bott(Jm. -------- 9. 9 19.85 1. 01522 
1921 

Jan. 26,1.38 p. m __________ ~ flood; sea moderate; wind N., force 2 ___ 0 O. 5 2. 6 14. 44 1.01158 
10 -------- 3.3 14.78 1. 01185 
20 -------- 3. 4 14. 59 1. 01168 
30 -------- 3. 7 17.46 1. 01393 
40 -------- 3. 8 ---------- ----------
47.58 -------- 3. 9 17. 70 1. 01412 

Mnr. 30, 8.20 n. ll1 _________ Ebb; sea choppy; wind SE., force 2 _______ 0 7.2 10.2 13.94 1. 01059 
20 -------- 10.7 14. 20 1.01073 
46 -------- 10.2 16.60 1. 01266 

June 2, n.ao p. ll1 ___________ ~ ebb; sea moderate; wind E., force 3 ____ 0 21.6 20. 0 11. 20 1.00677 
10 -------- 20. 0 11. 68 1. 00714 
20 -------- 15.5 19.42 1.01397 
30 -------- 15.3 19.66 1. 01421 
40 -------- 15.3 19.80 1. 01429 
47. 58 -------- 15.1. 19.78 1. 01431 

1922 

Jali. 25, 7.45a. nL _________ Full ebb; sea choppy; wind N., force 4 ____ 0 -7.77 1.4 15.81 1.01262 
10 -------- 2. 2 16.53 1. 01325 
20 1-------- 2.7 19.54 1. 01564 
30 -------- 2. 5 19. 86 1. 01590 

°40 -------- 3. 2 20.43 1. 01631 
47. 50 -------- 2. 9 20. 63 1. 01645 

Mnr. 28, 5.23 p. 11L _________ Tide slack; sea moderate; winCt S., force 3; 0 11. 11 7.7 11. 88 1.'00926 
hazy. 

10 -------- 7.2 11.90 1. 00932 
20 -------- 4.9 15. 42 1. 01225 
30 -------- 5.2 11.81 1. 00937 
40 -------- 4.9 13. 67 1. 01087 
47.55 -------- 4.6 15.93 1. 01267 

Station 12 

1920 
Jail. 16,7.55 a. lll _________________________________________________ .. 0 -------- 0.45 15.02 1.01205 

38.5 -------- -.3 20.78 1. 01669 Mnr. 8,12 m ______________ Slack _________________________________ _ 0 -------- .6 16.11 1.01294 
10 -------- .7 16.14 1. 01296 
20 -------- .6 16.14 1. 01295 
30 -------- .7 16. 16 1. 01297 
35 -------- .6 16. 22 1.01298 
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TABLE 5.-Salinity and density of water at different depths at 41 stations in Chesapeake Bay-Continued 

Station 13 

TemperatUl:e (0 C.) 
Salinity Depth Date and time of collection Tide, etc. (meters) (parts per Density 

Air Sample thousand) 

-
1920 

Jan. 15, 12.52 p. n1- ________ ---------------------------------------- 0 -------- O. 95 14. 18 1. 01139 
12. 8 -------- .7 14.49 1. 01164 

Mar. 8, 4.35 p. m ___________ ~ ebb _________________________________ 0 -------- .3 15.82 1. 01271 
10 -------- . 3 15.79 . 1. 01267 
12.8 -------- 0 15.77 1. 01266 

May 6,3.45 p. m ___________ ~ flood ________________________________ 0 -------- 13. 1 7. 28 1. 00506 
10 -------- 13. 1 8. 70 1. 00615 
12. 72 -------- 13.3 13.75 1.01001 

July 7, 7.49 a. m ___________ Slack ebb. ______________________________ 0 -------- 23.7 12. 27 1. 00666 
Bottom. -------- 23.5 17. ,27 1. 0104:8 

Aug. 24, 8,59 a. m __________ ---------------------------------------- 0 -------- 25.8 13. 35 1.00693 
Bottom. -------- 25.6 13.31 1. 00696 

Oct. 19, 12.28 p. m _________ 
------------------------~---------------

0 -------- 20.0 ---------- ----------
Bottom. -------- 19.7 15.71 1. 01024 

Dec. 7, 10.04 a. m __________ ~ flood ________________________________ 0 -------- 8.7 15.03 1. 01163 
Bottom. -------- 8.7 15.00 1. 01161 

19f 1 

Jan. 25, 8.43 a. m __________ Full ebb; sea choppy; wind NNE., force 4 __ 0 3. 3 2. 9 13. 28 1. 01066 
12.81 -------- 2. 9 13.31 1.01069 

Mar. 31, 12.55 p. m _________ Ebb; sea choppy; wind S., force 2 _________ 0 16.6 11.1 13.09 1. 00982 
16.6 -------- 10. 8 14.05 1. 01061 

June 1, 1.40 p. nL ______ - ___ ~ ebb; sea smooth; calm _________________ 0 31. 6 22. 5 12. 20 1.00693 
e 12.81 -------- 19.1 13.19 1. 00848 

1922 

Jan. 23, 3.22 p. m __________ ~ ebb; sea moderate; wind NNE., force 3 __ 0 1.11 2.8 15.22 1. 01220 
12.81 -------- 3.1 15.37 1. 01231 

Mar. 27, 12.06 p. m _________ 73 flood; smooth; wind SE., force L _______ 0 12.22 6.9 12.43 1. 00976 
0, 12.0 -------- 5.7 13.63 1. 01070 

Station 14 

1920 

Jan .. 15, 2.09 p. In _________________________________________________ _ 0 -------- 0.7 14.74 1.01185 
40. 3 -------- .7 20. 28 1. 01628 

Mar. 8, 3.08 p. m ___________ ~ ebb ________________________________ _ 0 -------- .7 15.87 1. 01274 
10 -------- 0 15.86 1. 01274 
20 -------- .7 15.87 1. 01274 
30 -------- 0 16.15 1. 01297 
35.7 -------- .4 16. 36 1. 01313 

:May 6,5.10 p. m ___________ Flood _________________________________ _ 0 -------- 13. 1 7.30 1. 00509 
20 -------- 13.3 13.28 1. 00964 
38.18 -------- 13.1 18. 09 1. 01337 

July 6, '1.19 a. m _ _ _ _ _ _ _ _ _ _ _ Full ebb _______________________________ _ 0 -------- 23. 8 12.75 1.00701 
10 -------- 23. 4 12.75 1. 00710 
20 -------- 23.2 20. 22 1. 01278 
30 -------- 23.6 19.70 1.01227 
36. 60 -------- 23.9 20.22 1.01268 

8A9 a. m _________ Beginning flood __ o ______________________ _ 0 -------- 22.8 12.76 1.00727 
10 -------- 22. 8 14.68 1. 00871 
20 -------- 22. 0 19.11 1. 01225 
30 -------- 22.0 20.26 1. 01312 
36. 60 -------- 22. 0 20.22 1. 01307 

10.~~ a. m _________ ~ flood _______________________________ _ 0 -------- 23. 0 12. 50 1. 00702 
10 -------- 23. 3 14.66 1.00846 
20 -------- 22.2 19.72 1. 01265 
30 -------- 22.1 20.20 1.01304 
36.60 -------- 22. 0 20.22 1. 01307 

11.49 a. m _________ ~ flood _______________________________ _ 0 -------- 23. 2 12.56 1. 00704 
10 -------- 23.7 14. 95 1. 00866 
20 -------- 22. 1 19. 60 1. 01232 
30 -------- 22. 1 20.04 1. 01292 
36. 60 -------- . 22.1 20.25 1.01307 

1.19 p. nL ________ Full fiood ______________________________ _ 0 -------- 24.0 12. 57 1. 00782 
10 -------- 23.1 15.63 1. 00934 
20 -------- 22. 0 19. 64 1. 01264 
30 -------- 22. 0 19.98 1. 01291 
36. 60 -------- 22.1 20.10 1. 01301 
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TAHT •. m 5.-SaU'nity and density of water at different depths at 41 stations in Chesapeake Bay-Continued 

Station 14-Continued 

Temperature (0 C.) Salinity Depth Date nnd time of collection 'l'ide. etc. (meters) (parts per Density 
Ail' Sample thousand) 

1920-Continllcd 

July 6,2.49 p. 11L _________ Beginn.ing ebb __________________________ 0 -------- 25.3 12.53 1. 00727 
10 -------- 23.3' 12. 82 1. 00664 
20 -------- 22. 6 18. 40 1.01156 
30 -------- 22. 5 20. 10 1. 01287 
36. 60 -------- 22. 2 20. 19 1.01294 

4.19 p. 11L ________ ~ ebb _________________________________ 
0 _ .. _----- 24:8 12. 60 1. 00664 

10 -------- 23. 3 12. 74 1. 00712 
20 -------- 23.1 18. 25 1. 01131 
30 -------- 22. 5 20. 00 1. 01279 
36. 60 -------- 22. 7 20.16 1. 01286 

5.49 p. llL ________ Full ebb _________________ -- _____________ I 0 -------- 23. 5 12. 68 1. 00701 
10 -------- 23.1 14. 90 1. 00899 
20 -------- 24. 4 18.01 1. 01072 
30 -------- 22. 6 20.10 1. 01284 
36. 60 -------- 22. 2 20. 19 1. 01301 

7.19 p. m _________ ~ flood ________________________________ 
0 .-" - - - - -- 24. 4 12. 68 1. 00781 

10 :-------- 23. 5 13.01 1. 00725 
20 -------- 22. 8 17.77 1. 01104 
30 -------- 22.5 20. 04 1.01282 
36. 60 -------- 22. 0 20.16 1. 01304 

8.49 p. 11L ________ ~ ftood ________________________________ 
0 -------- 23. 7 12.16 1.00696 

10 -------- 23. 2 15. 12 1. 00894 
20 -------- 22. 0 19. 70 1.01270 
30 -------- 22. 1 20.00 1. 01289 
36. 60 -------- 22. 0 20. 20 1.01307 

10.19 p. 11L ________ ~ flood ________________________________ 
0 -------- 23. 6 12.58 1. 00694 

10 -------- 22. 8 12.72 1. 00724 
20 -------- 22. 4 19.08 1.01213 
30 -------- 22. 0 19.68 1. 01267 
36. 60 -------- -------- 19.91 ----------11.49 p. llL ________ ~ flood ________________ ~--------------- 0 -------- 23. 6 12.68 1. 00701 
10 -------- 22. 6 15.20 1.00915 
20 -------- 21. 9 17.30 1. 01092 
30 -------- 22. 0 19.69 1. 01267 
36. 60 -------- 22. 4 20.02 1. 01284 

July 7, 1.19 a. IlL _________ Beginning ebb __________________________ 0 -------- 23. 8 12.68 1. 00696 
10 -------- 23. 4 13.12 1. 00739 
20 -------- 22. 9 19. 18 1. 01207 
30 -------- 22. 0 20. 06 1. 01297 
36. 60 -------- 22. 0 20.02 1.01294 

2.49 a. IlL _________ ~ eblL ________________________________ 0 -------- 23. 8 12. 73 1. 00877 
10 -------- 24. 8 12.77 1. 01050 
20 -------- 21. 9 19.22 1. 01238 
30 -------- 22. 0 20.,02 1. 01294 
36. 60 -------- 21. 6 20.08 1.01309 

4.19 a. m __________ ~ ebb _________________________________ 0 -------- 23. 8 12.76 1.00701 
10 -------- 23. 8 12.99 1.00719 
20 -------- 22. 8 12.95 1. 00733 
30 -------- 22. 0 19. 18 1. 01231 
36. 60 -------- 21. 9 19. 98 1. 01304 

5.49 a. m __________ ~ ebb _________________________________ 0 -------- 23. 7 12. 40 1. 00679 
10 

,--------
23. 8 12.93 1. 00814 

20 -------- 22. 0 16.63 1. 01038 
30 -------- 22. 0 20. 01 1. 01293 
36.60 -------- 21. 8 20. 00 1.01298 

Aug. 24,10.45 n.. tn _________ ---------------------------------------- 0 -------- 25. 5 14. 18 1. 00760 
10 -------- 25. 8 14.01 1. 00737 
20 -------- 24. 8 18.70 1. 01119 
30 -------- 25. 0 20. 30 1. 01233 

Bottom. -------- 24. 8 20. 49 1. 01253 
12.15 p. 11L ________ ---------------------------------------- 0 -------- 25. 6 13.95 1. 00742 

10 -------- 25. 3 13.89 1. 00745 
20 -------- 25. 5 13.91 1.00741 
30 -------- 25. 5 15. 14 1. 00832 

Bottom. -------- 25.0 20.47 1. 01245 
1.45 p. 11L _________ ---------------------------------------- 0 -------- 25. 5 13. 69 1. 00725 

10 -------- 25. 7 13.70 1.00719 
20 -------- 25.6 13.72 1. 00719 
30 -------- 25. 5 13. 73 1. 00727 

Bottom. -------- 24. 8 20. 39 1. 01241 
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TA:dLE 5.-Salinity and density of water at different depths at 41 stations in Chesapeake Bay-Continued 

Station 14-Continued 

Temperature (0 C.) 
Salinity 

Date and time of collection Tide, etc. Depth (parts per (meters) thousand) Air Sample 

1920-Continued 

Aug. 24, 3.15 p. m __________ ---------------------------------------- 0 -------- 25.5 13.62 
10 -------- 25.5 13.63 
20 -------- 25.2 17.54 
30 -------- 24.8 20. 08 

Bottom. -------- .24.8 20.57 
4.45 p .. m _______ · ___ ---------------------------------------- 0 -------- 25.5 13.72 

10 -------- 25. 5 13.72 
20 -------- 25.5 13.77 
30 ----l---- 25.0 19.76 

Bottom. -------- 24.8 20.50 
6.15 p. m __________ ---------------------------------------- 0 -------- 25.6 13.75 

10 -------- 25.5 13.79 
20 -------- 25.1 17.97 
30 -------- 24. 9 20. 09 

Bottom. -------- 24.8 20. 56 
7.45 p. m __ ~ _______ ---------------------------------------- 0 -------- 25.6 13.67 

10 -------- 25.4 13.75 
20 -------- 25.3 17.24 
30 -------- 25.0 19.16 

Bottom. -------- 24.8 20. 37 
9.15 p. m __________ ---------------------------------------- 0 -------- 25.5 13.75 

10 -------- 25. 3 14.25 
20 -------- 25.6 17.28 
30 -------- 25.4 17.31 

Bottom. -------- 25. 4 17.73 
10.45 p. m _________ ---------------------------------------- 0 -------- 25. 4 13.63 

10 -------- 25. 2 14.27 
20 -------- 25.5 16.61 
30 -------- 25.4 17.06 

Bottom. -------- 25.2 18. 83 
Aug. 25, 12.15 a. m _________ ---------------------------------------- 0 -------- 25.5 13.77 

10 -------- 25.0 14.27 
20 -------- 25. 0 14.18 
30 -------- 25. 3 18.33 

Bottom. -------- 25.0 19.28 
1.45 a. m __________ ---------------------------------------- 0 -------- 25.0 13.85 

10 -------- 25.0 14.13 
20 -------- 24.6 14. 36 
30 -------- 25.2 17.66 

Bottom. - - -'- - - -- 25. 1 19.21 
3.15 a. m __________ ---------------------------------------- 0 -------- 25.0 13.76 

10 -------- 25.0 13.77 
20 -------- 24. 6 13.93 
30 -------- 25.2 16.50 

Bottom. -------- 25.1 18.86 
4.45 a. m __________ ---------------------------------------- 0 -------- 24.8 13.78 

10 -------- 25.0 13.78 
20 -------- 25.5 16.47 
30 -------- 25. 2 18.79 

Bottom. -------- 25.1 19.18 
6.15 a. m __________ 

-----------------------------------~----
0 ::::::::1 

24.8 13.85 
10 25.0 13.87 
20 -------- 25. 0 16.37 
30 -------- 25.1 18. 81 

Bottom. -------- 25.1 18.99 
7.45 a. m __________ ---------------------------------------- 0 -------- 24. 8 13.93 

10 -------- 24. 9 14.04 
20 -------- 25. 2 17.66 
30 -------- 25.1 19.05 

Bottom. -------- 25.1 19.13 
9.15 a. m __________ ---------------------------------------- 0 -------- 24. 8 13. 84 

10 -------- 24. 8 14. 06 
20 -------- 25.2 15.46 
30 -------- 25. 2 19.17 

Bottom. -------- 25. 2 ----------o ct. 18,10.30 a. m _________ ---------------------------------------- 0 -------- 19.7 15.90 
10 -------- 19.7 16.75 

.. 20 -------- 19.5 20. 57 
30 1--------1 19. 3 22. 30 

Bottom. -------- 19.7 22. 24 12 m ________ , _____ 
---------------------------------------- 0 1-------- 19. 7 15. 89 

10 I::::::] 19.6 15. 90 
20 19.5 20. 20 
30 19. 3 22. 24 

Bottom. --------, 19.7 22.34 

Density 

1.00719 
1. 00722 
1. 01021 
1. 01222 
1. 01259 
1. 00719 
1. 00719 
1. 00720 
1. 01192 
1. 01254 
1. 00726 
1. 00722 
1. 01055 
1. 01220 
1. 01255 
1. 00719 
1. 00720 
1.00994 
1. 01147 
1. 01243 
1. 00721 
1. 00771 
1. 00989 
1. 00997 
1. 01028 
1. 00722 
1.00777 
1. 00942 
1. 00978 
1. 01116 
1. 00720 
1. 00769 
1. 00774 
1. 01076 
1.01156 
1. 00748 
1. 00761 
1. 00788 
1. 01030 
1. 01151 
1. 00743 
1. 00744 
1. 00767 
1. 00943 
1. 01122 
1. 00750 
1. 00745 
1. 00832 
1. 01119 
1. 01146 
1. 00755 
1. 00752 
1. 00938' 
1. 01119 
1. 01130 
1. 00762 
1. 00767 
1. 01030 
1. 01137 
1. 01138 
1. 00755 
1. 00771 
1. 00865 
1. 01142 

----------
1. 01039 
1. 01103 
1. 01390 
1. 01533 
1. 01518 
1. 01038 
1. 01041 
1. 01370 
1. 01528 
1. 01527 
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Oct. 
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TABLJo~ 5.-Salinityand density of 'Water at different depths at 41 stations in Chesapeake Bay-Continued 

Station 14-Continued 

Temperature (0 C.) 
Salinity 

Dllte and time or collection Tide, etc. Depth 
(meters) (parts per 

Air Sample thousand) 

1920-Contillued 
18,1.30 p. m __________ -------------------------.-------------- 0 -------- 19. 7 15. 90 

10 -------- 19.6 15. 90 
20 -------- 19.6 16. 04 
30 -------- 19. 3 22. 34 

Bottom. -------- 19. 3 22. 32 
3 p. lll _____________ ---------------.---------.-.-.-----.---- 0 -------- 19.6 15.86 

10 -----.-- 19.6 15.90 
20 -------- 19.4 21. 24 
30 -------- 19. 3 22. 32 

Bottom. -------- 19. 3 22. 42 
4.30 p. m __________ -----------.-------------.---------.---- 0 -------- 19.9 15. 95 

10 -------- 19.8 15. 90 
20 -------- 19.7 20. 85 
30 -------- 19.6 22. 22 

Bottom. 

=======] 

19. 7 22. 37 
6 p. m _____________ -------------------------.---.---------- 0 19.6 15. 98 

10 

========1 

19.7 16. 05 
20 19. 6 16.06 
30 -------- 19. 4 21. 35 

Bottom. -------- 19. 6 21. 83 
7.30 p. m __________ -------------------------.-------------- 0 -------- 19.6 15. 92 

10 -------- 19.6 15.91 
20 -------- 19. 6 17.59 
30 -------- 19.4 21. 85 

Bottom. -------- 19.6 22. 21 
9 p. m _____________ -------------------------.-------------- 0 -------- 19. 6 15.92 

10 -------- 19.5 15.90 
20 -------- 19.7 16. 78 
30 -------- 19.8 21. 93 

Bottom. -------- 19.6 22. 02 
10.30 p. I1L ________ ---------------------------------------- 0 -------- 19.7 15.85 

10 -------- 19. 6 16.00 
20 -------- 19. 5 20. 68 
30 -------- 19.4 21. 92 

Bottom. -------- 19. 7 22. 03 
12 p. m ____________ ---------------------------------------- 0 -------- 19.6 15.38 

10 -------- 19. 9 15.96 
20 -------- 19.7 20. 93 
30 -------- 19. 3 22. 04 

Bottom. -------- 19.4 22. 14 
19, 1.30 11. ilL _________ ---------------------------------------- 0 -------- 19.8 15.79 

10 -------- 19.5 15.80 
20 -------- 19. 9 20. 89 
30 -------- 19. 3 21. 88 

Bottom. -------- 19. 3 22. 14 
3 n. Hl ______ ._ .. ____ ---------------------------------------- 0 -------- 19. 9 15. 77 

10 -------- 19.5 15. 80 
20 -------- 19.7 20.72 

I 
30 -------- 19.3 21. 82 

Bottom. -------- 19.3 22. 03 
4.30 n. m __________ ---------------------------------------- 0 -------- 19.8 15.68 

10 -------- 19.4 15.72 
20 -------- 19.7 20. 48 
30 -------- 19. 3 21. 75 

Bottom. -------- 19. 3 22. 05 
6 R. m _____________ ---------------------------------------- 0 -------- 19.4 15.76 

10 --------1 19. 9 15. 75 
20 -------- 19. 6 20. 85 
30 -------- 19.8 21. 61 

Bottom. -------- 19.4 21. 86 
7.:30 'n. lll __________ ---------------------------------------- 0 -------- 19.6 15.71 

10 -------- 19.8 15.76 
20 -------- 20.1 18.40 
30 -------- 19. 4 21. 99 

Bottom. -------- 19.5 21. 95 n ft. 111 _____________ ---------------------------------------- 0 -------- 19. 6 15.81 
10 -------- 19.9 15.75 
20 -------- 19.9 20. 89 
30 -------- 19. 4 21. 87 

Bottom. -------- 19.5 21. 94 
Dec. 7, 11.30 R. 111_ ~ -: _ - _____ ~ flood ________________________________ 

0 -------- 8.7 15.14 
15. 34 10 -------- 8.7 

20 -------- 10.1 19.51 
30 

========1 

10.1 20.10 
BOtt0111. 10. 1 20.28 
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Density 

1. 01039 
1. 01039 
1. 01052 
1. 01536 
1. 01534 
1. 01039 
1. 01042 
1.01450 
1. 01534 
1. 01542 
1. 01039 
1. 01031' 
1. 01413 
1. 01520 
1. 01527 
1. 01048 
1. 01051 
1. 01054 
1. 01458 
1. 01490 
1. 01042 
1. 01042 
1.01170 
1. 01496 
1. 01519 
1. 01042 
1. 01042 
1. 01106 
1. 01493 
1. 01505 
1. 01035 
1. 01049 
1. 01404 
1. 01502 
1. 01503 
1. 01002 
1. 01039 
1. 01419 
1. 01589 
1. 01595 
1. 01028 
1. 01034 
1. 01412 
1. 01500 
1. 01521 
1. 01025 
1. 01026 
1. 01403 
1. 01495 
1. 01512 
1. 01020 
1. 00932 
1. 01385 
1. 01491 
1. 01513 
1. 01035 
1. 01024 
1. 01416 
1. 01468 
1. 01497 
1. 01027 
1. 01026 
1. 01219 
1. 01506 
1. 01503 
1. 01034 
1. 01023 
1. 01391 
1. 01498 
1. 01503 
1. 01171 
1.01186 
1,01493 
1. 01539 
1.01553 
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TARhE 5.-Salinity and density of water at d'ifferent depths at 4-1 stations in Chesapeake Bay--Continued 

Station 14-Continucd 

Tempemture (DC.) 
Salinity Depth Date and time oC collection Tide, etc. (meters) (parts per 

Air Sample thousand) 

1920-Continued 

Dec. 7, 1 p. m _____________ Flood __________________________________ 
0 -------- 8.8 15.20 

10 -------- 8.6 15.22 
20 -------- 10.0 19.85 
30 -------- 10.0 19. 19 

Bottom. -------- 10.1 20.21 
2.30 p. m __________ ~ ebb _________________________________ 

'0 -------- 8.7 15. 33 
10 -------- 8. 6 15.31 
20 -------- 9.9 19.69 
30 -------- 10.1 20. 20 

Bottom. -------- 9. 9 20. 29 
4 p. m _____________ ~ ebb _________________________________ 

0 -------- 8. 7. 15.03 
10 -------- 8.6 15.21 
~o -------- 10. 0 20.01 
30 -------- 10.1 20.13 

Bottom. -------- 10.1 20.21 
5.30 p. m __________ Slack ___________________________________ 

0 -------- 8.7 15. 16 
10 -------- 8.6 15.24 
20 -------- 9. 9 19.90 
30 -------- 10. 0 15.36 

Beginning flood ________________________ --I Bottom. -------- 10.1 20.17 7 p. m _____________ 0 -------- 8.,7 15.37 

I 10 -------- 8.7 15.37 
20 -------- 10.0 19.88, 
30 -------- 10. 0 20.17 

Bottom. -------- 10.1 20.24 
8.30 p. m __________ ~ fiood ________________________________ 

0 -------- 8.5 15.24 
10 -------- 8.6 15.26 
20 -------- 10.3 19.82 
30 -------- 10. 0 20.08 

Bottom. -------- 10.0 20. 28 
10 p. m ____________ ~ fiood _______________ ~ ________________ 

0 -------- 8.6 15.31 
10 -------- 8.6 15.31 
20 -------- 10.0 19.90 
30 -------- 9. 8 20.17 

Bottom. -------- 10.0 20. 36 
11.30 p. m _________ Flood __________________________________ 

0 -------- 8.5 15.12 
10 -------- &6 15. 14 
20 -------- 10.2 19.62 
30 -------- 9.9 ----------Bottom. -------- 9.8 20.10 

Dec: 8 1 a. m ______________ Beginning ebb __________________________ 0 -------- 8.5 15.30 
10 -------- 8.8 15.32 
20 -------- 8.6 15.40 
30 -------- 9. 8 18.53 

Bottom. -------- 10.2 19.78 
2.30 a. m ___________ ~ ebb _________________________________ '0 -------- 8. 4 ----------

10 -------- 8.6 15.40 
20 -------- 8.6 15.42 
30 -------- 9. 0 16.20 

Bottom. -------- 9.8 19.65 4 a. m ____________ ~ ebb ___ - _____________________________ 
0 -------- 8. 4 15.38 

I 
10 -------- 8. 5 15.37 
20 -------- 8. 6 14.63 
30 - - - - - - -.- 9. 1 15.76 

Bottom. -------- 9. 8 19.08 
5.30 a. m _____ - _____ Slack ___________________________________ 

0 -------- 8. 3 15.33 
10 -------- 8. 4 15. 30 
20 -------- 8.4 15.36 
30 -------- 8.6 15.42 

Bottom. -------- 9.4 16.86 7 a. m ____________ ~ flood __ - _____________________________ 0 -------- 8.3 15.41 
10 -------- 8.4 15.42 
20 -------- 8. 4 ----------30 -------- 8.8 15.43 

Bottom. -------- 9.7 19.33 
8.30 a. m ___________ ~ flood __ - _____________________________ 

0 -------- 9. 5 15.37 
10 -------- 8.7 15.38 
20 -------- 9.8 18.92 
30 -------- 9. 9 20.21 

Bottom. -------- 9.8 20.19 
10 a. m ___________ 72 fiood_ - - - - - - - - - - - - - - - - - - - ~ - - - - - - - - ,- -- 0 -------- 8. 3 15.44 

10 -------- 8.4 15.44 
20 -------- 8.6 15.41 
30 -------- 9.2 15.44 

Bottom,. -------- 9.7 15.45 

Density 

1.01175 
1.01178 
1.01520 
1. 01470 
1. 01547 
1.01185 
1. 01183 
1. 01510 
1.01.1)46 
1.01557 
1. 01151 
1.01178 
1.01533 
1. 01542 
1. 01547 
1. 01207 
1.01179 
1. 01588 
1.01172 
1. 01530 
1. 01189 
1. 01189 
1. 01531 
1.01545 
1.01549 
1.01180 
1. 01182 
1. 01514 
1.01539 
1.01554 
1.01185 
1. 01185 
1; 01525 
1. 01548 
1. 01560 
1. 01172 
1.01173 
1. 01212 

----------1.01544 
1.01186 
1. 01184 
1.01192 
1.01424 
1.01512 

----------1.01192 
1. 01195 
1.01250 
1.01508 
1. 01192 
1. 01191 
1.01135 
1.01214 
1.01463 
1.01190 
1: 01187 
1. 01192 
1. 01193 
1. 01297 
1. 01195 
1.01196 

----------
1.01183 
1. 01484 
1.01180 
1. 01190 
1. 01952 
1.01550 
1.01560 
1. 01199 
1. 01198 
1. 01193 
1. 01189 
1. 01184 
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I 

T,u31L1ill S.-SalinUIll a'l.d density of water at different depths at 41 stations in Chesapeake Bay-Continued 

Station 14-Continued. 

Temperature (0 C.) Salinity 
1,n,lIe :Il.nd 1Jrne ,oT 'collcct:ion Tide, etc. Depth (parts per (meters) thousand) Air Sample 

i1:9211. 

Jan. 2:5, j1.l().30 a.nL _________ Beginning iiood; sea rolling; wind NNE., 0 -4.4 3.1 13.64 
force 4. 10 -------- 3.0 13.72 

~O -------- 3. 0 13.80 
30 -------- 3.7 16.80 
33. 85 -------- 3.8 17.95 

1.2.ulil _______________ ~ ftood ________________________________ 
0 -------- 3.2 13.64 

10 -------- 3. 0 13.72 
20 -------- 3. 2 14.55 
30 -------- 3.3 15.34 
33. 85 -------- 3.1 17.18 

.Il..:30!p • .lll __________ ~ flood ________________________________ 
0 -------- 3. 0 13.97 

10 -------- 3.1 14.05 
20 -------- 3. 2 14.97 
30 -------- 3. 5 16.12 
33. 85 -------- 3.9 17.62 

3 m). m . __ - _________ Full flood _______________________________ 0 -------- 3.1 14. 15 
10 -------- 3.1 14.23 , 20 -------- 3.1 14. 64 
30 -------- 3. 0 14.87 
33.85 -------- 4.1 18.13 

4.30 p. lll __________ Beginning ebb __________________________ 0 -------- 3.1 14.52 
10 -------- 3.1 14.75 
20 -------- 3.0 14.77 

\) 30 -------- 3. 0 14.87 
33. 85 -------- 4. 0 18.07 

6 p. ml. ____________ ~ ebb _________________________________ 
0 -------- 3.5 14.65 

10 -------- 3.9 14. 75 
20 -------- 3.1 14.66 
30 -------- 3. 4 14.63 

I 

33.85 -------- 3.1 15. 13 
7.35 p. m __________ ~ ebb _________________________________ 

0 -------- 3. 0 14.26 
10 -------- 3. 0 14. 26 
20 -------- 2.9 14.34 
30 -------- 3.0 14.64 
33.85 -------- 3. 3 14.78 9 p. lll _____________ Slack __________________________________ 

0 -------- 3.0 14.21 
10 -------- 3.0 14.25 
20 -------- 2.9 14. 48 
30 -------- 3.1 15.21 
33.85 -------- 3. 3 15. 02 

10.30 p. llL _____ . __ Beginning floo(L ________________________ 0 -------- 3.0 14. 20 
10 -------- 2. 9 14. 23 
20 -------- 3.1 14. 34 
30 -------- 2. 9 14.56 
33. 85 -------- 3.1 14.38 12 p. m ___________ ~ flood ___________ ~ ____________________ 

0 -------- 2,9 14.36 
10 -------- 2.8 14. 34 
20 -------- 3. 3 14.52 
30 -------- 3. 3 15.54 
33. 85 -------- 3.1 14.52 

Jan. 26, 1.30 a. lll _________ . ~ flood ________________________________ 0 -------- 4.0 14.42 
10 -------- '2.8 14.46 
20 -------- 3. 9 14. 44 
30 -------- 2. 9 14. 48 
33. 85 -------- 3.1 14. 54 3 a. lll _____________ Full ftood _______________________________ 0 -------- 3.9 14.59 
10 -------- 3.7 14. 56 
20 -------- 3. 9 14.59 
30 -------- 3.7 14.59 
33. 85 -------- 3.9 14.61 

4.30 a. 111. _________ U ebb_ - -- -- - - -- - - - - -- -- - - -- -- - - - - -- - -- 0 -------- 3.0 14. 38 
10 -------- 3.8 14.36 
20 -------- 3. 0 14. 44 
30 -------- 3. 8 14.87 
33. 85 -------- 3.8 15.01 6 a. llL ____________ ~ ebb _________________________________ 0 -------- 3.8 14.44 
10 -------- 3.7 14.42 
20 .-------- 3.7 14.39 
30 -------- 3.9 14. 58 
33. 85 -------- 3.1 14. 68 7.30 a. m __________ % ebb _________________________________ 0 -------- 3.8 14. 48 
10 -------- 3.9 14.61 
20 -------- 3.9 14. 64 
30 -------- 3.9 14. 53 

3. 3 85 _______ _ 3.8 14.68 
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Density 

1. 01094 
1. 01099 
1. 0110() 
1. 01342 
1. 01432 
1. 01092 
1. 01099 
1. 011.65 
1. 01227 
1.01373 
1. 01120 
1.01126 
1. 01198 
1. 01287 
1. 01408 
1. 01133 
1. 01140 
1. 01171 
1. 01191 
1. 01445 
1. 01164 
1. 01180 
1. 01182 
1. 01191 
1. 01441 
1. 01171 
1. 01180 
1. 01173 
1. 01171 
1. 01211 
1. 01143 
1. 01143 
1.01150 
1. 01173 
1.01183 
1. 01138 
1. 01141 
1. 01161 
1. 01217 
1. 01202 
1. 01138 
1. 01140 
1. 01149 
1. 01167 
1. 01150 
1. 01151 
1. 01153 
1. 01162 
1. 01164 
1. 01163 
1. 01151 
1. 01159 
1. 01154 
1. 01161 
1. 01166 
1. 01165 
1. 01167 
1.'01168 
1. 01168 
1. 01171 
1. 01152 
1. 01151 
1. 01156 
1. 01191 
1. 01201 
1. 01159 
1. 01155 
1. 01145 
1. 01168 
1. 01175 
1. 01158 
1. 01167 
1. 01173 
1.01165 
1. 01165 
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TABLE 5.-Salinity and density of water at different depths at 41 stations in Chesapeake Bay-Continued 

Station 14-Continued 

Date and time of collection Tide, etc. 

1921-Colltinued 

.Jan. 26,9 a. ffi _____________ Slack _________________________________ _ 

Mar. 29, 11.40 a. llL___ _ _ __ _ Ebbing; sea chopp.y; wind SE., force L ____ _ 

1.10 p. llL ____ ..:. ___________________________________________ _ 

Mar. 30, 2.40 p. llL ________________________________________________ _ 

4.10 p. Ill ________________________________ .: ________________ _ 

/ 

5.40 p. nL ________________________________________________ _ 

7.10 p. 111 _________________________________________________ _ 

8.40 p. Ill _________________________________________________ _ 

10.10 p. lll _____________________________________________ ~ __ _ 

11.40 p. ffi ________________________________________________ _ 

Mar. 31,1.10 a. nL ________________________________________________ _ 

3.40 a. ffi _________________________________________________ _ 

4.10 a. ffi _________________________________ .. __________ . ____ _ 

5.40 a. nl_ _ _ _ _ _ _ _ _ _ _ _____________________ . _________________ _ 

7.] 0 n.. 111 _______ . __________________________________________ _ 

8.40 n.. Ill _________________________________________________ _ 

10.10 a. nL ______ :. ________________________________ :. _______ _ 

.June 1, 3.30 p. 11L _________ 2/3 ebb; sea tide ripples; wind NV\T., force L_ 

4.50 p. IlL ________________________________________________ _ 

6.20 p. 111 _________________________________________________ _ 

7.50 p. lll _________________________________________________ _ 

Depth 
(meters) 

0 
10 
20 
30 
33. 85 

0 
10 
24 

0 
10 
24 

0 
10 
24 

0 
10 
24 

0 
10 
24 

0 
10 
24 

0 
10 
24 

0 
10 
24 

0 
10 
24 

0 
10 
24 

0 
10 
24 

0 
10 
24 

0 
10 
24 

0 
10 
24 

0 
10 
24 

0 
10 
24 

0 
10 
20 
30 
40. 26 

0 
10 
20 
30 
40.26 

0 
10 
20 
30 

'40.26 
0 

10 
20 
30 
40.26 

Temperature (0 C.) 

Air Sample 

-------- 3.8 
-------- 3.6 
-------- 3.8 
-------- 3.9 
-------- 3.8 

11. 6 11. 4 
-------- 11. 0 
-------- 10.8 
-------- 11. 4 
-------- 10.9 
-------- 10.8 
-------- 11. 6 
-------- 11. 3 
-------- 10.7 
-------- 10.7 
-------- 10.2 
-------- 11. 0 
-------- 11.6 
-------- 11. 3 
-------- 10.5 
-------- 10.9 
-------- 11. 5 
-------- 10. 9 
-------- 11.3 
-------- 11. 2 
-------- 10. 8 
-------- 11. 2 
-------- 11.1 
-------- '10.9 
-------- 11. 3 
-------- 11.1 
-------- 10.8 
-------- 11.3 
-------- 11. 0 
-------- .11. 0 
-------- 11. 1 
-------- 11.1 
-------- 11. 4 
-------- 11. 3 
-------- 10.6 
-------- 11. I 
-------- 10. 9 
-------- 11. 3 
-------- 10.9 
-------- 11.0 
-------- 11. 3 
-------- 11. 3 
-------- 11. 0 
-------- 11. 4 
-------- 11. 3 
-------- 11. 4 
-------- 11. 4 
-------- 11. 2 

32. 2 20.4 
-------- 17.6 
-------- 17.2 
-------- 17.5 
-------- 17.2 
-------- 21. 5 
-------- 19.0 
-------- 19.0 
-------- 16.9 
-------- 16.,9 
-------- 20. 9 
-------- 18.4 
-------- 17. 1 
-------- 17.8 
-------- 17.3 
-------- 21. 1 
-------- 18. 8 
-------- 17. 1 
-------- 17.7 
-_ .. _---- 17. 1 

Salinity 
(parts per 
thousand) 

14. 20 
14.26 
14. 26 
14.34 
14.62 
14. 26 
14.46 
15.86 
14.15 
14. 49 
15.82 
14.13 
14. 12 
15.77 
14.15 
14.05 
14.65 
14.30 
14.40 
16.76 
14. 34 
14.41 
15. 42 
14.33 
14. 58 
15.16 
14.40 
14.68 
15.83 
14.40 
14. 66 
14. 48 
14. 40 
14.35 
14. 79 
14. 22 
14.35 
14. 75 
13.71 
14. 34 
15.14 
13.64 
14. 48 
14.15 
14. 05 
14. 5.5 
14.91 
13.61 
14. 44 
15. 84 
14. 31 
14. 65 
14. 83 
12.07 
17. ]8 
18.77 
16. 44 
19. 25 
11.94 
12.98 
19.20 
19. 17 
19.27 
12.05 
13.81 
19.18 
17.34 
18. 98 
12.11 
18. 91 
13. 36 
18. 62 
18.99 

Density 

1. 01135 
1. 01140 
1. 01140 
1. 01149 
1. 01172 
1. 01069 
1. 01090 
1. 01201 
1. 01060 
1. 01092 
1. 01202 
1. 01057 
1. 01059 
1. 01194 
1. 01071 
1. 01070 
1.01104 
1. 01069 
1. 01081 
1.01275 
1. 00987 
1. 01079 
1. 01987 
1. 01075 
1. 01095 
1. 01153 
1. 01082 
1. 01105 
1. 01198 
1. 01082 
1. 01106 
1. 01095 
1. 01081 
1. 01081 
1. 01116 
1. 01069 
1. 01079 
1. 01107 
1. 01029 
1. 01086 
1. 01140 
1.01028 
1. 01087 
1. 01078 
1. 01058 
1. 01094 
1. 01121 
1. 01021 
1. 01084 
1. 01193 
1. 01070 
1. 01098 
1. 01116 
1. 00733 
1. 01283 
1. 01312 
1. 01130 
1. 01349 
1. 00697 
1. 00833 
1. 01304 
1. 01348 
1. 01356 
1. 00725 
1. 00910 
1. 01346 
1. 01190 
1. 01326 
1. 00720 
1. 01288 
1. 00903 
1. 01290 
1. 01333 
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TABLB 5.-Sal'in'ity mul density of 'Wate'/' at different delJths at 41 stations in Che;apeake Bay-Continued 

Station 14-Continued 

'l'emperature (0 C.) 
Salinity 

Dute nnd HlIlo or collection 'l'ide, otc. Depth (parts per (meters) thousand) • Air Sample 

1921-Colltinllcd 

June 1, 9.20 p. m __________ 
---------------------------------------- 0 -------- 20. 8 12.03 

10 -------- 17.6 18.17 
20 -------- 17.2 19.07 
30 -------- 18.9 13. 02 
40. 26 -------- 17.4 18. 86 10.50 p. 111 _________ ---------------------------------------- 0 -------- 21. 1 11. 85 
10 -------- 18. 8 13. 12 
20 -------- 17.3 18. 88 
30 -------- 18.6 ----------40.26 -------- 17.2 18.93 

June 2, 12.20 a. In __________ -------------------------------_._------ 0 -------- 20. 3 11. 85 
10 -------- 18.0 14. 03 
20 -------- 17.2 18.87 
30 -------- 17.9 19.13 
40.26 -------- 17. 1 19.41 1.50 a. lll __________ 

---------------------------------------- 0 -------- 19.6 12.07 
10 -------- 18. 8 13.11 
20 -------- 17.2 18.99 
30 -------- 17.0 19.17 
40.26 -------- 17. 1 19. 22 3.20 a. lll __________ 

---------------------------------------- 0 -------- 19.8 12.07 
10 -------- 18.2 .14.99 
20 -------- 17. 1 18.98 
30 -------- 17.2 19.22 
40. 26 -------- 17. 1 19.27 

June 3, 4.30 a. lll ___________ 
---------------------------------------- 0 -------- 19.5 12.28 

10 -------- 19.4 12. 48 
20 -------- 17.3 18. 99 
30 -------- 17. 1 19.05 
40.26 -------- 17. 1 19.25 6.20 n. lIL _________ ---------------------------------------- 0 -------- 19.5 12. 44 
10 -------- 19.2 12. 52 
20 -------- 17.3 18. 73 
30 -------- 17. 1 19.05 
40. 26 -------- 17.2 19.12 7.50 a. 1ll __________ ---------------------------------------- 0 -------- 19. 4 12. 48 
10 -------- 19.1 12.87 
20 -------- 17.3 18. 94 
30 -------- 17.2 19. 20 
40.26 -------- 17.1 19. 22 9.20 a. m __________ 

---------------------------------------- 0 -------- 19. 5 12. 62 
10 -------- 19.3 12. 70 
20 -------- 17.3 18. 58 
30 -------- 17.3 18. 90 
40. 26 -------- 17.1 19.13 10.50 a. lll _________ ---------------,------------------------ 0 -------- 19. 2 12.79 
10 -------- 19.2 12.82 
20 -------- 17. 1 18. 34 
30 -------- 17. 1 19.05 
40. 26 -------- 17. ] 19.37 12.20 p. llL ________ ---------------------------------------- 0 -------- 19.2 1~.62 
10 -------- 19. 3 12. 79 
20 -------- 17. 1 18. 92 
30 -------- 17.2 19. 11 
40. 26 -------- 17.2 19.25 1.50 p. 111 __________ 

---------------------------------------- 0 -------- 19. 8 12.58 
10 -------- 19. 5 12.71 
20 -------- 17.1 19. 26 
30 -------- 17.0 19.30 

1922 
40.26 -------- 16.6 19. 40 

Jan. 23,4.50 p. 111 ___ •• _ •. ____ Beginning flood; sea llloderate; wind NNE., 0 1.11 2. 6 15.37 
force 4; hazy. 10 -------- 2. 6 15.38 

20 -------- 2. 7 18.22 
30 -------- 2. 5 16. 56 
36. 60 -------- 2. 7 19. 60 6.20 p. In __________ ---------------------------------------- 0 -------- 2. 3 15. 45 

I 

10 -------- 2. 4 16.31 
20 -------- 3. 0 18. 94 
30 

-------~ 2. 8 20. 41 
36, 60 -------- 2.8 20. 4:1 

137 

Density 

1. 00719 
1. 01257 
1. 01335 
1. 00838 
1. 01315 
1. 00701 
1. 00849 
1. 01317 

----------1. 01323 
1. 00719 
1. 00934 
1.01322 
1. 01323 
1.01363 
1. 00751 
1. 00848 
1. 01329 
1. 01347 
1. 0134 9 
1. 00747 
1. 01004 
1. 01331 
1. 01343 
1. 01353 
1. 0077 
1. 0078 
l. 0132 
l. 0133 

o 
8 
8 
8 

1. 01351 
1. 0078 
L 0079 

2 
5 
6 
7 
9 
7 
3 
5 
4 
8 
3 

1. 0130 
1. 0133 
1. 0133 
1. 0078 
1. 0082 
l. 0132 
1. 0134 
1. 0134 
1. 0078 
1. 008 
1. 0124 
1. 0132 
1.0134 
1. 0081 
1. 0081 
1. 0]31 
l. 0133 
1. 0136 
1. 0080 
1. 0081 
1. 0132 
1. 0133 

05 
4 
o 
1 
5 
7 
9 
6 
o 
2 
5 
7 
9 
9 
6 
2 
2 
6 
1 

1. 0134. 
l. 0078 
1.0080 
l. 0135 
l. 0135 
1. 0137 

1. 0123 
1. 0123 
1. 0145 
1. 0132 
1. 0156 
1. 0124 
l. 0130 
1. 0151 
1. 0163 
1. 0163 

2 
3 
9 
8 
9 
1 
8 
4 
2 
2 
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TABLE 5.-Salinity and density of water at different depths at J,.1 stations in Chesapeake Bay-Continuea 

Station 14-Continued 

Date and time of collection Tide, etc. 

1922-Contin ued 

Jan. 23, 7.50 p .. ID _________________________________________________ _ 

9.2~ p. m ___________________ . ______________________________ _ 

10.50 p. m _________________________________________________ _ 

Ian. 24,12.20 a. m_. _______________________________________________ _ 

1.50 a. m _______________________________________ ~ _________ _ 

3.20 a. 'm _________________________ , ______ . __________________ _ 

4.50 a. m _________________________________________________ _ 

6.20 a. m ________________ ~ ________________________________ _ 

7.50 a. m _________________________________________________ _ 

9.20 a. m ________________________________________________ . __ 

10.50 at m _________________________________________________ _ 

12.20 p. m ________________________________________ . _________ _ 

1.50 p. m ______________________ .: __________________________ _ 

3.20 p. m _________________________________________________ _ 

Depth 
(meters) 

0 
10 
20 
30 
36. 60 

0 
10 
20 
30 
36. 60 

0 
10 
20 
30 
36. 60 

0 
10 
20 
30 
36.60 

0 
10 
20 
30 
36.60 

0 
10 
20 
30 
36.60 

0 
10 
20 
30 
36.60 

0 
10 
20 
30 
36.60 

0 
10 
20 
30 
36.60 

0 
10 
20 
30 
36.60 

0 
10 
20 
30 
36.60 

0 
10 
20 
30 
36. 60 

0 
10 
20 
30 
36. 60 

0 
10 
20 
30 
36. 60 

• 

o 

Temperature (0 C.) 

Air Sample 

-------- 2.6 
-------- 2. 3 
-------- 2.4 
-------- 2. 8 
-------- 2. 8 
-------- 2. 4 
-------- 2. 2 
-------- 3.2 
-------- 2. 8 
-------- 2.8' 
-------- 2. 2 
-------- 2.2 
-------- 3. 3 
-------- 2.8 
-------- 2.8 
-------- 2. 7 
-------- 2. 3 
-------- 2. 6 
-------- 3.1 
-------- 2.8 
-------- 2. 3 
-------- 2. 2 
-------- 2. 8 
-------- 2.5 
-------- 3. 2 
-------- 2. 9 
-------- 2. 2 
-------- 2.5 
-------- 2. 9 
-------- 2.8 
-------- 2.5 
-------- 2. 0 
-------- 2.8 
-------- 2. 0 
-------- 3. 0 
-------- 2. 7 
-------- 2.2 
-------- 2. 6 
-------- 3. 0 
-------- 2. 8 
-------- 2.2 
-------- 3. 3 
-------- 3.3 
.. _------ 3.5 
-------- 3.0 
-------- 2. 2 
-------- 2. 2 
-------- 3.2 
-------- 2.9 
-------- 2. 8 
-------- 2. 5 
-------~ 

2. 2 
------_. 2. 4 
------_. 3.0 
------_. 4. 3 
------_. 2. 2 
-------~ 

2. 2 
-------- 2.4 
-------- 2. 5 
-------- 3. 2 
-------- 2. 4 
-------- 2. 3 
-------- 2. 4 
-------- 2. 0 
-------- 2. 4 
-------- 2. 5 
-------- 2. 5 
-------- 2. 6 
-------- 2. 2 
-------- 2.4 

Salinity 
(parts per 
thousand) 

15. 46 
16. 40 
20.31 
20. 46 
20.31 
15.47 
15.85 
18.64 
20.03 
20.01 
15. 46 
15.91 
19. 94 
20.12 
20.15 
16. 37 
15. 47 
15.42 
1·7.08 
19. 94 
15.39 
15.74 
16. 34 
16. 20 
20. 47 
15.24 
15.40 
15.98 
16.43 
18.01 
15.22 
15.16 
16.43 
15. 23 
17.35 
15: 14 
15. 05 
16. 23 
16. 48 
19. 79 
15.14 
15.15 
20. 61 
20. 85 
20. 95 
15.15 

----------15.24 
20. 85 
21. 01 
15. 25 
15.50 
20. 61 
21. 05 
20.14 
15.30 
15.58 

----------17.71 
20. 63 
15.16 
16. 32 
17.55 
16. 39 
19.81 
15.15 
16.14 
17.94 
16. 43 
17.91 

Density 

1. 01240 
1. 01315 
1. 01626 
1. 01637 
1. 01625 
1. 01242 
1. 01271 
1. 01489 
1. 01602 
1. 01600 
1. 01241 
1. 01277 
1. 01597 
1. 01613 
1. 01616 
1. 01307 
1. 01241 
1. 01238 
1. 01336 
1. 01596 
1. 01235 
1. 01262 
1. 01307 
1. 01299 
1. 01636 
1. 01222 
1. 01234 
1. 01280 
1. 01.317 
1. 01441 
1. 01220 
1. 01217 
1. 01317 
1. 01223 
1. 01389 
1. 01214 
1. 01207 
1. 01302 
1. 01320 
1. 01583 
1. 01214 
1. 01212 
1. 01650 
1. 01669 
1. 01675 
1. 01215 

----------
1. 01220 
1. 01667 
1. 01682 
1. 01222 
1. 01244 
1. 01649 
1. 01979 
1. 01602 
1. 01228 
1. 01250 

----------1. 01419 
1. 01651 
1. 01216 
1. 01308 
1. 01416 
1. 01314 
1. 01586 
1. 01216 
1. 01293 
1. 01436 
1. 01318 
1. 01435 
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TABLl~ 5.-Salinity and density of water at different depths at J,.1 stations in Chesapeake Bay-Continued 

Station 14 -Continued 

Dllto Ilnd timo of colloction Tide, etc. 

1922-Contillued 

Mnl'. 27,1.43 p. 111- _________ U. flood; sea smooth; wind SE., force L ___ _ 

3.13 p. 111 _________________________________________________ _ 

4.43 p. 111 _________________________________________________ _ 

6.13 p. In _____________________________ .. ___________________ _ 

7.43 p. 111 __________ 1 _______________________________________ _ 

9.13 p. 111 _________________________________________________ _ 

10.43 p. In ______________ . _________________________________ _ 

Mar. 28, 12.13 n. 111- _______________________________________________ _ 

1.43 R. m ______________________ - - _ - - - - - - - - - - - - - - - - - - - _ - - - --

3.13 a. 111 _________________________________________________ _ 

4.43 a. 111 _______________ -------- - - - - - - - - --,. - -- -- - - -- - - - - - --

6.13 n. 111 ______________ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --

7.43 It. 111 __________ ----------------------------------------

9.13 R. m ________ - _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --

lOO~74°-29_]O 

Depth 
(meters) 

0 
10 
20 
30 
40. 0 

0 
10 
20 
30 
40. 0 

0 
10 
20 
30 
40. 0 

0 
10 
20 
30 
40. 0 

0 
10 
20 
30 
40. 0 

0 
10 
20 
30 
40.0 

0 
10 
20 () 

30 
40.0 

0 

10 

20 
30 
40. 0 

0 
10 
20 
30 
40. 0 

0 
10 
20 
30 
40.0 

0 
10 
20 
30 
40. 0 

0 
10 
20 
30 
40. 0 

0 
10 
20 
30 
40. 0 

0 
10 
20 
30 
40.0 

Temperature (0 C.) 

Air Sample 

-------- 6.2' 
-------- 5.6 
-------- 5.9 
-------- --------
-------- 6. 8 
-------- 7. 2 
-------- 5.6 
-------- 5. 4 
-------- 5.9 
-------- 6. 0 
-------- 7. 2 
-------- 5. 8 
-------- 5.7 
-------- 5.6 
-------- 5.4 
-------- 7.2 
-------- 5.6 
-------- 5.8 
-------- 5.7 
-------- 5.5 
-------- 7.0 
-------- 5.5 
-------- 5.8 
-------- 5.7 
-------- 5.5 
-------- 7.0 
-------- 5.5 
-------- 5.7 
-------- 5.4 
-------- 5.5 
-------- 7.1 
-------- 5.6 
-------- 5.7 
-------- 5.6 
-------- 5.3 
-------- 7.0 

-------- 6.0 

-------- 5.8 
-------- 5.6 
-------- 5. 4 
-------- 7.6 
-------- 5.6 
-------- 5.5 
-------- 5.6 
-------- 5.4 
-------- 7.2 
-------- 5.8 
-------- 5.6 
-------- 5.7 
-------- 5.5 
-------- 7. 3 
-------- 7.0 
-------- 5.5 
-------- 5.8 
-------- 5.6 
-------- 7.1 
-------- 6. 6 
-------- 5. 7 
-------- 5.5 
-------- 5.6 
-------- 7.2 
-------- 6.0 
-------- 5.5 
-------- 5.6 
-------- 5.5 
-------- 7.2 
-------- 7.1 

1-------- 5.7 
-------- 5.4 
.. ------- 5.4 

Salinity 
(parts per 
thousand) 

12. 22 
15.10 
13. 43 
16.77 
13. 68 
15.54 
12. 11 
13. 89 
13.14 
15.67 
12. 21 
14. 54 
16. 95 
17.12 
17.22 
12.15 
14.16 
17.06 
17.18 
17.25 
12. 08 
14.71 
16.75 
17.10 
17.18 
12.21 
14.31 
16.51 
17.12 
17.25 
12. 30 
13.82 
15.95 
17.00 
17.30 
12.32 

Density 

1. 00965 
1. 01196 
1. 01064 

-------~--
1. 01075 
1. 01219 
1. 00961 
1. 01174 
1. 01040 
1. 01238 
1. 00957 
1. 01152 
1. 01342 
1. 01355 
1. 01366 
1. 00953 
1. 01122 
1. 01350 
1,01359 
1. 01366 
1. 00947 
1. 01168 
1. 01325 
1. 01353 
1. 01361 
1. 00959 
1. 01135 
1. 01306 
1. 01357 
1. 01366 
1. 00965 
1. 01095 
1. 01263 
1.01346 
1. 01372 
1. 00968 

. U~: ~i}J----------
16.83 1. 01331 
17.35 1. 01374 
17.16 1. 01359 
12. 30 1. 00961 
16.04 1. 01269 
17.10 1. 01354 
17. 18 1. 01361 
17.34 1. 01374 
14.07 1. 01.102 
16.17 1. 01278 
16.86 1. 01335 
16.92 1. 01338 
17.11 1. 01355 
12. 36 1. 00968 
13.76 1. 01080 
16.81 1. 01331 
17.12 1. 013.54 
17.31 1. 01371 
12.30 1. 00966 
13.42 1. 01056 

---------- ----------
16.91 1. 01338 
17. 18 1. 01360 
12. 28 1.00962 
13.62 1. 01076 
16. 56 1. 01311 
17.05 1. 01349 

---------- ----------
12.26 1. 00960 
13. 42 1. 01052 
16.50 1. 01304 
17.93 1. 01419 
17.18 1. 01361 
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TABLE 5.-Salinity and density of water at different depths at 41 stations in Chesapeake Bay-Continued 

Station 14-Continued 

Date and time of collection Tide, etc. 

1922-Continued 

M·ar. 28, 10.43 a. lll _________ ----------------------------------------

12.13 p. lll _________ ----------------------------------------

Station 15 

Jan. 
1920 I 

15, 3.44 p. lll __________________________________________________ 

Mar. 8, 2.10 p. lll ___________ ~ ebb __________________________ ~ ______ 

May 6,6.24 p. lll ___________ ~ ebb _________________________________ 

July 6,4.55 a. lll ___________ Slack ebb _______________________________ 

Aug. 25, 11.37 a. lll _________ ----------------------------------------
Oct. 19, 11.25 a. lll _________ ----------------------------------------
Dec. 8, 12.03 p. lll __________ ~ flood ________________________________ 

1921 

Jan. 26, 10.50 a. lll _________ Slack ebb; sea broken; wind NNE., force 2_ 

June 2,3.55 p. lll ___________ ~ebb; sea rtioderate; wind E., force 3 _____ 

1922 
Jan. 24, 5.14 p. lll __________ ~ ebb; choppy; wind NNE., force 4 ______ 

Mar. 28, 2.15 p. lll __________ Full flood; wind SSE., force 2 ____________ 

-

Station 16 

1920 
Jan. 15,8.15 a. lll _________________________________________________ _ 

Mar. 9, 6.33 a. lll __________ Slack _________________________________ _ 

May 6, 11.28 a. lll __________ Ys flood _______________________________ _ 

july 7,9.58 a. m ___________ ~flood--------------------------------

Aug. 24, 5.50 a. lll _________________________________________________ _ 

Oct. 19,2.05 p. lll __________ - ______________________________________ _ 

Dec. 7, 7.05 a. lll ___________ Slack ebb ______________________________ _ 

1921 
Jan: 24,4.24 p. lll __________ ~ ebb; sea choppy; wind NNW., force 3 __ 

Mar. 31, 3.55 p. lll___ _ _ _ _ _ _ _ Flood; sea choppy; wind S., force 4 ______ _ 

June 1,10.55 a. lll __________ Beginning ebb; call1l; wind force 0; cloudy_ 

1922 
Jan. 23, 12.35 p. lll_____ _ _ _ _ _ Beginning ebb; llloderate swell; wind NNE., 

force 4. 
Mar. 27, 8.45 a. lll_ _ _ _ _ _ _ _ _ Slack; sea slllooth; wind SW., force L ____ _ 

Depth 
(meters) 

0 
10 
20 
30 
40.0 

0 
10 
20 
30 
40. 0 

0 
7.3 
0 
7.33 
0 
7.27 
0 

Bottolll. 
0 

Bottolll. 
0 

Bottolll. 
0 

Bottolll. 

0 
7.78 
0 
8. 23 

0 
9. 15 
0 
9.15 

0 
11.9 
0 
5 

10 
0 

10.91 
0 

Bottolll. 
0 

Bottolll. 
0 

Bottolll. 
0 

Bottom. 

0 
11. 44 
0 

11. 89 
0 

'10.98 

0 
10. 98 
0 

12.0 

Temperature (0 C.) Salinity 
(parts per 

Air Sample thousand) 

-------- 7. 3 12.17 
-------- 5.9 12.25 
-------- 5.7 16.07 
-------- 5.8 16.97 
-------- 5.4 17.08 
-------- 7. 6 11. 18 
-------- -------- ----------
-------- 5. 4 17.06 
-------- 5. 6 17.15 
-------- 5. 4 17.20 

-------- O. 7 15.04 
-------- .7 15.10 
-------- 1.4 16.10 
-------- 1. 1 16.16 
-------- 12.8 7.32 
-------- 12.6 9. 42 
-------- 24. 4 13.26 
-------- 23.1 13. 24 
-------- 24.8 13.61 
-------- 24.7 13.63 
-------- 19.6 15.15 
-------- 19.7 16. 60 
-------- 8. 5 15.23 
-------- 8.2 15. 34 

-3.3 3. 5 14. 49 
-------- 3.6 1·1. 53 

26. 6 19.9 12. 53 
-------- 19.5 12. 83 

-3.88 2. 5 15.05 
-------- 2. 3 16. 08 

12. 22 8. 3 12.74 
-------- 7.4 13.63 

1-------- -0.05 13.74 
1-------- -.05 13.96 
-------- .2 11. 22 
-------- .3 12. 74 
-------- .7 15.74 
-------- 13.8 6.76 

1-------- 13.6 8. 73 
-------- 24. 3 12.89 
-------- 21. 8 15.67 
-------- 25.3 12. 27 
-------- 25. 3 12. 44 
-------- 20. 9 ----------
-------- 19.7 15. 00 
-------- 8. 8 14. 56 
-------- 8. 8 14.65 

5. 5 3.5 11. 91 
-------- 3. 4 13.19 

18. 3 12.1 13.28 
-------- 11. 2 13.21 

31. 6 20. 5 7.47 
-------- 19.0 12.82 

1. 67 2. 7 13.90 
-------- 3. 4 14. 26 
-------- 9. 0 11. 01 
-------- 5.8 13.17 

Density 

1. 00953 
1. 00970 
1.01271 
1. 01341 
1. 01352 
1. 00863 

----------1. 01351 
1. 01357 
1. 01361 

1. 01207 
1. 01213 
1. 01292 
1. 01297 
1. 00514 
1. 00675 
1. 00723 
1. 00755 
1. 00737 
1. 00741 
1. 00984 
1. 01089 
1. 01182 
1. 01192 

1.01162 
1. 01165 
1. 00779 
1.00810 

1. 01207 
1. 01289 
1. 00987 
1. 01066 

1. 01103 
1. 01121 
1. 00900 

----------
1. 01263 
1. 00456 
1. 00610 
1. 00697 
1. 01171 
1. 00623 
1. 00634 

----------'1. 00972 
1. 01117 
1. 01121 

1. 00954 
1. 01054 
1. 00983 
1. 00990 
1. 00383 
1. 00820 

1. 01115 
1. 01142 
1. 00846 
1. 01044 



SALINITY OF W ATEH OF CHESAPEAKE BAY 

TABLE 5.-Sal'in'ity (md dens'ity of water at d-iffm'ent depths at 41 stations in Chesapeake Bay-Continued 

Station 17 

Dilto null tillle of collection 'l'ide, etc. 

1920 

Jail. 15,9.57 tt. Ill _________________________________________________ _ 

Mar. 9, 7.25 a. ll1 ____________ Beginning ebb _________________________ _ 

May 6,12.45 p. IlL _________ U flood _______________________________ _ 

July 7,10.37 a. ll1 __________ ~ flood _______________________________ _ 

Aug. 24, 6.33 a. In _________________________________________________ _ 

Oct. 19,2.51 p. In _________________________________________________ _ 

Dec. 7, 8 a. m ______________ Beginning flood ________________________ _ 

1921 

Jan. 24, 5.22 p. 111. _________ ~ ebb; sea choppy; wind NNW., force 3 __ _ 

Mttr. 31, 3.20 p. 111. _________ Flood; sea choppy; wind S., force 4 _______ _ 

June 1,11.47 a. m __________ % ebb; sea smooth; wind ENE., force 1; 
cloudy. 

1922 

Jan. 23, 1.20 p. m __________ U ebb; slight sea; wind NNE., force 3 ____ _ 

Mar. 27, 9.30 a. m __________ Beginning flood; sil-0oth; wind SE., force L 

Station 18 

1920 
Jan. 15, 11.13 a. m _________ ----------------------------------------
Mar. 9, 8.35 a. m ___________ ~ ebb _________________________________ 

May ('i, 1.43 p. Ill ___________ ~ flood ________________________________ 

July 7,11.40 a. m __________ ~ flood ________________________________ 

Aug. 24, 7.1811. IlL _________ ----------------------------------------
Oct. 19,3.38 p. m __________ ----------------------------------------
Dec. 7, 8.39 11. m ___________ ~ flood ________________________________ 

1921 
Jan. 25, 7.1011. m __________ :y,,( ebb; sea choppy; wind NNE., force 2 ____ 

Mar. 31, 2.12 p. nL ________ -' Flood; sea choppy; wind S., force 3 ________ 

June I, 12.25 p. Ill __________ % ebb; sea smooth; wind ENK, force L ___ 

1922 
Jan. 23, 1.55 p. m __________ ~ ebb; sea moderate; wind NNE., force 3 __ 

Mar. 27, 10.18 a. IlL ________ 7.:( flood; sIllooth; wind SK, force L _______ 

Depth 
(meters) 

o 
10.5 
o 

10 
21. 9 
o 

10 
21. 81 
o 

10 
Bottom. 

o 
10 

Bottom. 
o 

10 
Bottom. 

o 
10 

Bottom. 

o 
10 
21. 96 
o 

10 
14. 64 
o 

10 
21. 96 

o 
10 
21. 96 
o 

10 
21. 0 

0 
21 

0 
5 

10. 5 
0 

10 
0 

Bottom. 
0 

Bottom. 
0 

Bottom. 
0 

Bottom. 

0 
10. 98 
0 

12 
0 

10.5 

0 
10.53 
0 

10. 0 

I 

Temperature (0 C.) 

Air Sample 

5.0 

18. 3 

30: 0 

1. 67 

11. 11 

--------
--------
--------
--------
--------
--------
------r--
--------
--------
--------
--------
--------
--------
--------
--------

-3.8 
--------

17.2 
--------

30. 0 
--------

1. 67 
--------

11.11 
--------

O. 7 
.7 
.4 
.7 
.3 

13.8 
13.8 
13.6 
22. 4 
23. 1 
22. 9 
26. 0 
25.5 
24. 8 
20. 4 
19. 7 
19.7 
8.9 
8.9 
8. 9 

4. 0 
3. 6 
3.6 

13.4 
10.9 
11.0 
22. 2 
19.1 
19.6 

3. 9 
3. 7 

8.0 
6. 7 
7. 8 

O. 95 
.7 
.4 
.3 
.7 

13.8 
13. 1 
24. 5 
24. 1 
26. 0 
25. 5 
19.9 
20. 0 
8.9 
8. 9 

2. 9 
2.9-

12.5 
11. 0 
20. 3 
17.3 

2. 7 
3.1 
7. 8 
7.1 

Salinity 
(parts per 
thousand) 

14.63 
14.71 
12. 13 
15.93 
15. 91 

7. 22 
12. 21 
13.03 
11.38 
15. 14 
17.62 
13. 19 
15. 02 
14. 25 
14.99 
15.32 
15.92 
15.36 
15. 34 
15. 37 

13. 60 
13. 61 
14.15 
13.09 
14.15 
14.81 
7.17 

12.59 
14. 58 

14. 62 
15. 37 
15.48 
10. 39 
13. 31 
15.32 

13. 88 
14. 76 
12. 62 
14.52 
15. 90 

7. 22 
9. 56 

11. 47 
13. 26 
13. 56 
13. 60 

----------15. 39 
15. 61 
15.61 

13. 95 
13. 96 
12. 93 
14. 59 
11. 67 
14.10 

15. 85 
15.81 
11. 76 
13. 40 

141 

Density 

1. 01176 
1. 01182 
1. 00973 
1. 01279 

1. 00491 
1. 00885 
1. 00948 
1. 00629 
1. 00897 
1. 01090 
1. 00672 
1. 00814 
1. 00806 
1. 00954 
1. 00995 
1. 01040 
1. 01186 
1. 01183 
1. 01186 

1. 01087 
1. 01088 
1. 01132 
1. 00973 
1. 01068 
1. 01116 
1. 00326 
1. 00803 
1. 00967 

1. 01169 
1. 01227 

1. 00801 
1. 01053 
1.01194 

1. 01113 
1. 01186 

----------
----------1. 01277 

1. 00491 
1. 00668 
1. 00586 
1. 00730 
1. 00701 
1. 00718 

----------1. 00994 
1. 01205 
1. 01205 

1. 01119 
1. 01120 
1. 00951 
1. 01098 
1. 00705 
1. 00955 

1. 01271 
1. 01264 
1. 00916 
1. 01050 
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TABLE 5.-Salinity and density of water at different depths at 41 stations in Chesapeake Bay-Continued 

Station 19 

Date and time of collection Tide, etc. 

1920 

Jan. 14, 10.30 a. m ________________________________________________ _ 

Mar. 9,11.48 a. m _________ Slack _________________________________ _ 

May 6,5 a. m _______ . ______ U ebb ________________________________ _ 

July 7,5.04 p. m ___________ % flood _______________________________ _ 

Aug. 23, 6.11 p. m ________________________________________________ _ 

Oct. 20, 7.04 a. m _________________________________________________ _ 

Dec. 6, 4.18 p. m __________ % ebb ________________________________ _ 

1921 

Jan. 24,1.28 p. m __________ % flood; sea choppy; wind NNW., force 3_ 

Mar. 31, 6.30 p. m _________ Flood; sea choppy; wind S., force 3 ______ _ 

June 1, 7 a. m _____________ 72 flood; wind NNE., force L ___________ _ 

1922 

Jan. 23, 9 a. m ____________ % flood; sea rolling; wind NNE., force 4 __ _ 

Mar. 26, 6.31 p. m _________ Full ebb; sea moderate; wind S. by E.~ 
force 2. 

Station 20 

1920 

Depth 
(meters) 

o 
12.8 
o 
5 

10 
12.8 
o 

12.73 
o 

Bottom. 
·0 

Bottom. 
o 

Bottom. 
o 

Bottom. 

., 

o 
11. 90 
o 

12.81 
o 

12.81 

o 
12.81 
o 

1~. 81 

Temperature (0 C.) 

Air Sample 

6.6 

16.1 

20. 0 

2. 22 

9. 44 

0.95 
.95 

1.0 
.9 
.9 
.9 

12.6 
12. 8 
22. 5 
23. 2 
25.5 
25. 2 
19.6 
20. 2 

9. 5 
9.5 

3. 8 
3. 8 

11.5 
11. 0 
19.8 
18.9 

2. 9 
2. 8 
8. 0 

6. 7 

Mar. 9,10.56 a. m _________ % ebb_________________________________ 0 ________ 0.6 
5 ________ .6 

10 ________ .7 
May 6, 6.15 a. m __________ 72 ebb_________________________________ 0 ________ 12.8 

5 _ _ _ _ _ _ _ _ 12. 6 
10 _ _ _ _ _ _ _ _ 12. 8 

Bottom. _______________ _ 
JUly 7, 4.10 p. m ___________ % flood________________________________ 0 ________ 24.5 

Bottom. ________ 24.4 
Aug. 23, 5.45 p. m_ _ _ _ _ _ _ __ ___ ____ ______ __ __ __ _ _ _ _ _ _ __ _ _ _ _ __ _ _ __ __ _ 0 ___ _ _ __ _ 26. 0 

Bottom. ________ 25.3 
Oct. 20, 6.08 a. lll_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 0 _ _ _ _ _ _ _ _ 20. 3 

Bottom. ________ 19.8 
Dec. 6, 3.21 p. m __________ 72 ebb_________________________________ __________ ________ 9.4 

1921 

Jan. 24, 12.43 p. m _________ % flood; sea choppy; wind NNW., force 3_ 

Apr. 1, 5.30 p. m ___________ 1 Flood; sea choppy; wind N., force 5 ______ _ 

June 1, 7.53 a. m_ _ _ _ _ _ _ _ _ _ % flood; sea smooth; wind NNE., force L_ 

1922 

Jan.23,9.55a.m __________ Full flood; sea moderate; wind NNE., 
force 4. 

Mar. 26, 6.10 p. m _________ % ebb; sea smooth; wind SSW., force L __ _ 

Bottom. ________ 9.3 

o 
10.53 
o 

12.8 
o 

10.62 

o 
12. 23 
o 

13.0 

6.1 

7. 7 

20. 0 

2.22 

10.00 

3. 9 
3. 9 

11. 2 
11.5 
19. 9 
18. 5 

2.8 

2.7 
7. 7 
6.0 

Salinity 
(parts per 
tliousand) 

16.13 
19. 37 
14.58 
13.80 
15.97 
16.55 

9. 71 
13.62 
14.70 
18.47 I 
14.40 
19.11 
17.68 
19.33 
16. 90 
16.76 

14. 45 
17.22 
15.08 
16.48 

9. 10 
13. 77 

18. 19 
18.78 
11. 55 

16. 60 

14.21 
14. 86 
15.77 
11 . .15 
12.34 

----------
13.09 
14.71 
14.79 
14.73 
17.64 
15.08 
17.14 
16.99 
16. 96 

15.47 
15. 54 
15.17 
15.26 
11.42 
14. 70 

18.10 

19.18 
15. 65 
12. 09 

Density 

1. 01295 
1. 01555 
1. 01169 

1. 01282 

1. 00702 
1. 00998 
1. 00881 
1. 01176 
1. 00777 
1. 01138· 
1. 01176 
1. 01286 
1. 01298 
1. 01287 

1. 01155 
1. 01374 
1. 01131 
1. 01246 
1. 00526 
1. 00895 

1. 01450 
1. 01503 
1. 00898 

1. 01305 

1. 01140 
1. 01193 
1. 01265 
1. 00808 
1. 00902 

----------
1. 00953 
1. 00829 
1. 00838 
1. 00783 
1. 01025 
1. 00963 
1. 01131 
1. 01304 
1. 01306 

1. 01236 
1. 01242 
1. 01142 
1. 01145 
1. 00932 
1. 00966 

1. 01449 

1. 01536 
1. 01223 
1. 00956 



SALINITY OF WATER OF CHESAPEAKE BAY 

~rABLJ~ 5.-Sal'inity and densUy of water at d'ifferent de1)ths at 41 stations in Chesapeake Bay-Continued 

Station 21 

- ._--- ---
Temperature (0 C.) Salinity 

Date and time of collection Tide, etc. Depth (parts per 
(~eters) 

Air Sample thousand) 

1920 

n. 14,8.5011.111. __________ ---------------------------------------- 0 -------- 0.45 14. 85 
42.1 -------- .45 21. 78 

In. 

111'.9,1.02 p. 111. __________ Beginning flood __________________________ 0 -------- .3 13. 00 
10 -------- .3 15.58 

M 

20 -------- 1.0 16.88 
30 -------- .6 17.31 
40 -------- .7 17.36 
44. 3 -------- .6 17.53 

M l1y 6, 8.1911.111. __________ ~ ebb _________________________________ 0 -------- 13.3 9. 97 
10 -------- 13.1 15.76 
20· -------- 13.3 18.15 
30 -------- 13.1 18. 98 
40 -------- 13.1 19.08 
44. 09 -------- 13.3 19.59 

Ily 7,6.25 p. m ___________ Flood __________________________________ 
0 -------- 24.7 14.56 

Bottom. -------- 22.4 19.82 
.h 

I.Ig. 23,4.35 p. llL _________ ---------------------------------------- 0 -------- 26.0 14. 03 
10 -------- 26. 0 13.97 

A 

20 -------- 26. 0 13.89 
30 -------- 25.2 17. 76 

Bottom. -------- 24. 8 21. 93 
ct. 20,8.10 a. lll __________ ---------------------------------------- 0 -------- 20. 0 14. 87 

10 -------- 19.8 18.27 
o 

20 ------ __ 19. 3 22. 80 
30 -------- 19.5 ----------
40 -------- 19.1 23.66 

Bottom. -------- 19.2 23. 79 
ec. 6, 1.47 p. 111. __________ 7.( ebb _________________________________ 

0 -------- 9.5 16.62 
10 -------- 9.5 16.65 

D 

20 -------- 9. 7 18. 25 
30 -------- 10. 0 20.53 
40 -------- 10.0 20.97 

Bottom. -------- '10.0 21. 10 
1921 

111.24,11.1711. IlL ________ % flood; sea broke11; wind N., force 2; sky 0 5.0 3.9 13. 12 
partly cloudy and hazy. 10 -------- 4. 6 13.54 

20 -------- 3. 9 17.51 
30 -------- 4.0 18. 03 
40 -------- 4.1 18. 65 
43.01 -------- 4. 0 18.72 

pro 1,6.30 p. m ___________ Flood; sel1 choppy; wind N., force 3 _______ 0 8.8 10.9 14. 30 
10 -------- 10.9 14. 39 

A 

26 -------- 11. 2 16.84 
lIle I, 5.2511. 111. __________ y,( flood; sea smooth; calm ________________ 0 20.0 19.6 11. 25 

10 -------- 18.8 13. 85 
Jl 

20 -------- 17.7 18.98 
30 -------- 17.5 19.65 
40 -------- 17.8 20. 85 
43. 92 -------- 17.7 ----------

1922 

n. 23, 7.30 p. llL _________ y,( flood; sea rolling; wind NE., force 4 _____ 0 2.22 3. 4 15. 96 
10 -,.------ 3. 0 15.27 

Ju. 

20 -------- 3.2 15.99 
30 -------- 2.7 16.01 
40 -------- 3. 3 16. 00 
43. 92 -------- 2. 8 18.27 

111'. 26, .5.21 p. lll __________ ~ ebb; sea moderate; wind S., force 2 _____ 0 12. 22 8.1 11. 62 
10 -------- 6. 2 17.10 

M 

20 -------- 6. 2 17.89 
30 -------- 6.5 18.26 
40 -------- 6.2 18.34 
43. 0 -------- 6. 6 ----------

.. ~----

143 

Density 

1. 01192 
1. 01749 
1. 01044 
1. 01250 
1. 01355 
1. 01390 
1. 01393 
1. 01408 
1. 00696 
1. 01157 
1. 01339 
1. 01407 
1. 01414 
1. 01449 
1. 00812 
1. 01268 
1. 00735 
1. 00732 
1. 00726 
1. 01035 
1. 01302 
1. 00954 
1. 01216 
1. 01569 

----------
1. 01617 
1. 01641 
1. 01277 
1. 01279 
1.01401 
1. 01574 
1. 01607 
1. 01617 

1. 01050 
1. 01080 
1. 01495 
1. 01437 
1. 01484 
1. 01491 
1. 01079 
1. 01086 
1. 01269 
1. 00096 
1. 00903 
1, 01307 
1. 01372 
1. 01456 

----------

1. 01276 
1. 01224 
1. 01280 
1. 01285 
1. 01280 
1. 01463 
1. 00905 
1. 01348 
1. 01410 
1. 01438 
1. 01447 

----------
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TABLE 5.-Salinity and density oj water at different depths at 4-1 stations in Chesapeake Bay-Contillued. 

Station 22 

Date and time of collection Tide, etc. 

1920 

Jan. 13,4.48 p. m _________________________________________________ _ 

Mar. 9, 4.06 p. m __ . ________ % flood _______________________________ _ 

. May 5, 6.14 a. 111 __________________________________________________ _ 

July 8, 5.25 a. m __________________________________________________ _ 

Aug. 23, 1.38 a. IlL _______________________ .! ________________________ _ 

Oct. 20, 10.45 a. m ________________________________________________ _ 

Dec. 6, 10.25 a. m __________ ~ flood _______________________________ _ 

1921 

Jan. 24, 8.10 a. m __________ Slack ebb; sea broken; wind N., force 3 ___ _ 

Apr. 1,8.26 p. m __ .: ________ Ebb; sea choppy; wind N., force L _______ _ 

May 31,4.40 p. m __________ Full ebb; sea rolling; wind ENE., force L __ 

1922 

Jan. 22, 5.40 p. m __________ Beginning flood; calm ___________________ _ 

Mar. 26, 2.49 p. m _____________________ ..: ______________________ ~ ____ _ 

Statlofl23 

1920 

Jan. 13,3.20 p. m __________ ----------------------------------------

Mar. 9, 4.55 p. m _________ "'_ ~ flood _____ .. __________________________ 

~ay 5, 6.14 p. m ___________ 72 flood ________________________________ 

July 8, 5.25 a. m ___________ ----------------------------------------

Aug. 23, 12.50 a. m _________ ----------------------------------------

Oct. 20, 11.25 £4" IlL ________ ----------------------------------------
DElc. 6, 9.37 a. m ___________ 72

fiood 
________________________________ 

1921 

Jan. 24, 7 a. m _____________ Full ebb; sea broken; wind N., force 2 _____ 

Apr. 1,8.42 p. ill ___________ Ebb; sea choppy; wind N., force L ________ 

May 31,4.20 p. 11L _________ Full ebb; sea rolling; wind ENE., force 2 ___ 

1922 

Jan. 22, 5 p. m _____________ Beginning flood i calm ________ - _ - - - - - - - - - -

Mar. 26, 1.5fj p. nL _________ Beginning ebb; wind S., force L __________ 

Depth 
(meters) 

0 
12. 8 
0 
5 

10 
12.8 
0 

13.18 
0 

Eottom. 
0 

Bottom. 
0 

Bottom. 
0 

Bottom. 

0 
12.81 
0 

10 
14.64 
0 

13.17 

0 
12.81 
0 

13.0 

0 
12.8 
0 
5 

10 
12.8 
0 

13.18 
0 

Bottom. 
0 

Bottom. 
0 

Bottom. 
0 

10 
Bottom. 

0 
12.81 
0 

12.81 
0 

12.81 

0 
12.81 
0 

13.0 

Temperature (0 C.) 

Air Sample 

-------- 0.7 
-------- .7 
-------- 1. 1 
-------- 1.3 
-------- 1.2 
-------- 1.1 
-------- 13.8 
-------- 13.6 
-------- 24. 3 
-------- 24. 2 
-------- 26. 0 
-------- 26.0 
-------- 19.8 
-------- 20.1 
-------- 9. 5 
-------- 9.5 

4.4 3. 7 
-------- 3.7 

8.8 11.1 
-------- 11.2 
-------- 11. 3 

25.5 20.0 
-------- 19.1 

8. 89 3.5 
-------- 3.8 
-------- 9.3 
-------- 7.0 

-------- 0.7 
-------- .7 
-------- 1.4 
-------- 1.4 
-------- 1.4 
-------- 1. 1 
-------- 13.8 
-------- 13.6 
-------- 24.3 
-------- 24. 2 
-------- 26.0 
-------- 25.1 
-------- 20. 1 
-------- 19.2 
-------- 9.5 
-------- 9.5 
-------- 9.5 

5.0 4.2 
-------- 4. 0 

9. 4 11. 0 
-------- 11.3 

25.5 20.0 
-------- 19.8 

10.0 3. 2 
-------- 3. 8 

15.0 7.8 
-------- 6.8 

Salinity 
(parts per 
thousand) 

16.85 
22.26 
16.22 
16. 23 
16. 34 
17.38 
11.95 

----------
15.57 
21.55 
16.45 
17.33 
16.74 
18. 90 
18.25 
18 .. 88 

14. 69 
14.72 
16.48 
17.08 

----------
13.27 
15.08 

22.33 I 

17.
04

1 14.28 
18.18 

16.48 
23. 27 
16.62 
16.70 
16.73 
17.88 
11. 95 

Density 

1. 01353 
1. 01786 
1. 01303 
1. 01303 
1. 01311 
1.01396 
1. 00855 

-------- .. -
1.00906 
1.01352 
1. 00916 
1. 00982 
1. 01101 
1. 01258 
1. 01403 
1. 01452 

1. 01175 
1. 01178 
1. 01244 
1. 01287 

----------
1.00834 
1. 00991 

1.01781 
1. 01360 
1. 01098 
1. 01427 

1. 01323 
1.01867 
1.01334 
1. 01340 
1. 01342 
1. 01435 
1. 00855 

----~r ~~ -,---F g~~gg 
18. 71 1. 01085 
20.48 1. 01243 
17.90 1. 01182 
25.21 1. 01756 
19.24 1.01481 
19. 43 1. 01495 
19.66 1. 01511 

17.66 1. 01407 
17.93 1. 01428 
17. 14 1.01297 
17.42 1. 01314 
12.61 1. 00859 
13.86 1. 00882 

18. 19 1.01454 
22. 99 1. 01831 
15. 40 1.01201 
18.85 1.01480 

-. 



SALINITY OF WATER OF CHESAPEAKE BAY 

TADLJoJ 5.-Salinity and density of water at different depths at 41 stations in Chesapeake Bay-Continued 

Dato and timo of collection 

1920 

an. 13, 11.50 fl •• m _________ J 

M n.r. 10, 12.46 n. nL ____ -" ___ 

M ay 5, 

Illy 8, 

. ug. 23, 

J 

A 

o 
D 

ct. 20, 

ec. 6, 

J an. 23, 

A pro 1, 

1\ 1ay 31, 

2.16 Ll.. m __________ 

3.46 a. m __________ 

5.16 a. m __________ 

6.46 a. m __________ 

S.16 Ll.. m __________ 

9.46 Ll.. m __________ 

11.16 Ll.. m _________ 

12.46 p. m _________ 

2.16p. m __________ 

Q 

3.46 p. m __________ 

5.16 p. m __________ 

6.46 p. m __________ 

4.22 p. m __________ 

7.20 a. lU __________ 

11.44 a. In _________ 

1.35 p. 111- _________ 

7.05 a. lU __________ 

01921 
5.23 p. m __________ 

10.13 p. 111 ______ , ___ 

2.55 p. 11L _________ 

Station 24 

Tide, etc. 

----------------------------------------
~ ebb _________________________________ 

~ebb---------------------------------

~ ebb _________________________________ 

.. 
Slack _______________ ~ __________________ 

Beginning flood _________________________ 

~ flood ________________________________ 

~flood--------------------------------

~ flood _____________________________ ~ __ 

Beginning ebb __________________________ 

~ ebb _________________________________ 

~ ebb _________________________________ 

Beginning fl,ood _________________________ 

~ flood ________________________________ 

;x( flood - - - - - - - - - - - - - - - .. - - - - - - - - - - - - - - - -

Slackebb ______________________________ 

----------------------------------------
----------------------------------------
~ fiood ________________________________ 

~ ebb; sea choppy; wind W., force 1 ______ 

Ebb; sea choppy; wind N., force L ________ 

~ ebb; sea moderate; wind NNE., force 2 __ 

Temperature GO C.) Sallnity Depth (parts per (meters) 
Air Sample thousand) 

0 -------- 1. 45 18.05 
14. 7 -------- 1. 45 23. 55 

0 -------- 1.4 17.23 
5 -------- 1.4 17.25 

10 -------- 1.4 18.01 
14.6 -------- 1.4 19.92 

0 -------- 1.7 17.69 
5 -------- 1.7 17.82 

10 -------- 1.4 17.66 
14.6 -------- 1.7 17.72 

0 -------- 1.7 17.50 
5 -------- 1.7 17.65 

10 -------- 1.7 19.17 
14.6 -------- 1.7 19.94 

0 -------- 1.7 17.60 
5 -------- 1.4 17.90 

10 -------- 1.4 18.94 
14.6 -------- 1.4 19.74 

0 -------- 1.4 17. 56 
5 -------- 1.4 17.58 

10 -------- 1.4 19.07 
14.6 -------- 1.4 19.57 
0 -------- 1.7 17.52 
5 -------- 1.7 17. 58 

10 -------- 1.7 18.63 
14.6 -------- 1.7 18. 69 

0 -------- 1..7 17. 50 
5 -------- 1.7 17.55 

1.0 -------- 1.7 17.58 
1.4.6 -------- 1.7 18.36 

0 -------- 1.9 17.39 
5 -------- 1.9 17.35 

10 -------- 1.7 17.87 
1.4.6 -------- 1.7 19.16 

0 -------- 2. 0 17.38 
5 -------- 2.0 17.79 

10 -------- 1.7 18. hO 
1.4.6 -------- 1.7 ]9.55 

0 -------- 2.7 17.38 
5 -------- 2. 4 17.94 

10 -------- 2.2 18. 22 
14.6 -------- 2.2 19. 56 

0 -------- 3. 0 17.52 
5 -------- 2.7 17.86 

10 -------- 2.7 18.55 
14.6 -------- 2.7 1.9. 57 

0 -------- 2.7 17.60 
5 -------- 2.2 17.96 

10 -------- 3.2 17.95 
14.6 -------- 2. 7 17. 80 
0 -------- 1.7 17.71 
5 -------- 1.7 18.01 

10 -------- 1.7 1.8. 56 
14. 6 -------- 1.7 19. 49 
0 -------- 14. 3 14.66 

10 -------- 14.5 20.55 
14. 54 -------- 14. 3 21. 04 

0 -------- 24. 8 16. 70 
Bottom. -------- 22. 5 21. 76 

0 -------- 26.0 lb. 94 
Bottom. -------- 24. 0 24. 98 

0 -------- 20. 3 17.90 
Bottom. -------- 19.7 25. 12 

0 -------- 9. 8 20. 58 
Bottom. -------- 9. 8 ----------

0 ] 1. 1 5. 4 16.21. 
10 -------- 4. 6 16.20 
14. 64 -------- 4.2 21. 59 

0 10.0 11.. 3 1.9. 49 
12.81 -------- 11. 4 19. 67 

0 25.0 19.0 18. 85 
10 -------- 18. 5 19. 54 
15.61 -------- 17.6 25.02 
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Density 

1. 01448 
1. 01888 
1. 01383 
1. 01384 
1. 01445 
1. 01599 
1. 01419 
1. 01429 
·1. 01418 
1. 01421 
1. 01404 
1. 01416 
1. 01538 
1. 01599 
1. 01411 
1. 01437 
1. 01520 
1. 01584 
1. 01409 
1. 01.411 
1. 01531 
1. 01570 
1. 01.405 
1. 01401 
1. 01494 
1. 014.99 
1. 01404 
1. 01407 
1. 01.410 
1. 01472 
1. 01394 
1. 01392 
1. 01434 
1.01537 
1. 01.393 
1. 01426 
1. 01505 
1. 01568 
1. 01391 
1. 01437 
1. 01460 
1. 01566 
1. 01401 
1. 01430 
1. 01485 
1. 01.565 
1. 01409 
1. 01439 
1. 01430 
1. 01425 
1. 01420 
1. 01.444 
1. 01488 
1. 01561 
1. 01.053 
1.01.501 
1. 01542 
1. 00969 
1. 01411 
1. 01102 
1. 01612 
1. 011.76 
1.01736 
1. 01580 

----------
1. 01285 
1. 01288 
1. 01117 
1.. 01475 
1. 01489 
1. 01280 
1. 01.346 
1. 01771 
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TABLE 5.-SalinitY and density of water at different delJths at 41 stations in Chesapeake Bay-Continued 

Station 24-Continued 

Temperature (:0 C.) 
Salinity 

Date and timo or collection Depth Tiae, etc. (meters) (parts per Density 
Air Sample thousand) 

.. : 

1922 

Jan. 22, 3.50 p. m __________ Full ebb; calm __________________________ 0 12.22 3. 9 21. 46 1. 01731 
10 -------- 4. 9 23. 47 1.01861 
15. 55 -------- 3. 9 24. 45 1. 01946 

Mar. 26, 12.35 p. m _________ Full flood; wind SW., force L ____________ 0 15. 00 8. 2 15. 69 1. 01219 
10 -------- 6. 9 18. 82 1. 01477 
16. 5 -------- 6. b 19. 44 1. 0]027 

Station 25 

1920 
0 

Jan. 13, 1.20 p. m __________ 
-----------------------~----------------

0 -------- O. 6 18.83 1.01511 
7.8 -------- .7 20. 08 1. 01612 

May 5, 3.20 p. m ___________ Slack ebb _______________________________ 0 -------- 14. 3 17.72 1. 01288 
7.72 -------- 14.3 18.27 1. 01330 

July 8, 8,45 a. m ___________ ~ flood ________________________________ 0 -------- 24. 8 17.72 1. 01046 
Bottom. -------- 24. 8 17.70 1. 01045 

Aug. 23,10.50 a. m _________ ---------------------------------------- 0 -------- 26. 5 19.41 1. 01122 
Bottom. -------- 25. 3 21. 6C 1. 01314 

Oct. 20,12.54 p. m _________ ---------------------------------------- 0 -------- 20. 6 17.20 1. 01115 
Bottom. -------- 19; 7 20. 99 1. 01424 

Dec. 6, 8.05 a. m ___________ 73 flood ________________________________ 0 -------- 9. 6 20.95 1. 01612 
Bottom. -------- 9. 6 20.91 1. 01690 

1921 

Jan. 23, 4.29 p. m __________ Y2 ebb; sea smooth; wind NNW., force L __ 0 12. 2 5. 3 

1 

18.05 1. 01419 
7. 78 -------- 4.6 18.58 1.01476 

Apr. 1,9.36 p. m ___________ Ebb; sea choppy; wind N., force 1 __________ 0 10.0 11. 4 ---------- ----------13. 5 -------- 11. 6 21. 64 1. 01635 
May 31, 2 p. m ____________ Y2 ebb; sea moderate; wind NNE., force 2 __ 1 0 24. 4 19. 4 18. 92 1. 01274 

8. 34 -------- 17.6 24. 92 1. 01771 
1922 

J an. 22, 2.55 p. m __________ % ebb; calm ___________________________ 0 12. 22 4.5 20. 56 1. 01635 
8. 24 -------- 4. 9 22. 53 1. 01887 

Mar. 26,11.37 a. m _________ % flood; sea smooth; wind SW., force L ___ 0 14. 44 8. 2 17.61 1. 01369 
8. 23 ------- .. 7.6 18. 00 1. 01406 

i 

Station 26 

1920 

Jan. 13,9.01 a. m _________________________________________________ _ 0 -------- 1.7 20. 26 1. 01626 
22.0 -------- 1.7 23. 84 1. 01910 

Mar. 11,9.04 a. m __________ Ebb __________________________________ _ 0 -------- 2. 7 18.17 1. 01453 
10 -------- 2. 7 19.34 1. 01547 
20 -------- 2. 4 21. 48 1. 01716 
23. 7 -------- 2. 4 22. 51 1. 01801 

May 5, 12.49 p. m_ _ _ _ _ _ _ _ _ _ % ebb ________________________________ _ 0 -------- 14.0 15. 54 1. 01127 
10 -------- 13. 8 23. 06 1. 01707 
20 -------- 13. 8 24. 73 1. 01834 
23.63 -------- 14.0 24.91 1. 01845 

July 8,10.30 a. m ___________ % flood _______________________________ _ 0 -------- 24. 9 17.72 1. 01044 
Bottom. --------1 24.8 21.99 1. 01354 

Station 21 

1920 

Jan. 12,5.38 p. m _________________________________________________ _ 0 -------- 1.7 19.74 1. 01583 
10.0 -------- 1.7 21. 90 1. 01755 

Mar. 11, 11.35 a. m ________ Beginning flood ________________________ _ 0 -------- 2. 7 18.48 1. 01478 
5 -------- 2. 7 18.23 1. 01459 

10 -------- 2. 7 18. 96 1. 01517 
May 5, 10.27 a. m __ .:. _ _ _ _ _ _ _ ~ ebb ___________ - - - ___ - - - - __ - - - - - - - _ --

July 8, 12.30 p. m_ -- _______ I Slack- - - - - - - - -- -- - - - - - - - - -- - - -- - - - - - - --I 
0 -------- 13.8 13. 95 1. 01008 

10 1-------- 13.6 16.25 1. 01188 
0 -------- 25. 3 17.28 1. 00998 

Bottom. -------- 24. 2 22. 06 1. 01238 



SALINITY OF WATER OF CHESAPEAKE BAY 

TABLll: ·5.-Salinity and density of '!.VateT at different depths at 41 stations in Chesa1Jeake Bay-ContinueCl 

Stution 27-Continued 

'l'emperature (0 C.) 
Salinity 

Duto Ilntl thuo of colloction 'l'ide, etc. Depth (parts per (meters) tDousand) . Air Sample 

1920-Contin ued 

Aug. 23, 5.40 a. llL _________ ---------------------------------------- 0 -------- 26.0 19.48 
5 -------- 25.5 20.79 

Bottom. -------- 24.0 24. 20 
Oct. 20, 4.42 p. 1I1 __________ ---------------------------------------- 0 -------- 21. 3 17.31 

Bottom. -------- 19.6 24. 53 
Dec. 5,2.20 p. m ___________ ~ fiood ________________________________ 

0 -------- 10.4 21. 51 
Bottom. -------- 10.2 21.51 

1921 

Jan. 23, 12.27 p. m _________ ~ ebb; sea tide rips; wind W., force 2 _____ 0 13.3 5.4 18.73 
10.07 -------- 4.8 23. 39 

Apr. 2, 8.48 a. nL __________ Ebb; sea smooth; wind NNE., force L ____ 0 11.6 11. 4 21. 14 
8 -------- 11. 1 21. 23 

May 31,10.12 a. m _________ Beginning ebb; sea choppy; wind NNE., 0 19.4 19.5 16.10 
force 3. 9.15 -------- 19.1 17.10 

1922 

Jan. 22,11.15 n. IlL ________ ~ ebb; light swell; wind NW., force L _____ 0 7. 78 4.1 20.06 
10.06 -------- 4.3 20.53 

Mnr. 26, 8.5E n. m _______ . __ ~ flood; sea smooth; wind SW., force L ___ 0 13.33 7.8 17.83 
8.0 -------- 7.4 18.82 

Stutlon 28 

1920 i I 

Jan. 12, 4.30 p. m __________ ---------------------------------------- 0 -------- 1.7 19.34 
12.3 -------- 1.7 22. 60 

Mar. 11, 1 p.m ____________ ~ flood ________________________________ 
0 -------- 2.7 18.44 
5 -------- 2.7 18.48 

10 -------- 2.7 19.36 
12.8 -------- 2.7 19.64 

May 5,9.22 a. m ___________ ~ ebb _________________________________ 
0 -------- 13.3 14.53 

12. 73 -------- 13.6 20. 65 
JUly 8,1.38 p. m ___________ ~ ebb _________________________________ 

0 -------- 25.8 19. 37 
Bottom. -------- 22. 0 22. 49 

Aug. 22, 5.05 p. In __________ ---------------------------------------- 0 -------- 27. 0 19. 27 
10 -------- 25.5 20. 99 

Bottom. -------- 22. 2 ----------Oct. 20, 5.25 p. In __________ ---------------------------------------- 0 -------- 20.3 17.14 
Bottom. -------- 19.5 26. 44 

Dec. 5,1.26 p. m ___________ ~ flood ________________________________ 
0 -------- 10.4 22.21 

Bottom. -------- 10. 2 21. 95 
1921 

Jan. 23,11.17 R. 11L ________ Beginning ebb; sea smooth; wind W., force 2_ 0 10.5 4.9 19. 02 
Bottom. -------- 5.0 24. 56 

Apr. 2,9.43 a. 111 ___________ Ebb; sen smooth; wind NNE., force L ____ 0 11. 6 11. 3 22. 34 
11. 6 11. 6 11. 3 23.01 

May 31, 9.30 a. In __________ Beginning ebb; sea choppy; wind NNE., 0 18.8 19.0 ----------
force 3. 12.81 18.8 19.0 17. 73 

1922 

Jan. 22,10.15 n. m _________ ~ ebb; sea moderate; wind NW., force L __ 0 7. 22 3.6 19. 67 
12.81 7. 22 4.5 24. 03 

Mar. 26, 7.59 a. m __________ Beginning flood; sea smooth; wind SW., 0 12. 22 7.6 17.42 
force 1. 13 12. 22 7.6 23. 74 

Stutlon 29 

1920 

.In.n. 12,2.40 p. In _______________________ "' _________________________ _ 0 -------- 1.7 20.34 
12. 8 -------- 1.7 24. 33 

Mnr. 11,2.53 p. m __________ ~ ftood _______________________________ _ 0 -------- 3.2 18. 54 
5 -------- 2. 9 18. 97 

10 -------- 2.9 19.73 
13.3 -------- 2. 9 20.31 May 5, 7.48 a. 11L __________ ~ ebb ________________________________ _ 0 -------- 13.8 16.07 
5 -------- 13.6 ----------

10 -------- 13.8 22. 37 
13.18 -------- 13.6 19.22 
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Density 

1. 01142 
1. 01255 
1. 01553 
1. 01108 
1. 01694 
1.01644 
1. 01647 

1. 01483 
1. 01856 
1. 01600 
1. 01612 
1. 01057 
1.01135 

1. 01606 
1. 01633 
1. 01390 
1. 01473 

1. 01551 
1. 01811 
1. 01475 
1. 01477 
1. 01548 
1. 01570 
1. 01018 
1. 01525 
1. 01135 
1.01480 
1. 01104 
1. 01270 

----------
1. 01116 
1. 01842 
1. 01701 
1. 01681 

1. 01510 
1. 01946 
1. 01617 
1. 01747 

----------
1. 01194 

1. 01569 
1. 01907 
1. 01360 
1. 01855 

1. 01631 
1. 01948 
1. 01482 
1. 01517 
1. 01577 
1. 01623 
1. 01171 

----------
1. 01654 
1. 01416 
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TABLE 5.-Salinity and density of wate?' at different depths at 41 stations in Chesapeake Bay-Continued 

Station 29-Continued 

Temperature (0 C.) Salinity 
Date and time of collection Tide. etc. Depth (parts per Density (meters) 

Air Sample thousand) 

1920-Continued 

July 8, 2.50 p. m __ - - -" _____ I !!i ebb_ - -- - - - - - - - - -- - - - - -- - - - - - - - - - - - -- 0 -------- 24. 8 18. 88 1. 01132 
Bottom. -------- 22.1 23.06 1. 01853 

Aug. 22,4.16-4.38 p. IlL ____________________________________________ 0 -------- 27.5 19.20 1. 01077 
10 -------- 25.1 24. 00 1. 01507 

Bottom. -------- 25.0 24. 34 1. 01536 
Oct. 21, 6.56-7.26 a. m ______ ---------------------------------------- 0 -------- 19.9 18. 96 1. 01267 

Bottom. -------- 20. 0 23. 87 1.01635 
Dec. 5, 12.34-12.51 p. m ____ ~ flood _____________________________ ~ __ 0 -------- 10.2 22. 43 1. 01718 

Bottom. -------- 10.4 22. 50 1. 01723 
1921 

Jan. 23,10.10 a. m _________ U flood; sea smooth; wind W., force 2 _____ 0 8.3 5.0 18.18 1. 01439 
12.81 -------- .5.0 24. 53 1. 01943 

Apr. 2, 10.04 a. m __________ Ebb; sea smooth; wind NNE., force L _____ 0 11. 6 11. 3 22.72 1.01723 
12.81 -------- 11.1 23. 38 1. 01777 

May 31, 8.22 a. m _______ .. __ Full flood; sea choppy; wind NNE., force 3_ 0 18.3 18.9 ---------- ----------
12.81 -------- 16.9 26. 98 1. 01946 

1922 
Jan. 22, 9.13 a. m __________ %' ebb; heavy swell; wind NW., force L ___ 0 5.56 3. 8 21. 08 1.01679 

12.81 -------- 4. 8 28. 50 1. 02259 
Mar. 26, 6.56 a. m _______ . ___ Slack; sea smooth; wind SW., force L _____ 0 9.44 7.8 16. 65 1. 01297 

13 
I --------

6. 9 22.26 1.01744 

Station 30 

1920 
Jan. 11,5.25 p. m _________________________________________________ _ 0 -------- 1.95 23. 32 1.01867 

38. 5 -------- 1.95 29. 34 1.02347 
Mar. 11,4.42 p. m __________ Flood ____________________________ ~ ____ _ 0 -------- 3.4 18. 70 1. 01493 

10 -------- 3.2 19. 62 1. 01567 
20 -------- 3.2 20.13 1. 01606 
30 -------- 3. 2 20. 81 1. 01661 
40 -------- 2.9 22. 94 1. 01831 
42. 9 -------- 2.9 23.09 1. 01843 

May 5, 5.50 a. m ___________ U ebb ________________________________ _ 0 -------- 13.8 20.87 1. 01539 
10 -------- 13.6 23.40 1. 01737 
20 -------- 13.6 23.75 1. 01863 
30 -------- 14.5 ---------- ----------40 -------- 13.5 25.32 1. 01886 
42. 72 -------- 13.5 24. 63 1.01833 July 8,4.45 p. m ___________ :Va ebb ________________________________ _ 0 -------- 24. 2 21. 72 1.01361 

Bottom. -------- 21. 9 25. 23 1. 01689 
Aug. 22, 3.10 p. m __________________________________________________ 1 

I 

0 -------- 27. 0 22.36 1. 01736 
10 -------- 23.0 26. 94 1. 01787 
20 -------- 22.2 27.43 1. 01847 
30 -------- 21. 3 28. 09 1. 01920 
40 -------- 21. 2 28. 19 1.01930 
45.75 -------- 21. 3 28. 46 1. 01948 Oct. 21, 10 a. m ___________________________________________________ _ 0 -------- 20. 4 21. 99 1. 01482 
10 -------- 20.1 24. 84 1.01705 
20 -------- 20.0 26.18 1. Ol809 
30 -------- 19.4 27. 02 1. 01888 
40 -------- 19.3 27. 08 1. 01895 

Bottom. -------- 19.3 27.06 1. 01903 Dec. 5, 10.20 a. m __________ %' flood _______________________________ _ 0 -------- 10. 3 22.78 1. 01744 
10 -------- 10.3 22. 88 1. 01752 
20 -------- 10.2 22.89 1. 01753 
30 --------. 10.2 22.86 1. 01752 
40 -------- 10.2 22. 88 1. 01753 

1921 Bottom. -------- 10.2 23.96 1. 01838 

Jan. 23, 8.20 a. m __________ %' flood; sea smooth; wind SW., force 2 ___ _ 0 7.7 4.9 18.36 1. 01495 
10 -------- 4. 8 22.35 1. 01737 
20 -------- 4. 9 24.61 1. 01925 
30 -------- 4.8 18.74 1. 01498 
40 -------- 4.9 26. 07 1.02056 

Bottom. -------- 4.9 25. 42 1. 02041 
Apr. 2, 10.37 a. m __________ Ebb; sea smooth; wind NNE., force L ____ _ 0 11. 6 12. 1 21. 56 1. 01621 

10 -------- 11. 2 23. 47 1. 01783 
20 -------- 11.3 24. 62 1.01870 
30 -------- 11. 4 28.23 1. 02147 
43. 5 ----- --- II. 5 28. 27 1. 02148 



SALINITY OF WATER OF CHESAPEAKE BAY 

TABLE 5.-Sal'in-ity and density of 'Wate1' at different depths at 41 stations in Chesapeake Bay-Continued 

Station 30-Continued 

Dato and timo of collection Tide, etc. Depth 
(metors) 

1921-Continued 

May 31, 5.32 p. n1- _________ % floodj sea choppYj wind NNE., force 3 __ ,0 
10 
20 
30 
43.92 

1922 

Jan. 22, 7.32 a. m __________ Full floodj sea moderatej wind NN'V., 0 
force 1. 10 

20 
30 
44. 83 

Mar. 25, 6.17 p. m __________ ~ flood j sea smooth j wind SE., force L ___ 0 
10 
20 

• 30 
41 

Station 31 

1920 

Jail. 10,3.30 p. lll _________________________________________________ _ 0 
2. 7 

J'an. 11,2.05 p. m _________________________________________________ _ 0 
7. 3 

Station 32 

1920 

,.Jall. 10,3.30 p. n1- _________ ---------------------------------------- 0 
27 

Mnr. 12,2.39 p. lll __________ Beginning flood _________________________ 0 
10 
20 
28.8 

May 1, 10.53 a. lll __________ ~ ebb ____________ ----- ________________ 0 
10 
20 
27. 99 

Dec. 4,11.55 a. m __________ ~ ebb _________________________________ 
0 

10 
20 

Bottom. 
1921 

.10.11. 22, 11.02 a. m _________ % ebbj sea smooth; wind SW ____________ 0 
; 

10 
20 

I 27. 91 
Apr. 2, 3.30 p. ffi ___________ 1 Floodj sea smooth; wind SE., force L ______ 0 

: 10 
I 23 

Mo.y 30,10.49 p. 1ll _________ 1 % ebbj s<¥L choPPYj wil,;ld NNE., force 3 ____ 0 
10 
20 
27.81 

1922 

JI1I1. 21, 11.45 11. nL ________ ~ flood j sea choppy j wind WSW., force 1 __ 0 
10 
20 

: 27. 90 
Mnl'. 25,10.18 n. 111- ________ Full floodj wind N. by E., force 2 _________ 0 

10 
20 
27. 45 

.. -

Temperature (0 C.) 

Air Sample 

16.6 18.7 
-------- 18. 1 
-------- 18.0 
-------- 17. 1 
-------- 17. 1 

3. 33 4. 40 
-------- 4. 0 
-------- 4. 5 
-------- 4.1 
-------- 4. 2 

15 7. 3 
-------- 7.7 
-------- 7.0 
-------- 6. 7 
- ---- - -- 6. 8 

-------- 2. 7 
-------- 2. 7 
-------- 2. 4 
-------- 2. 4 

-------- 2. 7 
-------- 2. 7 
-------- 4. 7 
-------- 4.7 
-------- 4. 7 
-------- 4. 7 
-------- 14.8 
-------- 14.6 
-------- 14.8 
-------- 14. 6 
-------- 9. 6 
-------- 9. 6 
-------- 10. 0 
-------- 10.1 

11. 1 4. 8 
-------- 4. 4 
-------- 4. 4 
-------- 4.4 

13. 3 13. 4 
-------- 11. 6 
-------- 11. 4 

I::~~:~:: 
19. 7 
19.6 
19. 9 
16.8 

13.33 8. 9 
-------- 4. 2 
-------- 9. 4 
-------- 4. 2 

14.44 7.8 
-------- 5.6 
-------- 6.6' 
-------- 6.4 

Salinity 
(parts per 
thousand) 

20.18 
23. 30 
26. 30 
26. 92 
26.85 

23. 96 
25.21 
25. 71 
25.89 
25. 88 
19. 33 
21. 09 
23. 91 
25.10 
25.37 

21. 33 
23. 78 
24. 79 
25.89 

21. 33 
23. 78 
17.73 
18. 22 
21. 78 
~8. 81 
16. 34 
19. 82 
24. 54 
25. 78 
14. 78 
18.01 
22. 69 

----------

17.75 
18. 82 
19. 46 
21. 20 
26. 30 
25. 38 
31. 22 
18.72 
19.49 
25. 84 
27. 63 

20. 15 
20. 99 
22. 65 
23. 75 
18. 38 
26. 25 
27. 21 
27. 19 
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Density 

1. 01386 
1. 01639 
1.01895 
1. 01935 
1. 01930 

1. 01903 
1. 02006 
1. 02040 
1. 02058 
1. 02056 
1. 01512 
1. 01646 
1. 01874 
1. 01971 
1. 01991 

1. 01703 
1. 01898 
1. 01983 
1. 02069 

1. 01706 
1. 01901 
1. 01409 
1. 01448 
1. 01746 
1. 02281 
1. 01174 
1. 01467 
1. 01800 
1. 01899 
1. 01132 
1. 01382 
1. 01741 

----------

1. 01410 
1. 01498 
1. 01550 
1. 01686 
1. 01964 
1. 01925 
1. 02379 
'1. 01253 
1.'01312 
1. 01785 
1. 02094 

1. 01560 
1. 01571 
1. 01746 
1. 01889 
1. 01432 
1. 02073 
1. 02138 
1. 02138 
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TABLE 5.-Salinity and density of water at different depths at 41 stations in Chesapeake Bay-Continued 

Station 33 

Temperature (0 C.) Salinity 
Date and time of collection Tide, etc. Depth (parts per Density (meters) thousand) Air Sample 

1920 

Jan. 11, 9.45 a. m ___________ ---------------------------------------- 0 -------- 2.45 25.62 

I 

1. 02044 
14.7 -------- 2. 45 30. 88 1. 02462 

Dec. 4, 2.04 p. m ___________ ~ flood ________________________________ 0 -------- 10.0 20.64 1. 01581 
Bottom. -------- 10.9 28.30 1. 02161 

Station 34 

1920 

.Jan. 11,11.45 a. m _________________________________________________ _ 0 -------- 3.2 29. 42 1. 02338 
16.5 -------- 3.2 30.90 1. 02462 

Mar. 12,8.35 a. m __________ % ebb ________________________________ _ 0 -------- 3.7 24.53 1. 01952 
10 -------- 3.7 27. 34 1. 02175 
16.7 -------- 3.4 29. 80 1. 02371 

May 1,5.32 p. m ___________ Flooo ___________________________ , ______ _ 0 -------- 14.0 20.00 1. 01264 
5 -------- 13.8 20.02 1. 0127 4 

10 -------- 13.8 23.34 1. 0172 7 
18.18 -------- 13.6 22.60 1. 01675 July 9, 6.07 a. m ___________ ~ flood _______________________________ _ 0 -------- 22. 4 29. 78 1. 0201 9 

Bottom. -------- 18.2 25. 40 1.0179 4 Aug. 22, 1.12 p. m _______ -: _________________________________________ _ 0 -------- 22. 2 28.94 1. 0196 0 
10 -------- 21. 5 29. 73 1. 02039 
18.3 -------- 20.9 30.60 1. 02120 

Oct. 21,1.2.43 p. m ________________________________________________ _ 0 -------- 20.4 20.22 1.01350 
10 -------- 20.0 29. 49 1. 02060 

Bottom. -------- 19.8 30.38 1. 02133 
Dec. 5, 7.30 a. m ___________ Full ebb _______________________________ _ 0 -------- 11. 5 28.77 1. 02188 

10 -------- 11.2 28.86 1.02182 
Bottom. -------- 11.2 -------- ----------1921 

Jan. 22, 4.23 p. m __________ Slack ebb; sea smooth; wind WSW., force L 0 10.0 5.1 28. 58 1. 02261. 
10 -------- 5.0 28. 29 1. 0223 9 
18.30 -------- 5.5 29.98 1. 0236 7 

Apr. 2,1.22 p. m ___________ Ebb; sea smooth; wind NNE., force L _____ _ 0 11. 6 11. 4 29.07 1. 02117 
14.64 -------- 10.1 29.01 1. 0222 9 

May 30, 4.09 p. m __________ % flood; sea choppy; wind NE., force 4 ___ _ 0 17.7 17. 1 30. 40 1. 0219 9 
10 -------- 17.0 30. 30 1.02093 
18.30 -------- 16.8 30.40 1. 02206 

1922 
Jan. 21, 4.20 p. m __________ %' flood; rain: sea smooth; wind NNE., 

force 3. 
0 7.22 4.6 28. 88 1. 02291 

10 -------- 4.9 30. 35 1. 02404 
18.30 -------- 5.0 31. 26 1. 02405 

Mar. 25,3.33 p. m ______ :.___ Beginning flood; sea smooth; wind SE., 
force 1. 

0 17.78 8.0 24.22 1. 01886 
10 -------- 7.0 26. 69 1. 02092 
16. 00 -------- 7. 1 25. 06 1. 01963 

Station 35 

1920 
Jan. 11,9.45 a. m _________________________________________________ _ 0 -------- 2.4 25. 62 1. 02048 

Mar. 12, 10.28 a. m _________ Full ebb ____________________ ' ___________ _ 
14.7 -------- 2.4 30. 88 1. 02467 
0 -------- 4.4 21. 72 1. 01725 

10 -------- 4. 4 30.29 1. 02402 

May 1,3.55 p. m ___________ Half flood _____________________________ : 
15.5 -------- 4.4 3a 30 1. 02403 
0 -------- 13.8 25. 40 1. 01886 
5 -------- 13.6 27.72 1. 02069 

10 -------- 13.8 28. 34 1. 02112 
July 9, 7.48 a. m ___________ ~ flood _______________________________ _ 15.90 -------- 13.6 28. 58 1. 02134 

0 -------- 23. 6 21. 26 1. 01345 

Aug. 22,11.56 a. m ________________________________________________ _ Bottom. -------- 18.8 28. 08 1. 01983 
0 -------- 26.0 2:l 18 1. 01419 

10 -------- 19.4 29.09 1. 02044 
Oct. 21,1.49 p. m __________________________________________________ _ Bottom. -------- 17.3 31. 08 1. 02242 

0 -------- 20. 4 21. 30 1. 01430 
10 -------- 19.9 29. 50 1. 02063 

Dec. 4, 5.38 p. m ___________ Full flood ______________________________ _ Bottom. -------- 20. 3 29. 31 1. 02039 
0 -------- 10. 6 25.29

1 

1. 01934 
10 -------- 10. 6 27. 44 1. 02100 

Bottom. -------- 11.0 27.78 1. 02178 
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TABLB 5.-Salinity and density oj 'Water at different depths at 41 stations in Chesapeake Bay-Continued 

Station 35-Continued 

. Temperature (0 C.) 
Salinity 

Duto aud tii.llo of colloctiou Tide, etc. Depth. (parts pel' Density (meters) thousand) Air Sample 

1921 

Jan. 22, 2.54 p. HL _________ % ebb; sea smooth; wind W., force L _____ 0 11.1 5.5 21. 57 1. 01707 
10 -------- 5.4 26.52 1.02097 
11.1 -------- 5.4 27.43 1. 02168 

May 30, 3.07 p. 111- _________ ~ flood; sea choppy; wind ENE., force 4 ___ 0 18.3 18.4 24. 08 1. 01688 
10 -------- 16.5 -------- ----------. 15. 56 -------- 16.5 28. 84 1. 02094 

1922 

Jan. 21, 3 p. m------------- ~ flood; sea choppy; wind N., force 2 ______ 0 13. 89 9.5 29. 04 1. 02246 
10 -------- 11. 5 27. 44 1. 02086 
15.55 -------- 5.6 24. 16 1. 01908 

Mar. 25, 2 p. m ____________ % ebb; sea smooth; wind E., force L ______ 0 20.00 8. 3 19. 42 1. 01511 
10 -------- 6.5 30.15 1. 02370 
15.00 -------- 6.4 30. 63 1. 02408 

Station 36 

1920 

Jan. 11,7.50 a. rH _______________________________ ------------------- 0 -------- 3.4 28. 19 1. 02245 
27 -------- 3.4 31. 11 1. 02478 

Mar. 12, 11.46 a. lll ________ Slack _________________________________ _ 0 -------- 4.7 20.64 1. 01638 
10 -------- 4.7 30. 38 1.02407 
20 -------- 4. 4 30.70 1. 02435 
23. 7 

4 --------
4. 4 30.74 1. 02439 

May 1, 2.02 p. m ___________ Slack ebb ______________________________ _ 0 -------- 14.3 19.26 1. 01407 
10 -------- 14.1 20. 02 1. 01450 
20 -------- 13. 6 25. 31 1. 01883 
24. 09 -------- 13.8 25. 77 1. 01914 

July 9,9.02 a. m ___________ ~ flood _______________________________ _ 0 -------- 24. 2 20. 54 1.01267 
Bottom. -------- -------- 30. 39 ----------Aug. 22, 10.13 a. 111 ________________________________________________ _ 0 -------- 27.0 22. 75 1. 01339 

10 -------- 20. 2 29. 05 1.02021 
20 -------- 17.2 31. 26 1.02263 

Bottom. -------- 15.5 31. 74 1. 02338 Oct. 21, 2.39 p. lll _________________________________________________ _ 0 -------- 20. 4 20. 28 1. 01353 
10 -------- 19.9 28. 18 1. 01937 

Bottom. -------- 19.7 30. 97 1. 02180 Dec. 4, 4.25 p. m ___________ % flood _______________________________ _ 0 -------- 10. 5 25. 20 1. 01934 
10 -------- 10.8 28. 76 1. 02199 
20 -------- 11. 3 30. 22 1. 02303 

Bottom. -------- 11. 6 30.96 1. 02356 
1921 

Jan. 22, 1.24 p. m _________ .. ~ ebb; sea smooth; wind SW., force 1; 0 11. 6 5. 9 19. 22 1. 01517 
s~y cloudy. 10 -------- 6. 0 28. 29 1. 02229 

20 -------- 6.0 28. 10 1. 02214 

Apr. 2,1.45 p. m ___________ Flood; s~a·smooth; wind SE., force L: ___ _ 
22. 87 --i2.-2-- 5.9 28. 76 1. 02268 

0 12.1 27. 74 1. 02097 
10 -------- 10.1 31. 15 1.02395 

May 30,2 p. m __ :. ___________ U flood; sea choppy; win.:!, ENE., force 3 __ 
23 

~-i8.-8--
9. 9 31. 33 1. 02419 

0 19. 0 21. 98 1. 01509 
10 -------- 17.4 27. 91 1. 02002 
22. 88 -------- 15.2 30.13 1. 02261 

1922 

Jan. 21, 2 p. m _____________ U flood; sea choppy; wind SSW., force 2 __ _ 0 14. 44 12.9 23.91 1. 01789 
10 -------- 5.1 27.40 1. 02169 
20 -------- 5. 9 29.15 1. 02298 
23. 79 -------- 5.6 29. 26 1. 02321 

Mar. 25, 12.4:0 p. 111- ________ % ebb; sea smooth; wind N., force L _____ _ 0 17.78 8. 9 18. 36 1. 01420 
10 -------- 6. 6 30. 65 1. 02407 
24 -------- 6. 5 31. 10 1. 02445 
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TABLE 5.-Salinity and density of water at different depths at 41 stations in Chesapeake Bay-Continued 

Station 37 

Date and time of collection Tide, etc. I 

1920 

Aug. 22, 5.48 a. m __________ ----------------------------------------

Station 38 

1920 I 
Aug. 21, 11.05 p. m _________ ----------------------------------------1 

Station 39 

1920 

Aug. 21, 8.40 p. m _________________________________________________ _ 

Station 40 

1920 

Aug. 21, 7 p. m _____________ ----------------------------------------

I 
Station 41 

1920 

Aug. 21, 5.13 p. 111 __________ ----------------------------------------

Depth 
(meters) 

0 
Bottom. 

0 
Bottom. 

o 
20 

Bottom. 

0 
20 
40 

Botto111. 

0 
20 
40 
60 
80 

Bottom. 

Temperature (0 C.) 

Air 

--------
--------

--------
--------

--------
--------
--------
--------

--------
--------
--------

--------
--------
--------

Sample 

21. 7 
11. 0 

25. 3 
8.9 

24.1 
17.8 
8.5 

24.6 
10.4 
10.5 
10. 8 

25. 0 
10.5 
11. 1 
11. 3 
11. 4 
10.7 

Salinity 
(garts per 
t ousand) 

32. 55 
30. 66 

29. 74 
33. 58 

29. 91 
33. 26 
33.29 

29. 76 
33. 65 
34. 13 
34. 45 

33. 84 
29.78 
35.78 
38. 41 
38. 45 
35. 01 

Density 

1. 02146 
1. 02340 

1. 01931 
1. 02606 

1. 01886 
1. 02396 
1. 02586 

1. 01854 
1. 02489 
1. 02620 
1. 02640 

1. 02249 
1. 02283 
1. 02740 
1. 02940 
1. 02941 
1. 02G87 



OHIGIN OF THE SILICEOUS MOWRY SHALE OF THE BLACK HILLS REGION 1 

By 'VILLIAM W. RUBEY 

ABSTRACT 

The Mowry shale, a 'relatively thin member of hard platy 
shale in the lower part of the Upper Cretaceous series, is wide
spread throughout the northern Rocky Mountain States. Its 
poculinr lithologic characteristics arc due chiefly to its hardness, 
which in turn is caused by the presence of a large amount of 
silica. The problGm of the origin of this silica is thus a funda
mental problem in the origin of the Mowry shale. In the 
present paper the discussion of the probable origin of this silica 
is developed by considering the significance of each type of 
evidence as it is stated, instead of by the usual method of first 
completely describing and then interpreting the observed 
fn.cts. 

Field, chemical, and microscopic evidence indicates almost 
certainly that the silica in the Mowry shale was in some way 
derived from the alteration of volcanic ash. As a probable 
method of this derivation" it is suggested that the original ash 
was unusually siliceous, that it was decomposed by long exposure 
to sea water, and that silica dissolved from it was precipitated 
by decaying o'rganic matter. A minor amount of secondary 
silicificn.tion may have occurred during consolidation and weath
ering. The few siliceous testE! of organisms found fossilized in 
the shale are considered merely incidentnl constituents of the 
shale. Tho small amounts of clny, silt, and sand in the shale 
may be in part more or less altered volcanic products and in 
part normal clastic sediments. 

Whatever may be the method of derivation of the silica, 
the mere presence of large quantities of volcanic ash in the 
Mowry shale is stratigraphically significant, for it incr'eases 
confidence in the reliability of the member for purposes of 
correlation. 

ACKNOWLEDGMENTS 

The writer gratefully acknowledges the valuable 
advice, suggestions, and criticisms freely accorded to 
hun in this study by many fellow-members of the 
United States Geological Survey. O. S. Ross, R. O. 
Wells, J. B. Reeside, jr., and J. D. Sears have been 
especially helpful, but a number of others, only a few 
of whOln are Inentioned in the text, have furnished 
lllateriols and infonnation that are an essential part 
of the paper. 

FIELD OBSERVATIONS 

The Mowry shale is well known to geologists who 
have worked in the Cretaceous rocks of the northern 
Rocky Mountain States. Its abundance of fish 
scales, unusual silvery-gray color, porcelaneous hard
ness where weathered, excellence as a natural base for 
8.utonlobile roads, topographic prominence, and great 

I Pnper presented before the Geological Society of Washington Feb. 9, 192i (The 
origin ot the Mowry shale: Woshington Acad. Sci. Jour., vol. Ii, p. 235 (abqtract), 
1927). 

areal extent make it easily recognizable and extremely 
useful for correlation. It has been recognized in Wyo-, 
ming, Montana, western South Dakota, and northern 
Colorado.2 Throughout most of Wyoming it lies be
tween the Thermopolis shale and the Frontier forma
tion and is from 100 to 300 feet thick,3 but it thickens 
southwestward, and in extreme southwestern Wyoming 
the Aspen formation, locally more than 2,000 feet 
thick,4 occupies the stratigraphic position of the Mowry 
shale and, according to current interpretations, of some 
lower beds, and has the same fauna and lithologic char
acter. 5 In its type locality near Buffalo, WYO.,6 and 
elsewhere to the north and west, the Mowry consists 
of hard shale and thin sandstone, but southward and 
eastward little sandstone is present. 

STRATIGRAPHIC RELATIONS AND LITHOLOGY OF MO\1RY 
SHALE 

Where the Mowry shale is turned up around the 
northwest flank of the Black Hills uplift in northeast
ern Wyoming, it consists of 100 to 150 feet of hard 
shale in the lower part of the Graneros shale. Here 
it makes a continuous hogback that is generally pine
covered but supports little grass, and the bare ground 
is made up of hard platy silvery-gray 7 chips of shale. 
(See pI. 14, A.) In fresh exposures the Mowry is seen 
to consist of moderately thin bedded, exceptionally 
hard shale with a few thin layers of very fine grained 
sandstone. It is interlanlinated with beds of bentonite 
from less than 1 inch to more than 1 foot thick. Al
though bentonite beds occur throughout the Oreta
ceous rocks of the region, they are especially abundant 
in the upper part of the Mowry shale, but even at this 
horizon they constitute only a small proportion of the 
total thickness. Where unweathered the shale is 
black or very dark gray and shows a dull earthy luster, 
but on weathered surfaces it is light bluish gray. or even 

2 See Geis, W. H., The origin of light oils in the Rocky Mountain region: Am. 
Assoc. Petroleum Geologists Bull., '>01. 7, fig. 1, p. 481, 1923, for a map of the distri
bution of the Mowry shale. 

~ Wilmarth, M. G., Tentative correlation of geologic formations in Wyoming (a 
separate chart), U. S. Grol. Survey., April, 1925. 

4 Veatch, A. C., Geography and geology of a portion of southwestern Wyoming: 
U. S. Gcol. Survey Prof. Paper 56, pp. 04-65, 190i. 

6 Reeside, J. B., jr., personal communication. 
6 Darton, N. H., Geology and underground water resources of the central Groat 

Plains: U. S. Geol. Survoy Prof. Paper 32, p. 187, 1905. 
, 7 At Red Hill, in sees. 5 and 6, T. 54 N., R. 66 W., ncar Missouri Buttes, in Crook 
County, Wyo" the Mowry shale is conspicuously red, but the red color is clearly 8 

result of the infiltration of iron oxides from red clay in the overlying White River (?) 
deposits. 
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white and has a glazed appearance under the hand lens. 
The fracture is comlnonly subconchoidal. (See pI. 14, 
B.) The hardness or crushing strength of the shale is 
such that it resists crushing in the' hand or between 
the teeth, but even the hardest pieces are readily 
scratched with a knife. On the mineral scale the shale 
commonly has a hardness of 3 to 4.8 Although appar
ently regularly bedded, the numerous planes of joint
ing or fissility that sinlulate bedding are not strictly 
parallel, and on clos'e examination these planes suggest 
concretionary structure. True concretions, however, 
are rare, even in the few localities wh.ere the beds con
tain calcite. In some places the joint planes are stained 
yellow and brown, presumably with iron oxide. 

N ear the Black Hills the Mowry shale member of 
the Graneros shale overlies by gradational contact 5 
to 50 f~et of soft shale which Collier has named the 
Nefsy shale member.9 The Nefsy in turn lies upon 
the Newcastle sandstone member,lO a variable unit of 
sandstone, shale, lignite, bentonite, and phosphatic nod
ules from a few inches to 75 feet thick. The Mowry 
underlies, with sharp lithologic change, the Belle 
Fourche shale member 11 of the Graneros, a partial 
equivalent of the Frontier formation of western Wyo
ming. The Belle Fourche member consists' of 450 to 
850 feet of soft dark shale that in its upper part con
tains bentonite beds and many calcareous concretions. 
The lower 25 to 200 feet contains abundant concretions 
of manganiferous siderite about a foot in diameter, 
and this zone forms a low scarp near the Mowry hog
back. The contact between the soft dull-gray concre
tion-bearing shale of the Belle Fourche r.nd the hard 
shale of the Mowry is further emphasized by a per
sistent bed of bentonite from 1 'to 4 feet thick at the 
top of the Mowry shale. This bed was traced 175 
miles along'its outcrop in northeastern Wyoming, and 
it can be recognized with reasonable certainty in South 
Dakota beyond the limits of this mapping. 

As elsewhere throughout its area of distribution, 
the Mowry shale of the Black Hills contains many, 
fish scales (see pIs. 14, B; 1,5, A,B), some bone frag
ments, and, an exceedingly sparse invertebrate, marine 
fauna quite similar to that of the Greenhorn formation, 
which in this region immediately overlies the Belle 
Fourche member of the Graneros. In fact, so similar 
are the two faunas that there is reason for considering 
the assemblage an environmental facies that indicates 
simply Benton age.12 Some fragments of Mowry shale 
contain a few hollow but well-preserved molds or shells 
of Radiolaria of the suborder N asselaria (and Spumel
laria?). (See pI. 16, A.) These small pits, about 0.1 

8 See Kinille, E. M., A proposed senle of hardness and cohesion for rocks: Rc
searches in sedimentation in 1925-26, pp. 95-97, National Research Council, 1926. 

• Collier, A. J., The Osage oil field, Weston County, Wyo.: U. S. Geol. Survey 
Bull. 736, p. 82, 1922. 

10 Hancock, E. T., The Mule Creek oil field, Wyoming: U. S. Geol. Survey Bull. 
716, p. 42, 1920. 

11 Collier, A. J., op. cit., p. 83. 
13 Reeside, J. n., jr., pers~nal communication. 

millimeter in diameter, are best seen on fresh surfaces 
of the shale. In no specimens were these fossils com
mon, and even in thin sections cut especially to ex
amine as many radiolarians as possible, they consti
tuted less than 5 per cent of the rock. No diatoms or 
foraminifers were not.ed in the many specinlens ex
amined under binoculars. 

The very dark color of fresh Mowry shale and the 
hard light-gray and laminated surface of the weathered 
rQck suggest that it may be an impure oil shale, and in 
fact it has been reported as such elsewhere. 13 However, 
crude heating tests on typical samples of the Mowry 
shale from the Black Hills region gave little indication 
of the presence of bituminous matter, and E. T. Erick
son, of the Geological Survey, estimated their content 
of oil at less than 1 gallon to the ton. A sample of 
Mowry shale from sec .. 35, T. 57 N., R. 66 W., Crook 
County, Wyo., analyzed by the Bureau of Mines, 
Department of Commerce, contained only 0.07 per 
per cent of organic matter, soluble in chlorofonn. 

HARDNESS OF THE SHALE DETERMINES OTHER 
CHARACTERISTICS 

Many and possibly all the peculiar characteristics 
of the Mowry shale of this region are closely related 
to or even caused by its exceptional hardness or 
crushing strength, and this, hardness, as discussed in 
another part of this pap~r, is shown by chenlical 
analyses to be almost certainly due to unusual amounts 
of silica. The topographic prominence of the Mowry 
and the absence of soil at its outcrops are directly the 
result of its hardness and resistance to weathering. 
The hard and smooth yet never slippery surf ace of roads 
where its exposures are crossed can be explained by its 
induration, freedom from irregularities of hardness, and 
binding qualities. 14 The light-gray color so typical of 
the outcrops of Mowry shale is also in large part the 
result of resistance to weathering, for the dark organic 
material is removed more rapidly than the rock 
disintegrates. The most widely known characteristic 
of the Mowry shale-the apparently unuslial abun
dance of fish scales-may be only an apparent pecu
liarity caused by its hardness. The writer has found 
fish scales equally abundant on fresh surfaces of 
shale in many other beds in the Graneros of the Black 
Hills region, and it is quite possible that scales are 
conspicuous in the Mowry shale simply because, the 
rock disintegrates very slowly. As is pointed out 
in this paper, other characteristics of the Mowry 
shale, such as its association with bentonite, may also 
be indirectly related to its hardness. 

13 Collier, A. J., The Bowdoin dome, Mont.: U. S. Geol. Survey Bull. 661, p. 199, 
1918. Geis, W. H., The origin of light oils in the Roeky Mountain region: Am. 
Assoc. Petroleum Geologists Bull., vol. 7, pp.499-500, 1923. Reeves, Frank, Geology 
Ilnd possible oil and gas resources of the faulted area south of the Bearpaw Moun
tains, Mont.: U. S. Geol. Survey Bull. 751, p. 107, 1924. 

U Shown by binder tests made by Bureau of Public Roads, Department of Agri. 
culture, on samples collected by the writer. Comparison with tests on other shales 
oC the Black Hills region suggests that the binder or cement is silica. 
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VARIATIONS IN HARDNESS 

'rhe hardness or silica con ten t of the shale thus 
nsslImes un inlportance which led the writer during 
several sefLsons' work in the region to lllake observa
tions that Blight suggest its cause. 

The .most obvious variation in hardness is a vertical 
one that extends throughout the lllCIllber; the 110wry 
shn,le is softest in the lower part and hardens pro
g.l·cssively upward. The lower part is so soft that 
mapping of the thin, soft N efsy shalc between the 
110wry and Newcastle nlClubers had to be abandoned, 
for n.t only a few places could a satisfactory boundary 
be ehosen between 110wry and N efsy, and in nlost 
0xposurcs the rather unifonu increase in hardness 
upwtu'd showed the two nlCInbers to be but parts of 
one lithologic unit. 

A seeond relation observed is that the shale is harder 
inunediately below interlaIninated bentonite beds. 
This relation, though generally inconspicuous, was 
noticed ill 1922 and tested at every later opportlmity, 
and the writer is now convinced of its truth as a gen
erfl.1ization. I:Tardening of beds adjacent to bentonite 
wns noted also at several places in the Belle Fourche 
and Pierre shales of the sanle region. The nlost strik
ing example of hardened strata near bentonite beds 
is n. hard bed of partly altered tuff 1 Y2 feet thick at 
the top of an 18-foot bentonite near the base of the 
Piel're in the vicinity of Pedro, Wyo. Microscopic 
eXH,minntion and chCInical analyses show that the 
only inlportant difference between this tuff and the 
bentonite is the larger al110unt of very finely divided 
silien in the tuff. The writer has also noticed thin and 
very hard beds in bentonite in the Thermopolis shale 
ncar the Pryor MOlmtains, in south-central Montana; 
and hnrdened shale near bentonite beds is reported 
frOln Virginift, ICentucky, and 11eA-icoY 

The co.mbined effect of the two relations just lnen
tioned is thftt the softest shale is in the lower part of 
the llleJnber, the hardest is just below the thick ben
tonite bed at the top, and the hardening upward is 
interrupted slightly at each intervening bed of ben
tonite. This stratigraphic distribution of hardness nlay 
be Jlladc clearer by a specific eXaInple. Chemical 
analyses show that the anlolmt of contained silica varies 
with the hnrdness of samples, although doubtless a soft 
snndy layer lllight contain more silica than a hard 
shale. Analyses of saInples collected near Thornton, 
Wyo., show a silica content of 84.14 per cent in a weath
ered saInple frOlu 5 to 10 feet below the top of the 
Mowry shrue and of 75.62 per cent in a fresh fragment 
ilnmcdifttely below a thin bentonite about 25 feet 
below the top of the lnelnber. Rough crushing tests 
of th('s0 and other analyzed specimens and of other 
snmplcs of the shale led the writer to estimate that 
at Thorn ton the siliea con ten t of the fresh shale in the 
lower few feet of the overlying Belle Fourche is 55 to 
60 pOl' cen t, at the top of the Mowry 80 to 85 per cen t, 

14 Hoss, C. S., personal cOllllllunlcntlon. 

100Ri4°·· ·2!)--11 

75 feet below the top 65 or 70 per cent, and at the base 
of the N efsymember about 55 per cent. This sequence 
is interrupted by increases of 5 per cent or more at 
the bases of other bentonite beds. 

A third relation is an apparent geographic variation 
in the hardness of the Mowry shale. In the south
eastern part of the Black Hills uplift, between Hermosa 
and Edgemont, S. Dak., the Mowry shale is incon
spicuous or absent. As the member is recognized 
largely if not entirely by its hardness, its apparen1i 
absence to the southeast is probably the result of 
decreased hardness in that direction. Elsewhere about 
the Black Hills the Mowry shale seCIns to increase in 
hardness westward and to reach its maximum indu
ration and topographic prominence near Upton and 
Thornton, Wyo. It is interesting to note that this 
direction of hardening coincides with the direction of 
the source of the bentonite at the top of the Mowry 
shale, as indicated by the thickening of the bed and 
the increase in size and amount of contained sand
sized particles. These sand-sized particles are essen
tially the phenocrysts which crystallized in the magma 
before the eruption of the volcanic ash that has been 
changed to bentonite. Like a decrease in the thick
ness of an ash bed and in the size of its constituent 
fragments away from the source, the decrease in 
amount of these crystalline particles is an index of 
distance from the volcanic vent, as shown by the ash 
erupted from I{rakatoa.16 

A fourth factor in the varying hardness of the Mowry 
shale appears to be the degree of weathering; the 
light-colored weathered chips seem to be more siliceous 
and brittle than the fresh rock. Silicification of ex
posed rock surfaces is said to be widespread and 
especially noticeable in the more arid climates. In 
the Black Hills region the writer has found evidence 
that the Minnelusa and Lakota sandstones, the 
Greenhorn limestone, and old terrace deposits have 
commonly undergone hardeuing of this type. Silici
fication at the outcrop has been explained as due to -
ev.aporation and secondary deposition of silica origi
nally present in the rock and to concentration ~t the 
surface by leaching out of other constituents.17 How
ever, well cuttings show that the Mowry is harder 
than other Cretaceous shales even far underground, 
and it appears certain that the greater part of the 
silicification is unrelated to weathering. 

A fifth but less definite observation is that the 
Mowry shale is hardest in its finest-grained portions. 
This generalization may not be valid, for differences 
in the size of grain of the Mowry shale are difficult 
to recognize in the field, and the somewhat softer, 
coarser beds were found well below the top of the 
lnember, where the finer-grained beds are also softer. 

16 Murray, John, nnd Henard, A., On the microscopic characters of volcanic ashes 
nnd cosmic dust and their distribution in the deep-sea deposits: Roy. Soc. Edin
hurgh Proc., vol. 12, p. 486, 1884. 

17 Twenhofel, W. H., Treatise on sedimentation, p. 387, 1926. 



156 SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY, 1928 

It has been found that some shale formations are· 
hardest where they are most folded or otherwise 
affected by regional metamorphism. IS This possible 
factor was in mind during the field work, but no evi
dence indicating a relation of this sort was noted. 

INFERENCES FROM FIELD RELATIONS AS TO ORIGIN 
OF SILICA IN MOWRY SHALE . 

The field observations thus show that the Mowry 
·shale hardens progressively upward to its upper 
boundary and t.oward associated bentonite beds, also 
we~tward toward the probable source of the sediments 
in one of the associated bentonite beds; it probably 
hardens somewhat with weathering and increasing 
fineness of the shale. These relations suggest several 
possible explanations of the hardness or silict:L content 
and of other peculiarities of the Mowry shale. 

The stratigraphic and geographic variations in hard
ness of the Mowry shale in the Black Hills region and 
confirmatory evidence in younger beds in the same 
region indicate strongly & relation to the occurrence of 
bentonite. The theory, suggested by Hewett,19 that 
bentonite is an altered volcanic ash has been firmly 
established by the investigation of others. Ross and 
Shannon, who have studied bentonite exhaustively, 
recently defined it as "a rock composed essentially of 
a crystalline claylike mineral formed by devitrification 
and the accompanying chemical alteration of glassy 
igneous material, usually a tuff or volcanic ash." 20 

In addition to these conclusions regarding ben toni te 
in general, definite evidence of this origin is presented 
by the bentonite beds of the Black Hills region. 

The field relations of the hardness of the shale to 
occurrences of bentonite first suggested to the writer 
that the Mowry shale may have been secondarily 
silicified by solutions derived from the bentonite. 
However, this hypothesis.encounters many objections, 
and the relation can be explained by the presence of 
similar original material in both the bentonite and the 
harder shale. That is, the relati9n might be either 
original or secondary: the Mowry shale and the associ
ated bentonites might be derived from a common 
source, or the Mowry may have been secondarily 
silicified. These possibilities will be discussed more 
fully after a consideration of the chemical and micro
scopic evidence. 

It is possible that the relation of hardness to benton
ite.is merely fortuitous and that the hardness increases 

18 Arnold, Ralph, and Anderson, Robert, Geology and oil resources of the Santa, 
Maria oil district, Calif.: U. S. Geol. Survey Bull. 322, p. 46, 1907. Wilson, J. H. 
Lithologie character of shale as an index of metamorphism: Am. Assoc. Petroleum 
Geologists Bull., vol. 10, pp. 62.'H333, 1926. Russell, W. L., Porosity and crushing 
strength as indices of regional alteratIOn: Idem. pp.939-952. 

19 Hewett, D. F., The origin of bentonite: Washington Acad. Sci. Jour., vol. 7, pp. 
196-198. 1917. . 

20 Ross, C. S., and Shannon, E. V., The minerals of bentonite and related days 
and their physical properties: Am. Ceramic Soc. Jour., vol. 9, p. 79, 1926. 

upward and westward as a result of lithologic varia
tions only accidentally connected with occurrences 
of bentonite. One of the field relations suggests that 
size of grain may be the lithologic variation that 
causes variations in hardness. On this assumption the 
harder and finer-grained portions of the shale may 
have originally contained more silica (either finely 
divided clastic quartz or colloidal silica) than the 
coarser-grained portions, or precipitation of secondary 
silica may have been greater in the fine shale owing 
either to the capillary size of pore spaces or to the 
presence of substances that coagulate silica. However, 
other considerations make this hypothesis appear 
improbable. No evidence of progressive coarsening 
downward was observed, and in fact the clay in the 
Nefsy member appears finer than much of the Mowry. 
The hypothesis would call for a coarsening of the 
sediments after each ash fall, whereas finer sediments 
might more logically be expected. Moreover, the 
Mowry shale of the Black Hills does not appear to 
coarsen southeastward, as required by the hypothesis, 
and in Montana the sandiness is reported to increase 
westward. 

Thc possibility that silicification resulted from the' 
replacement of rock of SOlne other type, such as a 
silty limestone, may be lnentioned, but the absence 
elsewhere of any readily replaceable rock at this 
horizon and of replacement phenomena in the Mowry 
itself nlakes this nlethod of silicification seem very 
improbable. 

The abundance of fish scales, t.he relative scarcity 
of shells and bones, and the presence of volcanic ash 
and Radiolaria suggest as another possibility that the 
Mowry may be the result of extremely slow sedilnenta
tion, for teeth and other chemically resistant bony 
remains of fish arc widespread, and volcanic ash and 
Radiolaria are common in several types of deep-sea 
deposits. 21 The known paleogeography at the time of 
deposition of the Mowry shale and the great thickness 
of the Aspen formation make it appear extremely 
improbable that the Mowry accumulated in abyssal 
depths, like the deposits described in the Challenger 
reports, but it is conceivable that comparable condi
tions of slow sedimentation may have existed at times 
in the center of the shallow Cretaceous sea of the 
Western Interior. 

CHEMICAL COMPOSITION OF MOWRY SHALE AND 
RELATED DEPOSITS 

Some of the analyses lnade by the chemists of the 
United States Geological Survey for the writer's forth
coming general report upon the Cretaceous and Eocene 
rocks on the northwest flank of the Black Hills have a 
bearing upon the origin of the Mowry shale. 

21 Murray, John, and Renard, A. F., Challenger Rept., Deep-sea deposits, 1891. 
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Chemical analyses C!! Mowry shale and other rocks 
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o By 5 por cont Na2COs solution. • P,06 probably about 0.4 per cent, judged by analyses of similar material. 
b "Solublo" silica probably about 0.7 per cent, judged by analyses of similar material. d Ignition less H20. 

1. Weathered Mowry shale, sample collected by W. 'V. Rubey from upper part of member in sec. 7, T. 48 N., R. 65 W., near 
Thornton, Wyo. J. G. Fairchild, analyst. 

2. Same as No.3, 1/ silicified" by arbitrarily increasing the proportion of silica so that the other constituents are diluted to just 
one-half. . 

3. Bentonite, complete sample collected by W. W. Rubey from quarry at Clay Spur, sec. 30, T. 47 N., R. 63 W., Wyo. J. G. 
Fairchild, analyst. v • 

4. Average of seven bentonite samples. Spence, H. S., Bentonite, p. 14, Canada Dept. Mines, Mines Branch, 1924. 
5. Phenocrysts in bentonite beds associated with Mowry shale, computed from microscopic data. 
6. RhyoJite pumice from Sailles, Mont Dore, France. Washington, H. S., Chemical analyses of igneous rocks: U. S. Geol. 

Survey Prof. Paper 99, p. 129,1917. 
7. Aventge analysis of 78 shales. Clarke, F. W., The data of geochemistry, 5th ed.: U. S. Geol. Survey Bull. 770, p. 631,1924. 
8. "Monterey shale." Arnold, Ralph, and Anderson, Robert, Geology and oil resources of the Santa Maria oil district, Calif.: 

U. S. Geol. Survey Bull. 322, p'.' 45, 1907. 

EXCESSIVE AMOUNT OF SILICA IN MOWRY SHALE 

COJnparison of an analysis of Mowry shale from. a 
locality near Thornton, Wyo., with the average anal
ysis of 78 shales 22 shows the Mowry to be exception
ally high in silica and low in the other constituents, 
especially ferrous iron and carbonates. (See Nos. 1 
and 7 in table of analyses.) The excess of silica is 
striking, for even on the assll1nption that silicate 
minerals with the highest probable silica ratios are 
prcscnt (orthoclase, albite, 11l0ntlllorillonite,23 and 
kaolin) computing the nonllS shows that at least 70 
per cent of the rock is tillcombined silica. 

The high silica content of the Mowry shale may be 
explained by the presence of large amounts either of 
clastic silica or of silica that was chemically precipi-

P2 Clnrko, F. W., 'I.'hc data or goochomistry, 5th od.: U. S, Geol. Survcy Bull. 
770, p. 1131, 1024. 

13 Chomlcal formula: (Mg,CI\)0.Ah03.,5Si02.5-7H~0 (Hoss, C. S., and Shannon, 
E. V., op. cit., pp.87-89), 

tated at the time of deposition of the rock or else 
'later. Other facts also have suggested the possibil
ity that the peculiar composition of the Mowry shale 
may be due to chCluical precipitation of silica either at . 
the time of deposition or later. Precipitation of such 
unusual amounts might be explained by an excep
tional so:urce of silica or by the presence of unusu
ally effective coagulating agents in the shale or in 
waters at one time in contact with the'shale, or these 
factors may have been jointly effective. An excep
tional source of silica might be unusual amounts of 
it in the original sea water or in. circul~ting ground 
waters. Such unusual amounts might be accounted 
for by anyone of several suppositions, 0 the relative 

: probability of which can be nlost effectively consid
ered after a discussion of the microscopic evidence. 
Chemical analyses in themselves throw light on the 
possible presence of coagulating agents. 
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POSSIBLE PRECIPITANTS OF SILICA 

If some substances that are especially effective in 
coagulating dissolved or colloidally suspended silica 
are found to be unusually abundant ill the Mowry 
shale, the hypothesis of primary or secondary pre
cipitation of silica will be strengthened. Substances 
likely t,o be present that are considered especially 
effective in precipitating silica are ammonium carbon
ate,24 phosphates,25 ferric oxides,25 bicarbonates 26 in 
uncommonly siliceous waters,27 and ions of lime and 
magnesia.28 -

The widespread occurrence of fish scales and bone 
fragments in t4e 110wry shale suggests that' phos
phates may have precipitated the silica. However, 
an analysis shows only 0.40 per cent of P205 in a 
sample of hard scale-bearing Mowry shale, which is 
practically the same amount as the 0.42 per cent 
found in a fragment of Belle Fourche shale chosen 
for comparison. The analysis of the Mowry shale 
(No. 1 in the table) shows that none 'of the other 
substances favorable to precipitation are unusually 
abundant. However, the sample contains a rather 
l!\,~ge proportion of organic matter (1.21' per cent by 
weight), and another specimen, from sec. 35, T. 57 
N., R. 66 W., Crook County., Wyo., analyzed by the 
United States Bureau of Mines, contained 1.40 per cent 
of organic carbon, 0.14 per cent of organic hydrogen, 
and 0.05 per cent of nitrogen. The dark color suggests 
that ~ large part of the shale would contain even more 
organic matter. During the decay of this organic 
material carbon, dioxide (and hence, in sea water, 
calcium and magnesium bicarbonates) and ammonium 
·carbonate 29 were almost certainly abundant, and these 
compounds may have precipitated the silica at that 
tilne. Thus, before its complete burial, the Mowry 
shale, or rather the waters in contact with it, probably 
contained adequate coagulating agents. 

One alternative supposition is that the precipitating. 
agent$ were contained in later infiltrating ground 
water. On this assumption both the excess silica 

. and the precipitant must have been brought in by 
grolmd water, and it is necessary to postulate a mixing 
of the two solutions. Even assuming that water 
could circulate freely through such fine and imperme
able material, it would be difficult to explain why an 
interaction of this sort would be restricted to the hori
zon of the Mowry shale over so gl'eat an area. As 
this hypothesis of the mixture of two ground waters 

24 Davis, E. F., The radiolarian cherts of the Franciscan group: California Univ. 
Dept. Geology BulL, vol. 11, pp. 399-402, 1918. Ammonium carbonate is also 
commonly used in laboratories to precipitate dissolved silica. 

25 Wallace, R. C., The distribution of the colloidal products of rock weathering: 
Roy. Soc. Canada Proc. and Trans., 3d ser., vol. 17, sec. 4, p. 73,1923. 

26 Cox, G. n., Dean, R. S., and Gottschalk, V. H., Studies on the origin of Mis
souri cherts and zinc orcs: Missouri Umv. School of Mines and Metallurgy BulL, 
vol. 3, No.2, pp. 7-12, 1916. 

27 Lovering, T. S., The leaching of iron protores; solution and precipitation of 
silica in cold water: Econ. Geology, vol. 18, pp. 5.17-538, 1923. 

28 Tnrr, W. A., Origin of the chert in the Burlington limestone: Am. Jour. ScL, 
4th ser., vol. 44, p. 436, 1917. 

JD Clarke, F. W., op. cit., pp. 123, 149. 

fails to account for the general and detailed association 
of the Mowry lithology with bentonite and as it also
encounters other serious objections if carried further, 
it may be dismissed from consideration. 

It is possible, however, that the silica may have been 
precipitated from exceptionally siliceous ground water 
by conditions of temperature or pressure in the shale 
rather than by the presence of precipjtants. Another 
hypothesis of this physico-chemical type is that 
detrital grains undergoing compacting might go into 
solution at their points of contact and that silica might 
be precipitated in adjacent pore ·spaces.30 

II SOLUBLE" SILICA 

A further test of the general hypothesis of chemical 
precipitation, either primary or secondary, may be 
lnade by a determination of the percentage of "soluble" 
or amorphous silica now present in the rock. The 
occurrence of a considerable amount would strengthen 
the hypothesis, but its absence would have little 
significance, for, even though originally precipitated 
as a gel, the silica might have crystallized into the 
less soluble quartz or chalcedony. 

This test yielded no conclusive evidence, for a typ
ical sample of Mowry shale contained 0.73 per cent 
of "soluble" silica, and a sample of Belle Fourche shale, 
chosen for comparison, 0.70 per cent. 

COMPOSITION OF ASSOCIATED BENTONITE 

The field observations suggest that the excess silica. 
in the Mowry shale is somehow related to associated 
bentonite beds. Chemical analyses bear out this sug
gestion, for a sample of the bentonite bed at the top 

; of the Mowry, collected from the bentonite quarry at 
Clay Spur, Wyo., contains, like the shale itself, an 
ur.usually high percentageO of silica (70.98 per cent; 
see analyses 3 and 4). This is not only far higher 
than the 53.50 per cent in a bentonite bed in the soft 
Belle Fourche shale, about 20 feet above the Mowry, 
sampled near by, but is also higher than the percent
age in any of the 35 or 40 published analyses of ben
tonite seen by the writer. 

A published analysis 31 of a bentonite said to have 
been collected in sec. 30, T. 47 N., R. 63 W., Wyo. 
(the same locality as the Clay Spur quarry), shows 
but 54.31 per cent of silica. Mr. Hewett, to' whOln 
the sample was sent for study and comparison with' 
other Wyoming bentonites, informed the writer that 
this analysis represents the finer 92 per cent of the 
sample as separated by mechanical analysis. A new 
determination shows the gross sample· to contain 57.1 
per cent of silica. This is 14 per cent less than was 

30 Johnston, John, and Adams, L. n., On the e1Iect of high pressures on tho physi
cal and chemical behavior of solids: Am. Jour. BcL, 4th ser., vol. 35, pp. 211, 215-217, 
1913. Johnston, John, and Niggli, Paul, The general principles underlying meta
morphic processes: Jour. Geology, V(lI. 21, pp. 499, 601l-6l3, 1913. 

31 Hewett, D. F., Geology and oil and coal resources of the Oregon Basin, Mee
teetse, and Grass Creek Basin quadrangles, Wyo.: U. S. Geol. Survey Prof. Paper 
145, p. 56, 1926. 
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A. OUTCROP OF MOWRY SHALE ON THORNTON DOME, IN SEC. 7, T. 48 N., R. 65 W., WESTON COUNTY, 
WYOMING 

Shows a smaU reverse fault; typical thin bedding of shale and alternation with thin beds of bentonite; and characteristic bare 
chip-covcced ground. This ouLcrop differs from most others in not being heavily overgrown with pines 

B. HAND SPECIMEN OF MOWRY SHALE COLLECTED NEAR NEWCASTLE, WESTON COUNTY, WYOMING, IN SEC. 25, T. 45 N., R. 62 W. 

Shows typical distribution of !ish scales and subconchoidal fracture. Natural size 
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A 

B 

FISH SCALES IN MOWRY SHALE FROM SEC. 25, T. 45 N., R. 62 W., WYOMING 
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A. THIN SECTION OF MOWRY SHALE FROM SEC. 35, T. 57 N., R. 66 W., CROOK COUNTY, WYOMING 

Shows an exceptionally large number of Radiolaria 

B. THIN SECTION OF MOWRY SHALE FROM THORNTON DOME, WESTON COUNTY, 
WYOMING 

The larger masses, unusually abundant in this section, are remnants of partly crystallized opal or class 
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found in the writer's salnple from the Clay Spur 
quarry. It is, of course, p()ssible that a bed of bentonite 
4 feet thick lnay vary this much in chemical compo .. 
sition fronl one layer to another, but the lithology of 
the hand specimen and comparison of the silica con
tent and the relative proportion of other constituents 
with other analyses make it seeln more probable that 
the earlier sanlple was collected from a higher bed 
that crops out near the present Clay Spur quarry or 
from a quarry in another bed 12 miles distant. 

The high silica content of the writer's sample of the 
bentonite from the Clay Spur qW1l'ry suggests that 
luuch detrital quartz may be present as an impurity, 
but other facts make this seem very improbable. 
This sample contained only 0.2 per cent of grains 
coarser than 0.07 lnillimeter in diameter (sand-sized 
pl1l'ticles of calcite, iron oxide, and clay aggregates 
being discarded). This is considerably less than the 
average percentage of grains larger than 0.07 millimeter 
found in 30 other samples of bentonite from the Black 
Hills of which the writer made mechanical analyses. 
Microscopic eXaIuination of the coarser particles re
vealed little obviously detrital material in any.of the 
30 samples. In the Clay Spur sample the largest grains 
were 0.25 nlillimeter in dianleter, well above the lower 
limit of rounding, yet no evidence of abrasion indicating 
admixed detrital grains was noted. Furthermo~e, this 
coarser 0.2 per cent consisted largely of aluminum 
silicates (feldspar) rather than pure silica (quartz). 
That is to say, this unusually siliceous bentonite con
tains less than an average amount of sand-sized parti
cles which nlight possibly be detrital, the few coarser 
grains which are present show no evidence of being 
other thfUl phenocrysts, and they are not much more 
siliceous than the complete' sample. These facts lead 
to the conclusion that the excess silica in this sample 
is present not as coarse detrital quartz but as very 
finely divided nlateriul. Small quantities of very finely 
divided or clay-sized quartz particles are doubtless 
fornled by several natural agencies, but, considering 
the lower linlits of abrasion and the ready solubility 
of the snlaliest fragments,32 a large proportion of clay
sized clastic quartz grains in any rock would demand 
some very unusual geologic process of disintegration. 

This evidence that the silica in the bentonite is very 
finely divided suggests that it may be a chemical or 
colloidal precipitate which was formed either during or 
after deposition of the ash. It seems improbable that 
silicification was later than deposition, for if the ben
tonite were thus secondarily silicified, its ability to 
swell when wetted would probably be considerably 
reduced.33 However, of about 35 sanlples of benton
ite fronl the Black Hills disintegrated by the writer, 
the Clay Spur salnple was one of three that swelled 

U Galloway, J. J., The rounding of grains of sHDd by solution: Am. Jour. ScL, 
4th ser., vol. 47, pp. 270-280, 1919. 

83 Ros.c;, C. S., personal comllllmicatioll. 

most. Therefore it seeIns probable that the silica in the 
bentonite is an original chemical constituent of its finer 
portion. From this conclusion, the close association of 
the two rocks, and the similarity of their silica content, 
the inference could be drawn that the silica in the Mowry 
shale was likewise probably an original 'chemical 
constituent. This possibility will be considered more 
fully in the light of additional evidence. 

Not only are the analyses of the two rocks similar in 
their high content of silica, but the relative propor
tions of the other compounds present are almost iden
tical. By adding to the bentonite at Clay Spur an 
amount of silica equal to the total weight of the sample 
(that is, more than doubling the Si02 so that the other 
constituents are diluted to just one-half) the two anal
yses become strikingly similar. All the constituents 
except silica and organic lnatter are then within 0.3 
per cent of the same in the two analyses, arid the aver
age difference, about 0.1 per cent, is only slightly greater 
than the probable error of the determinations. (See 
analyses 1 and 2.) This remarkable similarity be
tween the two analyses suggests that the Mowry shale 
may be a silicified bentonite. Although the organic 
matter, structure, and other characteristics of the 
Mowry do not bear out this suggestion, there is a strong 
indication that the Mowry shale consists of approxi
mately equal proportions of free silica and of the same 
material that altered into bentonite. 

Another possible explanation of the similarity of the 
two analyses is that the silica content of the ash varied 
from time to time and that the nlore siliceous ash be
came a hard shale and the more normal ash altered to 
bentonite. Ross and Shannon think it "quite prob
able that glasses very high in silica are fairly stable 
and do not readily alter to bentonite."34 However, 
no volcanic rocks of which analyses are available have 
a composition very similar to that of the Mowry shale 
analyzed, and the explanation calls for an utterly im
probable repeated alternation in the percentage of one 
constituent in the original ash deposited. It seems 
much more probable, in view of the analyses, that any 
ash deposited in the Mowry shale had approximately 
the same composition as that in the associated benton
ite beds. 

The composition of the water in which the ash fell 
might have a stron~ influence on the type of decompo
sition and the resulting rock, but the sudden and re
peated changes in composition of the water demanded 
in order thus to explain the differences between the 
Mowry shale and the bentonite seem quite as improb
able as repeated changes in the silica content of the 
original ash. 

A further possibility is suggested by the observa
tion of Murray and Renard 35 that because of the order 

34 Ross, C. S., and Shannon, E. V., op. cit .. p. 84. 
3~ l\1urray, John, and Rllnard, A., On the microscopic characters of volcanic :lshes 

and cosmic dust and their distribution in the deep-sea deposits: Roy. Soc. Edinburgh 
Proc., vol. 12, p. 487, 1884. 
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of crystallization in a magma ,and the' differences in 
specific gravity of the minerals, ash tends" to become 
nlore acid [siliceous] the farther it is renlOved from the 
center of eruption." That is, the minerals that crys
tallize first in a cooling magma are heavier and less 
siliceous than the magma itself, and in a volcanic erup
,tion these nlinerals would fall nearest the source, leav
ing the uncrystallized and nlore siliceous portion to 
trav.el farther. Thus ash erupted over a long period of 
tilne might maintain the same composition at the vol
canic vent, but variations in intensity of the explo
sions might cause variation in the composition of the 
ash deposited at anyone distant point. However, 
this factor would not be effective in increasing the sil
ica content of an ash after the heavier minerals had 
settled out, and, as the bentonite associated with the 
Mowry shale is in itself unusually siliceous, the extra 
silica in the Mowry shale is probably best explained 
by other means. 

Silicification of the Mowry shale by the bentonite 
has been suggested by both field and chenlical evidence. 
Ordinary bentonite contains a somewhat lower per
centage of silica than the ash from which it was 
derived,36 thus indicating that silica was given off 
during the alteration. Also the readiness with which 
particles of bentonite pass into an all but permanent 
suspension in water suggests that ground water might 
transport such material freely. However, this hypoth
esis c'alls for a free access of ground water to the 
bentonite, a difficult feat because of the intense swelling 
of bentonite' 'when wetted. This supposition also 
makes it difficult to explain why the shale near all 
bentonite beds is not hardened. Furthermore, quan
titative considerations greatly lessen the probability 
of this mode of origin of the silica in the Mowry. 
Although bentonite seems to be more abundant in 
the upper part of the Mowry shale than elsewhere 
throughout the Cretaceous rocks of northeastern 
Wyoming, it does not commonly constitute more than 
10 per cent of the section, even in the upper 50 feet 
of that member. From the estimates of the silica 
content of the Mowry near Thornton, Wyo., it seems 
that the upper 50 feet contains about 20 per cent more 
silica than the adjacent softer shales, and hence the 
hypothesis deInands that the bentonite beds furnish 
to the Mowry shale an amount of silica that is twice 
their own volume-that is, about twenty times as 
much silica as they would be expected to give off. It 
may be concluded, therefore, that bentonite is not an 
adequate source of all the excess silica in the Mowry 
shale. 

On the other hand, the small portion of silica that 
causes local hardening near bentonite beds might 
conceivably be explained in this manner. Evidence 
indicating that in some places the alteration of ash to 

36 Ross, C. S., and Shannon, E. V., op. cit., pp. 88-89. Ross, C. S., personal 
communication. 

bentonite occurred after burial is cited in the conclusion 
to this paper, and, if this is true of the Mowry benton
ites, siliceous water frOln the altering ash might have 
affected the underlying shale beds. However, the 
hypothesis seelns unlikely in view of the close simi
larity between the decrease in hardness downward 
from anyone bentonite bed and the decrease down
ward through the entire thickness of the Mowry shale, 
where as previously stated, the process seems quan
titatively inadequate. Also the exceptionally high 
silica content of the bentonite certainly suggests that 
large quantities of silica can not have been leached 
from it. Furthermore, if local hardening of the Mowry 
shale near bentonite is caused by descending ground 
water, other Cretaceous bentonites in the same region 
should likewise be underlain by siliceous shale, whereas 
all other examples of hardened shale noted in the 
Black Hills region lie above instead of below the 
bentonite beds. 

COMPOSITION OF ORIGIN At ASH 

The conclusion that the Mowry shale consists in 
large part of the same material as that which altered 
into the bentonite makes it pertinent to consider the 
probable composition of the ash that formed the ben
tonite. In an examin!ttion of the sand-sized particles 
in bentonites from the Black Hills region, the writer 
estimated the proportions of different minerals present. 
An average of the counts of grains coarser than 0.07 
millimeters in 21 samples of bentonite associated with 
the Mowry shale, . after discarding clay aggregates, 
gypsum, iron oxides, and calcite, is as follows: 

Quartz _____________________________ _ 

, Orthoclase and sanidine ______________ _ 
Biotite _____________________________ _ 
Plagioclase (An35_40) __________ - - - - - - __ 
Zircon ______________________________ _ 
Glass _______________________________ _ 
Opal _______________________________ _ 
Apatite _____________________________ _ 

Per cent. 
55 
35 
8 
1 

Trace. 
Trace. 
Trace. 
Trace. 

On the assumption that these fragments are pheno
crysts, their mineralogic content indicates that the 
igneous rock in which they crystallized had the com
position of a rhyolite that was very high in silica and 
low ia plagioclase. In some of the samples a few round
ed sand grain~ were noted, and these detrital grains 
make the average composition of the supposed igneous 
rock somewhat too high ill quartz and, perhaps, in 
potash feldspars. If the figures given above are com
,puted by norms into the form of a chemicrel analysis, 
it is seen that with the exc~ption of the high percentage 
of K 20 the composition of the sand-sized material is 
similar to ,that of the Mowry shale and the bentonite 
a t Clay Spur. (See analyses 5, 1, and 3.) Considering 
the facts that bentonite contains a somewhat lower 
percentage of silica than the ash from which it was 
derived and that the sand-sized particles in bentonite 
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probably contain some detrital quartz, it is reasonable 
to nssurne that the original ash had a silica content 
intermediate between that of the bentonite and that 
of the sand-sized particles. The same relation should 
also hold for several other constituents. 

The more acidic or siliceous varieties of rhyolite 
and other igneous rocks of similar composition con
tain fronl 70 to 80 per cent of Si02 and commonly 
fronl 1 to 7 per cent each of N a20 and K 20. An 
analysis that is fairly typical (though somewhat low 
in Fe203 and CaO) is that of a rhyolite pumice from 
Snillcs, Mont Dore, France (analysis 6). Comparison 
of the uJlnlyses of acidic rhyolites, the phenocrysts 
in Mowry bentonites, the bentonite at Clay Spur, 
und the Mowry shale indicates that the most soluble 
constituents, the alkalies, have been largely removed 
from the bentonite and shale. The conclusion there
fore seelns warranted that the original ash in the ben
tonite at Clay Spur and in the Mowry shale was of 
acidic cOlnposition and that during its alteration the 
alkalies were largely rmlloved by solution. 

SUMMARY OF CHEMICAL EVIDENCE 

Analyses show that the Mowry shale contains an 
exceptionally large amount of uncombined silica. 
Consideration of chemical evidence leads to the con
clusion that this silica may have been precipitated 
contemporaneously by the decay of organic matter 
or by substances in the sea water, it may have been 
deposited later during consolidation, or it may pos
sibly be original very finely divided clastic material. 
It seems unlikely that the excess silica in the shale 
came fr0111 the bentonite. The composition of the 
Mowry shale and that of the associated bentonite are 
renlaJ'kably similar in the high percentage of silica 
and the relative proportions of the other constituents, 
strongly indicating that both contained the saIne origi
nal material. Analyses and phenocrysts in the ben
tonite indicate that this original material in both the 
bentonite and the shale was an acidic or siliceous ash 
£1'0111 which the alkalies have been largely removed by 
solution. 

MICROSCOPIC CHARACTERISTICS OF MOWRY SHALE 

The Mowry shale is so fine grained and dark colored 
that 111icroscopic study yields unsatisfactory results, 
yet mU,ch important evidence can be obtained in no 
other way. Both thin sections and crushed powders 
immersed in liquids of known refractive ~dex were 
exanlined. 

MATERIAL 

l\1ost of the thin sections of Mowry shale that were 
studied consist chiefly of clay-sized material. All but 
one of the Black Hills specimens contain less than 5 per 
cent of grains larger than about 0.005 millimeter in di
alneter (approximately the limiting diameter between 

silt and clay 31). The coarser sample contains sOll1ewhat 
more than 50 per cent of these sand-sized and silt-sized 
grains. In every specimen the largest particle noted 
was between 0.15 and 0.20 millimeter across." The 
largest grains in the bentonites associated with the 
Mowry shale have diameters of 0.2 to 0.7 millimeter. 
The coarser material in the shale consists of angular 
grains of quartz, some fresh orthoclase and sanidine, 
and amorphous and finely crystalline particles. The 
finely crystalline particles include round and irregu
larly shaped masses of cryptocrystalline quartz and 
remnants of partly crystallized silica or glass that dis
tort the bedding. (See pI. 16, B.) A few cuspate 
fragments of faintly brownish glass were recognized. 

The fine portion is largely cryptocrystalline but 
contains some amorphous substances and apprecia,ble 
amounts of very finely divided crystalline material, 
most of which is oriented essentially parallel to the 
bedding and shows a marked positive elongation (that 
is, the faster optic axis is approximately at right angles 
to the elong~tion of the particles). This fine crystal
line material consists chiefly of quartz and an unknown 
clay mineral but contains also some potash feldspar, 
chalcedony, and biotite. In its birefringence, refrac
tive indices, structure, and mode of occurrence 38 the 
clay mineral resembles montmorillonite, the common 
mineral of bentonite. The cryptocrystalline material 
appears from its indices of refraction to be chiefly 
quartz, with which are mixed organic matter and the 
clay mineral, but a large amOlmt has refractive 
indices ranging between 1.51 and 1.545, and a little 
(very probably opal) has an index lower than 1.47. 
All stages in a complete gradation between the appar
ently amorphous material of low index and the 
cryptocrystalline aggregates of higher index may be 
found. A few apparently residual amorphous masses 
were seen. In some' of the thin sections layers of 
cryptocrystalline quartz and some opal alternate with 
the more argillaceous material in very thin laminae. 
No evidence of secondary deposition such as veinlets 
or filled cavities was found. 

A large amount of dark organic matter is present in 
all the specimens. It consists chiefly of small opaque 
fragments but contains also a few large transparent 
amber-colored masses of optically inactive material. 
The opaque organic matter is thoroughly disintegrated, 
and no plant or animal structure is visible. In many 
sections distinct, very thin bedding planes about 0.1 
millimeter apart are marked by the organic matter. 
Some grains of iron oxide are also present. 

NATURE OF FINE-GRAINED MATERIAL 

The complete gradation between the cryptocrystal
line material common in the groundmass and the 

37 Went',\'ortb, C. K., A scale of grade and class terms for clnstic sediments: Jour. 
Gcology, vol. 30. Pi>. 377-.192, 1922. 

88 Ross, C. S., personal communication. 
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anlorphous material indicates that the former was 
derived from the latter. At least a part of the original 
amorphous material is opaline silica, but the analyses 
show pretty conclusively that most of it was of a more 
complex chemical composition. This complex original 
material may have been 8Jl isotropic colloid, but 
several lines of evidence indicate that a large amount 
of it may have been volc8Jlic glass. Nearly all of 
the amorphous 8Jld cryptocrystalline material has 
refractive indices ranging between that of quartz and 
that of a glass with the composition of granite (1.51),39 
thus suggesting that the original substance from which 
the present material was derived was an acidic glass 
with a refractive index of about 1.51, rather than opal, 
which has an index of 1.46 or less. The small amounts 
of sodium and calcium shown in the analysis are not 
accounted for by the minerals recognized among the 
coarser grains (no plagioclase having been detected), 
thus indicating that these two elements are present in 
the finer portion, perhaps as 8Jl acidic volcanic glass. 
The clay mineral is similar to that characteristic of 
bentonite. It is true that only 'a few shards of glass 
were recognized and that those were among the 
coarser grains, but the glass in the associated bentonite 
has also lost these characteristic forms. The most 
definite evidence bearing on the identification of the 
amorphous matter as glass rather than opal is the fact 
that analyses, discussed elsewhere in this paper, show 
that the .Mowry shale contains less than 1 per cent of 
opaline silica. 

RELATIVE ABUNDANCE OF CONSTITUENTS 

From the microscopic evidence and computations 
based on the chemical analyses, it is possible to make 
an approximate estimate of the constitution of a 
typical sample of Mowry shale of the Black Rills 
region. If Van Rise's definition of chert 40 as including 
"all forms of finely crystalline nonfragmen tal silica, 
including opaline, semicrystalline, and completely 
crystalline varieties," is adopted for the fine-grained 
silica in the Mowry shale the composition of a typical 
sample would be roughly as follows: 

Very fine-grained sand and silt, chiefly quartz_________ 4 
Carbonaceous clay _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 20 
Chert____________________________________________ 35 
More or less devitrified volcanic glass (?) _ _ _ _ _ _ _ _ _ _ _ _ _ 40 
Iron oxide________________________________________ 1 

SAMPLES OF MOWRY SHALE FROM LOCALITIES WEST OF 
THE BLACK HILLS 

A sample of the 110wry shale collected near Winnett, 
Mont., about 250 miles northwest of the Black Hills 
region, by Frank Reeves, of the United States Geo
logical Survey, was examined for comparison with the 
Black Hills material. In the hand specimen it consists 
of" alternations of very hard dark-gray clay beds one-

30 Iddings, J. P., Rock minerals, p. 593, New York, 1911. 
40 Van Rise, C. R., A treatise on metamorphism: U. S. Ge61. Survey :Mon. 47, p. 

16,1904. 

eighth inch thick, with light-gray, very fine-grained 
sandstone beds one-fourth inch thick. FragIllents 
of fish scales and bones are abundant. According to 
Mr. Reeves, the thin-bedded alternation is typical of 
the Mowry of this region, but toward the west the 
sandy layers beconle thicker. Microscopic examina
tion shows that the grains in the sandy layers are 
less than 0.2 millimeter in diaIlleter and average' 
about 0.04 or 0.05 millimeters. The sand grains 
consist of angular quartz (some of which show 
secondary enlargement) and fresh orthoclase (and 
sanidine?), nearly 1 per cent of rounded crystals of 
zircon, and some magnetite, hornblende (?), and 
cryptocrystalline material. The cement appears to 
be cryptocrystalline quartz. The clay beds contain 
a small percentage of fine sand and silt, 8Jld in every 
respect greatly resemble the Mowry shale of the Black 
Hills. 

N ear the Highwood Mountains, in northwestern 
Montana, about 350 miles northwest of the Black 
Hills region, a hard light-colored cherty volcanic ash 
occurs in the Colorado shale at a stratigraphic position 
near or perhaps somewhat' below that of the Mowry 
shale.41 This bed, about 30 feet thick, is "pale 
yellowish gray, weathering white. It resembles porce
lain and is overlain by rock of similar character 8Jld 
appearance." 42 In one thin section examined by 
Johannsen the rock was seen to be "cryptocrystalline 
in texture. It is very slightly anisotropic, as a 
devitrified glass might be. There are a few irregular 
anisotropic patches which are too small to be deter
mined. There is also a little brownish decOlllposed 
material." In another section the rock 'was "a very 
fine-grained, compact glass, consisting almost entirely 
of angular fragments very slightly devitrified, and a 
very few small, irregular grains, apparently of quartz, 
bu t too small to be determined. The rock is very 
homogeneous and uniform in appearance throughout 
the section." 43 Although this ash may not be 8Jl 
exact correlative of the Mowry shale, these descrip
tions indicate that it has several megascopic and 
microscopic characteristics in common with that 
meInber. 

A thin section of a sample of the Mowry shale from 
Vermilion Creek, Colo., about 250 miles southwest of 
the Black Hills region, collected by W. H. Bradley, of 
the United States Geological Survey, was also exalll
ined. According to Mr. Bradley and other lnembers 
of the Geological Survey, the Mowry shale in that 
region resembles hand specimens of the MO\vry fr0111 
the Black Hills and contains very little if any sand
stone. Microscopically Mr. Bradley'S sample is almost 
identical with specimens of the Black Hills Mowry. 
Less than 5 per cent of the grains have diameters 
greater than about 0.005 nlillinleter, and the largest 

H Reeves, Frank, personal communication. 
42 Fisher, C. A., Geology of the Great Falls coal field, Mont.: U. S. Geol. Survey 

Bull. 356, p. 37, 1909. 
43 Johannsen, Albert, in Fisher, C. A., idem, p. 37. 
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grain noted was 0.12 millilneter across. Much opal or 
glass is present, and cavities filled with microcrystal
line chalcedony and round organisms similar to those 
in the Black Hills specimens were noted. There is 
also a large alnount of dark organic matter. 

Except for interlaminated sandy material in Mr. 
Reeves's specinlen from Montana, the samples of 
Mowry shale from western localities closely resemble 
those from the Black Hills region. However, both 
the 110ntana and the Colorado specilnens show some 
evidence of secondary silicification. 

UNCERTAIN ORIGIN OF THE SAND, SILT, AND CLAY 

The evidence is inconclusive as to whether the sand, 
silt, and clay that make up about one-fourth of the 
total weight of the Mowry shale are normal clastic 
sediments or derivatives from volcanic ash, but it 
seems probable that both sources have contributed. 

The angularity, freshness, and small amount of the 
sand and silt in the Black Hills Mowry, the fairly 
uniforIll maximum diameter {b.2 millimeter) of the 
grains in all specimens, the sanidine and volcanic glass 
and the general association with altered volcanic ash 
suggest that the coarse material may be crystalline 
rmnerals from ash instead of ordinary clastic sand. 
The associated bentonite contains nearly as much 
crystalline nlaterial as the typical Mowry shale, and 
the sandy beds might be crystal tuff, which is reported 
to be a common product from acidic magmas.44 Al
though the rounded form of the zircon crystals in 
Reeves's speciInen may be the result of resorption in 
the nlagma,45 abrasion seems a more probable expla
nation. This probable abrasion and the increase in 
amount of sandy InateriaF northwestward from the 
Black Hills suggest that a large part of the sand 
grains were normal clastic sediments. 

The angularity and freshness of nearly all the sand 
and silt grains in the 110wry shale show that these 
grains have undergone very little abrasion and chem
ical weathering, and if they are not volcanic, they are 
difficult to expla~n. They may have been disintegrated 
in an a,rid or cold climate and deposited near by, thus 
escaping chenlical decomposition and rounding, or they 
nlay have been broken fr01n sea cliffs, protected from 
weathering by iInmediate submersion, and scattered 
widely iIl a shallow agitated sea. Admittedly neither 
alternative seems very satisfactory, but it is conceiv
able that the second one DIay explain the coarse mate
rial in the Mowry shale. 

The determinable optical properties of the clay min
eral and the striking similarity of the analyses suggest 
that the clay in the Mowry shale may be the bentonite 
nlineral DlOntmorillonite, derived from the alteration 

H Plrsson, L. v., The microscopical characters or volcanic tuffs: Am. Jour. ScL, 
4th scr., Yol. 40, p. 199, 1915. 

46 Armstrong, P., Zircon as criterion of igneous or sedimentaty metamorphics: 
Am. Jour. ScI., 5th ser., vol. 4. pp 391-3%, 1922. 

of ash. Yet the contained carbonaceous matter shows 
that the conditions of accumulation were different from 
those giving rise to bentonite and that at least some 
material other than ash was deposited. This evidence 
and the absence of the general characteristics of ben
tonite suggest that the clay in the Mowry may have 
been merely a normal mechanical sediInent. 

It seems probable that the sand, silt, and clay, esti
mated to make up about one-fourth of the Mowry 
shale of the Black Hills region, are partly more or less 
altered volcanic ash and partly normal clastic sedi
ments. The writer sees no evidence indicating which 
of these two possible sources was most effective in the 
accumulation of this nlaterial. 

SUMMARY OF MICROSCOPIC EVIDENCE 

Microscopic examinations of the Mowry shale 
demonstrate the improbability of some of the expla..; 
nations of its origin suggested by field relations and 
chemical analyses. It is seen, for example, that the 
siliceous character is not due to large quantities of 
quartz sand but that it has probably been derived 
from amorphous substances such as opal and volcanic' 
ash. Approximately one-third of the rock is appar
ently cryptocrystalline quartz derived from opaline 
(chemically precipitated) silica. The remainder seems 
to be de vitrified ash, carbonaceous clay, sand, and silt. 
The sand, silt, and clay, roughly one-fourth of the 
rock, may be partly volcanic and partly normal 
clastic material. 

PREVIOUS INVESTIGATIONS 

SUGGESTIONS AS TO ORIGIN OF MOWRY SHALE 

Several theories of the origin of the Mowry shale 
have been proposed. Billingsley,46 discussing espe
cially the Mowry of Montana, interpreted the member 
as simply a fine-grained sandstone deposited during a 
sudden shoaling of the sea. Reeves,47 likewise con
sidering the Mowry of Montana, came to the simila,r . 
conclusion that it is a' very fine-grained sandstone 
"probably washed in a shallow sea and widely dis
tributed by wave and current action." 

W ashburne,48 in discussing a paper by Rae,49 cites 
the Mowry as an "impure shaly chert" containing 
"a few spicules of Radiolaria but no diatoms" and 
formed by the "primary precipitation on the sea 
bottom of colloidal silica with much organic matter 
and other sedilnent." Rae, noting the relation 
between the amount of organic matter and free silica 
in river waters, had suggested that the source material 

46 Kemp, J. F., and Billingsley, Paul, Sweet Grass Hills, Mont.: Geol. Soc. 
America Bull., vol. 32, pp. 473-475, 1921. 

47 Reeves, Frank, Geology and possible oil and gas resources of the faulted area 
south of the Bearpaw Monntains, Mont.: U. S. Geol. Survey Bull. 751, p. 89, 1924. ' 

45 'Washburne, C. W., Am. Assoc. Petroleum Geologists Bull., vol. 7, p. 441, 1923. 
49 Rae, C. C., Organic material or carbonaceous shales: Am. Assoc. Petroleum 

Geologists Bull., vol. 6, pp. 333-341, 1922; A possible origin of oil: Am. lnst. Min. 
and Met. Eng. Trans., vol. 68, pp. 1112-1120, 1923. 
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of oil may have been precipitated chemically by sea 
water. Washburne suggests that the siliceous charac
ter of the Mowry and its association with oil in Wyom
ing may be explained by Rae's theory. Cunningham,50 
in a paper developing Rae's theory of the origin of oil 
in California, suggested that the great number of fish 
scales in the Mowry shale might be explained by a 
high mortality among fishes due to the poisonous 
effect of decomposing organic material upon the sea 
floor. 

Geis,51 who studied the Mowry shale in several 
areas, found that the weathered surface is" composed 
largely of the remains of organisms, especially of 
diatoms and Foraminifera," and that at several 
localities" volcanic ash forms a minor portion of the 
mass." He recognized a sandy phase (if the member 
and noted a relation between the amount of sand in 
,the Mowry and the quality of the oil produced in a 
region. From this relation, the fact that the geo
graphic distribution of the Mowry shale and the light 
oil fields of the Rocky Mountain region coincide, and 
the stratigraphic distribution of Wyoming oil fields, 

'he concluded that the Mowry shale was an important 
source of oil. It is of interest to observe in this con
nection that Estabrook 52 found that on the average 
the gravity of Wyoming oil increases both upward 
and downward from the horizon of the Mowry shale. 
In discussing the origin of the Mowry, Geis does not 
mention the hardness of the 'shale, although it seems 
that he may attribute it to the' presence of sand and 
siliceous tests of diatoms. He interprets the Mowry 
simply as a normal shale rich in organic matter. 

Macfarlane,53 endeavoring to prove that oil is de
rived from fish remains, contends that essentially all 
oil in the Cretaceous rocks of western North America 
came from fishes, which were abundant during the 
deposition of the Mowry shale and were killed and 
preserved by numerous falls of volcanic ash. Hender
son 54 criticizes this contention sharply and points out 
that the fishes were thoroughly decomposed and their 
scales scattered' before burial. He also suggests that 
the general scarcity of calcareous shells and bones in 
the Mowry may be due to the presence of organic 
acids produced by the decomposition of algae in the 
water in which the shale was deposited. 

Hewett 55 noted that the Mowry shale of the Big 
Horn Basin "probably contains considerable volcanic 
glass." 

60.Cunningham, G. M., Were diatoms the chief source of California oil?: Am. 
Assoc. Petroleum Geologists Bull., vol. 10, p. 714, 1926. 

61 Geis, W. H., The origin of ligbt oils in tbe Rocky Mountain region: Am. Assoc. 
Petroleum Geologists Bull., vol. 7, pp. 499-504, 1923. 

62 Estabrook, E. L., Occurrences of oil and gas in Wyoming: Am. Assoc. Petroleum 
Geologists Bull., vol. 8, 515, 1924. 

63 Macfarlane, J. M., Fisbes the source of petroleum, pp. 223-256, New York, 
Macmillan Co., 1923. 

U Henderson, Junius, Sources of material from which petroleum may have been 
derived: California Acad. Sci. Proc., vol. 15, pp. 273-275, 1926. 

44 Hewett, D. F., Geology and oil and coal resources of the Oregon Basin, Mee
teetse, and Grass Creek Basin quadrangles, Wyo.: U. S. Geol. Survey Prof. Paper 
]45, p. 54, 1926. 

The explanation of the origin of the Mowry shale 
suggested by Billingsley and Reeves, although possibly 
satisfactory for the sandy Montana phase, does not 
account for the unusual character of the fine-grained 
shale of Wyoming. The organic content of the shale 
and its relation to occurrences of oil, as noted by 
Washburne and Geis, are in themselves not adequate 
explanations of the peculiarities of the Mowry. 
Cunningham's suggested explanation of the abundance 
of fish scales seems improbable, for unless the poisons 
were . introduced suddenly and repeatedly it is difficult 
to account for the repeatedly renewed supply of fishes 
over so large an area. Siliceous organisms, if com
monly present in such abundance as the diatoms found 
by Geis, might possibly be a satisfactory source of the 
silica. However, the writer's investigations indicate 
that in other places only' a small number of either dia
toms or radiolarians occur in the formation. 

It seems unnecessary to assume, as Henderson has, 
that in order to dissolve out the carbonates the sea 
water must have cont~ined acids derived from plant 
decay, for merely slow sedimentation would account 
for the solution of these carbonates. The solubility 
of calcium carbonate in sea water depends almost 
entirely upon' the carbon dioxide content of the water. 
This carbon dioxide content, in turn, depends upon 
the' amount of carbon dioxide available in the adja
cent atmosphere and on the sea floor and upon the 
tempera'ture of the water.56 The colder the water the 
greater'the quantity of carbon dioxide the water can 
contain,' and the greater the carbon dioxide content 
the more calcium carbonate the water is capable of 
dissolving. Careful determinations indicate that, con
sidering the temperature, "the carbon dioxide content 
of the surface water of the ocean in tropical and tem
perate climates is approximately in equilibrium with 
the atmosphere, and that this surface water is essen
tially 'saturated with calcium carbonate.57 If more 
calcium carbonate were somehow added it would be 
precipitated. , 

Sea water normally becomes colder with increasing 
depth, and hence the deeper water is capable of holding 
more carbonate in solution than the warmer surface 
water. This means that the deeper colder water would 
dissolve additional calcium carbonate if any was avail
able until it became saturated. Calcium carbonate 
precipitated in the surface waters by whatever agencies 
and, falling ~to the deeper water would be redissolved 
unless quickly buried. The effectiveness of the thermal 
gradient of sea water in causing solution of carbonates 
on the bottom of the ocean is shown by the 10caJ. 
saturation of water in contact with the bottom 58 and 

M Wells, R. c., The solubility of calcite in water in contact witb tbe atmosphere 
and its variation with temperature: Washington Acad. Sci. Jour., vol. 5, pp. 617-
622, 1915. Johnston, John, and Williamson, E. D., The role of inorganic agencies in 
the deposition of calcium carbonate: Jour. Geology, vol. 24, pp. 729-750, 1916. 

67 Johnston, Johd, and Williamson, E. D., op. cit., pp. 734-735. 
5~ Wells, R. C., New determinations of carbon dioxide in water of the Gulf of 

Mexico: U. S. Geol. Survey Prof. Paper 120, p. 11, ]919. 
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by the con-osion and re-solution of shells collected from 
deep water.59 If the rate of burial of the calcareous 
material on the bottom is rapid, or if circulation and 
diffusion are so slow that the bottom waters become 
and rmnain satura,ted, carbonates could accumulate. 
However, regardless of circulation, if the rate of sedi
mentation were sufficiently slow, calcium carbonate 
would be dissol ved from the sea floor. Especially 
would this be true where, as during the deposition of 
the Mowry shale, abundant carbon dioxide was evolved 
by decaying organic matter on the sea bottom. As is 
discussed somewhat more fully under the heading 
"Conclusions," the thickness of the laminations, the 
condition of the organic matter, and other evidence 
indicate that the Mowry shale accunlulated very 
slowly. It thus seems simplest and most in accord 
with the facts to attribute the absence of carbonates in 
the Mowry shale to a slow rate of sedimentation. 

Washburne's theory that the silica was deposited 
colloidally on the sea floor is of these suggestions the 
only direct attempt to explain the high silica content 
of the Mowry shale. This theory, expanded to in
clude Rae's proposed explanation of the origin of oil, 
is a fairly comprehensive interpretation of the origin 
of the J\,lowry shale. However, it does not adequately 
accOlmt for the observed rtlation of the shale to altered 
volcanic ash. Also most of the organic matter is in 
distinct if decayed fragments, and only a small part 
has a structure such as might result from colloidal pre
cipitatioI\, and it therefore seems that very little if any 
of this organic matter was precipitated as colloids. 

THEORIES OF ORIGIN OF OTHER SILICEOUS FORMATIONS, 
INCLUDING" MONTEREY SHALE" OF CALIFORNIA 

An imposingly large, controversial literature on the 
origin of chert might be cited for suggestions as to the 
origin of t,he silica in the Mowry shale. These various 
theories of the deposition of silica fall into two major 
groups, in one of which it is regarded as contempora
neous with and in the other as subsequent to sedimen
tation. Each group is further subdivided into classes 
of special theories. The contemporaneous or synge
netic group postulates normal clastic, biochemical, mag-

, lnatic, or direct chemical deposition of the silica. The 
so-called pene-contemporaneous theory, which is more 
or less intermediate between the two major groups, 
assumes that the precipitation occurred later than sed
imentation but before consolidation of the inclosing 
rocks. The subsequent or epigenetic group comprises 
two general types of theories-that the silica was de
posited while the rock was in the zone of cmnentation 
and that it was deposited while it was in the zone of 
wea th ering. 

69 Murmy, John, and Renard, A. F., Challenger Rept., Deep-sea deposits, pp. 
270-280, ISO], Willis, Bailey, Conditions of sedimentary deposition: Jour. Geology, 
vol. 1, pp. 504-507, IS03. Clarke, F. W., The data of geochemistry, 5th ed.: U. S. 
Geol. Survey I3'illl. 770, p. 132, 1024. 

Most theories of the origin of chert have been devel
oped to explain nodular masses in calcareous rocks, a 
type of occurrence of silica very different from that in 
the Mowry shale. However, nearly all the theories 
have at some time been applied to bedded cherts, a 
type of occurrence in some respects similar to that in 
the Mowry shale. A few examples of bedded cherts 
that have been rather thoroughly studied will be cited. 

Several geologists have discussed the origin of the 
"Monterey shale" of California, a widespread thick 
series of hard siliceous shale forming the maj or part of the 
110nterey group of current nomenclature, the distribu
tion of which closely coincides with occurrences of oil. 
The l\10nterey group contains flinty chert, limestone, 
sandstone, diatomaceous earth and acidic tuff, but the 
predominant lithologic type is a siliceous shale in which 
djatoms and fish scales are common and Foraminifera, 
Radiolaria, and bone fragments occur. Under the 
microscope the rock seems to be made up of amor-

,phous and microcrystalline silica surrounding angular 
quartz grains. 60 In its dominant lithologic character, 
wide distribution, association with occurrences of oil 
and volcanic ash, microscopic appearance, chemical 
composition (see analysis 8), and content of fish scales 
and some Radiolaria the" Monterey shale" resembles 
the Mowry. However,' in many other respects the 
two are dissimilar. 

From the abundance of organisms in certain portions 
of the series, the "Monterey shale" had been thought 
to be made up of the siliceous remains of diatoms, 
radiolarians, and sponges. Lawson,61 thinking this 
explanation inadequate, noted that the small amou'nt 
of crystalline material in the shale is fresh and angular, 
tha t these minerals are those of an acidic volcanic 
rock, and that the chemical composition of the shale 
corresponds to that of a very acidic soda rhyolite. 
He therefore suggested tentatively 'that the shale was 
derived largely from volcanic glass dissolved by sea 
water and chemically precipitated as pulverulent or 
gelatinous silica. This hypothesis seems to have been 
disregarded by later writers.' Fairbanks 62 suggested 
that the "Monterey shale" was formed by the crystalli
zation of diatomaceous shale. Arnold and Anderson,63 
noting that diatoms probably constitute less than 10 
per cent of the rock in even the most fossiliferous 
shales and that these most fossiliferous shales are the 
least siliceous, concluded that the chief agents in 
hardening were infiltrated siliceous waters. Davis 64 

60 Arnold, Ralph, and Anderson, Robert, Geology and oil resources of the Santa 
Maria oil district, Calif.: U. S. Geol. Survey Bull. 322, pp. 33-47,1907. For a review 
of the stratigraphy of the Monterey group see Louderback, G. D., The Monterey 
series in California: California Univ. Dept. Geology Bull., vol. 7, pp. 177-241, 1013. 

61 Lawson, A. C., The geology of Carmelo Bay: California Univ. Dept. Geology 
BulL, vol. 1, pp. 24-28, 1S03. 

62 Fairbanks, H. W., U. S. Geol. Survey Geol. Atlas, San Luis folio (No. 10J), 
p. 4, 1904. ' 

63 Arnold, Ralph, and Anderson, Robert, op. cit., pp. 46-47. 
64 Davis, E. F., The radiolarian cherts of the Franciscan group: California Unlv. 

Dept. Geology Bull., vol. 11, p. 298, 1918. 
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considered secondary silicification but dismissed it as 
untenable and concluded that the siliceous portions 

. of the "Monterey shale'" were deposited originally as 
gelatinous silica that was derived from some source 
other than the diatoms, Heim 65 ascribes the absence 
of lime, the abundance of diatoms, the regularity of 
stratification, and the scarcity of sand to sedimentation 
in a cold longshore current on a rather deep ocean 
floor. Rae 66 cited the siliceous and bituminous 
shales of California as possible examples of his theory 
that silica and the mother substance of oil are precipi
tated colloidally by sea water, and this idea has been 
developed further by Cunningham. 67 English 68 con
sidered the diatoms an inadequate source of the silica 
and suggested that an original siliceous mud, derived 
clastically and chemically from the decay of a rhyolitic 
land mass, would account for it. He also mentioned 
the possibility that its siliceous character might be 
due to the presence of fine ash. At a symposium on 
"Siliceous shale and the origin of oil in California" 
held by the Cordilleran section of the Geological 
Society of America in January, 1926,69 Hoyt S. Gale 
suggested that the volcanic material in the shale 
made the sea water rich in silica and thus furnished a 
favorable habitat for the diatoms. 

-Though different from the Mowry shale in many 
respects, the radiolarian cherts of the Franciscan also 
repay consideration, because of the careful attempts 
that have. been made to interpret their origin. In 
addition to the radiolarian cherts, the Franciscan, 
which like the Monterey is restricted to California, 
contams sandstone, limestone, pillo:w basalts, and 
schist. 

The Franciscan cherts haa lOng been considered 
metamorphic rocks, but Ransome,7° discovering the 
presence of radiolarians, conclq.ded that the rocks are 
sedimentary deposits which are siliceous because of 
the contained organisms. Lawson 71 considered the 
silica an amorphous chemical precipitate formed on the 

. ocean floor and concluded that siliceous springs were 
most probably the source of this silica. In an exhaus
tive study, including an extensive review of the liter- . 
ature of radiolarian cherts, Davis 72 considered many 
possible explanations and concluded that Lawson's 
suggestion, despite certain criticisms that had been 
lnade of it, appeared most probable. 

6.\ Heim, Arnold, Notes on the Tertiary of southern Lower California (Mexico): 
Geol. Mag., vol. 59, p. 539, 1922; Uber submarine Denudation und chemische Sed i
mente: Geol. Rundschau, Band 15, p. 35, 1924. 

66 Rae, C. C., A possible origin of oil: Am. lnst. Min. and Met. Eng. Trans., 
vol. 68, pp. 1118-1119, 1923. 

61 CUnningham, G. M., op. cit., pp. 709-719. 
6S English, W. A., Geology and oil resources of the Puente Rills region, southern 

Californi~ U S. Geol. Survey Bull. 768, pp. 31-33, 1926. 
69 Heald, K. C., Annual meeting of the Cordilleran branch of the Geological 

Society of America: Am. Assoc. Petroleum Geologists Bull., vol. ]0, pp. 449-41i0, 
926. 
n Ransome, F. L., The geology of Angel Island: California Univ. Dept. Geology 

Bull., vol. 1, pp. 199-200, 1894. 
11 Lawson, A. C., Sketch of the geology of the San Francisco Peninsula: U. S. 

Geol. Survey Fifteenth Ann. Rept., pp. 425-426, lS95. 
13 Davis, E. F., OlA cit., pp. 235-432. 

I 

In a recent discussion of the origin of a bedded radio
larian chert associated with pillow lavas and acidic 
tuffs, Sampson 73 emphasized the widespread and 
intimate association of cherts with pillow lavas and 
tuffs as recorded in the literature. He concluded 
that the chert he studied was formed largely by the 
inorganic precipitation of silica which came from 
submarine springs. 

Honess 74 found that at least a part of the Arkansas 
novaculite, a thick series of hard siliceous rocks similar 
to chert, is silicified and de vitrified volcanic ash. 

Cathcart 75 has recently found that.a very thick 
series of Triassic (?) cherts in Nevada show all stages 
of gradation into fine-grained volcanic tuffs. Some of 
his hand specuuens and thin sections of this material 
were examined by the writer and found to bear rather 
striking resemblances to samples of the Mowry shale. 
This series of Triassic (?) cherts may be the same as a 
series of siliceous rocks exposed about 50 miles to the 
southeast which Hill 76 fo@d to be· largely volcanic 
tuffs. 

CONCLUSIONS AS TO PROBABLE ORIGIN OF MOWRY 
SHALE 

The field, chemical, and microscopic evidence con· 
verge in indicating that the Mowry shale of the Black 
Hills region is somehow related to altered volcanic ash. 
This conclusion is strengthened by the common associa
tion of bedded siliceous rocks elsewhere with volcanic 
materials. The evidence indicates that the Mowry 
shale consists of volcanic ash, clay, silt, sand, and 
organic matter and a large amount of chemically 
precipitated silica. The most probable causes of 
deposition of this silica that have emerged from the 
foregoing discussions account for it as either (1) 
secondary, having been deposited after the accumula
tion of the mechanical sediments by (a) weathering 
at the outcrop or (b) consolidation-solution at the 
contacts of glass particles and deposition in pore 
spaces; or (2) contemporaneous, having been deposited 
with the clastic sediments, from sea water rich in 
silica, by the decay of organic matter or by other 
precipitating agents in the sea. 

SECONDARY DEPOSITION OF SILICA 

The absence of unusual precipitating agents in the 
Mowry shale and the conclusion that silicification by 
bentonite or by the interaction of two ground waters 
was unlikely have apparently reduced the probable 
methods of secondary deposition to two: 

Weathering at the outcrop.-Without going into a 
detailed discussion of solution and deposition of silica 

13 Sampson, Edward, The ferruginous chert formations of Notre Dame Bay, 
Newfoundland: Jour. Geology, vol. 31, PP. 571-598, 1923. 

74 lIoness, C. W., Geology of the southern Ouachita Mountains of Oklahoma: 
Oklahoma Geol. Survey Bull. 32, pp. 121-139, 1923. 

76 FergUson, 11. G., and Cathcart, S. 11., IIawthorne quadrangle, Nevada: U. S. 
Geol. Survey Prof. Paper (in preparation). 

16 Hill, J. M., Some mining districts in nort.heastern California and northwestern 
Nevada: U. S. Geol. Survey Bull. 594, pp. 172-174, 1915. 



ORIGIN OF SILICEOUS MOWRY SHALE OF BLACK HILLS REGION 167 

by evaporation and leae.bing of other constituents of a 
l'ock, it is sufficient to note that without some outside 
source this method of silicification can be effective only 
in a rock already high in silica. There is no sugge~tion 
of an adequate source of silica near the Mowry shale, 
and the problem is no nearer solution if it is assumed 
that the shale was rich in. silica before weathering. 
Furthermore, well cuttings show that even far under
ground the fornlation is more siliceous than the adj a
cent shales. Field evidence indicates that some silicifi
cation takes place at the outcrop, but other considera
tions apparently prove it to be only a minor factor. 

OonsolidaJ:i.on-solmion at the contacts of glass parti
cles and deposition in pore spaces.-If the writer's 
estimate is correct that less than one-half of the Mowry 
shale is precipitated silica, secondary deposition is 
with.in the bounds of possibility, for an accumulation 
of smallilighly angular fragnlents of glass might have 
a porosity of 50 per cent or even lllore. As the accumu
lation became more deeply buried, solution at the 
contacts of sharp edges and precipitation in the pores 
would be expected. However, according to this 
hypothesis, the ash was extremely angular at the time 
of deposition, and the precipitation of cement should 
ha ve preserved the original surfaces of the glass 
particles next to the pores. The fact that very few 
such sharp mal:gins were found but that on the con
trary a few apparently residual masses of opal were 
seen considerably weakens the hypqthesis. The un
crushed condition of the delicate radiolarian test 
(see pI. 16, A) indicates that the shale has undergone 
nluch less compacting than this hypothesis seems to 
demand. If this explanation were correct the pre
cipitated material should consist of the less soluble 
constituents of the glass, chiefly alumina and silica, 
but analyses and microscopic evidence indicate that 
the added material is silica without appreciable 
anlounts of alumina. Moreover, the hypothesis does 
not explain the alternation of the layers of micro
crystalline quartz and more argillaceous material. 
N or does it account for the physical differences between 
the Mowry shale and bentonite; as both were presum
ably derived from the same ash, the purer ash beds 
should by this hypothesis have formed harder rock 
instead of bentonite. Although this nlethod of con
solidation may have been a factor in the silicification of 
t.he Mowry shale, it seems extremely unlikely that it 
was more than a very minor one. 

CONTEMPORANEOUS ORIGIN OF SILICA 

The most probable hypotheses of contemporaneous 
origin call for a sea water that contained an adequate 
supply of silica and substances that would cause the 
precipitation of silica. The silica originally in the sea 
water might have come from river waters rich in 
silica,77 from submarine springs, or from the solution 

77 Tarr, W. A., Origin of t.he chert in the Burlington limestone: Am. Jour. Sci., 
4th ser., vol. 44, pp. 428-432, 1917. 

of a siliceous volcanic ash. Siliceous organisms are 
not considered a likely source because they are very 
uncommon in the specimens examined by the writer 
and because their excellent state of preservation (see 
pI. 16, A) would be very difficult to explain had the 
cryptocrystalline matrix also been derived from sili
ceous organisms. Moreover, such organisms merely 
use silica already present. 

The precipitation of silica might have been br~ught 
about by silica-secreting organisms, by electrolytes in 
the sea water, or by compounds derived from the decay 
of nitrogenous organic matter (animals and micro
scopic' plants). Siliceous organisms obtain the mate
rial for their tests from suspended clay particles in the 
sea rather than from dissolved silica,78 and water that 
contained large quantities of suspended silicates and 
siliceous organisms might deposit much silica bio
chemically. Under certain conditions the remains of 
these tests might be dissolved on the sea floor and 
precipitated as amorphous silica. However, as men
tioned in the preceding paragraph, the excellent state 
of preservation of the Radiolaria in the Mowry shale 
makes it seem extremely improbable that any such 
process of solution and deposition acted upon siliceous 
tests to form the cryptocrystalline matrix. Organic 
precipitation seems improba~le, but electrolytes pres
ent in normal sea water are capable of precipitating 
silica 79 and ammonium carbonate, a compound espe
cially effective in coagulating silica, and bicarbonates 
were almost certainly abundant while the organic 
matter now present in the Mowry shale decayed. 

It has been concluded in the foregoing discussions 
that the original ash in the Mowry shale and that in 
the associated bentonite beds were nearly identical in 
composition and that the presence in the Mowry of 
the clay, silt, and especially the organic matter and 
precipitated silica constitutes the only important dif
ference in the composition of the two rocks. These 
associated materials, therefore, might be expected to 
explain why some of the ash formed siliceous shale and 
and some altered to bentonite. 

Beds of bentonite that are nearly free from organic 
or other impurities probably represent individual ash 
falls. Organic matter of any sort is very uncommon 
in bentonite. The writer found no fossils in the ben
tonite beds associated with the Mowry shale, and the 
sole occurrence of fossils in any bentonite bed Imown 
to him consists of some invertebrate remains in a 
pe~sistent bed of fairly pure bentonite in the middle 
of the Belle Fourche member of the Graneros shale. 
Here, in the W. V2 sec. 19, T. 57 N., R. 66 W., Crook 
County, Wyo., the writer found abundant shells of a 
smooth simple form of Qstrea and some crustacean 
fragments 80 in a 1-inch layer of prismatic and cone-

78 Murray, John, and Irvine, Robert, On silica and the siliceous remains of organ
isms in modern seas: Roy. Soc. Edinburgh Proc., vol. 18, pp. 244-250, 1891. 

70 Tarr, W. A., op. cit., pp. 434-437. 
80 Identification by J. B. Reeside, jr. 
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in-cone calcium carbonate in the upper part of a ben
tonite bed 4 feet thick. The very small amount of 
?rganic matter in most bentonite beds suggests, though 
It by no means proves, that the original ash accumu
lated so rapidly that the organisms were obscured by 
the large proportion of contemporaneous sediments. 

This possibilty of a relatively rapid rather than a 
gradual accumulation of the ash that formed ben
tonite is considerably strengthened by examinations 
of the sand-sized material in bentonites from the 
Black Hills region. Wherry 81 found a marked de
crease upward in the amount of feldspar, biotite, and 
magnetite in a bed of bentonite near the. base of 
the Pierre shale in southwestern South Dakota. He 
explained this decrease by the difference between the 
settling velocities of these crystalline minerals and 
the extremely angular bubble-filled particles of vol
canic glass. The bentonite bed at the top of the 
Mowry shale also shows this distribution of the crys
talline minerals, for the present writer found a fairly 
uniform decrease upward in the percentage of sand
sized material in seven samples constituting a vertical 
section of the bed near Upton, Wyo. This distri
bution indicates that the thick bed of bentonite at the 
top of the Mowry represents the deposit of a single 
ash fall. Furthermore, the small Rlnount of obviously 
detrital sand grains in most bentonites and partic
ularly in those associated with the 1-fowry shale tends 
to support the assumption of relatively rapid depo
sition. 

Unlike the associated bentonite, the Mowry shale 
j tself contains much organic material. The large 
amount of this material suggests that it required a 
long time to accumulate. The disintegrated con
dition of the organIc matter, the abundance of the 
chemically resistant fish scales, and the absence of 
easily soluble carbonates indicate that this debris was 
long exposed to decay and submarine solution. If, 
~ seems a reasonable assumption, the thin laminae in 
the shale are -annual layers,82 the Mowry shale accu
mulated in about half a million years. This would 
mean that the ash that formed the bentonite was 
deposited several thousand times as rapidly as the 
material that formed the shale. These several lines 
of evidence make it seem justifiable to assume that 
the shale with its contained ash accumulated very 
slowly and that this ash, unlike that which altered to 
bentonite, lay for a long tinle on the sea floor in contact 
with water. This suggested difference in the length of 
time the ash in the two rocks lay exposed to sea water 
affords a possible clue to the origin of the Mowry 
shale. 

81 Wherry, E. T., Clay derived from volcanic dust in the Pierre in South Dakota: 
Washington Acad. Sci. Jour., vol. 7, pp. 579, 582, 1917. 

82 Rubey, W. W.; manuscript report on the lithologic character, rate of deposition, 
and organic content of Cretaceous shales from the Black Hills region (to be published 
by U. S. Geol. Survey); Possible varves in marine Cretaceous shale in Wyoming 
[abstract): Washington Acad. Sci. Jour., vol. 18, pp. 260-262,1928. 

Another minor but perhaps significant difference 
between the two rocks is the greater size of the original 
ash particles in the bentonite, as indicated by the 
ma~imum diameters of the unaltered crystalline 
material. 

PROPOSED INTERPRETATION OF ORIGIN OF MOWRY SHALE 

An acidic volcanic dust contains an unusually large 
proportion of the most soluble constituents in igneous 
rocks-the alkalies, sodium and potassium-and as the 
small size and extreme angularity of its particles facil
itate solution, water immediately in contact with the 
dust would become alkaline. Silica, the chief constit
uent of volcanic dust, though slightly soluble in pure 
water, is much more so in alkaline solutions.83 The 
particles of ash would therefore be attacked by the 
locally alkaline water; the glass particles, if unusually 
small and not soon buried by later sediments, would 
be partly dissolved; and the water on the sea floor 
would become' rich in silica. Ammonium carbonate 
from decaying organic matter or electrolytes in the sea 
water would probably precipitate a portion of this 
silica as a gel. -

That some such subaqueous decomposition of vol
canic glass in to amorphous silica takes place is indica
ted by experimental and observational data. Cush-

_ man 84 found that powders of rock that contain alka
lies, especially the powders of noncrystalline materials 
such as artificial glass, when immersed in water give 
an alkaline reaction and are decomposed, with blurring 
of the outlines of fragments and the formation of col
loidal silica or silicates. Dimbleby and Turner 85 showed 
that the chemical instability of artifical glasses in water 
increases with an increase in the proportion 0; N a20 in 
the glass .. The presence of hydrated silica associated 
with glass in volcanic muds on the sea floor 86 indicates 
that a similar deconlposition occurs in nature. 

Though both electrolytes and decaying organic 
matter might have precipitated the silica, the details 
of the relation between the hardness of the Mowry 
shale and bentonite beds suggest that decaying organic 
matter was the more effective. The proportion of 
electrolytes in sea water would be essentially unaltered 
by an ash fall, and if electrolytes were the principal 
coagulating agents, hardened shale would be expected 
just above even the thickest bentonite beds, for the top 
of the ash bed would have been long exposed to the 
chemical action of electrolytes. On the contrary, the 
Mowry shale is hardest just below each bentonite bed 
and quite un silicified above the last and thickest one. 

83 Lovering, T. S., The leaching of iron protores; solution and precipitation of sil
ica in cold water: Econ. Geology, vol. 18, pp. 524-533,1923. Also common laboratory 
practice is based on this fact. 

S. Cushman, A. S., The effect of water on rock powders: U. S. Dept. Agr. Bur. 
Chemistry Bull. 92, pp. 5-24, 1905. 

85 Dimbleby, Violet, and Turner, W. E. S., The relationship between chemical 
composition and the resistance of glasses to the action of chemical reagents: Soc. 
Glass Technology Jour., vol. 10, pp. 304-358, 1926. 

8& Murray, John, and Renard, A. F., Challenger Rept., Deep-sea deposits, pp. 243-
244, 1891. 
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This relation might be exp~ained by assuming that the 
organic debris on the sea floor was quickly buried by 
the ash falls, that many organisIns were killed by each 
fall, that between eruptions they recovered slowly to 
their former abundance, and that the final, largest fall 
virtually exterminated them. A further objection to 
the general idea of precipitation by electrolytes, rai~ed 
by Dean,87 is that the electroylytes would be the prm
cipal material adsorbed by the silica and hence form the 
chief impurity in the siliceous rock. 

Other factors than the effect of ash falls upon organ
isms must also have contributed to bring about the 
upward increase in silica content of the Mowry shale 
and the change in conditions of sedimentation from 
Mowry to Belle Fourche time. There is some evidence 
in the stratigraphic distribution of bentonite beds in 
the Mowry shale that ash falls became progressively 
more frequent or that there was less and less normal 
sedimentation between large ash falls until the end of 
Mowry deposition. Therefore the progressive upward 
increase in silica content may be in large part due to 
greater quantities of highly siliceous ash or to longer 
exposure to decomposition by sea water .. ~t ~ also 
possible that a small amount of the excess silica ill the 
shale just below bentonite beds may be due to second
ary silicification, even though this process could not 
account for all the excess silica at these horizons. 

The theory that the Mowry shale was formed on 
the sea floor by the chemical decomposition of slowly 
accumulated very fine grained, highly siliceous vol-, .. 
callic ash in the presence of decaymg orgaruc matter 
appears to account satisfactorily. for the present 
physical differences between the shale and ~he ben
tonite, despite the fact that the exact changes mvolved 
in the alteration of ash to bentonite are not known. 
Large ash falls ~ould accumulate very rap.idly and 
perhaps contain larger particles, thus preventmg much 
soluti~n of silica,88 and, as organic remains would be 
practically absent, little silica would be precipitated. 
Between the more viol'ent explosions small eruptions 
might occur frequently eno~gh to distribute wid~ly 
a small amount of fine volcanIC dust, or ash from earher 
falls nright be washed into the sea and the finer frag
ments widely distributed. Altered by long exposure 
to the action of sea water and decaying organic matter 
and embedded with silica gel, this dm,t would form 
a rock quite different from bentonite. 

It does not seeIn necessary to call upon river waters 
or submarine springs as a source of the silica, for" an 
aeidic volcanic ash would furnish an linusual amount, 

~~ Denn, R. S., The formation of Missouri cherts: Am. Jour. ScI., 4th ser., vol. 45, 
p. 412, 1918. .. 

!S This is consistent with the findings of Miser and Ross (MISer, H. D., and Ross, 
C. S., Volcanic rocks in the Upper Cretaceous of southwestern Arkansas and south
eastern Oklahoma: Am. Jour. Sci., 4th ser., vol. 19, p. 120, 1925; Ross, C. S., Miser, 
H. D., and Stephenson, L. W., Water-laid volcanic rocks of early Upper Cretaceous 
age in southwestern Arkansas, southeastern Oklahoma, and northeastern. Texas: 
U. S. Oeol. Survey Prof. Paper 154, pp. 175 at seq., 1929), who found calCIte con
cretions t.hat contained unaltered tuff in bentonite beds and concluded that the 
ulteratlon to bentonite was subsequent to the burial of the ash. 

far from shore, and concentrated upon the sea floor 
more readily than diffusion and currents in water, and 
none of t.he evidence suggests local deposition near 
submarine springs. 

The occurrence and excellent state of preservation 
of the Radiolaria may perhaps be explained by the 
unusuallv favorable conditions for the preservation 
of these ~incidental fossils. 

It is consistent with this theory to interpret the 
thickening of the Mowry shale and its correlatives 
southwestward as evidence that the volcanoes from 
which the ash in the shale and bentonite was blown 
were situated near southwestern Wyoming. If this 
interpretation is correct, individual bentonite" beds 
should likewise thieken southwestward toward the sup
posed source of the ash, but near-shore deposits might 
Inask a portion of an ash deposit or split it with partings 
into thinner beds. In other ways also the thickness 
of a bentonite bed is not a reliable indication of the 
thickness of the original ash, for there were probably 
volumetric changes depending upon the degree of 
alteration and compacting. A more satisfactory test 
of the locat.ion of the volcanic vents would be the 
size of" the included t.uffaceous fragments. 

The fine sand which thickens northwestward may 
be partly a normal clastic deposit derived from some 
source in central western Montana. 

SIGNIFICANCE OF RESULTS 

The evidence seems overwhelming that the origin 
of the 110wry shale is intimately connected with the 
occurrence of altered volcanic ash, and whether or 
not the proposed explanation of the silica in the shale 
is correct this occurrence of ash suggests possible appli-
cations to other problems. " 

Acidic tuffs may have been the source of silica in 
other siliceous formations, and this hypothesis seems 
worthy of consideration in further studies of the origin 
of chert and of such formations as the "Monterey 
shale" of California. 

If it is true that the Mowry shale is a source of much 
oil, the interesting problem of the relation between the 
formation of oil and the conditions of deposition of 
the tuffaceous material is raised. 

A most interesting application is stratigraphic. 
According to current correlations the deposition of the 
thicker Aspen formation of southwestern Wyoming 
began earlier than the 'Mowry epoch and continued 
through but not beyon~ it. This interpretation that 
the lower part of the Aspen is older than the lower part 
of the Mowry is based partly upon the greater thick
ness of the Aspen and partly upon the assumption that 
the top of the Bear River formation, which lmderlies 
the Aspen, is equivalent to the top of the Dakota 
sandstone, which in many places lies several hundred 
feet below the base of the Mowry. However, the 
presence of large quantities of volcanic ash in the origi
nal ~·fowry sedinlen ts III akes it seem much Inore pro ba ble 
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to the writer that the Mowry shale is the time equiva
lent of the Aspen formation. The greater thickness of 
the Aspen forrnation can be explained as due simply to 
thicker, contemporaneous deposits near the source of 
the ash. This assumption could probably be tested, 
for tracing of individual bentonite beds-the most 
exact time markers available to stratigraphers
would show whether' or not the limits of the Mowry 
shale vary sensibly from place to place. In south
western Wyoming the Aspen formation is underlain 
by the Bear River formation, a thick unit of sandstone 
and shale earrying a fresh-water fauna. 89 The exact 
age of the Bear River is unknown, as the paleontologic 
and stratigraphic evidence indicates merely that it is 
somewhat older than part of the Benton, but from its 
lithologic character and general stratigraphic position 
the formation has been tentatively correlated with 
the Da,kota sandstone. In the absence of paleonto
logic evidence to the contrary, it seems more logical 
to correlate the volcanic debris of the Mowry and Aspen 
formations than the sandy material of the Dakota 
and Bear River formations, as has been done hereto
fore. 

1£ the Mowry and Aspen fonnations can be consid
ered strictly contenlporaneous, they are valuable aids 
in interpreting the Cretaceous history of the Western 
In terior, for they can be used as a horizon marker 4I 
.. 89,Stanton, T. W.,'The stratigraphic position of the Bear River formation: Am. 
.Jour. ScL, 3d ser., vol. 43, pp. 98-115, 1892. 

that part of the Cretaceous system which yields little 
paleontologic basis for long-distance correlation. 

The Dakota sandstone has long been referred to as 
a typical transgressing formation, yet, as it cuts across 
no reliable faunal zones, this interpretation is based 
solely upon its varying stratigraphic position with 
respect to other lithologic units, all of which may be 
in turn transgressive. 1£ correct, the revised correla
tion here proposed would mean that the sandstone 
facies at the base of the Cretaceous called the Dakota 
sandstone transgresses upward and westward across 
Wyoming, as, from other evidence, it is generally 
thought to transgress upward and southward across 
the Great Plains. 

The upper sandstone of the Dakota of northeastern 
Colorado, the Muddy sand of southeastern and central 
Wyoming, and the Newcastle sandstone of the Black 
Hills region have commonly been considered equiva
lents,90 despite the fact that in Wyoming these sand
stones occur well above the base of beds classified as 
Benton. As the Mowry shale almost immediately 
overlies these sandstones in Wyoming, it seems that a 
microscopic search for volcanic ash at the horizon of 
the Mowry in Colorado might be rewarded by new 
and definite evidence as to the equivalence of these 
sandstone beds throughout the general region. 

90 Stanton, T. W., Some problems connected with the Dakota sandstone: Geol. 
Soc. America Bull., vol. 33, pp. 264-269, 1922. Lee, W. T., Continuity of some oil

,bearing sands of Colorado and Wyoming: U. S. Geol. Survey Bull. 751, pp. 1-22, 
1925. 



OIL SHALE IN A PRODUCING OIL FIELD IN CALIFORNIA 

By H. W. HooTs 

General features.-A considerable thickness of oil 
shale has been penetrated by a well drilled in the 
southwest corner of sec. 22, T. 11 N., R. 20 'V., 
on the north flank of Wheeler Ridge, at the south end 
of San Joaquin Valley, Calif. This shale is similar to 
oil shale found in some of our Rocky Mountain 
States in that it contains no free oil but includes much 
detrital carbonaceous material, which when heated 
yields oil. N early continuous cores of this shale and 
associated fine sandstone and sandy shale were taken 
from depths of 1,869 to 4,090 feet, a range that 
represents a stratigraphic thickness of about 1,400 
feet. The cores were 4 inches in diameter. In 1924, 
just before the well was abandoned, the writer was 
permitted by officials of the Midland Oilfields Co. 
(Ltd.), of Fellows, Calif., to sample these cores for 
later examination. 

Shale in some of the salllples taken is dark brownish 
gray to black, has the appearance of hard rubber, 
and is finely lalllinated throughout. Dark carbona
ceous laminae alternate with others of light buff-gray 
color, which are commonly calcareous. Small cal
careous nodules from one-eighth to one-half inch in 
diameter are abundant in some of the samples. In 
other samples" not so rich in hydrocarbons, shale 
either alternates with laminae and thin beds of fine 
gray sand or is splotched irregularly with 74,'-inch to 
%-inch patche-s of sand not so fine in texture. 

The dense brown rubberlike appearance of some of 
the shale suggested its bituminous character. Upon 
heating small crushed samples in test tubes it wa:;; 
found that different quantities of dark-bro'wn oil were 
driven off, and that some samples, it was estimated, 
yielded as nUlCh as 25 per cent by volume of vola
tile hydrocarbons that condensed to oil. N one of the 
saIllples, when crushed and subjected to the solvent 
action of carbon tetrachloride, ether, or chloroform, 
were found to contain free oil. Miss Taisia Stad
nichenko, of the National Research Council, made 
additional tests with various solvents and obtained the 
same results. These tests, however, were applied to 
only about a dozen small samples taken from the 
1,400 feet of shale penetrated by the well, and they 
do not prove that free oil is not associated with 
bituminous material in much of the shale. Free oil 
and oil residues are known to be associated with 
bituminous shale in other parts of California. 

Microscopic character and richness.-An accurate 
statement of the character and richness of the entire 

lOO8'j'4°~29---1J.2 

rock thickness penetrated by this well can not be given. 
Cores were taken from onl'y part of the well. At the 
time of sampling the presence of oil shale was not sus
pected, and the 82 collected samples, an average of one 
sample for every 27 feet of depth, may not contain 
representatives of the best oil shale penetrated by the 
drill. 

Thin sections were made from some of the samples 
that appeared richest and were submitted 'to David 
White for examination. His statements concerning 
the character and content of these shales appear 
below. 

The carbonaceous shales found at different depths in the well 
have been examined by means of thin sections cut both vertical 
and parallel to the bedding. All these sections show much or
ganic matter, including a rather large amount of debris that 
consists largely of the outer coats of algae, which were more or 
less cutinized or fatty, together with a few spores of different 
kinds and some miscellaneous debris. In general aspect, charac
ter, and arrangement of debris and" ulmic" colloidal matter all 
the specimens belong to the normal laminated type of oil shale, 
whether it be as old as the Devonian or as young as the Tertiary. 
In short, these shales are charactertistic bituminous or oil 
shales, in which, in general, only the somewhat decay-resistant 
organic structures are preserved. 

Estimation from the thin sections of the possible yield of the 
shale is difficult, but I am inclined to hazard the forecast that 
shale like the thin layers from which some of the sections were 
cut would probably yield as much as 30 gallons of distillate to 
the ton of rock. 

In addition to the algae, spores, and other organic 
remains noted by Mr. White, some thin sections show 
distinct outlines of calcareous Foraminifera, which, 
according to D. D. Hughes,! belong to the genera 
Bolivina, Bulimina, and Buliminella. Dr. Paul P. 
Goudkoff 2 found these same forms to be common in 
comminuted samples of cores taken from depths below 
3,040 feet. Higher in the well, between depths of 
1,900 and 3,040 feet, Foraminifera contained in the 
cores, according to Doctor Goudkoff, are entirely 
arenaceous forms. He found that remains of diatoms 
are either entirely absent or scarce in all salllples 
examined .. This statement applies equally well to the 
thin sections. 

In hand specimens amber-colored fish scales were 
noted to. be abundant throughout practically all the 
cores. In one sample the crushed partial skeleton of a 
fish was preserved along the bedding plane of com
pac~, finely laminated ~ark-brown shale. 

1 Oral communication, 
2 Letter dated Dec, 22, 1926. 
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Of the available small samples having indications of 
at least moderately high content of carbonaceous 
material, those large enough for partial distillation 
tests were tested by the United States Bureau of Mines. 
Unfortunately, before the distillation tests were made 
the original small samples had been twice reduced in 
size for micropaleontologic studies, and as a result some 
of the best samples, including some of those examined 
by Mr. White and heated ,in test tubes by the writer 
were too small for distillation tests. Yields of oil 
from the tested samples are listed below. 

Results of distillation tests on oil shale from Wheeler Ridge, Calif. 

Oil yield 
Depth (feet) (gallons to 

the ton) 

2,646-2,651 3. 07 
3,040 2. 04 
3, 196 3. 28 

3,352-3,358 4.73 
3, 491-3, 496 2. 40 
3, 536-3, 538 9. 27 

. Spe~ific gravity of oil from la~t .sample, 0.9490. Not suffi
Clent 011 produced for complete dIstIllation. 

The accompanying photomicrograph (pI. 17, A) of 
one of the thin sections, cut normal to the bedding of a 
small sample taken from a depth between 3,475 and 
3,480 feet, illustrates the microscopic character of 
some of the best samples examined. Dark portions 
of this photograph appear in the thin section as dark
brown lamellae of carbonaceous material, which are 
intercalated with irregular stringers of a pale-brown 
(nearly colorless) substance, some of which is isotropic 
with an index of refraction less than 1.54. This sub
stance is syngenetic and appears to be silica in the 
form of opal and incipient chalcedony. Minute 
grains of quartz and feldspar are abundant, and the 
outline and inner structure of a foraminifer appear in 
the upper right quadrant of the picture. According 
to W. H. Bradley, of the United States Geological 
Survey, this and other slides appear to compare favor
ably in content of carbonaceous material to fairly 
good oil shales from the Green River formation of the 
Rocky Mountain region. The previously mentioned 
estimate, based on heating of test-tube portions, that 
some samples yield as much as 25 per cent by volume 
of volatile hydrooarbons that condense to form oil . 
(about 30 gallons to the ton of rock) may be considered 
an approximation to the potential oil content of the 
best samples. . 

Age of the oil shale.-The Midland well was drilled 
on the outcrop of rocks considered as belonging to 
the Pliocene Etchegoin formation. The arenaceous 
Foraminifera found in the upper 1,000 feet of the 
cores, between depths of 2,000 and 3,040 feet, are re
ported by Doctor Goudkoff to be the same as those 
found in strata mapped by Arnold and Anderson 3 as 

! Arnold, Ralph, and Anderson, Robert, Geology and oil resurces of the Coalinga 
district, Calif.: U. S. Geol. Survey Bull. 398, PI. I, 1910. 

the Santa Margarita formation (upper Miocene) of the 
Pyramid Hills and Big Tar Canyon, in the Coalinga 
district. The calcareous Foraminifera found below 
3,040 feet in depth are considered by Doctor Goudkoff 
to belong to the Maricopa shale (~pper and middle 
11iocene). It is fairly certain that most, if not ail, of 
the oil shale at Wheeler Ridge is of Miocene age. 

Stratigraphic relation of oil shale to oil-producing 
zone.-Many shows of oil and of oil and gas were ob
tained in the Midland well, and they were all con
fined to that portion of the well in which oil shale is 
common. (See pI. 17, B.) This striking relation may 
be due in part to the fact that the Miocene "brown 
shale" strata, in which oil shale occurs, are the only 
beds that were cored and examined carefully for oil 
content. Nevertheless it is noteworthy that a column 
of rock containing considerable oil shale also yields 
strong shows of petroleum. This relation is substan
tiated and becomes even more striking when it is 
noted, as shown in Plate 17, B, that this same strati
graphic interval correspon.ds to most of the producing 
zone of the Wheeler Ridge oil field, only 1,100 feet 
south of the Midland well. 

Significance of the stratigraphic relation.-Has the oil 
now being produced from porous strata in the Wheeler 
Ridge field been derived from the abundant and varied 
detrital organic material of intercalated oil shale, or 
has it originated, according to the more commonly 
accepted theory for California oil, in deeper and possi
bly also more distant shale deposits, which may be 
composed largely of diatoms and their remains? The 
available evidence provides no answer to this question. 
According to experiments conducted by McCoy 4 and 
Trager,5 oil shale when subjected to pressure will 
yield free oil; but even though this fact and the close 
stratigraphic relation between oil shale and petroleum 
production in Wheeler Ridge are certainly suggestive, 
the possibility must be considered that this relation is 
entirely accidental and that the Wheeler Ridge oil 
has been derived from another source. On the as
sumption that oil shale will yield petroleum under 
natural conditions resulting from deep burial and pro
nounced deformation, it must be conceded that 
there is field evidence at Wheeler Ridge that supports 
a plausible theory for the origin of oil at this locality-a 
theory that is ideal in simplicity and that avoids the 
difficulties encountered by assuming migration of oil 
generated in deeper or more distant strata. Diatoms 
and Foraminifera associated with the oil shale may 
also have contributed oil to intercalated petroliferous 
beds, but from their apparent scarcity in the oil
producing strata of this area it appears probable that 
they are of minor importance as source material." 

Is typical oil shale, such as this at Wheeler Ridge, 
more common in fields that are producing oil than is 

~ McCoy, A. W., Notes on the principles of oil accumulation: Jour. Geology, 
. vol. 'n, pp. 252-262, 1919. 

6 Trager,·E. A., Kerogen and its relation to the origin of oil: Am. Assoc. Petroleum 
Geologists Dull., vol. 8, pp. 301-311, 1924. 
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FROM WHEELER RIDGE, CALIFORNIA 
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now generally rec9gnized? Such oil shale 111ay be of 
comnlOn occurrence in Pliocene as well as Miocene 
oil-yielding strata of Californ.ia. 

It will be noted from the photomicrograph (pI. 17, A) 
that Ullll1istakable 111arine FOI~aminifera occur em
bedded within the fine laminations of rich carbonaceous 
material. These fragile forms are unbroken and show 
no evidence of having been reworked; they appear to 
prove that the oil shale is of marine origin. In this 
way the Wheeler Ridge shale is similar to the Devonian 
oil shales of Kentucky and Indiana but differs from the 
extensive Eocene deposits of oil shale in the Rocky 
Mountain region, which, according to Bradley,6 were 

6 Dmdloy, W. H., Shore phases or the Green River rormation in northern Sweet
water County, Wyo.: U. S. Oeol. Survey Pror. Paper 140, pp. 127-128, 1926. 

formed from organic sediments deposited in large 
inland lakes. 

It would appear that if typical oil shale will yield 
. petroleUll1 under natural conditions which have pre

vailed since its depo1?ition, any stratigraphic zone of oil 
shale or other highly organic rock, whether of marine 
or lacustrine origin and even though entirely devoid 
of recognizable fossils, should be considered an adequate 
source for petroleum deposits in areas where over
burden has been great or where deformation has been 
intense. At Wheeler Ridge the oil-shale beds, together 
with about 4,000 feet of overlying Pliocene sediments, 
have been folded into an asymmetric anticline whose 
limbs dip 20° and 50°. 





WATER-LAID VOLCANIC ROCKS OF EARLY UPPER CRETACEOUS AGE IN SOUTH
WESTEHN AHKANSAS, SOUTHEASTERN OKLAHOIVIA, AND NORTHEASTERN TEXAS 

By CLARENCE S. Ross, HUGH D.'MISER, and LLOYD W. STEPHENSON 

INTRODUCTION 

Very few persons associate volcanoes with the fiat 
land of the Gulf Coastal Plain of southwestern Arkan
sas, but for a number·of years geologists have known 
that the "roots" of old volcanoes were present near 
Murfreesboro, in Pike County. They found here not 
,only the rocks that ~nce composed the craters of these 
volcanoes, but also the decomposed material filling 
their necks, which carries diamonds and is almost 
identical with the diamond-bearing earth of the great 
Kimberley Inine of South Africa. Much of the material 
ejected by these volcanoes was in the form of volcanic 
ash, sand, nnd lapilli, which were thrown out by vio
.lent explosions and then widely distributed by wind 
and water. 

, The present paper deals with these and other vol
'canoes in Arkansas and with recent ·discoveries of 
material tha,t was ejected from them. From the char
acter of this lnaterial it has been possible to determine 
the geologic period in which the explosions occurred, 
the localities in Arkansas whence the material came, 
nnd the agencies by which it was distributed. 

DISCOVEHV OF ROCKS OF VOLCANIC ORIGIN IN THE 
WOODBINE AND TOKIO FORMATIONS 

The igneous rocks of Arkansas were for many years 
believed to have been formed near the end of Creta
ceous time. l Later evidence placed their time of intru
sion between the Comanche (Lower Cretaceous) and 
Gulf (Upper Cretaceous) epochs.2 The occurrence' in 
the basal Gulf rocks in Arkansas of water-laid mtL
terials that have been derived from igneous rocks has 
been described by several geologists.3 Recently dis
covered evidence indicates that volcanic eruptions 
accompanied by violent explosions took place near 

I BI'IlIHWI', J, c., nud Brnckett, R. N., The I1eridotite of Pike County, Ark.:Am. 
JOUI'. Sel., 311 sel'., vol. 38, pp. 50-59, 1889. Williams, J. F., 'rhe igneous rocks of Ark
ansus: AI'kansas 0001. Survey Ann. Rept. for 1890, vol. 2, p. 3, 1891. 

» Glenn, L, C., Arkansns dinmond-bearing peridotite (abstract): Geol. Soc. Amer
ica BulL, vol. 23, p, 726, 1912. Miser, n. D., New areas of diamond-bearing peri
dotite in Al'kn.nsns: U. S. 0001. SUl'vey Bull. 540, pp. 541-545, 1914. 

8 Sterl'ett" n. n., [Dilllllonds in) Arkansas: U. S. Oeol. Survey Mineral Resources 
fol' lIJOO, pL. 2, pp. ili7-7511, 1010, Miser, fl. D., op. cit. Miser, fl. D., and Purdue, 
A. n., Ol'll\'el deposit.s of the Caddo Oap and De Queen quadrangles, Ark.: U, S. 
0001. SUl'vey Bull. (iOO, pp. 22-24, 1918; l.\'[iser, fl. D., and Ross, C. S., Diamond
bCllring peridotite in Pike County, Ark.: U. S. Geol. Survey Bull. 735, pp. 291-292, 
}1I23. 

Murfreesboro, Ark., early in Gulf time.4 The dialnond 
deposits near Murfreesbo~o occur in the necks of the 
Cretaceous volcanoes. Yet the discovery of unques
tionable volcanic ash and tuff in the Gulf series of 
sou thwestern Arkansas was not made until 1923 . This 
discovery has led to the conclusion that much if not all 
of the water-laid igneous material previously fo'und in 
the rocks of Gulf age was originally fragmental material 
that was ejected from volcanic vents. 

The volcanic material was identified by Clarence S. 
Ross in the spring of 1923 during the examination of 
specimens submitted to the United States Geological 
Survey by J. N. Garner, of Nashville, Ark. In October, 
1923, Miser studied deposits of volcanic material in 
the Gulf series of southeastern Oklahoma; in N ovem
ber and December, 1923, Ross and Miser made a 
field investigation of similar deposits in Arkansas; in 
1924-1926 L. W. Stephenson studied them in Red 
River, Lamar, and Fannin Counties in northeastern 
Texas; in 1925 Miser, Stephenson, and C. H. Dane 
visited many exposures of the volcanic material in 
Arkansas, andlateri.n 1926 they visited several exposures 
of it in northeastern Texas. 

To Mr., Dane the authors of the present report 
.extend their thanks for his cooperation and assistance 
both in the field and in the office. To Mr. J. N. Garner 
they wish to express their sincere appreciation of his 
cooperation in the field. He personally guided them 
to 'exposures of volcanic rocks in Arkansas that he 
had discovered both before and after he had sent the 
first specimens to the Geological Survey for identi
fication. 

In Arkansas and Oklahoma volcanic rocks of Cre
taceous age are so far as known confined to the Wood
bine and Tokio formations, but in. Texas they are 
found in the Woodbine sand, Eagle Ford clay, Austin 
chalk, Taylor marl, and Navarro formation. The 
Woodbine formation is the basal formation of the 
Gulf series in southwestern Arkansas, southeastern 
Oklahoma, and northeastern Texas. In Arkansas and 
in McCurtain County, Okla., it forms the lower part 

4 Miser, H. D., and Ross, C. S., op. cit., pp. 31~312; Econ. Geology, vol. 17, pp. 
662-674, 1922; Smithsonian Inst. Ann. Rept. for 1023, pp. 261-272, 1025. Mitchell, 
G. J., Diamond deposits in Arkansas: ·r:ng. and Min. Jour.-Press, vol. 116, pp. 
285-287, 1923. 

17u 



176 SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY, 1928 

of the "Bingen sand" of Veatch, and the Tokio 
formation is the upper part of the "Bingen." In 
Arkansas and Oklahoma the Gulf series is separated 
from the Comanche series 'by a marked unconformity, 
and in places in Arkansas the Gulf series rests upon 
the truncated edges of steeply dipping Paleozoic 
rocks. 

A short preliminary paper on the volcanic rocks in 
the "Bingen formation" of Arkansas and Oklahoma 
was recently published 5 and a brief description of the 
igneous rocks in the De Queen and Caddo Gap 
quadrangles, Arkansas and Oklahoma, is given in a 
report now in press.6 

DISTRIBUTION OF THE VOLCANIC ROCKS 

The volcanic rocks here described are exposed in an 
east-west belt of country about 150 miles long that lies 
near the northern margin of the Gulf Coastal Plain, 
in Texas, Oklahoma, and Arkansas. The exposures 
in Arkansas and in McCurtain County, Okla., occur 
in a strip of high land lying only a few miles south 
of the north boundary of the Coastal Plain. This 
strip is a southward-sloping cuesta to which Veatch 7 

has applied the name" Lockesburg," from Lockes
burg, Sevier County, Ark. (Veatch used the term 
" wold" instead of "cuesta," but of these two terms 
cuesta is in more general.use at present.) The Lockes
burg cuesta owes its form and altitude to the resistant 
character of the southward-dipping beds of gravel, 
tuff, and sand of the Woodbine and Tokio formations, 
and it is in general coextensive with the outcrops of 
these formations as shown on Plate 20. It ranges in 
wid th from several to many miles and extends from a 
point near Delight, Ark., west by south across Pike, 
Hempstead, Howard, Sevier, and Little River Coun
ties into Oklahoma, where it descends into the bottom 
lands of Red River west of Idabel, McCurtain County. 
Within this distance of about 100 miles the cuesta is 
not continuous but is trenched by the wide alluvial 
valleys of Little, Cossatot, Saline, and Little Missouri 
Rivers, which run in a general southeasterly direction, 
and by the valleys of the small southward-flowing 
streams between the wide valleys. Owing to the 
extensive dissection of the cuesta by streams, its sur
face is rolling to hilly, and there are no large tracts of 
level coun try . . 

The north edge of the cuesta culminates at 600 to 
700 feet above sea level, and its northward-facing 
escarpment is conspicuous, especially in Arkansas, 
where it rises 100 to 200 feet above the land at its foot. 

& Miser, H. D., and Ross, C. S., Volcanic rocks in the Upper Cretaceous of south
western Arkansas and southeastern Oklahoma: Am. Jour. ScL, 5th ser., vol. 9, 
pp. 113-126, 1925. 

o Miser, H. D., and Purdue, A. H., Geology of the De Queen and Caddo Gap 
quadrangles, Arkansas and Oklahoma: U.S. Geol. Survey Bull. 808, pp. 99-115, 1929. 

7 Veatch, A. C., Geology and underground water resources of northern Louisiana 
and southern Arkansas: U. S. Geol. Survey Prof. Paper 46, pp. 14-15, 1906. 

The country that is underlain by the volcanic rocks 
of the Woodbine formation is known as "red-land" 
coun try and lies along the northern edge of the Lockes
burg cuesta. (See pI. 18, A). On it in Arkansas are 
situated Highland, Corinth, Centerpoint, Horatio, and 
Cerro Gordo; in Oklahoma, Jadie, Goodwater, Odell, 
Shults, and Idabel. 

The red-land country received its name from the 
prevailing bright-red color of its clayey soil and sub-· 
soil. In spite of its poor appearance the soil produces 
good crops, especially of peaches and other fruits. 
The red clay is derived by weathering from volcanic. 
tuff and owes its fertility to the potash and other 
mineral ingredients supplied by the tuff. 

In northeastern Texas the rocks containing the vol-· 
canic material occur in the northern parts of Red. 
River and Lamar Counties, in a belt having a maxunuln. 
width of 5 miles, and in the northwestern part of Fan-· 
nin County. The Woodbine sand, of which these rocks. 
are a part, does not form a cuesta here, for the rocks. 
have been planed off by the terrace-forming processes. 
operating in the valley of Red River. Most of the· 
exposures occur in bluffs along Red River beneath a· 
covering of terrace materials or along the sides of 
tributary valleys whose streams have cut down through 
the terrace covering. 

ROCKS ASSOCIATED WITH THE VOLCANIC MATERIAL, 

GENERAL FEATURES 

Most of the rocks in which the volcanic material is" 
expos~d are sedimentary, but some are of igneous origin~ 
The igneous rocks include the four bodies of diamond
bearing peridotite near Murfreesboro, Ark.; a dike of 
ouachitite of possible Cretaceous age 7 miles east of 
Gillham, Ark.,s a diorite sill of Ordovician (?) age 4· 
miles north of Glover, in northern McCurtain County,. 
Okla.9 ; quartz-orthoclase pegmatites of Carboniferous. 
age, also in northern McCurtain County9; and granite· 
of pre-Cambrian age on the west border of the mapped 
area (pI. 20) southwest of Atoka, Okla. Beds of 
volcanic ash and tuff found a short distance north of 
the Coastal Plain are of Silurian,lO Devonian,!l and 
Carboniferous age. l2 

The sedimentary rocks in the country adjoining the: 
Coastal Plain .on the north are of Paleozoic age, 
ranging from Cambrian to Carboniferous, though thin. 
beds of Quaternary gravel and alluvium are found 
in places, especially along the streams. (See pI. 20.) 

8 Mitchell, G. J., Antimony in southwestern Arkansas: Eng. and Min. Jour.-· 
Press, vol. 114, pp. 455-456, 1922; also letter dated Sept. 7, 1923. 

g Honess, C. W., Geology of the southern Ouachita Mountains of Oklahoma:. 
Oklahoma Geol. Survey Bull. 32, pp. 39-40, 48-49, 64-66, 210-212, 1923. 

10 Honess, C. W., op. cit., pp. 107-109. 
11 Idem, pp. 121-139. 
12 Miser, H. D., Mississippian tuff in the Ouachita Mountain region [abstract): 
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shale: Am. Jour. ScL, 5th ser., vol. 1, pp. 63-80, 1921; Oklahoma Geol. Survey Bull. 
32, pp. 179-202, 1923. 
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The Paleozoic rOCKS consist mainly of shale, sandstone, 
limestone, novaculite, and chert and have 'a total 
thickness in west-central Arkansas and southeastern 
Oldu,homa of about 25,000 feet. They were com
pressed into close westward-trending folds and were 
broken by many faults near the end of Pennsylvanian 
time, so that the dips are various but generally at 
high angles. 

The sedimentary rocks of the part of the Coastal 
Plain in which the volcanic rocks here described occur 
are of Comanche (Lower Cretaceous), Gulf (Upper 
Cretaceous), and Quaternary age. They have been 
grouped into several formations, but only the Wood
bine, Eagle Ford, and Tokio formations, which contain 
the volcanic deposits, are here briefly described. (See 
fig. 16.) 

Sys- Se
tom rlos Formation and member Section Thlokness 

in feet Character of rocks Character of topography and soil 

-- ----1--------------------1--------------1--------1----------------1------------------------------------

J 
C,) 

Brownstown marl. 

Tokio 
formation 

(upper part 
of "Bln
gon sand" 
of Veatch). 

Unconformity ------1 

Woodbine 
formation 

\ (l~re~. Ef~~ 
gen sand " 
of Veatch). 

--. Unconformity ----

i 
o 

! 
G) 

.g 
= 
El o o 

'l'rinlty 
formation. 

De Queen lime
stone mem bar. 

Ultima Thule ~IIIIIII gravel lentil. 

Dierks limestone { 
lentil. 

Pike gravel 
member. 

----- Unconformity ------1 'IIi III II 
] Atoka formation, Jackfork 
o :g sandstone, and Stanley shalo. -ee 
tOG) 

C,) 

100± {FOSSiliferous blue or gray }Gently rolling area Fertile black waxy soil calcareous clay. . . 

ded quartz sand; lig-
nltlc material; volcanic - . 

(100-300+) ash light-colored and BIlly areas. ~lray sand~ and gravelly soil, suitable for l
Gravel; gray crOSS-bed_) 

dark: clays, some of general farmmg and frUIt culture. 
which contain fossil 
plants. 

{GraV~I; greenis? volcanic }Rolllng southward-sloping plateau_ Gravelly clay soil 
0-350 tuff, red clay, and dark suitable for general farming and fruit culture 

plant-bearing clay. . 

All soils mentioned below are suitable for genera farming 
it they are fertili?,od and properl y cared for. 

Gray cross-bedded saud } 
in heavy beds; some Poor gray sandy soil 
clay. 

(60-72) amount of green clay. j
FOSSmferous limestone 

and an equal or greater 

Gypsum and celestite Usually a yellowish-brown clay soil; in some areas fertil3 
near base. but in others poor. 

70-1,000+ Variegated clays. 

(0-40) {pebbles less than an inch 
in diameter. 

Variegated clays. 

{
Fossiliferous limestone 

(0-40) and a smaller amount 
of green clay. 

j

DiSsected southward-sloping upland. 
able for fruit culture 

}Fertile black clay soil. 

Gray cross-bedded ·sand } 
in heavy beds; some Sandy gray soil. 
clay. 

Gravelly soi suit-

(0-100) bles and cobbles as Dissected southward-sloping upland. Gravelly soil suit-jlrregularlY bedded peb-j 

much as 10 inches in able for fruit culture. 
diameter. ' _____________________ _ 

Shale and sandstone. 

FlGunE 10.-Generalized section of the oldest Cretaceous rocks exposed in Boward, Pikc, and Sevier Counties, Ark. 
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Stratigraphic relations of Woodbine and Tokio formations in northeastern Texas, southeastern Oklahoma, and southwestern A1'kansal:i to 
adjacent formations of Cretaceous age 

[For a graphic representation of relations of some of the rocks see section on pI. 20] 

Northeastern Texas Southeastern Oklahoma Southwestern Arkansas 

Brownstown marl. Brownstown marl. Present in McCurtain Coun- Brownstown marl (restricted), 
ty but not exposed, 

Unconformity -------.---

Blossom sand. 
Tokio formation. Present in McCurtain County. Tokio formation.a 

Bonham clay. 

--- -Unconformity? Unconformity ---. -------

Ector tongue of Austin chalk; basal 
part is shaly clay and sand with" fish-

Not present. Not present. bed conglomerate" at base. Thins 
out toward northeast in Fannin 
County. 

U nconformity-

Eagle Ford clay. Thins out toward east 
. in Lamar and Red River Counties. Eagle Ford shale present only in Bryan County . Not present. 

U nconformity- -Unconformity 

Woodbine sand a in Woodbine formation a Woodbine formation.a Thins out 
Woodbine sand.a Bryan and Choctaw in McCurtain Coun- toward east. 

Counties. ty. 
Unconformity Unconformity -Unconformity-----------

Washita group. Washita group. Thins toward east. Washita group. Thins out toward 
east. 

Fredericksburg group. Goodland limestone. Goodland limestone. Thins out to-
ward east. 

Trinity sand. Thins toward west by overlap of Trinity formation. Thins out toward 
Trinity sand .. younger beds of formation over older beds of east owing to unconformity at base 

formation. 

a Contains water-iaid volcanic rocks. 

WOODBINE FORMATION 

The Woodbine formation of the Gulf series (Upper 
Cretaceous) received its name from the village of 
Woodbine, in Cooke County, Tex. The forma
tion consists mainly of quartz sand in northeastern 
Texas and in Bryan and Choctaw Counties, Okla., 
where it is appropriately called the Woodbine sand. 
Water-laid volcanic material is present in the Wood
bine but increases in quantity toward the east in 
Texas, . Oklahoma, and Arkansas and comprises a 
large part of the formation in McCurtain County, 
Okla., and in southwestern Arkansas, where the term 
formation is more suitable than the tenn sand. In 
Arkansas the Woodbine comprises the lower part of 
the "Bingen sand" of Veatch and later authors, 
and in McCurtain County, Okla., it comprises the 
lower part of the "Bingen formation" as shown on 
the geologic map of the State published in 1926 by 
the United States Geological Survey. 

The area of ou tcrop is a belt extending from the 
valley of Little Missouri River in Pike County, 
Ark., west by south to the Oklahoma. line, thence 

of Woodbine and Tokio formations. 

westward through the southern part of McCurtain, 
Choctaw, and Bryan Counties, Okla., and the northern 
parts of Red River, Lamar, Fannin, and Grayson 
Counties, Tex., 8:,nd thence southward for many 
miles through central Texas. (See pl. 20.) In both 
southwestern Arkansas and McCurtain County, Okla., 
the Woodbine and the gravel and sand of the younger 
Tokio formation produce the southward-sloping 
Lockesburg cuesta, which i~ described on page 176. 

The formation has an estimated thickness of about 
500 feet in southern Bryan and Choctaw Counties, 
Okla., and an apparent thickness of 625 feet in Fannin 
County, Tex., but it thins toward the east so that 
the thickness at most places in Arkansas is between 
250 and 350 feet. It thins out on the west side of the 
valley of Little Missouri River, in Arkansas, and is 
not present east of this stream. 

The formation has a southerly dip of perhaps 50 
feet to the mile in most of the area shown on the accom
panying map, though near the west end of the area 
it has been bent into a low anticline called the Preston 
anticline, whose axis extends southeastward through 
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A. ROLLING" RED-LAND " COUNTRY ON LOCKESBURG CUESTA NEAR CORINTH, HOWARD 
COUNTY, ARK. 

Underlain by gravel and tuff ill the Woodbine and Tokio rormations. Such country is especially adapted to 
growing peaches and other fruils. Photograph furnished by J. N. Garner 

Cross bedding is conspicuous. Photograph by P. D. Torrey 
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A 

B 

WEATHERED PERIDOTITE BRECCIA IN NECK OF CRETACEOUS VOLCANO NEAR MURFREF..sBORO, PIKE 
COUNTY, ARK. 

Contains diamonds. A shows diamonds being mined by hydraulicking. In B the hill in the distance is partly capped by a mass 
of Paleozoic sandstone that was lifted and carried upward during volcanic activity 
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PHOTOMICROGRAPHS OF VOLCANIC ROCKS 

A, Sodali te phonolite from boulder bed in Mine Creek near Nashville , Ark. The phenocrysts that show zoning are sodalitc . Enlarged 34 diameters 
B, Phonolil.e pelle t from phonoli te arkose, Owen place, Howard County, Ark. The elongated crystals are plagioclase, and the gray ground mass is a very fine 

grained orthoclase-albi te aggregate. Enlarged 34 diameters 
C, Orthoclase crystal partly replaced by calcite, Owen place, Howa rd County, Ark . Enlarged 48 diameters 
D, Orthoclase crysta l pa rtly replaced hy calcite, Owen place, Howard County, Ark . The area with fingerlike extensions has the same optical orienta tion as 

the white centra l mass, and t he dark area between is calcite. Enlarged 28 diameters 
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PHOTOM1CHOGHAPHS OF VOLCANIC ROCKS 

A, Volcanic tuff en tirely replaced by calcite but preserving the structure of glassy pumice, Owen place, Howard County, Ark , Enlarged 54 dia meters 
B, P art of a la rge glassy pumice fragmen t entirely replaced by calcite, Owen place, Howard County, Ark. 
C, PhonoliLe tuff from Prothro dome, Bienville Parish , La. Pure wh ite areas are feldspar; light. spotted ones are quartz or novacu li te, and darker ODes with 

white elongated inclusions are phonoille. The interst.itial material is glauconite . En larged 33 diame t.ers 
D, Phonolite tufT from Prothro dome, Bienville Parish, La. WhiLe angular areas urc feldspar; rounded one, quartz; gray ones, phonolite pelle Is and partly 

replaced augite grains above and to the right of the center. Groundmass ca lcite. Enlarged 54 diame ters 
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the village of Ector, Fannin County, Tex., and it 
has also been bent into a syncline whose axis runs 
northwestward through Yuba, Bryan County, Okla. 

The Woodbine rests upon the truncated edges of all 
the COlnanche formations-the youngest subjacent 
forn1ations to the west and the oldest to the east
and at the east edge of the area shown o~ the map 
(pI. 20) it rests upon steeply dipping beds of sand
stone and shale of Carboniferous age. A marked 
angular unconformity therefore separates the Gulf 
series from the Comanche series in southwestern 
Arkansas and southeastern Oldahoma. (See section 
on pI. 20.) 

The water-laid volcanic material in the Woodbine 
consists of tuffaceous sand in northeastern Texas 
and in Bryan and Choctaw Counties, Okla., and of 
tuff in McCurtain County, Olda., and in southwestern 
Arkansas. The sand and tuff, which are described in 
detail on pages 180 to 200, occur in widespread beds that 
attain a thickness of 125 feet or n10re. These mate
rials are mostly cross-bedded, soft, grayish and olive
gray, are cOlnposed of coarse and fine grains of vol
canic rocks, and are for the most part unconsolidated 
but in places cemented by calcite. The calcite
cmnented Inasses are lenticular or spherical. 

Besides tuffaceous sand the Woodbine of north
eastern Texas and of Bryan and Choctaw Counties, 
Okla., includes irregularly bedded quartz sand, which 
was deposited in shallow marine and brackish water. 
Interbedded with the sand are films, lenses, and layers 
of clay, whir.h in places attain a thickness of 25 feet 
or more. 

In Arkansas nnd in McCurtain County, Okla., 
there is a bed of gravel at the base of the formation 
and. beds and. lenses of gravel higher in the formation. 
(See pI. 18, B.) The gravel beds are thickest and 
most extensive in Arkansas, where the basal bed is 
continuous and attains a thickness of about '60 feet. 
The beds of gravel consist mostly of pebbles of nova
culite, but in addition there are in Arkansas rather 
extensive deposits of pebbles of igneous rocks in the 
tuff, which overlies the basal gravel. Some of the 
larger igneous pebbles occur in the thick bed of gravel 
at the base of the formation, but most of then1 occur in 
thin beds and lenses of gravel interstratified in the 
tuff. Many small ppbbles are, however, disseminated 
through the tuff. Clay is found at some places in 
beds many feet thick interbedded with the volcanic 
tutL It is gray to brown, is lan1inated, and contains 
at places fossil leaves, some of which were collected at 
a locality on Mine Creek 4 miles north of Nashville, 
Ark. 

EAGLE FORD CLAY 

In western Lamar County and in Fannin County, 
Tex., the Woodbine sand is overlain, probably un
conformltbly, by the Eagle Ford clay, which consists 

typically of 300 or 400 feet of dark, more or less 
bituminous clay carrying calcium carbonate con
-cretions, in part septarian, some of which are fossil
iferous. 

The Eagle Ford is represented on Plate 20 as 
extending as a rapidly narrowing band eastward from 
Lamar County into Red River County in the vicinity 
of Woodland, but the beds thus mapped are not 
typical of the Eagle Ford clay. They consist of 50 or 
60 feet of fine to coarse marine sand, a central band 
of which contains a small percentage of water-laid 
volcanic Inaterial. At the base of this sand just 
north of Woodland is a bed of conglomeratic sand, 
172 feet thick, containing many waterworn pebbles of 
novaculite reaching a diameter of 1 inch and reworked 
chunks of soft reddish sandstone. The Eagle Ford 
age of the sands near Woodland has not been satis
factorily established, and indeed there is some question 
as to whether they may not represent the basal part 
of the deposits of Austin age (Bonham clay) which 
overlie them within a mile south of Woodland. (See 
pp. 196-197.) The beds exposed within 4 or 5 miles 
north of Woodland are mostly sand and sand~.tone 
and are of Woodbine aspect, but future studies nlay 
show that they are in part of Eagle Ford age. 

TOKIO FORMATION 

The Tokio formation takes its nalne from the village 
of Tokio, at the northern edge _ot~ Hempstead Cour;tty, 
Ark. The deposits when first defined by Miser and, 
Purdue were described as the" Tokio sand member of 
the Bingen fornlation." Recent field work by Stephen
son and Dane, in which Miserco~perated for short 
periods, has sho'wn that an unconformity occur,s at 
the base of a thick gravel bed immediately underneath 
the "Tokio sand member of the Bingen." I t has 
also shown that the part of the" Bingen" below' this 
gravel bed represents the vVoodbine sand of Texas. 
As a result of this work and of a study of the fossils by 
Stephenson, the following changes in names have been 
made: The name "Bingen," has been discontInued; 
the lower part of the "Bingen "-the part below the 
unconformity-is called the Woodbine formation; 
and the "Tokio sand member of the Bingen" is now 
called the Tokio formation, though the lower limit of 
the new formation is extended so as to include the 
thick gravel at whose base there is an unconformity. 
The Tokio formation as thus defined has a basal 
gravel like the Woodbine, and each formation has an 
unconformity at its base. The formation in Arkansas 
rests upon lower and lower roel\:s toward the east
first upon the truncated edge of the vVoodbine forma
tion, then upon successive parts of the Trinity forma
tion, and next upon the steeply dipping rocks of 
Paleozoic age. (See structure section on pI. 20.) 

The Tokio formation is exposed. in a belt extending 
west by south across several counties 'in southwestern 
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Arkansas and thence into McCurtain County, Okla., 
at whose southern border the' belt of exposure is 
terminated by alluvium and terrace deposits of' 
Quaternary age along Red River. The belt of exposure 
is not continuous but is broken by bands of alluvium 
and terrace gravel along Little Missouri, Saline, 
Cossatot, and Little Rivers and other streams that 
cross it. The belt ranges in width from a few miles 
to about 12 miles and narrows eastward in consequence 
of the, apparent thinning of the formation in this 
direction. The thickness is about 300 feet in the area 
west of Nashville, Ark., and is less east of Nashville. 

The formation contains water-laid igneous materials 
near Murfreesboro, Pike County, Ark. These include 
thin beds that appear to be peridotite tuff and also 
include beds of kaolin that is apparen~ly altered vol
eanic dust. These volcanic materials are described on 
pages 186 and 187. The formation is, however, com
posed largely of light to dark gray clay and gray sand 
that weathers yellowish and reddish. In addition there 
is much gravel in Arkansas, the thickest bed of 
which is at the base. The gravel is composed of 
well-rounded pebbles consisting of quartz and novac
uli te of many colors and ranging in size from that 
of a pea to a diameter of about 6 inches. The dark 
clay contains many invertebrate fossils, and some of 
it contains identifiable fossil plants. The propor
tions of clay and sand change both vertically, and 
horizon tally in the formation. 

CHARACTER OF VOLCANIC ROCKS 

GENERAL FEATURES 

Most of the tuff occurs in the Woodbine formation. 
The main bed of volcanic material overlies the basal 
gravel of the formation and attains a thickness of 125 
feet or more in the area lying between Center Point 
and Nashville, Ark. It consists of mineral grains, 
rock fragments, and pebbles in a claylike matrix. 

The best exposures of volcanic material in Arkansas 
are on and near Mine Creek, Blue Bayou, and other 
streams near Center Point and Nashville. (See fig. 
'17.) Near Blue Bayou Church, 4 miles south of 
Center Point, the principal mineral in the sand bars 
of Blue Bayou is orthoclase in glistening transparent 
grains that have been derived from near-by exposures 
of tuff. The best exposures in Oklahoma are ~ear 
Odell and Garvin; there the tuff is characterized by 
the occurrence of "black sand" and limonitic "buck
shot" in the gullies. In Arkansas and Texas these 
minerals are not abundant enough to be conspicuous 
in gullies. 

In northeastern Texas water-laid tuffaceous mate
rial, the westward extension of the tuffaceous beds of 
the Woodbine of Arkansas, forms a considerable part 
of the sand of the Woodbine formation, especially in 
the upper beds. 

Coarse tuffaceous sand containing notable amounts 
of volcanic materials has been ~examined at six 
localities (pI. 20), which are alined in an approximate 
east-west direction in the northern parts of Red River 
and Lamar Counties, as follows: At Silver City Ferry, 
17 miles north of Clarksville, at a locality 2 miles east 
of Kanawha, and at Pine Bluff Ferry, 472 miles north 
of Woodland, in Red River County; at Golden Bluff, 
3 miles east of Arthur City, at the bluff near Arthur 
City, and at Garretts Bluff, 13 miles west of Arthur 
City, in Lamar County. Similar coarse tuffaceous 
sand in approximately the same stratigraphic position 
has been observed at Hyatts Bluff, 5 miles northwest 
of Ravenna, Fannin County. The locality east of 
Kanawha in Red River County has yielded large 
typical specimens of Ostrea soleniscus Meek, a char
acteristic Woodbine species. Smaller, less typical 
specimens, probably belonging to the same species, 
occur at Golden Bluff, in Lamar County, at a horizon 
30 feet above the top of the main bed of tuffaceous 
sand. (See pIs. 25-27.) 

Volcanic material makes up a small percentage of a 
sandstone of questionable Eagle Ford age in the vi
cinity of Woodland, in the northwestern part of Red 
River County, and a similar slightly tuffaceous sand
stone occurs at MediII, in the northeastern part of 
Lamar County. These localities are between 4 and 5 
miles south of the main east-west belt of tuffaceous 
sandstone,and on the assumption that the regional dip 
of the beds toward the south is not less than 50 feet to 
the mile, this upper tuffaceous bed should be 200 feet 
or more stratigraphically above the main tuffaceous 
bed. Other beds of tuffaceous material may occur be
tween the main bed and the uppermost bed, but this 
has not yet been demonstrated. At Woodland and 
Medill the tuffaceous sandstone is immediately over
lain by the Bonham clay, which belongs stratigraph
ically above the Eagle Ford clay. 

A sandstone containing a small percentage of tuffa
ceous material was observed in a bluff on Red River, ] Y2 
miles north of Ragtown, in the northwestern part of 
Lamar County. This sandstone lies near the top of 
the Woodbine formation about 12 feet stratigraphically 
below the base of the Eagle Ford clay, which is well 
developed in this area. 

The tuffs and tuffaceous sands of southwestern 
Arkansas, southeastern Oklahoma, and northeastern 
Texas were for the most part deposited in shallow 
water and under the influence of strong currents. 
They are mixed in various proportions with detrital 
material derived from the Paleozoic rocks on the north, 
and parts of the tuffs themselves were reworked and 
redeposited. All this has resulted in a very intimate 
mixing of the various types of volcanic and detrital 
materials and an obscuring of the volcanic history. 
The geologic study is still further complicated by an 
intense alteration of the glassy tuffs, which has left 
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'them in the forn1 of clay beds. Nevertheless some 
layers in the tuffs, especially in the vicinity of N ash
ville, Ark., are composed of volcanic debris that shows 
little mixing of the volcanic rocks, and this has made 
possible a recognition of the principal rock types and 
rock textures that have contributed to the formation 
-of the volcanic beds of the region. 

The volcanic material that occurs in greatest volume 
.and with the widest distribution IS ill the form of 

19ze 

are probably a finely crystalline phase derived from 
the same magma that formed the glassy tuff. Accom
panying these materials are crystal grains, which 
represent the phenocrysts that were ejected along with 
the tuff. 

LI~HIC PHONOLITE TUFF AND SAND 

The most widely distributed volcanic material occurs 
1n the form of small rounded rock pellets that average 

FIOURE 17.-Map of part of Howard County, Ark., showing the surface distribution of the volcanic deposits of the Woodbine formation 

rounded lithic rock grains that average between 0.5 
and 1 millimeter in diameter. Interbedded with the 
tuff are beds of gravel and boulders, which are com
posed predominantly of quartz and novaculite but 
which locally contain well-rounded boulders of the 
same volcanic rock types as the material in the lithic 
tuff. 

Near N ash,ville are extensive beds of material that 
was originally glassy pumiceous tuff. Associated with 
this are angular lithic tuff and rock fragments that 

0.5 to 1 millimeter in diameter. The color of the 
unweathered rock is dark olive-green to dark gray
green. On weathering the material assumes various 
shades of yellow and brownish red. Beds made up 
almost wholly of fragments of volcanic rock have been 
recognized in a few localities, and this material may 
be called lithic tuff, but more commonly the fragments 
of volcanic rock are mixed with some grains of quartz 
and novaculite, and this material is more correctly 
described as tuffaceous sand. (See pI. 22, 0, D.) 
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The volcanic rock structure is clearly recognizable in 
all thin sections, even in .the rocks that have com
pletely lost their original minerals through kaoliniza
tion. The rounded rock pellets are characterized by 
a single volcanic rock type, and the only difference is 
a slight one in texture and mineral proportions. (See 
pI. 21, B.) They all show a trachytic structure, and 
many have a parallel arrangement of the slender plagi
oclase crystals of the ground mass. The rock of the 
pellets is all of very fine grain, and the crystals of the 
groundmass range from 0.02 to 0.3 millimeter in great
est length. Anhedral orthoclase is abundant; and neph
elite is often recognizable despite the fineness of grain. 
The rock grains rarely carry phenocrysts, as these were 
not abundant and were usually set free by the explo
sive violence that pulverized the rock. 

The mineral grains associated with the lithic phono
lite tuff and sand are orthoclase, plagioclase, augite, 
hornblende, zircon, apatite, and magnetite. Tita
ni te, biotj te, and black spinel are found in some beds, 
but it seems probable that these mine~als were derived 
from the admixed pumice tuff and not from the phono
lite. Brown tourmaline, garnet, and staurolite, which 
are characteristic of metamorphic rocks, are present in 
small amounts and are associated with the typical 
minerals of igneous rocks in the tuff. Secondary min
erals that have developed in the beds after their 
deposition are siderite, calcite, pyrite, glauconite and 
phosphatic granules. 

PHONOLITE COBBLES 

Well-rounded cobbles and pebbles are found locally 
in the beds and lenses of gravel associated with the 
tuff and are especially abundant on Mine Creek, near 
Nashville, Ark. (See fig. 17.) Few pebbles in the 
tuff are more than 2 or 3 inches in diameter; but the 
cobbles in the gravel reach 9 or 10 inches in diameter. 

The rock type that makes up 75 per cent or more ,of 
the cobbles is the same as that forming the phonolite 
pellets and is represented by the analysis on page 187. 
The rock structure is shown in Plate 21, B. The rock 
is dark gray with a very fine grained groundmass and 
phenocrysts of sodic plagioclase and orthoclase forming 
less than 5 per cent of the mass. Augite is still rarer 
and is seldom seen in a hand specimen. The micro
scope shows a rock with trachytic structure and ground
mass crystals which range from 0.02 to 0.3 millimeter 
in length and many of which have a common orienta
tion. The range in mineral composition of the pho
noli te is as follows: 

Mineral composition of phonolite 

Plagioclase ______ - - __ - - - - - __ - - - - - - - - -
Orthoclase _________________________ _ 
Nephelite __________________________ _ 

Pyroxene or hornblende ______________ _ 
Magnetite _______________ - ____ -- -- - --
Apatite _________ - - __ :- - - - - - - -- - - - - - --

Per cent 
50-65' 
30-40 
5-15 
2-15 

3 
0.5 

The orthoclase forms anhedral crystals between 
the euhedral plagioclase crystals .. The nephelite is 
in part anhedral and in part euhedral and forms very 
small interstitial crystals. Augite occurs as pheno
crysts and in the groundmass, but forms less than 3 
per cent of the rock in the predominant type of phono
lite. In a few specimens· it is more abundant and may 
reach 15 per cent. Green or brown hornblende is a 
rare constituent. One specimen examined was sim
ilar to the predominant type of rock but contained a, 
small proportion of sodalite. (See pI. 21, A.) 

N early all the phonolite from the gravel and most 
of the rock pellets in the tuff are very fine grained and 
commonly show flow structure or orientation of the 
feldspar grains and so have a structure characteristic 
of volcanic rocks, but a rare rock type that occurs 
in the boulders has the texture of an intrusive. This 
is a fourchite With abundant augite and nephelite. 

PUMICE TUFF 

In the vicinity of Nashville, Ark., are extensive 
beds composed partly or almost wholly of materials' 
that originally formed a tuffaceous volcanic pumice. 
This pumice has completely lost its glassy texture 
and is most commonly represented by bentonitic c1ay
like material, but locally concretionary calcium car
bonate has cemented the pumice fragments into 
boulderlike forms that have escaped this type of 
alteration. . 

The predominant color in the claylike rnaterial is. 
gray to light blue-gray where unweathered; after 
oxidation it is yellow. The boulders with calcite 
cement are pale buff. The punlice fraglnent.s differ 
widely in size, ranging from 0.1 to 50 millimeters in 
diameter. The pumice has .a fibrous structure that 
resulted from the presence of very fine, closely spaced 
elongated or flattened vesicles separated by very thin 
glass walls. In the claylike beds consolidation has 
slightly compressed and flattened the altered pumice 
fragments and eliminated the vesicles, but the fiber
like pumiceous texture has been periectly retained. 
(See pI. 22, B.) In hand specimens the clay has little 
resemblance to tuff, but thin sections exhibit the tuff 
structure as perfectly as the original glass. 

The pumice beds contain mineral grains represent
ing phenocrysts that were set free fronl their glassy 
matrix by the explosive force of the eruptions I that 
produced the pumice itself. Most of these crystals 
are euhedral or have one end perfect and the other 
fractured, but in some beds the crystals are strongly 
etched, though none of them are well rounded by 
transportation and abrasion. . 

The minerals are orthoclase, biotite, titanite, mag
netite, zircon. apatite, and black spinel. Augite and 
hornblende possibly occur in very small amount but 
are probably derived from the phonolite and not from 
the trachyte. Orthoclase is very abundant and may 
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form as much as 25 per cent of the rock, but the other 
minerals are rare and form less than 1 per cent. The 
metamorphic rock minerals tourmaline, garnet, and 
stauroli te occur in small proportions in tuff of all 
types. Phosphatic grains and glauconite were prob
ably formed during deposition, and siderite, calcite, 
and pyrite have developed after deposition. 

LITHIC TRACHYTE ROCK FRAGMENTS 

Crystalline rock fragnlents are associated with the 
pumice tuff and in sonle localities fornl as much as 
50 per cen t of the nla terial. The puniice and the 
trachyte always occur together and carry the same 
Inineruls, and it seeIns evident that one is the glassy 
and the other the crystalline phase of the same igneous 
magnu},. They show little sorting, large and small 
rock fragnlents occurring together. In this they 
differ frOll1 the phonolite rock fragments, which are 
well rounded and usually well sorted. The pumice 
and orthoclase trachyte show much less miAmg with 
foreign Inaterial than the phonolite, and some beds 
are conlposed of pure igneous nlaterial. 

The orthoclase trachyte rock fragments range from 
1 to 20 Inillilneters in dianleter and are angular or 
knotted. They are white or light gray and are com
posed of phenocrysts of orthoclase in a groundmass 
that is a very fine grained aggregate of anhedral 
feldspar. Euhedral orthoclase phenocrysts are abun
dant in sonle fragments and nearly absent in others. 
Biotite, titanite, and black spinel in fine euhedral 
crystals are very sparsely present. 

DETAILED DESCRIPTION OF MINERALS 

IGNEOUS ROCK MINERALS 

Orthoclase.-The pumice and lithic tuff of trachytic 
composition contain abundant orthoclase, and the 
lithic phonolite tuff and sand contain small propor
tions. The orthoclase crystals range from 0.3 to 3 
milliIneters in dianleter but average about 1.5 lnilli
meters. Most of the crystals have been fractured, 
probably by the explosive eruptions, but nlOst of 
thenl show one or more perfect crystal faces, and 
Carlsbad, Manebach, and Beveno twins are not rare. 
SOlne crystals have been etched, as described on 
page 185 and pictured in Plate 21, 0, D, and there is 
practically no rounding of the fragments of tuff near 
N ashville, Ark., 'but iIl other areas there is slight 
rOlmding of some of .the crystals. N early all the crys
tals show great clearness, but a few have inclusions of 
glass. The optical axial angle is small in most crystals 
and nearly uniaxial in many, and . .these characters 
indicate that the nlineral is the sanidine variety of 
orthoclase. 

Augite.-In the phonolite tuff augite is the second 
11lOSt abundant Inineral, but in the pumice and trachyte 
tuff it is rare or absent. Most of the crystals are pale 

bottle-green in millimeter-sized grains and colorless in 
thin section, but a few are faintly lavender in thin 
section. Nearly all have the peculiar cocksconlb ter
mination shown in Plate 24, A. The origin of these 
forms is discussed on page 184. 

Biotite.-Dark-brown euhedral flakes of biotite are 
present in the pumice and trachyte tuff but fornl less 
than 1 per cent of the rock. 

Hornblende.-Many separations of heavy nunerals 
have been made by means of heavy solu.tions, and 
slender hornblende crystals are always present, but 
they form only a fraction of 1 per cent of the tuff. 
They are brilliant black in millimeter-sized grains 
and usually olive-green in thin section,'but a few have 
the reddish-brown. color of basaltic hornblende. The 
crystals reach 3 or 4 millimeters in length and most of 
them are euhedral, but some of those separated from 
the tuffaceous sand of Oklahoma and Texas are slightly 
rounded by abrasion, although none of them show 
etching. 

Titanite.-All the igneous rocks of the region contain 
titanite, but it is especially abundant in the pumice and 
trachyte tuff. It forms brilliant golden-yellow crystals 
that average less than 1 millimeter in diameter. Most 
of them are perfectly euhedral and show almost no 
fracturing or rounding by attrition, but a few are 
slightly etched. 

Magnetite and spinel.-Magnetite is present in all 
the tuffs, and black spinel is most abundant in the 
pumice and trachyte tuff. Both have very sharp 
euhedral faces, but the crystals are usually pitted or 
incompletely developed. The magnetite can be sep
arated from the spinel with a hand magnet, and then 
it is noticed that the spinel has much more brilliant 
black faces than the nlagnetite. The spinel is opaque 
except in exceedingly fine grains. 

Apatite and zircon.-Apatite and zircon ate present 
in all the heavy minerals that have been separated. 
The apatite is usually colorless, but a few grains are 
a fine blue. The zircon is colorless to deep lavender
pink. 

SECONDARY MINERALS 

S:iderite.-Small grains of siderite have been formed 
in most of the tuff beds, probably before the calcite, 
for small crystals of siderite are completely inclosed 
in calcite. Siderite is found in the calcite concretions 
in the phonolite, in uncemented phonolite tuff and 
tuffaceous sand, and in the bentonitic material derived 
from the pumice. It most generally forms small euhe
dral rhombs, but also some knotlike pellets and a few 
well-rounded radially fiorous grains similar to grains 
of sphaerosiderite. A few boulder-like masses several 
inches in diameter are composed almost entirely of 
siderite. The color is yellow to reddish brown, and 
the index of refraction indicates that much of the 
material is nearly pure iron carbonate. 
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The siderite grains weather out of the tuff and b~
come oxidized to limonite. These grains become con
centrated by flowing water and form accumulations 
of shotlike grains in the steam beds throughout the 
region. 

Oalcite.-The tuff and tuffaceous sand of Arkansas 
contain concretions cemented with calcite that re,sch 
a maximm;n diameter of several feet. In the Texas 
and Oklahoma areas some beds are completely ce
mented with calcite, and the same relation is shown 
in the Louisiana localities that contain tuff identical 
in character with that of Arkansas, Oklahoma, and 
Texas. T~e calcite commonly forms large crystals, 
some of them 4 to 5 centimeters in diameter, that 
inclose large numbers of mineral and rock grains. 

Pyrite.-8mall rounded crystalline aggregates and 
octahedrons of pyrite have been formed abundantly 
in some of the tuff beds subsequent to their deposition. 

Phosphatic grains.-Small rounded grains of phos
phatic material were probahly formed together with 
the marine type of glauconite on the sea bottom 
during the deposition of the beds. 

GZauconite.-The tuff jn some localities, especially 
that from the Prothro salt dome, Bienville Parish, La., 
contains rounded glauconite grains. These are bluish 
green, are composed of the usual aggregate of over
lapping crystal plates, and were probably formed on 
the sea bottom. Most of the tuff beds of the phono
lite type contain some proportion of a yellowish-green 
mineral, with a habit entirely dissimilar to that of the 
normal glauconite. This mineral has developed in the 
tuff since its deposition, as it has replaced augite and 
phonolite grains with various degrees of completeness 
and has slightly replaced calcite. It forms narrow 
zones around all mineral and rock grains in many beds 
of the phonolite tuff and is the cause of the green color 
in most of these beds. It forms radial zones of a 
micaceous mineral with a high birefringence and a 
mean index of refraction of about 1.62. Qualitative 
chemical tests show the presence of essential potash 
and indicate that the material is glauconite or possibly 
celadonite. 

MINERALS CHARACTERISTIC OF METAMORPHIC ROCKS 

N early all crops of heavy minerals separated from 
the tuff contain very small proportions of minerals 
that are characteristic of metamorphid rocks. [The 
most generally distributed of these is brown tourma
line, but pale-pink garnet and staurolite are occasion
ally seen. Some fragments of these minerals are 
rounded, but many are sharply angular, and much of 
the tourmaline is enhedrai. There is no direct evi
dence as to the source of these minerals, but it is 
possible that deeply buried metamorphic rocks were 
shattered and small quantities of their mineral com
ponents carried to the surface together with the normal. 

volcanic material by the violence of the volcanic 
eruptions. This supposition is supported by the 
presence at the diamond mines near M urfrees boro, 
Pike County, Ark., of rather large blocks of Paleozoic 
sandstone that are believed to have been blasted from 
their position and carried to the surface, and fragments 
of norite that must have been derived from some deep
seated source have also been recognized in rock from 
the same locality. (See pI. 19.) 

REPLACEMENT OF MINERALS SUBSEQUENT TO. SEDIMEN
TARy DEPOSITION. 

The augite grains from all the tuff beds show multiple 
terminating pyramids that produce the cockscomb
like habit shown in Plate 24, A. Calcite-cemented 
concretions have been formed in the tuff bedsof Arkan
sas subsequent to their deposition, and in parts of 
Texas and at the Prothro salt dome, La., the beds are 
completely cemented by calcite. Thin sections of tuff 
from the Owen place, Ark. (fig. 17), and the Prothro 
dome give a clue to the mode of formation of the 
augite crystals with the cockscomb habit. In many 
localities of the region a fihn of glauconitic material 
was deposited around each grain of rock or mineral 
soon after its deposition. Thus the original form of 
the augite crystals was preserved. Later the augite 
was partly replaced by calcite or etched by solutions 
that permeated the beds. In their present form the 
augite grains show each a dark zone of glauconitic 
material that marks the original boundary of the 
crystal; within that is a zone of calcite that represents 
replaced augite; and the core is perfectly fresh augite 

. with cockscomb habit.o (See pI. 23, 0.) Not uncom
monly the replacement has progressed so far that two 
or more completely isolated augite areas that are in 
uniform optical orientation have developed from a 
single original grain, as shown in Plate 23, B. The 
multiple terminations were not present on the original 
augite grains and have developed entirely as a result 
of secondary processes. Most of the tuff beds in the 
Arkansas area do not have an interstitial cement of 
calcite, but'in these the augite grains also show the 
cockscomb habit. It is evident that carbonate-bearing 
waters were present in all the beds of the Woodbine 
formation, and it seems probable that these were 
capable of corroding and etching augite. In ·many of 
the Texas and Oklahoma localities the replaceluent of 
augite is complete, and the characteristic form of the 
replaced crystal is all that remains to indicate that 
augite was once present. The pyroxene has been 
altered to glauconite after partial repla.cement by 
calcite, and interstitial glauconite and films of glauco
nite· around mineral grains are characteristic of several 
localities. One of these grains is pictured in Plate 
24, D. All these changes took place only after the 
deposition of the material, and they present abundant 
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evidence that glauconite is not necessarily formed on 
the sea bottom but can result from the replacement of 
preexisting minerals. 

Augite crystals with the cockscomb habit have 
been observed in material from northern New Mexico 
and Montana and are illustrated in Plate 24, B, O. 
Those from Montana were slightly rounded before 
the secondary crystal faces were developed. 

110st of the orthoclase crystals show euhedral faces, 
but a few have been embayed and replaced by calcite, 
as shown in Plate 21, 0, D. 

All the other minerals of igneous rocks are unaltered 
and unreplaced by calcite. Hornblende is unetched, 
and the original crystal faces are often brilliant and 
perfect. Thus it is ev:dent that augite was not stable 
under the conditions that controlled the deposition of 
these sediInentary beds and was subject to solution or 
replacement, whereas under the same conditions horn
blende was stable. 

ALTERATION AND WEATHERING OF TUFFS 

The volcanic tuffs throughout the region are com
posed largely of materials that were not stable under 
the physical conditions that promoted solution and 
hydration (in the zone of katamorphism) and so have 
undergone very extensive alteration. Some of these 
changes were pr<?duced by ordinary weathering, but 
others are more profound. . 

Fresh phonolite tuff and tuffaceous sand are greenish 
gra.y or dull olive-green. They are very porous, and 
their easy perIneability has resulted in rather deep 
weathering in much of the region. Where weathering 
is complete they have assunled a red or reddish-brown 
color, but the less deeply weathered material is rusty 
brown. 

The crystalline materials have resisted alteration 
much lllore than those with glassy texture, and so 
many of the individual phonolite grains are little 
affected by even the nlore intense alteration processes. 
In some beds, however, the feldspar of some of the 
rock fragments has been kaolinized and the original 
minerals have been more or less replaced by secondary 
ones. 

As the phonolite cobbles are all very well rounded 
they must have been transported and eroded prior to 
deposition in their present situation. Many of them 
have been weathered and show an outer kaolinized 
zone an inch or more in thickness. Fresh and weath
ered pebbles are found side by side, in places below 
the pernlanent water level of the creek beds. This 
indicates that the kaolinization of the pebbles took 
place before deposition. As the glassy tuff was altered 
to bentonite after deposition, kaolinization and the 
fOrInation of bentonite are two processes that took 
place at different times and probably under different 
conditions. 

BENTONITE 

Throughout most of the Arkansas area the glassy 
pumiceous tuff of the Woodbine formation has been 
altered to a bentonite that contains a large propor
tion of igneous-rock phenocrysts and detrital rock 
fragments, but locally calcite concretions have formed 
in the pumice tuff soon after deposition and prevented 
the formation of bentonite. 

Bentonite is a rock composed predominantly of 
clay and formed by the alteration and devitrification 
of glassy 'volcanic material, usually a tuff. It gener
ally contains differing porportions of igneous-rock 
phenocrysts and admixed detrital debris. Most 
bentonites contain montmorillonite as their char
acteristic clay nlineral, but the bentonite of south
western Arkansas is composed of, beidelliteY This 
mineral has been found in one other sample of ben
tonite 14 and in gouge clays from mineral veins/5 

and it is an abundant soil and clay forming mineral, 
which has the chemical formula (AlzOa, Fe20a). 
3Si02.nH20, where n is about 4. The mineral is 
plastic and has a micaceous habit and high bire
fringence. An analysis of Arkansas bentonite has 
been made by Earl V. Shannon, of the United States 
National Museum, who, together with C. S. Ross, 
has been engaged.in a study of bentonite. The igneous 
rock from which the Arkansas bentonite has been 
derived has been analyzed by George Steiger, of the 
Geological Survey. 

The conditions that promote the change of vol
canic glass to bentonite have not been well known, 
but mineral relations in the Arkansas area pernlit 
some deductions as to the physical environment 
that favored the change. The development of ben
tonite was not due to surface weathering but to 
causes that affected all glassy materials at all observ
able depths, and in the same beds feldspar, all ferro
magnesian minerals, and fragments of lithic tuff 
are commonly unaltered. The lime concretions that 
were formed in the tuff beds have preserved very 
delicate pumice fragments with uncollapsed bubble 
wans, as shown in Plate 22, A, B, and evidently the 
infiltrating calcium carbonate was introduced before 
the formation of the bentonite. The calcium was no 
doubt transported as bicarbonate, and it is quite 
probable that the water was bicarbonate bearing 
throughout the period of alteration. The ash fell 
in a marine embayment, and the entrapped wat.er 
may have remained saline during alteration, but it 

13 Larsen, E. S., and Wherry, E. T., Leverrierite from Colorado: Washington 
Acad. Sci. Jour., vol. 7, pp. 208-217, 1917; Beidellite, a new mineral name: Idem, 
vol. 15, pp. 465-466, 1925. Ross, C. S., and Shannon, E. V., The chemical compo
sition and optical properties of beidellite: Washington Acad. Sci. Jour., vol. 15, 
pp. 467-468, 1925; The minerals of bentonite and related clays and their physical 
properties: Am. Ceramic Soc. Jour., vol. 9, pp. 77-96, 1926. 

14 Ross, C. S., and Shannon, E. V., Am. Ceramic Soc. Jour., vol. 9, pp. 77-96, 1926. 
13 Larsen, E. S., and Wherry, E. T., Leverrierite from Colorado: Washington 

Acad. Sci. Jour., vol. 7, pp. 208-217, 1917. 
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is impossible to determine the degree of dilution with 
fresh water. The ash fell in water, and calcite con
cretions were present when the alteration took 
pla,ce, and therefore volcanic gases and acids stronger 
than the dissolved carbon dioxide were not present and 
could have had no part in the alteration. It. seems 
equally certain that organic or so-called humic acids 
were absent, for no extensive plant relnains are asso
ciated with the beds, and a very great thickness of ma
terial has been affected by the processes of alteration. 

The known factors of the alteration were the absence 
of oxidizing conditions, the presence of water for 
hydration, the removal of excess chemical constituents, 
and the probable presence of bicarbonates, sodium 
chloride, and possibly of magnesium salts from the sea 
water. Calciul11 carbonate and iron carbonate leave 
a record of their transportation probably as bicarbon
ates, but soluble alkaline bicarbonates would leave no 
such record and so mayor may not have been present. 
The absence of sulphate minerals like gypsum indicates 
that sulphates were absent or practically absent from 
the solutions. No other factors suggest themselves 
that are likely to have contributed to the formation of 
bentonite. Thus it seems iInprobable that the alter
ation of volcanic glass to bentonitic clay was brought 
about by unusual chemical conditions. On the other 
hand, it seems to have been the result of hydration and 
solution of an unstable glass that was perhaps nlore or 
less aided by the presence of chlorides and bicarbonates, 
the latter probably in very weak concentration. 

Analyses of the trachyte that is believed to have 
approximately the same composition as the pumice, 
of the bentonite from Mine Creek, and of other related 
clay lninerals are given in the following table: 

Analyses of trachyte, bentonitic clay from Mine Creek, Howard 
County, Ark., and related clays 

Si0
2 

_________________ _ 

Ab0 3-- - - - - - - - - - - - - - - --Fe20 3 _________________ } 
FeO _________________ _ 
MgO ______ -"' __________ _ 
·CaO _________________ _ 
N a

2
0 ________________ _ 

K
2
0 _________________ _ 

H 20 - -- - - - - - - - - - - - - - --
H 20+ ---- -- -- ______ .- --
Ti02 _____ ~ ___________ _ 

P 20s------------------

a About 2 per ;ent alkalies. 

62. 97 
19. 00 

1. 13 

.26 

.54 
2. 86 

10. 80 
.72 

1. 26 
.26 
.10 

45. 1'2 47. 28 48. 80 
28.24 20.27 21.08 

{--:~~:- ---~~~~- -----~~: 
2. 32 . 70 4. 84 

. 88 2. 75 1. 36 
. 97} (a) _ _ _ _ _ _ _ _ Trace 

18. 72 19.72 20. 92 

99. 90 99. 40 100. 37 97. 92 

1. Trachyte, Coleman Creek, Howard County, Ark. GeorgG 
Steiger, analyst. 

2. Bentonitic mineral concentrated from bentonite derived 
from trachytic pumice, Mine Creek, Howard County, Ark. 
Earl V. Shannon, analyst. 

3. Clay mineral from Beidell, Colo. Edgar T. Wherry, 
ana~yst. Larsen, E. S., and Wherry, E. T., Washington Acad. 
Sci. Jour., vol. 7, p. ·213, 1917. 

4. Bentonitic mineral concentrated from bentonite, Ardmore, 
Nebr. Earl V. Shannon, analyst. 

The analyses given above show the chemical rela
tions of the bentonitic mineral to the rock from which 
it was derived. Analysis 1 represents the porphyritic 
trachyte with a very fine crystalline groundmass, but 
the relation of pumice to trachyte and the identity of 
the associated phenocrysts indicate that one was the 
glassy and the other the crystalline phase derived from 
the same magma. The norm of the trachyte given on 
page 187 shows that it was a highly alkalic rock with 
less than 4 per cent of quartz and indicates that the 
Arkansas bentonite was derived from a rock low in 
quartz and high in alkalies. No analyses have previ
ously been available of material that was known to 
have altered to bentonite, but the presence of the 
igneous rock minerals has led to the belief that ben
tonite was .derived from glassy rocks high in alkalies 
and less silicic than normal rhyolites. 16 

Analyses 1 and 2 sho~ the chemical changes involved 
in the alteration of glass to bentonite. It"is probable 
that there has been little addition or abstractiol1 of 
Al20 a during the alteration of the glass, but the alkalies 
have been almost completely abstracted. This indi
cates that it has taken about 1 Y2 parts of the trachyte 
pumice to produce each part of the resulting bentonite, 
which would require the removal of about half the 
original silica to give a final product with 47.23 per 
cent of silica. There appears to have been a moderate 
addition of iron, and a rather large' addition of mag
nesium was probably derived from the sea water that 
was present during alteration. The other great 
change was the addition of water and the production 
of hydrated minerals. 

KAOLINIZED VOLCANIC MATERIAL 

One or more beds of kaolinized volcanic material 
having a thickness of 5 feet occur in the Tokio forma
tion between Murfreesboro and Delight, Ark. (See 
p1. 20.) The material is chalky white to creamy, but 
the lowest layer of one bed has a lavender color. It is 
nonplastic, is very fine grained, and breaks with a 
conchoidal fracture. . The volcanic material is known 
locally as kaolin and has been so designated by all 
geo19gists 17 who have heretofore written on the region. 
A description of the kaolin deposits and a discussion of 
their economic value are given on pages 201 and 202. 

The altered volcanic material is very pure clay, and 
microscopic studies indicate that it is composed of 
pellet-like fragments, the largest of which are less than 
1 millimeter in diameter. The internal structure of 
the pellets resembles that of altered feldspar, but the 
same structure seems to be characteristic of some 
clay minerals. The structure therefore does not give 
clear evidence of the origin of the kaolin. Kaolin is a 

16 Ross, C. S., and Shannon, E. V., The minerals of bentonite and related clays 
and their physical properties: Am. Ceramic Soc. Jour., vol. 9, p. 84, 1926. 

17 Branner, J. C., The clays of Arkansas: U. S. Geol. Survey Bull. 351, pp. 147-153, 
1908. Miser, R. D., and Purdue, A. R., Gravel deposits of the Caddo Gap and De 
Queen quadrangles, Ark.: U. S. Geol. Survey Bull. 690, p. 24, 1918. 
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PHOTOMICROGRAPHS OF VOLCANIC ROCKS 

A, Thin section of benton itic volcanic tuff from Coleman Creck near ashville . Ark. The large fra~ment was orilrinally glassy pumice of ortho
clase trachyte composition but. is now compleLeiy altered to the clay mineral heidellite. Groundmass is finc-grained material of the same type. 
En larged 62 diameters 

B, Phonolile sand from Owen place, belween Cenlcr Poinl and Corinth, Howard CounlY. Ark. The cenlral grain is augite parCly replaced by calcite. 
R eplacement has left. two residual areus of augite that ex lin~uish s imultalleous ly under crossed nieols aod have saw-tooth secondary terminal 
faces on the lower border. The upper left grain is phonolite and the others quarlz and orthoclase. Groundmass is calcite. Enlarged 100 
diameters 

C. Augite grains from Owen place partly rcpaced by calcite with the development of saw-tooth faces. Original outline of crystal fragment marked 
by zone of glauconite lhal appears black . Enlarged 100 diamelers 
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PHOTOMICROGRAPHS OF VOLCANIC ROCKS 

A, Augite grains from phonolite tuff, Owen place, near Nashville, Ark. Secondary saw-tooth crystal faces have developed through corrosion and replacement 
by calcite. E nlarged 34 diameters 

B, Etched augite grains from San Antonio Creek , Rio Arriba County, N. Mex. Enlarged 34 diameters 
C, Etched augite gra ins from the Lebo shale member of the Fort Union f ormation, Montana. Enlarged 54 diameters 
D, Augite gra ins partly replaced by glauconite and calcite, I)rothro dome, Bienville Parish, La. Grains at left are phonolite. Gronndmass is calcite. Enlarged 

100 diameters 



• 
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A. TUFFACEOUS SANDSTONE OF THE WOODIIlNE FORMATION AT SILVER CITY FERRY, 
RED RIVER, RED Rl YER COUNTY, TEX . 

B. IRREGULARLY BEDDED SAND AND CLAY OF THE WOODBINE SAND IN ROAD CUT 
LEADING DOWN TO THE LOWER FERRY AT ARTHURS BLUFF, RED RIVER, LAMAR 
COUNTY, TEX. 

Most of the fossil leaves from this locality described by E. W. Berry were obtained in tbe lower partoftbe 
section shown in the picture 



U. S. GEOLOGICAL SURVEY PROFESSIONAL PAPER 154 PLATE 26 

A. LENS OF TUFFACEOUS SAND IN LAMINATED SANDY CLAY OF THE WOODBINE FORMA
TION, ABOVE THE LOWER FERRY AT ARTHURS BLUFF, RED RIVER, LAMAR COUNTY, 
TEX. 

B. TUFFACEOUS SANDSTONE OF THE WOODBINE FORMATION, BELOW THE LOWER FERRY 
AT ARTHURS BLUFF, RED RIVER, LAMAR COUNTY, TEX. 

• 



U. S . GEOLOGICAL SURVEY PROFESSIONAL PAPER 154 PLATE Z1 

A. TUFFACEOUS SANDSTONE OF THE WOODBINE FORMATION AT HYArrS BLUFF, RED 
RIVER, FANNIN COUNTY, TEX. 

B. TUFFACEOUS SAND OF THE WOODBINE FORMATION, PARTLY INDUHATED TO CON
CHETIONAHY MASSES, NEAR THE UPPER END OF HYATTS BLUFF, RED RIVEH, 
FANNIN COU TY, TEX. 
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mineral that is normally derived from feldspathic nla
terial, and snlall proportions of augite, hornblende, 
zireon, and tourmaline that are characteristic of the 
volcanic rocks are present. It is therefore probable 
tha t the l(aolin in these beds was derived fronl felds
pathic volcanic nlaterial that had been reworked and 
deposited. 

PERIDOTITE TUFF (?) 

The lower beds of the Toki'o formation on the Riley 
plaee and on the Twin Knobs, near Murfreesboro, 
Pike County, Ark., consist in large part of altered 
serpentine grains and peridotite fragments. Although 
the beds are water-laid, showing lamination and pro
nounced cross bedding, the igneous material may have 
been ejected into the air fronl the near-by vents and 
then falleri to or near its present position. There is, 
however, no evidence yet known that would preclude 
the derivation of the lnaterial from adjacent peri
dotite exposures by erosion. 

Peridotite tuff (?) is present in small areas around 
the IntXSses of peridotite, though it appears to be 
absent at two localities where exposures show the 
Tokio formation resting directly upon the peridotite. 

CHEMICAL RELATIONS OF VOLCANIC ROCKS OF 
ARKANSAS 

The following analyses show the chemical composi
tion of the volcanic rocks and their relations to other 
igneous rocks of Arkansas: 

Analyses of volcanic rocks of Arkansas and related intrusive ro~k8 

1 2 3 4 5 6 

------
Si O

2
- _______ 58. 77 62. 97 60.13 60. 20 53.09 38. 78 

AI
2
0 s _______ 20. 60 19.00 20. 03 20. 40 21. 16 6.85 

Fc
2
0s __ - ___ 1. 40 } 1. 13 f 2. 36 1. 74. 1. 89 8. 83 

l;'eO ________ 1. 36 l 1. 33 1. 88 2. 04 1. 99 
1\1 gO _______ .54 .26 .76 1. 04 .32 26.34 
·CaO .. _______ .79 .54 .87 . 2. 00 3. 30 3. 88 
Na

2
O _______ 7. 16 2. 86 6. 30 6. 30 6. 86 .78 

K20-- - - - -'-- 5. 71 10. 80 5.97 6. 07 8. 42 2.56 
H20-· ------ .89 .72 .16 10 .24 1. 95 
1:120+ - - - --- 2.19 1. 26 1.41 .23 1. 13 7.85 
Ti 02 _______ .37 .26 1. 15 .14 .l1 .89 
P20 5 - - - - _ -- .03 .10 .06 .15 .15 -------SO _________ .04 ------- ------- ------- .08 -------
1\1110 __ - ____ .24 ------- Tra.ce. Trace. .20 -------BaO _______ Trace. ------- ------- ------- ------- -------SrO ________ .01 _______ 

CO2- - - - - - -- _ ~_~~~ r:o:n

:

c

:: 

None. None. .82 .14 
Zr(L _______ .05 Trace. .04 
S03 ___ - - _ - - .14 .13 None. -------BaO _______ I .61 -------1------- -------CL ___ -- ___ ------- ------- .09 .02 -------

100. 18 I 
9Q. 90 100. 72 100. 47 100.48 100. 84 

1. Phonolite boulder, IVIine Creek, Howard County, Ark. 
George Steiger, analyst. 

2. Orthoqase trachyte, Coleman Creek, Howard County, 
Al'k. George Steiger, analyst. . 

3. Foyaite, Braddock's quarry, Fourche Mountain, Little 
Rock, Ark. H. S. Washington, a.nalyst. Washington, H. S., 

100874: 0 -:2D--13 

The foyaite-ijolite series of Magnet Cove [Ark.]: Jour. Geology, 
vol. 9, pp. 609, 611, 1901. 

4. Pulaskite, Fourche Mountain, Little Rock, Ark. H. S. 
\Vashington, analyst. Idem .. 

5. Foyaite, Diamond Joe quarry, Magnet Cove, Ark. H. S. 
Washington, analyst. Idem. 

6. Peridotite (probably hypabyssal) from Prairie Creek area, ~~_, 

Ark. R. N. Brackett, analyst. Williams, J. F., Igneous rocks ~_,J~ 
of Arkansas: Arkansas Geol. Survey Ann. Rept. for 1890, 
p. 383, 1891. 

~ / 
N m'ms oj voZr:anic rocks of Arkansas and related intnlsiue rocks. / 
[The numbers correspond to those in the preceding table; analysis 6 represents an \ 

altered rock, and no norm has been calculated] 

Q------------- --------Z _ _ _ _ _ _ _ _ _ _ _ _ _ _ O. 24 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _____ _ 
C_____________ 1. 10 1. 80 1.53 ______________ _ 
01'_____________ 33.92 63.94 35.58 36.14 49.48 
ab_____________ 44.44 24.10 49.26 42.44 8.12 
an__ _ _ _ _ _ _ _ _ _ _ _ 3. 89 1. 95 4. 45 9. 17 2. 22 
ne__ _ _ _ _ _ _ _ _ _ _ _ 8. 80 _ _ _ _ _ _ _ _ L 99 5. 96 27. 12 
cc_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1. 80 

SaL___________ 92.49 95.39 I 92.81 93.71 88.74 

~~i~ ~ ~ = = = = = = = = = = = = = = = = = = = = = = = = = = I = = = = = = = = = = = = = = = = 5: ~~ hy_____________ ________ 1. 13 ______________________ _ 
oL __ .:._________ 1. 80 ________ 1. 33 3.15 ______ _ 
mt. _ _ _ _ _ _ _ _ _ _ _ 2. 09 _ _ _ _ _ _ _ _ . 93 2. 55 2. 78 
hln____________ ________ ________ 1.76 ---- ____ --- ___ _ 
il______________ .74 .46 2.13 .30 .15 
ap_____________ ________ .34 ________ .34 .34 

Fem __________ _ 4. 65 1. 93 6.15 6. 34 9. 53 

a Washington, H. S., U. S. Oeo!. Surrey Prof. Paper 99, pp. 271, 287, 305, 1917. 

4. 1".5"."2.3(4). 
5. I(II).6".1.3. 

1. 1.(4) 5.1".'4. 
2. 1.5.1.2. 
3. 1.5.1".3(4). 

The analyses just given and the norms calculated 
from them show that two distinct types of rock have 
contributed material to the Arkansas tuffs. The most 
striking quality that these rocks have in common is the 
high percentage of the alkalies and the low percentage 
of iron and magnesia that go to produce ferromagnesian 
nlinerals. The phonolite boulder from l\1ine Creek, 
Howard County, Ark. (analysis 1), contains 92.49 per 
cent of salic minerals, of which 78.46 per cent consists 
of alkalic feldspars. It is low in fernie minerals, low 
in anorthite, and very low in magnesium. It is there
fore an alkalic phonolite rather rich in potassium, and, 
as would be expected in a rock of this type, the struc
ture is trachytie .. In normative composition it is very 
similar to the foyaite from Braddock's quarry, Fourche 
Mountain, Little Rock, Ark., and to the pulaskite from 
Fourche l\10untain. . 

The rock from Coleman Creek, Howard County, Ark. 
(analysis 2), has a very unusual chemical composition. 
Only two rocks that fall in the groups.I.5.1.1 and 
1.5.1.2 of the quantitative system are listed by Wash
ington. 1s One of these is orthoclasite, an orthocl&se-

is Washington, H. S., U. S. Oeo!. Survey Prof. Paper 99, p. 269, ]917. 
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rich dike rock from Alaska, and the other a pegmatite. 
The rock from Coleman Creek is closely related to the 
rock from Fourche Mountain (analysis 3) but is very 
much higher in potassium. With nearly 64 per cent 
of orthoclase, 88 per cent of alkalic feldspar, and only 
1.93 per cent of femic minerals in the norm, it consti
tutes a new rock type for Arkansas and a type that 
has not heretofore been reported among volcanic rocks. 
It can be best described as an orthoclase trachyte. 

/ The analysis of the massive hypabyssal peridotite 
is given to show the dissimilarity between the diamond
bearing rock of Pike County, Ark., and the volcanic 
tuffs of the same area. 

AGE OF THE VOLCANIC ROCKS 

The Woodbine and Tokio formations, both of which 
contain water-law volcanic rocks, have yielded fossils 
from which the age of the formations may be deter
mined. Fossil plants have been obtained from the 
Wood bine fornla tion on Mine Creek 3 nliles north of 
N ashville, Ark., and from the Tokio formation in the 
"Big" railroad cut, 2% miles east of Tokio, Ark., and 
in the Adanls kaolin pits, in sec. 24, T. 8 S., R. 25 
W., 5 nllies east-southeast of Murfreesboro, Ark. 
The plants at the Adams pits occur in a 5-foot bed of 
kaolin which is probably altered volcanic material; 
the plants on Mine Creek are in a lens of clay in a 
thick bed of tuff; and the plants at the railroad cut are 
in a dark gumbo clay that is overlain by sand and light
colored clay. 

No fossil invertebrates have been found in the Wood
bine fonnation in Arkansas, but the Tokio formation 
has yielded small collections from five or six localities, 
mostly of poorly preserved prints and molds. 

The fossil plants from the Woodbine and Tokio 
formations in Arkansas have been studied by Berry.19 
Also a fossil flora composed of 43 species from the 
Woodbine sand at Arthurs Bluff, on Red River in 
Lamar County, Tex., has been studied by Berry.zo 
The fossil plants there occur "in coarse sandstone con
taining a considerable percentage of tuffaceous material 
and in more or less sandy cross-bedded clay inter
bedded with and overlying the sandstone. Berry says: 

I can therefore only state the well-known fact that the Wood
bine and Bingen formations are at least partly contemporaneous. 
I am of the opinion, which is based on the range of the Woodbine 
plants in other formations, that Arthurs Bluff is approximately 
on the boundary between the lower and upper members of the 
Bingen as recognized by Miser in Arkansas in the specific area 
where he collected the plants. 

Since the publication of Berry's papers on the fossil 
floras of the "Bingen fornlation" of Arkansas and the 
Woodbine sand at Arthurs Bluff in Texas much has 
been learned in regard to the age and stratigraphic 

10 Berry, E. W., Contributions to the Mesozoic flora of the Atlantic Coastal 
Plain, XII-Arkansas: Torrey Bot. Club Bull. 44, pp. 167-190, 1917. 

20 Berry, E. W., The flora of the Woodbine sand at Arthurs Bluff, Texas: U. S. 
Geol. Survey Prof. Paper 129, pp. 153-181, 1922. 

relations of these and other formations of the Gulf 
series in Arkansas and northeastern Texas. Miser and 
Purdue z1 in 1919 divided the "Bingen sand" of Veatch, 
in Howard and Pike Counties, Ark., into the lower or 
main part of the formation and an upper "Tokio sand 
member." The distribution of the "Tokio sand mem
ber" as represented on the map accolllpanying the 
paper cited shows that it overlaps the main part of 
the "Bingen" and finally conceals the "Bingen" 
completely from west to east. The unconformity 
beneath the gravel bed at the base of the Tokio forma
tion of the present report has since been traced by 
Dane southwestward as far as Little River, where it is 
concealed by the river alluvium. From northeast to 
southwest the Tokio, according to Dane,2z becomes 
interstratified with beds of clay of increasing thick
ness, until in Sevier County the clay predominates over 
the sand. 

The lower part of the "Bingen sand" of Veatch 
contains the thickest beds of volcanic tuff already 
mentioned, and thin beds of volcanic material are 
present in the overlying Tokio formation. The beds 
of volcanic tuff of the lower part of the "Bingen sand" 
have been traced westward from Arkansas through 
McCurtain, Choctaw, and Bryan Counties, Okla., and 
through the northern parts of Red River, Lamar, and 
Fannin Counties, Tex., where they form a continuous 
and characteristic deposit connecting directly with the 
upper part of the Woodbine sand. The tuffaceous beds 
are interbedded with the fossil plant bearing beds 
a~ Arthurs Bluff. In Lamar and Fannin Counties the 
volcanic tuffs have been definitely identified beneath 
the Eagle Ford clay, showing that the lower part of 
the "Bingen" is in reality the eastward extension of 
the upper part of the Woodbine sand. 

The Tokio in Arkansas has been found by Dane 
to contain fossils at several stratigraphic positions, 
the lowest within 70 feet of the base, which according to 
Stephenson indicate with reasonable certainty that 
this division is younger than the Eagle Ford clay. 
Inasmuch as the lower part of the "Bingen "-that is, 
the Woodbine sand-passes beneath the Eagle Ford 
in Texas, and the upper part of the "Bingen "-that 
is, the Tokio formation-is younger than the Eagle 
Ford, it follows that the Eagle Ford is represented in 
Arkansas by the unconformity between the Woodbine 
and Tokio. 

MANNER OF DEPOSITION OF VOLCANIC MATERIALS 

The lithic tuffs of the Woodbine formation were 
water-laid, as is shown by the rounded pebbles of 
large and small sizes, the assortment of the larger 
pebbles into lenses at some places, the local occurrence 
of glauconite, and conspicuous cross-beddIng, which 

21 Miser, Hugh D., and Purdue, A. H., Gravel deposits of the Caddo Gap and 
De Queen quadrangles, Ark.: U. S. Geol. Survey Bull. 690, pp. 22-24, 1918. 

n Dane, C. H., U. S. Geol. Survey press notice, Sept. 10, 1926. 
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is revealed in all exposures. Yet in spite of the water
laid character of these tuffs the orthoclase, augite, 
titanite, and spinels found in them, especi[1,lly in the 
N ashville area, show very perfect crystal faces with 
little evidence of attrition. 

The pumiceous orthoclase trachyte tuffs of the Wood
bine fonnation display little or no evidence of bedding, 
but SOlne of thCln contain leaf fragnlents suggesting 
that they, like the lithic tuffs. were deposited-in 
\\r,ater. 

The' tuffaceous sand of the Woodbine contains 
invertebrate fossils in some of the exposures in Okla
hOllla and Texas. The fossils together with £he 
character of the sand indicate that the Woodbine was 
there deposited in marine and brackish waters. 

The cross-bedding and assortlnent of the materials 
in peridotite tuff of the Tokio fonnation indicate that 
the tuff was water-laid. The kaolin beds that appear 
to be derived fr0111 Ina terial of volcanic origin in the 
Tokio forlnation were also water-laid, as is shown by 
the occurrence of horizontal laminae, an occasional 
grain of glauconite, and 'fossil plant leaves and stems 
lying parallel with the lanunae. 

VOLCANIC VENTS OF CRETACEOUS AGE IN ARKANSAS, 
OKLAHOMA, AND NORTHEASTERN TEXAS 

The location of the vents that supplied the volcanic 
111aterial in the Woodbine and Tokio formations may 
be inferred fr0111 the different kinds of volcanic Inaterial, 
from the thickness of the water-laid volcanic deposits, 
fr0111 their distribution, and fronl their change in 
character fronl place to place. 

Of the known deposits of tuff in Texas, Old ahoma, 
n,nd Arkansas, the thickest lie in Howard, Pike, and 
Sevier Counties, Ark. This fact, combined with the 
well known occurrence of volcanic activity at Murfrees
boro, Pike County, suggests that the vent or vents 
through which the enonnous quantity of tuff and ash in 
southwestern Arkansas, southeastern Oldahoma, and 
northeastern Texas was ejected were situated in these 
three counties. The areas of Lower Cretaceous and 
older rocks in these and adjoining counties have been 
carefully studied by many geologists, but thus far no 
volcanic vents active in Cretaceous time except the 
peridotite vents near Murfreesboro have been discov
ered. If the Cretaceous vents supplying the other 
kinds of volcanic lllaterial were situated in the south
ern parts of the counties they are now concealed by 
beds of Upper Cretaceous and Quaternary age. 

The volcanic center a few nriles southeast of Mur
froesboro, Ark., consisted of three or more volcanoes, 
here nl1l11ed the 11urfreesboro volcanoes. (See fig. 18 
and pI. 19.) The rocks that fill these old vents are 
exposed. Another vent that erupted volcanic material 
of a trnchytic type was apparently a few miles north
west of Nashville, Ark., and a second was apparently 
half to three-quarters of a nlile south of Lockesburg, 

Ark. These two vents are here named the Nashville 
and Lockesburg volcanoes. They supplied the tuffa
ceous material in the Woodbine formation. Neither 
of the vents is exposed. How many other centers, if 
any, there may have been in southwestern Arkansas, 
southeastern Oldahonla, and northeastern Texas is 
not known. The exhaustive studies by different geol
ogists of the syenites and related types of igneous rocks 
near central Arkansas have not suggested to theIn that 
the intrusion of these rocks was accompanied by vol
canic explosions. The evidence for the assumption 
that volcanic vents were located near Lockesburg 
and Nashville is given in the several succeeding para
graphs. 

The locatIOn of the three volcanoes mentioned above', 
as well as the location of distant volcanoes of Cre
taceous age in these and adjacent States, is shown on 
Figure 18. The Monroe, Thrall, and Lytton Springs 
volcanoes were discovered by means of deep oil and gas 
wells. 

The peridotite material at the base of the Tokio 
formation near Murfreesboro, Ark., is believed to be 
peridotite tuff. Its occurrence near the Murfreesboro 
volcanoes indicates that they were its source. The 
necks of these volcanoes are filled with three kinds of 
peridotite-porphyritic rock, breccia, and tuff. The 
breccia is diamond bearing and has yielded diamonds 
in small comlnercial quantities. The volcanic activity 
apparently took place in early Upper Cretaceous time, 
as is indicated by the upward extension of the . necks 
through beds of the Trinity formation (Lower Cre
taceous) and by the occurrence of deposits of water
laid peridotite material (peridotite tuff?) in the lower 
part of the Tokio fornlation (Upper Cretaceous). 

The Murfreesboro volcanoes did not yield more 
than a small quantity of ejected material to the thick, 
widespread deposits of volcanic rocks in the Wood
bine and Tokio formations, for no positive identifi
cation of peridotitic material has been made in the 
formationR except at localities near Murfreesboro. 

The volcanic rocks represented in the Woodbine 
and Tokio formations other than peridotitic material 
include two kinds whose sources will be considered 
separately. One kind is an orthoclase trachyte, 
characterized by pumice now largely altered to ben to
nite, and the other is characterized by beds of lithic 
phonolite pellets. 

The fragments of orthoclase trachyte associated 
with the pumice tuffs are not rounded, and the crystal 
grains are all very sharply euhedral or angular where 
fractured. Some of the pumice beds contain no 
foreign detrital material of any kind, even where the 
beds above and below contain large proportions. 
Much of the pumice was composed of lenticular 
vesicles bordered by exceedingly thin walls that made 
it an unusually fragile material. There was no sort .. 
ing or sizing of pumice, and sharply angular frag-· 
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ments are discernible In every thin section examined. 
The fragile nature of the pumice and its relations seem 
to preclude any extensive transportation. The purest 
pumice and trachyte tuffs are found on Coleman and 
Pleasant Valley Creeks (fig .17), and the tuffs become 
less pure with distance from that locality. These 
circumstances seem to indicate rather clearly that the 
volcanic centers that supplied the pumice and trachyte 
tuffs were situated not more than a few miles from a 
point about 3 miles northwest of Nashville, Ark. 

show crystal faces but are more rounded than in the 
N ashville area. Fresh augite is very rare but appears 
to have been abundant prior to replacement by cal
cite; magnetite, spinel, and other minerals that resist 
replacement are just as abundant as near Nashville. 
Pyrite and siderite have developed, augite has been 
replaced by calcite, and glauconite has formed filIns 
around and replaced mineral and rock grains. 

These results make it seem possible that the east
ernmost parts of the tuffaceous beds of the phonolite 

MEXICO 

type were nearest to the volcnnic cen
ter that supplied the material. On 
the other hand, the cobbles of phono
lite found on Mine Creek near N ash
ville, Ark. (fig. 17), were exceedingly 
well rounded and possibly sonlewhat 
weathered before they became incor
porated in the tuffs and associated 
gravel beds. The small rock pellets 
that are characteristic lllaterial of the 
phonolite tuffs and sands are rounded 
and rather well sorted and l110re or 
less mixed with quartz and novaculite 
grains. This suggests that the phono
lite material had been transported 
some distance, even in the Arkansas 
part of the region, though it could 
hardly have been carried by streall1S 
from the areas of igneous rocks neRr 
the center of Arkansas, the nearest of 
which is between 50 and 60 nliles north
east of Murfreesboro. The evidence 
in favor of transportation is sonlewhat 
opposed by the euhedral shape and lack 
of rounding of the· phenocrysts fronl the 
phonolite tuffs. On the whole, however, o 100 
there seems to be no evidence that ex

EXPLANATION 

I ! ! , I 

~ 
.. 

.. :.: :. : .. W!}fj B 
cludes considerable transportation of 
the phonolite volcanic material or that 
suggests a very exact location of the 
volcanic center or centers from which 
it came. Probably, however, the east
ern tuff beds were nearer the source of 
supply than those in the Texas-Okla
homa region, where there is greater 
mixing with other materials find a 
greater rounding of mineral grains. 

Quaternary and 
Tertiary rocks 

Sedimentary rocks 
of Cretaceous age 

Paleozoic and 
Pre-Cambrian rocks 

Igneous rocks 
of Cretaceous age 

VOLCANOES ACTIVE IN CRETACE.OUS TIME. 

~ ~¥~ . 
Rocks filling the necks of these Rocks that compose the necks and 

volcanoes are exposed at surface cones of these volcanoes are eon; 
cealed by rocks of Cretaceous and 
later age 

FIGURE IS.-Map of Arkansas and adjacent States showing the location of volcanocs that were active in 
Cretaceous time and the exposures of igneous rocks of Cretaceous age 

The volcanic ma.terials of the phonolite type are 
fresher and less nlixed with foreign detrital debris in 
the area near N a.shville, Ark., than in the Oklahoma 
and Texas a.reas. As the tuff beds are followed west 
into Olda.homa and southwest into Texa.s there appears 
to be an increase in the avera.ge proportion of quartz 
and other nonvolcanic detrital material. Phonolite 
is the characteristic volcanic rock material, but minor 
amounts of orthoclase and rock fragments of the 
trachyte type are present. The orthoclase crystals 

That a volcanic center was situated in the vicinity 
of Lockesburg, Sevier County, Ark., is suggested by 
natural phenomena there. Three-quarters of a nlile 
south of Lockesburg broken and bent beds of the 
Trinity are revealed in a small exposure by the road
side. 23 No post-Cretaceous faulting and certainly no 
close Cretaceous folding has affected the Trinity at 
any other place in Arkansas, Oklaholl1a, or the adjacent 
part of Texa.s with which t.he writers are familar. The 

23 Dane, C. H., letter of Jan. 20, 1926. 
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steep dips and fractures in the Trinity are perhaps 
attributable to displacelnent in connection with vol:.. 
('.anic ac.tivity. 'Veight is added to this suggestion by 
the oc.eurrence of numy large angular blocks of Pale
ozoic sandstone at the locality three-quarters of a 
mile south of Lockesburg. The blocks, measuring as 
lnuch as 15 feet in length, 4 feet in width, and 3 feet 
in thickness, could not have been transported very 
fa,r by streams that deposited the known gravel beds 
of Cretn.eeous age in Arkansas. 23 The nearest exposures 
of Paleozoic sandstone are in the Ouachita Mountains 
10 Iniles north of Lockesburg. ~10reover, the great 
abundanee of the sandstone blocks at the Lockesburg 
loeality indicates that they were probably not trans
ported fr0111 the Ouachita ~10untains. Their source 
was thus appn.rently near by. Possibly t4ey came 
from a high ridge of Paleozoic sandstone that may have 
extended upward ~ntirely through the Trinity, about 
1,000 feet thiek, or fronl blocks of sandstone brought 
upward by volcanic explosions. Ridges of so great 
height on the Cretaceous floor are not known in Arkan
sas, though ridges several hundred feet high are known 
near Spencerville, Choctaw County, Okla. At the vol
canic neck near Murfreesboro, Ark., on which the 
Ozark, ~1n.uney, and Arkansn.s dialnond nunes are 
located, there are masses of Paleozoic quartzite hun
dreds of feet in their longest dimension: These have 
all been lifted upward by the forces accompanying 
the volcanic activity, and it seelllS probable that the 
same explanation applies to the tilted Paleozoic. blocks 
ncar Lockesburg. 

WIDESPREAD VOLCANIC ACTIVITY DURING CRETA
CEOUS PERIOD 24 

Volcanic materials are widespread in the Woodbine 
forlnation, not only on the outcrop but in the deposits 
away frolll the outcrop, also in equivalent and over
lying beds of Upper Cretaceous a$e. Furthermore, 
they are present not only in Arkansas and Oklahoma 
bu t also in Louisiana, Texas, and Alabama. The 
occurrences are briefly lllentioned below. 

Bentonite has been found in the "Bingen fornlation" 
OVoodbine and Tokio fornlations) in wells in Union 
County, Ark., as identified from samples sent to the 
Geological Survey by H. D. Easton. 

Bentonite occurs in Louisiana in beds that appear 
to be the equivalent of the Arkadelphia clay or .the 
~1arlbrook 111arl (Upper Cretaceous), which are 
younger than the Woodbine and Tokio formations. 25 

n Danc, ('. n., personal communication, Jan. 20, 1926. 
tl Since the present papcr was written a comprehensive report, by J. T. Lonsdale, 

on the igneolls rocks of the Dalconcs fault region of Texas, was issued Nov. 22, 1927, 
as Bulletin 2744, by the Bureau of Economic Geology of the University of Texas. 
Lonsdale dcscribcs not only the exposed igneous rocks but also those that have been 
found in wclls. Brief references are made in the present paper to occurrences of 
of igneous rocks In 'rexas. 'l'he rocks of all the occurrences cit.ed, as well as others, 
are dcseribcd hy Lonsdale. He describes their form, distribution, and petrographic 
character and also discllsses the age and nature of the igneous activity. 

26 Bramlette, M. N., Bentonite in the Upper Cretaceous of Louisiana: Am. Assoc. 
Petroleum Geologists Bull., vol. 8, pp. 342-344, 1924. 

Bentonite of exceptional purity which shows very 
perfect volcanic-ash structure occurs in the Eutaw 
fonnation, of Upper Cretaceous age, near Montgonl
ery, Ala. Material fr0111 this deposit was collected by 

,Doctor Carver, of the Tuskegee Institute, and sub
mitted to Clarence S. Ross by Henry M. Payne for 
identification. The age of the bed is "inferred by L. W. 
Stephenson 26 from the geographic location of the ben
tonite occurrence. Material fr0111 the saI11e deposit has 
been submitted to the United States Geological Sur
vey by E. M. Graves, of Montg01nery.26 

An unusually pure bentonite near Aberdeen, Mon
roe County, Miss., is reported by the State geologist 27 

to be part of the Eutaw formation. The Eutaw forma
tion is porrelated by Berry 28 with the Tokio fOl'lnation 
(" upper Bingen "). 

Volcanic ash is found in the Eagle Ford clay in wells 
in northeastern Texas. 2

!l This clay is regarded by 
Stephenson as occupying part of the hiatus repre
sented by the unconformity between the Woodbine and 
Tokio formations. 

Thin layers of bentonite reaching a nlaximum thick
ness of 1.5 feet, interbedded with shaly clay and platy 
limestone, have been observed by Stephenson and 
others in the lower part of the Eagle Ford clay in Texas 
as follows: In the vicinity of Austin, Tdl,vis County; 30 
northeast of Georgetown, "Villianlson County; be
tween Belton and Temple, Bell County; at several 
places along the strike of the formation in McLennan 
County; 31 near Grand Prairie, Dallas County;32 and 
west of PottsQpro, Grayson County. These localities 
may prove to be parts of a continuous zone in the lower 
part of the Eagle Ford clay extending at least from 
Travis County to Grayson County. 

Pilot Knob, 8 miles southeast of Austin, Tex., 
(fig. 18), marks the site of an ancient volcanic eruption, 
which probably took place late in Austin time and 
early in Taylor time.33 Beds of tuff that are related 
to the central mass extend outward from it for 6 
miles. The typical Austin chalk, according to Steph
enson, is apparently represented by the Tokio forlna
tion. The lower part of the typical Taylor marl, 
also according to Stephenson,34 is apparently equiva
lent to the Brownstown marl, which overlies the 
Tokio formation. If these correlations are correct, 

~ Stephenson, L. W., The Mesozoic rocks, in Geology of Alabama: Alabama 
Geol. Survey Special Rept. 14, p. 236, 1926. 

27 Lowe, E. N., personal communication. 
28 Berry. E. W., Contributions to the Mesozoic fiora of the Atlantic Coastal Plain, 

XII-Arkansas; Torrey Bot. Club Bull., vol. 44, pp. 167-190, 1917. 
29 Waite, V. V., oral communication to H. D. Miser. 
~o Dr. J. A. Udden (oral communication) has recognized bentonitic clay in Eagle 

Ford shale, in exposures on a small southern tributary of Colorado River, just south 
of Austin, Tex. 

31 Adkins, W. S., Texas Univ. Bull. 2340, p. 107, 1923. 
32 Stanton, T. W., oral communication. 
33 Hill, R. T., and Kemp, J. F., Pilot Knob. a marine Cretaceous volcano: Am. 

Geologist, vol. 6, pp. 286-294, 1890. Deussen, Alexander, Gcology of the Coastal 
Plain of Texas west of Brazos River: U. S. Geol. Survey Prof. Paper 126, p. 120, 1924. 

3l Stephenson, L. W.,· A contribution to the geology of northeastcrn Texas Bnd 
southern Oklaboma; U. S, Geol. Survey Prof. Paper 120, P. 154, 1919. 
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the eruption at Pilot Knob occurred during and soon 
after Tokio time. Intrusive igneous rocks are present 
farther southwest in Texas, particularly in Uvalde 
County. The volcanic activity in that county took 
place in Tertiary time.35 

A buried sill of decomposed basalt, or possibly a bed 
of volcanic tuff, occurs in the Taylor marl near Thrall, 
Williamson County, Tex.36 (See fig. 18.) As the 
lower part of the Taylor marl is equivalent to the 
Brownstown marl, the sill of basalt or bed of tuff may 
have been formed soon after Tokio time. Concerning 
the body of igneous rock Deussen 37 says: 

The body is evidently either a sill connected with some 
near-by volcanic neck or a tuff similar to those exposed near 
Austin, deposited by a submarine volcano that was active in 
this vicinity in early Taylor time. In any event the rock is 
closely related structurally and historically to the Pilot Knob 
disturbance near Austin. 

At Lytton Springs, Caldwell County, Tex., a body. 
of igneous rock 38 has been found in deep wells to 
project upward through the Austin chalk into the 
Taylor marl. The rock, which is now largely serpen
tine and chlorite, was originally volcanic ash, lava, and 
intrusive basalt and probably represents an old buried. 
volcanic cone. The igneous rock here, like the serpen
tine rock at Thrall, yields oil in commercial quantities. 

Beds of bentonite occur in the Navarro formation 
at a locality 3 % miles northwest of Macdona, Bexar 
County, Tex. The purer layers retain perfectly the 
characteristic structure of the glassy volcanic tuffs 
from which the bentonite was. deriv~d. Specimens 
collected by J. A. Udden and M. 1. Goldman were 
examined. This deposit, previously referred to the 
Taylor marl, is believed by Stephenson to belong to 
the Navarro formation. 

A succession of volcanic tuffs and flows underlies a 
part of the Monroe gas field of Louisiana. It is 1,100 
to 1,200 feet thick and "seems to include the interval 

. between the N acatoch, Marlbrook, or Annona, and 
the Washita (of Comanche age)." 39 The differences 
in the thickness of the tuffs and flows and their distri
bution strongly suggest that they form a part of a 
volcanic cone which is buried in Cretaceous sediments. 
(See fig. 18). The inclosing sediments above and those 
below, being both of Cretaceous age, indicate that the 
volcano was active in Cretaceous time. 

Volcanic tuff from the Prothro salt dome, in T. 14 N., 
R. 6 W., Bienville Parish, La., is identical in appear
ance and composition with some of the lithic tuffs in 

36 Deussen, Alexander, op. cit., p. 121. 
36 Udden, J. A., Oil in an igneous rock: Econ. Geology, vol. 10, pp. 582-585, 1915. 
37 Deussen, Alexander, op. cit., p. 120. 
38 Bybee, H. P., and Short, R. T., The Lytton Springs oil field: Texas Univ. 

Bull. 2539, Oct. 15, 1925. Collingwood, D. M., and Rettger, R. E., The Lytton 
Springs oil field, Caldwell County, Tex.: Am. Assoc. Petroleum Geologists Bull., 
vol. 10, pp. 9i3-975, 1926. 

39 Bramlette, M. N., Volcanic rocks in the Cretaceous of Louisiana: Am. Assoc. 
. Petroleum Geologists Bull., vol. 8, pp. 344-346, 1924. Spooner, W. C., and Bell, 
H. W., The Monroe gas field: Louisiana Dept. Conservation Bull. 12, pp. 5-6, 
figs. 1,2, 1925. Easton, H. D., Oil and Gas Journal, Mar. 24 and Oct. 13, 1927. 

the Woodbine formation of Arkansas and Old ahoma ; 
. but, according to Stephenson, the fossils from the tuff 
at Prothro dome indicate that it is younger than the 
Eagle Ford clay and is probably of the age of the Tokio 
formation and the typical Austin chalk. The tuff, 
according to J. P. D. Hull/o who examined the locality in 
1922, and also according to W. C. Spooner,41 who has 
recently examined the locality, is exposed in almost 
vertical ledges 110 feet in total thickness. Mr. 
Spooner says he has found an outcrop of the same kind 
of rock in beds of the same age in the Rayburn salt 
dome, in T. 15 N., R. 5 W., Bienville Parish, La. 

The tuffaceous sand of the Prothro dome contains 
phonolite with the same unusual and significant 
composition that characterizes the phonolite tuffs of 
Arkansas, and trachyte and pumice of the Arkansas 
type are present in minor quantities. Also the entire 
list of minerals associated with the tuffs is the same. 
The volcanic rocks in the two areas thus have the same 
lithologic character. Siderite has formed, calcite has 
replaced augite, and an unusual type of glauconite has 
been deposited in films q,round and has replaced augite 
crystals and phonolite grains in both areas. 

Thus in the Prothro dome and in Arkansas, OIda
homa, and Texas the volcanic materials are the same 
(see table on p. 194), their relations are the same, and 
very peculiar and unusual secondary replacement 
processes affected the beds in both regions in the same 
way. The peculiar lithologic characters suggest in 
themselves that the beds in the Prothro dome represent 
the same formation that crops out in Arkansas, but 
the fossils discussed by Stephenson on page 200 seem 
to afford conclusive evidence that the Prothro dome 
and Woodbine beds are not of the same age. 

The volcanic activity that produced the peridotite 
. of Pike County and the nephelite syenites and asso

ciated types in other parts of Arkansas probably 
accompanied the" down-warping of the Mississippi 
embayment in UpperCret.aceoustime. The tuff and ash 
falls in the Woodbine and Tokio formations of south
eastern OIdahoma and Arkansas probably took place 
at.this time. As has been pointed out by Branner,42 
the igneous rocks of Arkansas occur near and parallel 
with the old Cretaceous-Tertiary shore line, which 
extended northeastward across the State. He believed 
that this shore line was affected by faulting or other. 
weakness and that the igneous rocks of Arkansas had 
sonle possible connection with t,his line of disturbance. 
The similarity of the peridotite and lanlprophyre dikes 
of western ICentucky and southern Illinois and the 
peridotite breccia of Riley County, Kans.43 (fig. 18), 

40 Letter dated Aug. 1, 1924. See also Hull, J. P. D., Prothro salt dome, Bien
ville Parish, La.: Am. Assoc. Petroleum Geologists Bull., vol. 9, pp. 905-906, 1925. 

41 Letter dated Aug. 2, 1924; also Interior salt domes of Louisiana: Am. Assoc. 
Petroleum Geologists Bull., vol. 10, pp. 229-230, 248, 262-263, 1926. 

42 Branner, J. C., The former extension of the AppalaChians across Mississippi, 
Louisiana, and Texas: Am. Jour. ScL, 4th ser., vol. 4, p. 365, 1897. 

43 l\ioore, R. C., and Haynes, W. P., An outcrop of basic igneous rock in KansaS: 
Am. Assoc. Petroleum Geologists Bull., vol. 4, pp. 183-187, 1920. 
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suggests that the intrusion of the peridotite in those 
States occurred during Upper Cretaceous time. 
Although this is a lnere suggestion, the writers know 
of no facts that. would nlilitate against this view. 
Plugs of volcanic breccia of acidic rocks occur in the 
same region as the dikes of southern Illinois (fig. 18) 
and "may represent an explosive phase of the region's 
igneous phenolnena." 44 

VOLCANIC ACTIVITY IN GULF COASTAL PLAIN AND 
ADJOINING REGION IN PALEOZOIC AND TERTIARY 
TIME 

Volcanic activity that affected the Gulf Coastal 
Plain and the adjoining country has taken place not 
only in the Upper Cretaceous epoch but at several 
other times. Bentonite occurs in the Ordovician rocks 
of Kentucky, Tennessee, and Alabama.46 Bentonite 
and slightly metalllorphosed tuff also occur in Ordo
vician rocks in Virginia 46 and PennsylvaniaY Vol
canic ash is reported by C. W. Honess in the Missouri 
IV[ountain slate (Silurian), in McCurtain County, 
Okla. 48 Also volcanic ash and breccia are reported by 
lIoness from two horizons in the Arkansas novaculite 
of Devonian age in McCurtain County, Olda.,49 and 
he suggests that at least some of the Arkansas novacu
lite is silicified and devitrified volcanic ash. Volcanic 
tuff occurs in a bed 90 to 100 feet thick and in several 
thinner beds in the Stanley shale (Carboniferous) in 
Polk County, Ark., and McCurtain County, OIda.50 

Beds of Tertiary bentonite of different ages are 
reported by IIenry lvL Payne 51 to occur at several 
localities jn Mississippi and Alabama. The age of the 
bods is inferred by C. W. Cooke from the geographic 
location. The localities together with the age of the 
bentonite beds are as follows: In beds of probable 
Miocene age on the outskirts of Mobile, Ala.; in the 
Clayton fOrIlIation, of Mid way (Eocene) age, at Houlka, 
Chickasaw County, l\1iss.; in the Porters Creek clay, 
of Midway (Eocene) age, west of Woodland, Chick a-

44 Currier, L. W., Igneous rocks [of Hardin County, Ill.]: Illinois Geol. Survey 
Bull. 41, pp. 237-244, 1920. 

4& Nelson, W. A., Volcanic ash bed in the Ordovician of Tennessee, Kentucky, 
and Alabama: Geol. Soc. America Bull., vol. 33, pp. 005-615, 1922. Butts, Charles, 
'1'he iPaleozoic rocks, in Geology of Alabama: Alabama Geol. Survey Special Rept. 
14, pp. 113-114, 131-133, 1926; U. S. Gcol. Survey Geol. Atlas. Bessemer-Vandiver 
folio (No. 221), pp. 7, 16, pIs. 10, 17, 1927. 

40 'l'aber, Stephen, Geology of the gold belt in the James River basin of Virginia: 
Virginia Geol. Survey Bull. 7, p. 43, 1913. Powell, S. L., letter dated March 24, 
1925. Nelson, W. A., Volcanic ash deposit in the Ordovician of Virginia: Geol. 
Soc. America Dull., vol. 37, pp. 149-150, 1926. Giles, A. W., 'l'he origin and occur
rence in Rockbridge County, Va., of so-called "bentonite": Jour. Geology, vol. 35, 
pp. 527-541, 1927. Ross, C. S., Paleozoic volcanic materials and criteria for their 
lecognition: Am. Assoc. Petroleum Geologists Dull., vol. 12, pp. 143-164,1928. 

47 Bonine, C. A., Researches in sedimentation in 1925 and 1926, pp. 4-5, National 
Research Council, 1926. Stose, G. W., and Jonas, A. I., Ordovician shale and asso
ciated lava in southeastern Pennsylvania: Geol. Soc. AmericaBull., vol. 38, pp. 
505-536, 1927. 

48 Honess, C. W., Geology oC the southern Ouachita Mountains of Oklahoma: 
-Oklahoma Geol. Survey Bull. 32, pp. 107-lO9, 1923. 

4g Idem, pp. 121-139. 
&0 Miser, n. D., Mississippian tuff in the Ouachita Mountain region (abstract): 

Oool.~Soc. America Dull., vol. 31, pp. 125-126, 1920. Honess, C. W., The Stanley 
shale of Oklahoma: Am. Jour. Sci., 5th ser., vol. 1, pp. 63-80, 1921; also op. cit. 

A! P~rsonal communication. 

saw County, Miss., and hear Maben in Webster and 
Oktibbeha Counties, Miss.; and in the Clayton forma
tionor the Porters Creek clay in western Union County, 
across Pontotoc County, and along the Gulf, Mobile 
& Northern Railroad in Tippah County, Miss. 

An unusually pure bentonite occurring near Aber-' 
deen, Monroe County, Miss., is reported by the State 
geologist 52 to be part of the Eutaw formation. 

A bed of glassy volcanic ash probably of Jackson 
(late Eocene) age occurs in the northeast part of La 
Salle Parish, La.53 The ash bed is 4 feet thick at the 
outcrop and is reported to be 35 feet thick in a drill 
hole near by. This material is nearly pure white and 
very fine grained and contains from 10 to 15 per cent 
of crystalline quartz, feldspar, etc. 

Tuff of Oligocene or lower Miocene age is widely 
distributed in Live Oak and McMullen Counties, 65 to 
90 miles south of San Antonio, Tex.54 

Volcanic ash of several different ages in Arkansas 
and Louisiana is briefly described by Crider,55 who 
says: "Volcanic ash has been discovered in a number 
of * * * localities in Louisiana and Arkansas 
ranging in age from Lower Cretaceous to .the Jackson 
formation of the Eocene." 

Volcanic ash is mentioned by Dumble 56 as occur
ring in Texas in the Fayette, Yegua, and Jackson 
formations (Eocene), in beds ·of upper Oligocene age, 
and in the Oakville sandstone (Miocene). 

Volcanic ash from the Hayes district of Calcasieu 
Parish, La., has been described recently' by Hanna,57 
though the age of the ash is not lmown to him. The 
core he examined came from a depth of l,510 feet in 
the Duhig et al. No. 1 Levey well. 

\ -

DISTRIBUTION OF THE TUFF TYPES 

The general distribution of the tuff beds has been 
stated, but for the purpose of petrographic description 
it is convenient to take them up in five rather distinct 
groups of occurrences. One of these comprises the 
region north and northwest of Nashville, Ark., where 
the orthoclase trachyte pumice tuffs are the thickest 
and composed most largely of igneous material. 
Another is the area of Arkansas where the phonolite 
tuffs occur. Over part of the area the beds of the first 
group overlie those of the second, but from Blue 
Bayou west to the State line the pumice tuffs are not 
well developed so far as known. A third group of oc
currences is in Oklahoma, and a foutth includes the 

62 Lowe, E. N., personal communication. 
63 Personal communication from W. M. Weigel, mineral tcchnologist oC the Mis· 

souri Pacific Railroad. 
&4 Bailey, T. L., Extensive volcanic activity in the middle Tertiary of the south 

Texas Coastal Plain: Science, new ser., vol. 59, pp. 299-300, 1924. 
6& Crider, A. F., Volcanic ash in northern Louisiana: Am. Assoc. Petroleum 

Geologists Bull., vol. 8, pp. 524-525, 1924. 
&a Dumble, E. T., A revision of the Texas Tertiary section with spccial refcrence to 

the oil-well geology of the coast region: Am. Assoc. Petroleum Geologists Bull., 
vol. 8, pp. 424-444, 1924. 

&7 Hanna, M. A., An interesting volcanic ash from Calcasieu Parish, La.: Am. 
Assoc. Petroleum Geologists Bull., vol. lO, pp. 93-95, 1926. 
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tuff-bearing beds of Texas. • The fifth comprises the 
occurrences in the Prothro dome and the Rayburn, 
salt dome. 

The nlinerals and their relative proportions differ 
greatly from place to place, and no single specimen is 
entirely characteristic of a locality, but tuffs from a 
locality in each of the above five groups were unsually 
fresh and have been studied in detail. The material 
was prepared for study by washing, and the heavy 
minerals were concentrated by heavy solutions. The 
results of thjs study are given in the table below. 
Where mineral or rock grajns were present in essential 
anlOunts the approximate proportions were determined 
and are given in figures. If a mineral formed less than 
1 per cent of the material, its presence but not its pro
portion was determined and is indicated by an X. 
The purer specimens of all the tuffs were selected for 
study, and the figures given do not imply that all the 
specimens from a given locality had the high content 
of volcanic nlaterials indica,t,ed. 

Rocks and mine'/'als of the tuffs 

Ortho
clase 

trachyte 
tuffs 

Phonolite tuffs 

____________ 1 __ 2 __ 3_1 __ 4 __ 5_ 

Phonolite_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ X 78 65 70 38 
Trachyte________________ 31 X 2 X X 
Pumice _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 45 X X X 
Quartz ________ .. _________ 2 2 27 10 47 
Novaculite ______________ -1 X 3 6 2 
Orthoclase _______________ 20 X 1 11 9 
Plagioclase __ .! _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 2 
Augite_ __ __ __ _ _ __ __ _ _ __ _ X X X X X 
Hornblende______________ X X X X X 
Biotite__________________ X X X X X 

,Magnetite_______________ X X X X X 
Black spineL _ _ _ _ _ _ _ _ _ _ _ _ X X X X X 
Apatite_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ X X X X X 
Zircon _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ X X X X X 
Tourmaline______________ X X X X X 
Staurolite_______________ X X X X X 
Garnet. __________________________ .: _ _ X X 
Glauconite (marine)______ ______ X ______ ______ X 
Glauconite (replacement)_ ______ 12 X X X 
Pyrite_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ X X X ___ - _______ _ 
Siderite_________________ X X X X 1 X~ 
Calcite ___ -______________ X X X X 
Phosphatic grains________ ______ X X X 

1. From Blue Bayou, Ark., representing orthoclase trachyte 
tuffs. 

2. From Owen Place, Ark., unusually pure phonolite tuff. 
(See fig~ 17.) 

3, From Garv,in, Okla. (See pI. 20,) 
4, From Arthur City,' Tex. (See pI. 20.) 
5. From the Prothro salt dome, La. 

The last four columns of the table show a great 
variation in the proportions of volcanic and detrital 
sedimentary rock debris, but the igneous-rock minerals 
show practical identity, even though the localities 
from which they came were widely separated. The 
metamorphic-rock minerals and the minerals that 

developed subsequent to deposition are also identical. 
The orthoclase is all sanadine, the augite crystals all 
show the cockscomb habit, and the hornblende is 
similar in color and habit. Black spinel, which is a 
very unusual nlineral in volcanic rocks, is present in 
every sample studied. The gla,uronite that formed 
films around rock and nlineral grains was later than 
deposition in all the specinlens. 

THE TUFF BEDS OF ARKANSAS 

MINE CREEK, HOWARD COUNTY, ARK. 

The tuffs, tuffaceous sands, and associated grn. vel 
and boulder beds crop out for about 1 Illile along ~1ine 
Creek, 3 Iniles north of Nashville, Ark. (Sec fig. 17.) 
The beds change greatly in character wi thin short 
distances, and there is locally a very large adlllixture 
of nonvolcanic detrital rock. For this reason the tuff 
beds on Mine Creek are hard to describe systematically, 
but the chief types of material will be ITlentioned. 

The . tuff beds contain 111 any beds and lenses of 
gravel and boulders, and the rock materials are pre
dominantly quartz and novaculite, but locally there 
are many pebbles and cobbles of igneous rock of the 
same type that fOrIns the small rounded rock pellets 
of the lithic phonolite tuffs. The most abundant 
igneous material on ~1ine Creek is composed of rounded 
grains of phonolite mixed with quartz and novaculite 
grains and with various proportions of pumice and 
trachyte fragnlen ts. 

The bentonitic beds derived fronl glassy pUlnice 
~sually contain large proportions of other rock nlater
ials, but one mass of unusual purity crops out at water 
level on the west side of the creek. It is cream-white 
and is composed of clay grains derived from pumice, 
a very little finely crystalline trachyte, and about 25 
per cent euhedral orthoclase. The clay·grains retain 
perfectly the fibrous pumice structure. The clay 
portion is of unusual purity and was separated and 
analyzed. (See p. 186.) At the base of the pUlllice 
lnass is a layer of small phonolite pebbles that are 
almost completely kaolinized. 

A t nearly the same horizon are beds of deep-red 
sandy clay that are composed of orthoclase, PUI~lice 
fragments altered to clay, and altered trachyte frag
nlents. The red layer is in sharp bedded contact above 
and below with beds of normal color, and it is evident 
that oxidation occurred during or before deposition and 
is not the result of recent weathering. 

Pebbles of red clay were noted by C. H. Dane 58 in 
the tuff three-quarters of a nlile south of ' Lockesburg. 
They were apparently derived fronl a bed of red clay 
older than the tuff, and they were oxidized before they 
were deposited in their present position, which is about 
20 feet above the base of the vVoodbi!le. 

. 68 Oral communication, 
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COLEMAN CREEK, HOWARD COUNTY, ARK. 

The tuff layer crops out for about three-quarters of 
a luile along the banks and in the bed of Coleman 
Creek, locally called Teluperanceville Creek, about 3 
miles northwest of Nashville. (See fig. 17.) The total 
thickness of the exposed beds is about 12 to 15 feet, 
and two sJllall prospect pits have penetrated the tuffs 
some feet below water level. The beds are all clay
like, for they are all derived frOln punuce tuff, and they 
contain nccessory grains and fragnlents of lithic tra
chyte. Phonolite tuff beds are not exposed on Coleman 
Creek. The pmnice contains abundant orthoclase, but 
other phenocrysts luake less than 2 per cent of the 
rock. 

The minerals identified after concentration by heavy 
solutions are biotite, titanite, lllagnetite, and black 
spinel. Augite is present but it was possibly derived 
1'rOlu phonolite fragnlents and not frOlu the pumice 
tuffs. A little tourlualine and garnet are occasionally 
seen aI110ng the heavy Ininerals. I 

The predOlninant Inaterial is the gray bentonitic clay 
derived frOl11 angular altered grains of glassy pumice. 
These bgds contain many calcite concretions that form 
luasses with a IllaAinlulll dialueter of several feet that 
are especially abundant in the creek bed. It was one 
of these Inasses of calci te-cmllen ted tuff from Colenlan 
Creek, sublIlitted to the Geological Survey by Mr. J. N. 
Garner, that led to the recognition of volcanic nlaterial 
in the region. 

The rock fragl11ents in the pumice tuffs are angular or 
subrounded, not well rounded like the phonolite rock 
fragments. The trachyte fragments have resisted 
weathering better than the phonolite and are fresh 
for the J1lOst part, and these heavy luinerals are identi
cal with those found in the pmnice tuffs. The analysis 
of the orthoclase trachyte given on page 186 was made 
on fresh grains that were picked by hand from the 
tuffs on Colmnan Creek. These ranged fl:om 1 to 10 
nUllinleters in dianleter and were nearly white. They 
were cOlnposed of euhedral orthoclase in a very fine 
grained aphani tic groundnlass of alkalic feldspar with
out characteristic crystal forIll. The rock was ahnost 
without dark Ininerals, but an occasional grain of 
biotite, titanite, luagnetite, or blaek spinel could be 
observed. 

PLEASANT VALLEY CREEK: HOWARD COUNTY, ARK. 

Pleasant Valley Creek drains eastward into Mine 
Creek, and along its bed the tuffs are well exposed. 
(Sec fig. 17.) flere there is a smaller adnlixture of 
nonvoleanic rock debris than on Mine Creek, and clay
like material, derived from glassy volcanic tuffs, and 
ungular lithic fragments are the most conspicuous 
Inaterials of the beds. Small fragments of trachyte are 
especially abundant in the creek bed but do not differ 
frolll those on Coleman Creek. 

BLUE BAYOU, HOWARD COUNTY, ARK. 

Some of the 11l0St extensive exposures of volcanic 
tuff in the entire region are found on Blue Bayou, ex~ 
tending from a point a short distance west of Forgy 
almost to Center Point. The best of these are near 
Blue Bayou Church, where about 40 feet of the tuff 
is exposed. (See fig. 1 7 . ) 

All types of volcanic debris are represented, but the 
gray and blue-gray claylike material is probably the 
predominant component. With this are Inixed tra
chyte pumice fragments and angular orthoclase 
trachyte fragments, rounded rock pellets of the phono
lite tuff, and various proportions of nonvolcanic rock 
material. The beds are lens-shaped and show very 
marked cross-bedding, and the size and character 
of the material at a particular horizon change laterally 
within a few rods. 

The most abundant form of tuff at Blue Bayou 
Church is a loosely coherent material of light bluish
gray color. It is made up of claylike pellets that have 
been derived from glassy pumice fragments, trachyte 
grains, igneous-rock phenocrysts, and a small amount 
of quartz and other detrital material derived from 
sedimentary rocks. The grains range in diameter 
from about 1 millimeter to 15 millimeters. 

The minerals are largely orthoclase, but biotite, 
titanite, and black spinel form less than 2 per cent of 
the rock. The orthoclase is very perfectly euhedral for 
the most part, but a few crystals are etched, and many 
are fractured so that only one end of the crystal is com
plete. Biotite is the most abundant dark mineral and 
occurs in flakes with euhedraloutline. The black spinel 
has euhedral form and very brilliant crystal faces. 
Pale-brown shotlike pellets of siderite with radial 
structure and a little pyrite are secondary minerals 
that developed subsequent to the deposition of the ash. 

Another specimen from Blue Bayou Bluff represents 
material that is composed of lithic and vitric tuffs in 
about equal parts. It is light bluish gray and is com
posed of fragments that reach a maAimum length of 
about 5 millimeters. These are angular fragments of 
finely crystalline trachyte, flattened fragments of 
pumice, and mineral grains that represent igneous
rock phenocrysts. 

A microscopic study of thin sections shows that the 
pumice has been altered to a bentonitic clay mineral, 
many grains of which have a len:; shape, which is due 
to flattening by compression and loss of the original 
pumiceous porosity. The nucroscope shows that many 
of these clay grains are made up of a micaceous min
eral with high birefringence. Each pmnice fragment 
appears to be a single distorted individual crystal 
of clay material. It is evident that during alteration 
the porous individual grains became flattened and 
accommodated themselves to the contour of the contig
uous grains and thus assumed a distorted shape. 
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Of the mineral grains that represent phenocrysts 
from the igneous rock, orthoclase is the only one that 
is abundant. Rare dark minerals are augite, biotite, 
titanite, green and brown hornblende, apatite, magne
tite, black spinel, and pink garnet. The rock differs 
from the phonolitic tuff on the Owen place, described 
below, in having abundant biotite hut little augite. 

OWEN PLACE, HOWARD COUNTY, ARK. 

The basal part of the tuff beds, where the phonolite 
tuffs are exposed in unusual perfection, crops out along 
the northern border of the tuff area at many points 
between Center Point and Corinth,HowardCounty ,Ark. 
One of the best sections is found on the Owen place, 
about 3 miles west of Corinth, in the valley of a 
small northward-flowing stream. (See fig. 17.) 

Boulders, some of which reach a lllaximum diameter 
of several feet, are scattered over the surface and 
locally they are very abundant. These are indurated 
masses of pumiceous tuff that were originally cemented 
with calcium carbonate. The carbonate has since been 
partly or wholly leached away in the boulders that 
have long been lying on the surface, but others that 
have not been subjected to prolonged weathering still 
contain much calcium carbonate. 

The delicate structure of very porous, almost 
feather-like pumice fragments is to be seen in many of 
the boulders where the pumice has been exposed by the 
leaching away of the inClosing calci1+m carbonate. In 
other boulders the pumice glass itself has been partly 
or wholly replaced by calcium carbonate, and in these 
the pumice structure has been completely preserved 
and is recognizable under the microscope even where 
the rock is all calcium carbonate. (See pI. 22, B.) 

The calcium carbonate boulders occur embedded jn 
the bentonitic clay. beds derived from tuffs, and as the 
structure is the same in both types of material, it 
seems evident that both are derived from the same 
glassy pumice bf.lds. The local cementation of the 
glassy pumice into the boulderlike masses must have 
taken place before the tuffs were altered, for the del
icate tuff structure and the thin-walled vesicular cav
ities are perfectly preserved. The greater part of these 
beds remained uncemented, and underwent the normal 
devitrification process by which glassy volcanic tuff was 
altered to a bentonitic clay mineral. 

Outcrops of clay beds derived from pumice tuff are 
not numerous in the area, but these beds do not form 
good outcrops, and it is probable that deposits of 
pumice tuff are more numerous and thicker than the 
exposures would indicate. I 

The phonolite tuffs on the Owen place, 3 miles west 
of Corinth, are among the best examples of this type 
of material in the entire region. Large masses have 
been completely indurated by the infiltration of cal
cium and iron carbonates. The color of phonolite tuff 
is gray-green or dark olive-green. The material is 

rather well sorted, as only a small portion of the grains 
range between 0.2 and 0.4 millime tel' in diameter and 
most of them are between 0.5 and 1 millimeter. All 
the grains are surrounded by a film of gray-green 
glauconitic material about 0.01 millimeter in thick
ness, and the igneous rock and minerals have been 
partly replaced by it. Weli-rOlmded fragments of 
phonolite rock form one-third to two-thirds of the 
pellet-like grains that make up the rock and are the 
most abundant single material present. The fine
grained groundmass feldspar of the phonolite appears 
to be fresh, although there has probably been some 
kaolinization, and the associated ferromagnesian min
erals are fresh. All rock grains retain the texture of a 
trachytic phonolite, and some are so fresh that nephe
lite can be recognized. Novaculite grains are present 
but are not abundant, quartz in well-roUnded grains 
is the next most abundant material present, and red 
grains of iron oxide form several per cent of the rock. 

Volcanic-rock ;minerals that represent phenocrysts 
make up about 5 per cent of the grains. These in the 
order of their abundance are orthoclase, pale-green 
augite, dark-green hornblende, titanite, magnetite, 
black spinel, biotite, red-brown basreltic hornblende, 
apatite, and zircon. Most of these crystals are per
fectly euhedral. A few show a very little rounding, 
but the greater part have sharp, brilliant crystal faces. 
This is er::;pecially true of spinel, magnetite, hornblende, 
titanite, and orthoclase. The pale-green augite has 
the cockscomb-like multiple terminations shown in 
Plate 24, A. 

Carbonate completely fills the spaces between the 
grains in the indurated boulderlike masses. The 
presence of these nodular masses and the manner in 
which some of the mineral grains have been replaced 
indicate that the calcium carbonate was brought in 
by solution. This inference is confirmed by the pres
ence of the glauconitic films around the grains that 
must have been formed in place find prior to the dep
osition of the calcium carbonate. 

THE TUFFACEOUS SANDS IN TEXAS 

The tuffaceous sands of the Woodbine formation in 
northeastern Texas occur InainlY in a well-defined 
zone 200 or 250 feet below the top of the formation 
as it is defined in Red River and Lamar Counties. 
The sands of this zone have been exanlined at seven 
localities, six of which are alined in a nearly direct 
east-west line in the northern part of Red River and 
Lamar Counties and the seventh is in the northwestern 
part of Fannin County. (See pI. 20.) A snlall per
centage of volcanic material has been found also in 
sands of questionable Eagle Ford or basal Austin' age 
near Woodland, in Red River County, and near Medill, 
in Lamar County, but these sands can hardly be 
called tuffaceous, and their small content of volcanic 
material may have here been derived by reworking 
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fr01ll older tuffaceous beds. The rocks at this locality, 
though they resemble the Woodbine formatiop. con
tain the species Ostrea sannionis White, which by 
comparison with the occurrence of the type of this 
species in the Western Interior, suggests either the 
Benton or the lower Niobrara and therefore either the 
Eagle Ford or the lower Austin age of the beds. As 
high as 20 per cent of volcanic nlaterial was found in a 
greenish-gray sandstone lying only 10 feet below the top 
of the Wood bine formation and having an exposed thick
ness of 3 or 4 feet, in a low bluff on Red River, 1Y2 
miles north of the Ragtown settlement in the north
western part of Lamar County. 

The mineral composition of material from the locality 
is as follows: 

Composition of sandstone containing volcanic material 1 Y2 miles 
north of Ragtown, Tex. 

Per cent 
Qunrtz_______________________________ 80 
Orthochtse_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ 6. 5 
Phonolite_____________________________ 12 
Magnetite _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1 

Titanite, biotite, zircon, tourmaline, stauro-
lite, and black spineL __________ Less than 1 

The tuffaceous sands of Texas are similar to the 
phonolite tuffs from the Owen place and Blue Bayou 
in Arkansas. (See fig. 17.) Most of thenl contain a 
larger proportion of detrital quartz and a little novac
ulite, but a few specimens are predominantly volcanic 
Dlaterial. The igneous material at Arthur City is 
largely in the form of rounded fragments of fine
grained phonolite, but a few grains of the trachyte are 
present, and a very few grains of altered glassy pumice 
are to be found. The nlineral grains observed are 
orthoclase, a very little sodic plagioclase, biotite, 
augite, hornblende, titanite, magnetite, black spinel, 
find apatite. Magnetite, spinel, and titanite appear to 
be nearly as abundant as in the Arkansas localities, 
but hornblende and augite are extremely rare in most 
of the Texas deposits. A study of thin s,ections indi
cates that augite was originally abundant but has been 
almost completely replaced by calcium carbonate. 
The orthoclase, titanite, biotite, spinel, and magnetite 
show su bhedral to euhedral forms but are less commonly 
euhedral than in Arkansas. A few grains of brown 
tounnaline are present in all the samples. Orthoclase 
biotite, titanite, and black spinel are minerals that are 
lllore abundant in the pumice and trachytic tuffs than 
in the phonolite tuffs in the Arkansas areas, and this 
seems to indicate that trachyte and phonolite have' 
both contributed material to the Texas beds, although 
few trachyte grains and less glass are now recognizable 
in them. It seenlS probable that the greater distance 
of the Texas beds from the volcanic source has resulted 
in the destruction of the more delicate structures 
during transportation, and that in this way the pumice 
has largely disappeared, but at the same time the 

orthoclase and other minerals that represent the 
phenocrysts from the same source have escaped 
destruction. 

SILVER CITY FERRY, RED RIVER COUNTY 

Silver City Ferry, on Red River, is in Red River 
County, Tex., about 17.5 miles almost due north of 
Clarksville, the county seat. The bluff below the 
ferry reveals about 15 feet of tuffaceous sandstone of 
the Woodbine sand, overlain by about 10 feet of river 
alluvium consisting of loam, clay, and sand, with a 
band of gravel along the base. (See pI. 25, A.) 

The tuffaceous sandstone is a coarse green pebbly 
cross-bedded sand, irregularly cemented with calcite, 
which gives to the rock a silvery sheen. Thin veins of 
calcite also cut the sandstone in places. The sand
stone dips perceptibly downstream and is underlain 
between the main exposure and the ferry by 10 feet of 
dark clay containing some vegetable particles and near 
the top a few poorly preserved leaves. N ear the middle 
of the clay is a band of soft cross-bedded sandstone 
containing a few poorly preserved pelecypod casts and 
molds and SOlne nodules of lnarcasite. 

About 100 yards above the ferry and apparently at 
a lower stratigraphic level than the dark clay the bluff 
exposes 6 or 8 feet of greenish-gray clay with partly 
indurated sandy lenses near the base, and below this 
clay is 4 or 5 feet of mottled purplish sandyclayexp05ed 
just above water level. 

All the materials exposed in the vicinity of the ferry, 
except the overlying river alluvium, belong to the 
Woodbine sand. 

The specimens collected at Silver City Ferry are a 
dark gray-green calcite-cenlented tuffaceous sand, in 
which volcanic-rock lnaterials are more abundant than 
detrital grains. The following rock nlaterials and lnin
erals have been identified: Phonolite, quartz, nova
culite, orthoclase, hornblende, lnagnetite, black spinel, 
titanite, zircon, apatite, garnet, and tourmaline. 

EAST OF KANAWHA, RED RIVER COUNTY 

Five or six feet of tuffaceous sand of the Woodbine 
fonnation is exposed in a ravine 2 miles east of ICa
nawha, about 0.2 lnile southeast of the intersection of 
the Manchester-KlOlnatia and ICanawha-Scrap roads. 
(See pI. 20.) The locality, which is about 20 miles 
northwest of Clarksville, is especially interesting on 
account of the occurrence of many individuals of 
Ostrea soleniscus Meek, a characteristic Woodbine spe
cies, in the tuffaceous sand. 

The sand is irregularly bedded and consists of quartz, 
fraglnents of volcanic rock and minerals, glauconite, 
and novaculite, named in the approximate order of 
their abundance. SOlne clay is interbedded with the 
sand. The sand is irregularly indurated to nodular 
masses. The oysters occur in great numbers, mainly in 
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the lower 3 feet of the section, where in places the shells 
are attached to one another in clusters. The shells 
are not well preserved and are difficult to collect in 
good condition. This locality was reported to Ste
phenson by W. B. Sprague, a geologist of the Gulf 
Prod uction Co., \v ho visited it in 1924. 

The calcite-cemented tuffaceous sands examined 
from the Kanawha locality contained not more than 
25 per cent of volcanic mat~rials among the mineral 
grajns. The specimens are characterized by numer
ous fossil fragments, by a large proportion of cementing 
calcite between the mineral grains, and by abundant 
glauconite. Augite was originally present but has 
been completely altered to a calcite-glauconite aggre
gate. The following table gives the approxilnate 
mineral composition: 

Minerals and rock grains of tuffaceous sand east of Kanawha 

Quartz _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 47 
N ovaculi te _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 5 
GlauconUe______________________________ 25 
Orthoclase______________________________ 8 
Phonolite grains_ _ _ _ _ _ _ _ _ _ __ __ __ _ _ _ _ _ _ __ _ 15 

Minerals present in small quantities are biotite, 
hornblende., magnetite, black spinel, titanite, garnet, 
apatite, phosphatic grains, siderite, and pumice. 

PINE BLUFF FERRY, RED RiVER COUNTY 

The tuffaceous sand of the Woodbine is well exposed 
at Pine BJuff Ferry, Red River County, about 23 
miles northwest of Clarksville, Tex. (See pI. 20.) 
The river touches the edge of a high terrace plain at 
this locality, revealing the following section: 

Section at Pine Bluff Ferry, on Red River, Red
l 
River County, Tex. 

Pleistocene terrace deposit: Alluvial loam, sand, and Feet 
gravel____________________________________________ 15 

Upper Cretareous (Woodbine sand): 
Massive sticky clay, poorly exposed________________ 15 
Coarse water-laid tuffaceous sand with only a small 

percentage of quartz and nova·culite; the sand is 
partly indurated, exhibiting many oval to irregular 
concretionary masses_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 25 

Stratified tuffaceous sand with subordinate layers of 
quartz sand and some thin interbedded clay layers; 
contains some comminuted plant fragments__ _ _ _ _ _ 33 

Concealed by flood water; reported _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 6 

94 

The specimens collected at Pine Bluff are a dark 
gray-green calcite-cemented tuffaceous sand, in which 
volcanic materials are unusually abundant and fresh. 
The rocks and minerals present are listed below: 

Mineral and rock grains of tUffaceous sand at Pine Bluff 
Ferry, Tex. 

Phonolite_______________________________ 70 
Orthoclase _______________ ~______________ 10 
Quartz_________________________________ 5 
Novaculite___ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ __ _ _ _ _ _ 3 
Augite___ _ _ _ _ __ __ _ _ _ _ __ __ _ _ __ _ _ _ _ __ _ _ __ _ 4 

Small quantities of hornblende, magnetite, black 
spinel, titanite, garnet, apatite, and zircon are present. 

GOLDEN BLUFF, RED RIVER, LAMAR COUNTY 

Golden Bluff on Red River, 3 miles east of Arthur 
City, Lamar County, Tex. (see pI. 20), exhibits another 
section in the edge of a high Pleistocene terrace, the 
lower 35 feet of which is composed of tuffaceous sand. 

Section at Golden Bluff on Red River, Lamar Co'unty, Tex. 

Pleistocene terrace deposit: Alluvial sand, poorly ex- Feet 
posed___________________________________________ 35 

Upper Cretaceous (WOOdbine sand): 
Gray, more or less sandy, crumbly clay, with com-

minuted plant fragments_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 25 
Soft to hard, fine-grained, finely glauconitic sand-

stone, with . fossils abundant ~n places ___________ O. 5-1 
Interbedded sandy shaly clay and impure fine sand, 

weathering somewhat mealy; a few imperfect fossil 
lea ves noted _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 30 

Coarse, irregularly bedded mealy tuffaceous sand, 
indurated in part to irregular, more or less nodular 
masses. The sand is mainly quartz but contains 
a considerable percentage of volcanic material, a 
few pebbles, and a few fragments of fossil wood. 
Only 15 feet is exposed at the lower end of the 
bluff, but the sand rises upstream, reaching an ex-
posed thickness at the upper end of the bluff of 35 

126 

The molluscan species found in the glauconitic 
sandstone are for ~he most part poorly preserved and 
with one questionable exception have been only gener
ically identified. The bivalves include Nucula, Ostrea 
soleniscus Meek?, Exogyra, Pecten, Plicatula, Phola
domya, Isocardia?, Aphrodina, and Oyprimeria; the 
univalves are represented by Gyrodes?, Apporhais 
and several unidentified forms; and there are two 
chambered shells belonging to the amnlonite genera 
Metoicoceras, and Metengonoceras. Although in the 
light of present knowledge of the ranges of these fossils 
none of them' afford conclusive evidence of the age of 
the containing bed, comparison with other collections 
suggests that the bed belongs to the upper part of 
the Woodbine formation. 

The tuffaceous sands at Golden Bluff are predom
inantly quartz but contain about 25 per cent of vol
canic materials. Phonolite rock fragments fonn about 
20 per cent, and small amounts of orthoclase, plagio
clase, biotite, chlorite, apatite, and calcite-glauconite 
areas that represent altered augite are present. 

ARTHURS BLUFF, LAMAR COUNTY 

Arthurs Bluff, on the south bank of Red River just 
north of Arthur City, Lamar County, Tex" is one of 
the most accessible localities for studying volcanic 
material in the Woodbine sand, being reached both by 
rail and by highway. (See pIs. 20, 25, B, and 26.) 
The bluff serves as the south abutnlent of the Frisco 
Lines railroad bridge across Red River and as the south 
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abutment of the bridge on the highway between 
Paris, Tex., and Hugo, Okla. 

Exposures of cross-bedded tuffaceous sand occur 
below the highway bridge and at and below the lower 
ferry and extend up the face of the bluff to a level 
about 10 feet above the river. (See pI. 25, B.) The 
sand is interbedded with and overlain by dark lami
nated more or less sandy clay, which rises at least 20 
feet above the river and which contains many well
preserved fossil plants. A collection of plants obtained 
chiefly in clay above the nlain band of tuffac~ous sand
stone at this locality, was deseribed by Berry,59 but fossil 
leaves were noted in the tuffaceous beds also. The sand 
is in large nleasure cemented by calcium carbonate, 
and the parts so cmnented crop out as ledges and as 
nodular and irregular Inasses a foot or more in dianl
eter. The sand is coarse to fine grained and is olive
green when fresh but changes to yellowish green on 
weathering. Thin layers of clay ironstone (iron car
bonate) are COlnnlon In the sand, but at the lower ferry 
there is a lens of this carbonate ranging in thickness 
frOlll a feather edge to 15 inches. Just below the hiO'h-b 

~vay bridge a projecting ledge of tuffaceous sandstone, 
III places 5 feet thick, contains pebbles of novaculite 
and other rocks and in its lower part lanrinated Inasses 
of clay ironstone as nluch as 3 feet in dianleter tha,t 
have been tilted into all 'positions fr0111 horizontal to 
vertical. The sandstone of the projecting ledge is 
thus a conglonlerate. 

A t the upper ferry, above the railroad bridge, a 
section is' exposed which consists chiefly of irregularly 
bedded dark-gray to greenish-gray sandy shaly clay of 
the vVoodbine fornlation rising 20 to 25 feet above the 
river. At the upper end of the bluff several lenses of 
tuffaceous sand were noted in the clay. Leaf impres
sions occur in the clay in places. 

The Woodbine at Art,hurs Bluff is overlain by 2 to 
15 feet of Pleistocene alluvial terrace deposits. 

The volcanic tuffs are very well represented at the 
Arthur City Ferr~T, and their unusual purity at some 
horizons and the perfect preservation of materials 
Inake this the best locality in Texas for their study. 
The color ranges fronl yellowish green to dark gray
green where perfectly fresh. The color is due to glau
conitic films around the individual luineral and rock 
grains. Secondary calcite has cemented the grains into 
rounded concretions, and commonly the concretions, 
several inches in dialueter in large areas, have uniform 
orientation and gin~ an ophitic appearance to the rock. 
The rock and mineral 'grains average about 0.5 milli
meter in dianleter. 

A representative specimen of the rock is made up 
of mineral and rock grains in the following proportions, 
and Jhese are inclosed in calcite: 

69 Berry, E. W., 'rhe flora or the Woodbine sand at Arthurs Bluff, Tex.: U. S. 
Oeol. Survey Prot. Paper 129, pp. 153-181, 1922. 

Mineral and rock grains of tuff beds at Arthur City Ferry 

, Quartz _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 10 
~ ovaculi te_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 6 
Phonolite___________________________ 70 
Orthoclase______________________________ 11 

With these are minor quantities of trachytic rock 
grains, pumice, augite, hornblende, biotite, magnetite, 
black spinel, apatite, zircon, tourmaline staurolite 
siderite, and phosphatic grains. ' , 

In all the specimens phonolite is the dominant 
igneous rock material, but traC?hytic volcanic rock 
fragments, orthoclase, and small quantities of dark 
minerals are always present. The phonolite grains 
have been largely al tered to a green " chlori tic" 
material that chemical tests seem to indicate are 
glauconite. 

GARRETS BLUFF, RED RIVER, LAMAR COUNTY 

The next locality west of Arthurs Bluff at which 
the main bed of tuffaceous sand of the Woodbine has 
been examined is at Garret:; Bluff on Red River about . . ' 
18 miles northwest of Pans, Lamar County, Tex. (See 
pI. 20.) The section is in the edge of a Pleistoc.ene ter
race that lies about 25 feet above low-water level, and 
the upper 15 feet of the section is composed of river 
alluvium. 

The tuffaceous sand is exposed beneath the alluviuIn 
for about 100 yards along the face of the upstream 
end of the bluff. The sand is coarse, greenish, and 
cross-bedded and is made up of quartz sand and vol
canic materials in differing proportions in different 
parts of the bluff. One sample was obtained that was 
composed largely of volcanic materials. The sand is 
unevenly indurated, in places exhibiting round con
cretionary masses. One relatively small lens of hard, 
dense shattered iron carbonate was observed. A few 
pieces of silicified wood were noted in the sand. The 
tuffaceous sand dips perceptibly upstream and is 
underlain first by several feet of dark laminated clay 
an~ belo~ this by nlassive purplish-mottled clay,_ 
whICh chIefly makes up the bluff below the alluvial 
covering for the remainder of the distance downstream 
to the lower end of the bluff which has an estimated 
length of about half a mile. The section is very similar 
in its lithologic characters and in the succession of 
beds exposed to the bluff at Silver City Ferry in Red 
River County. The tuffaceous sand at Garr~ts Bluff 
has a characteristic nlineral and rock composition 
similar to that at Arthur City Ferry. 

HYATTS BLUFF, FANNIN COUNTY 

Hyatts Bluff, on the south bank of Red River, 7 miles 
northwest of Ravenna, Fannin County, Tex., reveals 
the westernmost observed exposure of tuffaceous sand 
in the Woodbine formation. (See pIs. 20 and 27.) 
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The exposure, about half a mile long and 25 feet high, 
is in a steep slope and cliff that rise from the water's 
edge. The upper half of the exposure show~ dark 
laminated clay interbedded with thin layers of greenish 
tuffaceous sand. Both the clay and the sand contain 
nlany nodules and lenses of dark-gray clay ironstone 
(iron carbonate), some of them 2 inches thick, and 
in one layer of clay marine invertebrate fossils were 
found. The lower half of the exposure consists of 
greenish fine to coarse-grained cross-bedded sandstone 
in which there are a few invertebrate fossils and some 
clay ironstone both as pebbles and nodules. Some 
of the sandstone on weathering takes the form of 
spherical masses, the largest a few feet in diameter. 
The rocks in the exposure at this locality were described 
by Stephenson 60 in 1918, but the tuffaceous character 
of some of the beds was not then recognized. " 

The tuffaceous sands from Hyatts Bluff are pre
dominantly volcanic material, but with this is an unusu
ally large proportion of siderite in rounded grains 
with a radial habit. There are many rock grains 
made up of quartz and feldspar in" a greenish clay 
matrix, and these evidently represent fragments of an 
older sedimentary rock that have been transported to 
their present location without disintegration. The 
presence of volcanic material in the grains indicates 
that redeposition has taken place since the first 
volcanic activity. The phonolite fragments are unusu
ally well preserved, but associated with these are 
trachyte and pumice fragments. Therefore both 
phonolite and trachyte have contributed material to 
form the beds at IIyatts Bluff. 

PHONOLITE TUFFS OF LOUISIANA 

Volcanic tuffs of the phonolite type crop out on the 
Prothro salt dome, in T. 14 N., R. 6 W., Bienville 
Parish, La.,61 where they form beds 75 feet thick that 
sta~d almost vertical. Volcanic material of the same 
kind has been found in the" Rayburn salt dome, in 
T. 15 N., R. 5 W., Bienville Parish. It has also been 
found at a depth of 2,945 feet in sec. 28, T. 14 N., R. 
6 W., Bienville Parish, about 3 miles south of the 
Prothro salt dome, and at a depth of 2,456 feet in a 
well in sec. 16, T. 22 N., R. 3 W., Claibourne Parish. 
Specinlens from the Prothro dome were collected by 
Spooner, and the minerals and lithology were studied 
by Ross and the fossils by Stephenson. The fossils 
indicate, according to Stephenson, that this rock is 
younger than the Eagle Ford clay and is probably 
of the age of the typical Austin chalk and of the 
Tokio formation. 

The tuffaceous sand that crops out in the Prothro 
dome, although younger than the phonolitic tuff beds 

60 Stephenson, L. W., A contribution to the geology of northeastern Texas and 
southern O!dahoma: U. S. Geol. Survey Prof. Paper 120, pp.145T146, pI. 25 A,1918. 

61 Spooner, W. C., Am. Assoc. Petroleum Geologists Bull., vol. 10, pp. 245-256, 
1926. 

in Arkansas, Oklahoma, and"Texas, differs from them in 
no essential characteristic. The approximate propor
tions of its rock and mineral components are listed on 
page 194. Small, well-round edgranules of phonolite 
low in dark minerals are, next to quartz, the most 
abundant material in the rock. Orthoclase is present 
in considerable proportions, and augite, plagioclase, 
hornblende, titanite, biotite, magnetite, black spinel, 
apatite, and zircon are igneous-rock minerals that 
occur in small proportions. Minerals that have de
veloped since deposition are glauconite, siderite, 
calcite, and pyrite. Metamorphic-rock minerals are 
garnet, tourmaline, and staurolite. The beds are com
pletely cemented with calcite like some of those in 
the Texas areas. Two types of glauconite are present; 
one, consisting of small -rounded blue-green granules 
composed of overlapping crystal plates, is the normal 
glauconite that is believed to form on the sea bottom 
during sedimentation, and the other is the yellow-green 
material that formed after sedimentation ceased and 
replaced mineral grains and rock fragments. The 
beds at the Prothro dome differ slightly from the tuffs 
of Arkansas in containing marine fossils, a larger pro
portion of the marine type of glauconite, and a little 
plagioclase. Volcanic material of the saIne type occurs 
in the Rayburn salt dome, about 5 miles northeast of 
the Prothro dome.62 

RILEY PLACE AND TWIN KNOBS, PIKE COUNTY, ARK. 

The best exposures of the peridotite tuff "(?) are on 
the Riley place, in the W.Y2 SW.U sec. 22, T. 8 S., 
R. 25 W., half a mile northeast of the Ozark diamond 
mine near Murfreesboro, Pike County, Ark. (See pI. 
20.) The ~aterial, which was studied by Miser in 
1912, was revealed at the time of examination in a 
well, a pit, and two trenches. Marion Riley, who 
dug the well, says it was originally 41 Y2 feet deep and 
that the tuff (?) extends to the bottom and the well 
did not go through it. The well at the time of examina
tion was only 18 feet deep. The pit south of the Riley 
house is 12 feet deep. The bed here consists of a 
greenish-yellow coarse-grained earth and shows lamina
tion and cross-bedding. It consists principally of 
well-rounded grains of quartz sand intimately :mixed 
with possibly an equal or larger quantity of altered 
serpentine grains and a little mica in small flakes. 
Some quartz pebbles and fragments of gray sandstone, 
semivitrified clay, black shale, and weathered perido
tite are also present. A horizontal layer of clay and 
several lenses of clay lying along bedding planes were 
observed. Some diamond prospectors have thought 
that the tuff (?) bed is weathered peridotite and that 
i.t forms a part of an eastward extension of the perido
tite body that is exposed half a mile to the southwest, 
near the mouth of Prairie Creek. The mineral com· 

62 Spooner, W. C., op. cit., pp. 260-265. 



WATER-LAID VOLCANIC ROCKS IN ARKANSAS, OKLA~OMA, AND TEXAS 201 

position of the bed and the arrangelnent' of its material, 
however, show without doubt that the bed was water
laid. The bed apparently lies at the base of the Tokio 
formation (Upper Cretaceous) in this locality. 

Another exposure of the peridoti te tuff (?) was 
o bserved in 1912 by Miser in two slnall pits on the 
north side of Twin Iillobs, near the center of sec. 22, 
T. 8 S., R. 25 W., a nlileeast-northeast of the Ozark 
dial110nd lnine. The following section was measured 
on the north slope from the base to the top of the 
north knob. 

Section oj Tokio formation at Twin Knobs 
Feet 

Gravel on top of hill and on slope; in places there are 
exposures of clay _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 60 

Gravcl___________________________________________ 20 
Clay; the earth shown in the two pits is near the middJe 

of this bed; altered serpentine grains and mica are 
present in the materiaL _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 40 

Gravel (base of Tokio formation) ____________________ 10± 
Clay (Trinity formation) ___________________________ 10± 

DIAMONDS IN VOLCANIC DEPOSITS OF WOODBINE 
AND TOKIO FORMATIONS 

Diamonds have been prospected for in the peridotite 
tuff of the Tokio formation on the Riley place, half a 
mile northeast of the Ozark diamond mine, near 
Murfreesboro, Ark. Search has also been made for 
them in volcanic tuff in the Woodbine formation on 
and near Mine Creek, from 3 to 4 Iniles north of N ash
ville, Ark. (See fig. 17.) No dia~onds have thus far 
been reported fronl the Riley place, but the discovery 
of five slnall stones has been reported from the Will 
Sanger place, 4 Iniles north of Nashville, and three 
small stones have been reported from the George Power 
place, 3 miles north of Nashville. (See fig. 17.) 

Some stones nlay occur in the peridotite tuff' (?) 
on the Riley place and at other loealities of such tuff, 
but it does not seCIn likely that the diamond content 
would equal that of the dialllond-bearing peridotite at 
the mines near Murfreesboro, Ark. This conclusion 
apparently follows fro In the fact that much sand and 
sedilnentary clay are component parts of the tuff. 

The discovery of additional stones may be reported 
fr0111 the volcanic tuff of the Woodbine near Nashville, 
but the fact that only a very small quantity of peri
dotite fraglnents-if any actually are present~ccurs 
in t.he tuff leads to the conclusion that not more than 
a few stones \vill ever be found in the tuff. 

The peridot.ite tuff (?) on the Riley place, contains 
pebbles of peridotite and grains of altered serpentine 
that were washed from an exposure of peridotite or 
were ejected as fragluental In a terial from voleanic 
vents. This lnaterial apparently lies at the base of 
the Tokio formation in this locality. To determine 
whet.her or not the lnaterial contains diamonds the 
Ozark ~1ines Corporation washed 1,000 loads (16 
cubic feet each) of it. No diamonds were found. 

The prospecting for diamonds on Mine Creek 4 miles 
north of Nashville has been done at times by various 
persons. The work, which has been done on land be
longing to "\"Vill Sanger, consisted of digging volcanic 
tuff from the bed and bank of the creck and sinking a 
pit 20 feet deep on the west side of the creek. During 
the work a small sluice trough was used to separate 
grains of transparent feldspar from the claylike ma
terial inclosing the feldspar grains. The strata ex
posed in the bed and banks of the creek at this locality 
consist of greenish volcanic tuff containing lenses of 
gravel, the pebblcs of which include both igneous and 
sedimentary rocks. The tuff is a part of the main tuff 
bed in the upper part of the Woodbine formation. 
Some persons have thought that a part of the material 
in the tuff at this locality was derived from peridotite 
and that consequently the tuff might be diamond
bear-ing. That a very little of it was so derived is 
likely, but the microscopic study of the tuff by Ross 
failed to disclose any fragnlents of peridot.ite. Pros
pecting that was done here in 1920 by Captain Dixon 
is reported by him to have led to the discovery of five 
small diamonds, which have been present~d to the 
American ~tfuseum of Natural I-listory. 

Three small diamonds shown to Ross and Miser in 
1923 are said by George Power to have been found in 
that year on his place in sec. 11, T. 9 S., R. 27 W., about 
3 miles north of Nashville. (See fig. 17.) Mr. Power 
says that two of the stones, one a light-yellow stone 
weighing about a third of a carat and the ot.her a white 
stone weighing about one-fifth of a carat, were found on 
the pile of material obtained from digging his well in 
1919. The well passed through 14 feet of gravel and 
then penetrated 36 feet of greenish and gray material 
without passing through it. This material, although 
Illuch weathered from four years' exposure on the sur
face, is apparently volcanic tuff. It was in tIllS appar
ent volcanic tuff that Mr. Power says he found the two 
diamonds. A third stone, white with a flattened rice
like shape, was, according to Mr. Power, found by him 
100 yards southeast of h1s house and thus some dis
tance away from the material reIlloved from the well. 

DEPOSITS OF KAOLIN (ALTERED VOLCANIC 
MATERIAL) 

Beds of kaolin occur in the Tokio formation in the 
hilly, wooded region between Murfreesboro and 
Delight, Ark. (See pI. 20.) The kaolin, as explained 
on pages 186 and 187, is probably altered and reworked 
feldspathic material derived from volcanic ash. It 
occurs as horizontal layers near the tops of hills at 
several localities. The greatest thickness observed 
by the writers is 5 feet, but the greatest reported 
thickness is 9 feet. The deposits have been pros
pected, and the kaolin is reported to be a satisfactory 
fuller's earth for refining edible oils and petroleum. 
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One of the best-known occurrences is at the Adams 
kaolin pits, on land of the Ozan Lumber 00., in the 
NE. ~ SE. ~ sec. 24, T. 8 S., R. 24 W., 5 miles east
southeast of Murfreesboro. Here a 5-foot bed has been 
opened by three or four cuts on the hill slopes. The 
kaolin is underlain by a bed of sand fully 32 feet 
thick and is overlain directly by sand and this sand in 
turn by gravel. The sand and gravel overburden on 
one hill is 13 feet thick and on a near-by hill, southwest 
and west of the first pit, 20 to 25 feet thick. The bed 
lies horizontal. Apparently not enough prospecting 
has been done to determine the extent or continuity 
in thickness of the bed, though the thiclmess in the two 
cuts examined by the writers is 5 feet. 

The kaolin at the Adams pits is chalky white to 
creamy, but the lowest layer, a foot thick, has a lav
ender color. The kaolin is very fine grained, breaks 
with a conchoidal fracture, and readily absorbs water, 
sticking tightly to a person's tongue, but it does not 
become plastic even with fine grinding. It shows lami
nations along which it ·splits with some difficulty, and 
it contains a few fossil leaves, a collection of which 
was obtained from the, two principal openings. The 
collection has been studied by E. W. Berry and found 
by him to represent an Upper Oretaceous flora. 

A second locality, which is about 1,000 feet east
northeast of the Adams pits, is in the SE. ~ NE. }~ 
sec. 24, T. 8 S., R. 25 W., on land of the Grayson-~fc
Leod Lumber 00. The locality has been prospected 
by several pits, but the results are not known except 
that a 5-foot bed of kaolin similar to that at the Adams 
pits was found. 

The kaolin on the land of the Ozan Lumber 00. and 
the Grayson-McLeod Lumber 00. has been tested by 
comnlercial firms to determine its value both as a 
china clay and as a fuller's earth. Test pieces of china 
made from the clay are said to have been of excellent 
quality except that the color of the fired china was 
cream to yellow. Tests are said to show that the kaolin 
as fuller's earth has proved satisfactory in the refining 
of both edible oils and petroleum. That the kaolin 
has the properties of fuller's earth was verified in the 
chewical laboratory of the United States Geological 
Survey by testing a sample collected by Miser from the 
Adams pits. 

Thinner deposits of kaolin were examined by the 
Arkansas Geological Survey some 35 years ago. One 
of these, containing 2 feet of kaolin t.he upper foot of 
which is pink and the lower foot white, occurs in the 
NW. ~ SW.~ sec. 19, T. 8 S., R. 24 W.63 Analyses 
are given below. 

Analyses of kaolins from Vaughn Creek, Pike County, Ark. 
[Dr. T. C. Van Nuys, analyst] 

Upper bed Lower bed 

Silica (Si0
2
) ____________________________ 48.87 47.39 

Alumina (AbOa)________________________ 36.51 34.67 
Ferric oxide (Fe20a)_____________________ .98 2.31 
Lime (CaOL___________________________ .19 .32 
Magnesia (MgO)________________________ .25 Trace. 
Potash (K20)___________________________ ________ .20 
Soda (Na20)___________________________ ________ .39 
Watec _ __ _ _ __ _ _ _ _ ____ ______ __ _ _ _ _ _ _ _ __ 13. 29 13. 89 

1----1----
100. 11 97. 17 

Water ~t 110° to 115° C_________________ ________ 1. 00 

Other reported deposits in the same vicinity as the 
three localities described above are briefly described by 
Branner. Some of the thicknesses reported to lllembers 
of the Arkansas Geological Survey were as great as 
9 feet. 

A 5-foot bed of kaolin like that at the Adams pits 
was reported by O. W. Adams to lie in a small hill in 
the sW. ~ SE. ~ sec. 24, T. 8 S., R. 25 W. The 
overburden of sand and gravel is said by Mr. Adams 
to be 15 to 20 feet thick. 

A bed of kaolin 23 inches thick was observed' by 
Miser in 1909 in a cut and pit in the NE. Ji sec.' 29, 
T. 8 S., R. 24 W. It is pearly white, is free from sand, 
and does not appear to be plastic. It is closely lami
nated, and thin films al'e stained red and yellow along 
the laminae. 

Two pits revealing hard nonplastic kaolin were 
examined by Miser in 1909 in the southeastern part of 
sec. 9, T. 8 S., R. 24 W. One of the pits showed 24 
inches and the other 28 inches of white kaolin stained 
with iron oxide along many joints and laminae. The 
kaolin is underlain by sand and is overlain by sand 
and gravel that probably attain a thickness of 15 to 
20 feet on the top of the hm. 

63 Branner, J. C., The clays of Arkansas: U. S. Oeol. Survey Bull. 351, pp.148-153, 
1908. 



ALGAE REEFS AND OOLITES OF THE GREEN RIVER FORMATION. 

By W. H. BRADLEY 

INTRODUCTION 

Reefs .or beds and is.olated n.odules .of fresh-water 
algal limestone are abundant in several parts .of the 
Green River f.onnati.on .of Wy.oming, C.ol.orad.o, and 
Utah. L.ocally they c.onstitute nI.ore than 8 per cent 
.of the basal InClnber .of the f.ormati.on and .occur in 
single reefs .or gr.oups .of reefs as much as 5.5 meters 
(18 feet) thiclc (See pi. 29, A.) O.olitic liInest.one and 
algal pebble beds are als.o plentiful but thinner. 

These algae reefs and .o.olitic beds are interesting n.ot 
.only because they nIake up an appreciable part .of the 
f.onnati.on but als.o because they indicate that the parts 
.of the lakes in which they and the ass.ociated beds 
were f.ornIed were shall.ow and clear except in times .of 
stonn, that the lakes had sheltered bays in which an 
emergent vegetati.on fi.ourished, and that the streams 
:feeding the lakes br.ought in a c.opi.ous supply .of dis
s.olved calcium salts. 

It is also w.orthy .of passing n.ote that the algae reefs 
.of the Green River f.onnati.on, alth.ough f.ormed in 
inland lakes during the nuddle part .of the E.ocene 
ep.oeh, are rOInarkably similar t.o th.ose f.ound in the 
11i.oeene lake beds .of the Rhine Valley in Germany. 
The SaIne species .of alga has been the chief agent in 
f.orming the reefs in each .of these tw.o widely separated 
l.ocalities, and, s.o far as the writer is aware, dep.osits 
with a c.omparable internal structure are elsewhere 
unkn.own. 

STRATIGRAPHY AND ECOLOGY 

The algae reefs .of the Green River f.ormati.on aTe 
In.ost plentiful in sh.ore phases .of the f.ormati.on, as 
between White and Yampa Rivers in M.offat and Ri.o 
Blanc.o C.ounties, C.ol.o., and in the n.ortheastward 
extensi.on .of the Bridger Basin in Sweetwater C.ounty, 
'¥y.o. In b.oth these areas the f.ormati.on c.onsists .of 
silty shale, sandst.one, .ostrac.ode and .o.olitic limest.one, 
and shell lnarl. Oil shale is practically absent, and 
beds .of shale c.ontaining even a small quantity .of 
.organic lnatter are n.ot abundant. In these areas 
bedlike algae reefs are irregularly distributed thr.ough 
the entire thickness .of the f.ol'lnati.on, bt'lt elsewhere in 
the Green River f.ormati.on algae reefs are c.onfined 
a1rn.ost wh.olly t.o the basal member, wh.ose lith.ol.ogy 
is similar t.o that .of the sh.ore phases. The left-hand 
c.olumn .of the secti.on sh.own in Plate 28 illustrates 
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the kinds .of r.ocks with which algae reefs are habitually 
ass.ociated. This lith.ol.ogy, m.oreover, is fairly typical 
.of the basal member .of the Green River f.ormati.on in 
Wy.oming as well as in C.ol.orad.o and Utah, alth.ough 
the pr.oP.orti.ons .of the different kinds .of r.ock vary 
c.onsiderably fr.om place t.o plaee . 

S.o far as the writer has .observed algae reefs are 
n.owhere cl.osely associated with beds .of even m.od
erately rich .oil shale but .only with sandy and liIny 
shale beds wh.ose .oil yields range fr.om a trace to ab.out 
5 gall.ons a ton. This is n.ot surprising, h.owever, 
because the c.onditi.ons .on the lake b.ott.om where beds 
.of richer .oil shale f.ormed were utterly different fr.om 
th.ose where algH,e reefs f.ormed. The f.ormati.on .of 
rich .oil shale requires stagnati.on .of water and active 
putrefacti.on .of vast quantities .of .organic lnatter, the 
pr.oducts .of which w.ould quickly precipitate the lime 
in s.oluti.on and also f.oul the b.ott.om s.o that it w.ould 
be unfav.orable f.or m.ost benth.onic plants except sap
r.ophytes. These c.onditi.ons are clearly inilnical to the 
f.ormati.on .of algae reefs and explain their absence fr.om 
the .oil-shale z.ones and als.o fr.om much .of the remainder 
.of the Green River f.ormati.on, which c.onsists predOl~:
inantly .of shale that nIay be c.onveniently termed l.ow
grade .oil shale, defined as s.omewhat limy shale that is 
finely laminated and that contains en.ough .organic 
matter t.o yield .on distillati.on less than 15 gall.ons .of 
.oil t.o the sh.ort t.on. In m.ost places beds .of richer .oil 
shale are interbedded at rather wide intervals with the 
l.ow-grade .oil shale. The middle and right-hand c.ol
umns .of Plate 28 sh.ow the typicallith.ol.ogy .of the Green 
River f.ormation ab.ove the basal member. 

Locally, as in the vicinity .of Parachute Creek, 
C.ol.o., that part .of the secti.on between the basal 
member and the l.owest .oil-shale z.one c.onsists .of hard 
limy .or silty shale and c.ontains a few thin algae 
reefs. In a few places that part .of the f.ormation 
ab.ove the upperm.ost .oil-shale z.one also oontains 
thin algae reefs, as in the vicinity .of Indian Cany.on 
and near the Duchesne-Uinta county line in Utah. 
(See pi. 31.) .. 

Each.of the tw.o great E.ocene lakes, .one in Wy.oming 
and the .other in C.ol.orad.o and Utah, in which the 
basal member .of the Green River f.ormati.on accu-. 
mulated may be pictured as a very br.oad sheet .of 
water fl.o.oding a large, nearly level fluviatile plain, the 
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I 

top of the Wasatch formation. This plain was built 
up of clay, silt, and sand brought down by streams 
from the surrounding nlountains, and as the alluvial 
material is predOlninantly clay the basinward slopes 
must have been very gentle. 

The beds of clay and stream-channel sandstone of 
the Wasatch formation in the greater part of each 
basin are comparable to the youngest flood-plain 
deposits in Sacramento Valley, Calif., between Butte 
City and Montezuma Hills, which, according to Bryan 1 

consist chiefly of blue clay and silt with deposits of 
coarser sand and gravel that were laid down in more 
or less braided stream channels. The gradient of 
Sacramento River through this area is a little less than 
19 centimeters to' the kilometer (1 foot to the mile). 
If this gradient is assumed for the basin floors over 
which the earliest Green River lakes spread and if it is 
also assumed that the water was not more than 3 or 4 
meters (10 or 15 feet) deep near the shores where the 
algae reefs formed, then the deepest parts of the lakes 
near the centers of the basins may have been as much 
as 15 or 18 meters (50 or 60 feet) deep. But other 
things being equal, lacustrine sedimentation must soon 
have lessened this relief on the lake floor so that while 
the greater part of the basal member was being formed 
the lake bottoms were nearly level. On the other 
hand, the earliest 'lakes may have started as small 
ponds and backwaters along the stream courses in the 
alluvial plain and expanded very gradually, filling their 
basins and leveling up the plain as they grew, until 
finally they spread over the entire plain from mountain 
flank to mountain flank . 

. In these two great shallow lakes algae flourished 
and built bedlike reefs that expanded broadly over the 
smooth lake floors. Fish, mollusks, crustaceans, and 
aquatic insect larvae were also plentiful in the lakes, 
and turtles (Baptemys sp. and Echmetemys sp.), croc
odiles, birds, and small camels, as well as myriads of 
winged insects, frequented the lake shores. Along some 
shores there were marginal swamps which persisted 
for a considerable time and whose former positions are 
revealed now by thin coal beds. 

But these lakes, despite their enormous area and 
slight depth, must have been fairly stable water bodies, 
for some of the thicker algae reefs required, according 
to the writer's estimate, at least 355 years to form. 
Dyring that time only slight changes in water level, 
rate and manner of circulation, and rate of sroimen
tation could have occurred. Such changes would reg
ister in the growth layers of the reef. A considerably 
longer period of static equilibrium is indicated by the 
composite reef near the divide between Douglas and 
Salt Creeks, Colo., which is 5.5 meters (18 feet) 
thiclc 

1 Bryan, Kirk, Geology and ground-water resources of Sacramento Valley, Calif.: 
U. S. Geol. Survey Water-Supply Paper 495, PP. 7, 10, 39-43, 1923. 

. . ~ 

The periodic stability indicated by the algae reefs 
suggests that the lakes had outlets during at least part 
of the time, for lakes in inclosed basins are extremely 
sensitive to climatic changes, and their levels fluctuate 
perceptibly even" when ordinary weather observations, 
taken at a limited number of localities in their neigh
borhood, fail to indicate analogous changes in atmos
pheric conditions." 2 It is possible that between such 
periods of stability in the early stages of the Green 
River lakes they did not overflow. The prevalence of 
sun-cracked bedding planes and mud curls in some 
parts of the basal member supports this hypothesis. 
Yet complete desiccation was probably not frequent, 
if indeed such an extreme condition was even ap
proached. In the basal member no salt crystallized 
out in the bottom mud. These lakes, however, may 
have been comparable in relative permanence, depth, 
and content of dissolved salts to Goose Lake, Oreg. 
Goose Lake lies in a region whose average annual rain
fall is about 51 centimeters (20 inches). It contains 
about 1,000 parts per million of dissolved salts, rarely 
overflows, and although very 'shallow has never been 
known to dry Up.3 

It is plain that in later stages of the Green River 
lakes they had no outlets, for they became progre~
sively more saline until finally large quantities of 
glauberite crystallized out in the bottom mud. During 
the saline stages many of the principal oil-shale beds 
formed. The deposits of these later stages are clearly 
different from those of the basal member and reflect 
marked changes in the aspect and constitution of the 
lakes as they grew older. 

FIELD WORK AND ACKNOWLEDGMENTS 

This paper describes a collection of algae reefs and 
oolites made during the field seasons of 1923, 1924, 
and 1925. During 1923 the writer was assisted by 
C. H. Dane, of the United States Geological Survey; 
in 1924 by C. E. Erdmann, also of the Geological 
Survey; and in 1925 by R. D. Ohrenschall. These 
men the writer wishes to thank for their cooperation 
in the field and their interest in the problems that have 

. since arisen. 
In the autumn of 1925 the writer visited Canan

daigua Lake, N. Y., to collect recent algal pebbles, 
and in July, 1926, he visited Green Lake, N. Y., to 
examine and collect specimens of the algae reefs now 
forming there. 

MODERN ALGAE REEFS IN GREEN LAKE, N. Y. 

STRUCTURE 

An examination of the structure of algae reefs now 
forming in Green Lake, N. Y., assists greatly to in-

2 Russell. I. C., Lakes of North America, p. 71, 1895. 
8 Waring, G. A., Geology and water resources of a portion of south-central Oregon: 

U. S. Geol. Survey Water-Supply Paper 220, PP. 12,38, 1908. 
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oil-shele zone 

Barren limy sh8le, 
limestone,and thin 
oil-shale beds 

Oil shale -15-20 galls .. 

Brown finely lamineted she/~ 

Soft brown shale with adult 
insects and plant fragments 

-Sandy shale 
Top CYf lower } Limy shale 
oif.shale zone '~!!I~~--Oil shale -IS galls. 

1~~~~~ij Limyshole withthi" beos ~ of' oolitic limestone 

Fine -gr8ineo' burr s8ndstone 
part rpassive,part cross-bedded 

Herd limy and silty shBle 

Algae reef's end 
oolitic limestone 

Shaly sandstone with mud . 
curls and rishbones 

1~;~=~~t~/9ae reef' and oolitic limestone 

greenisH-gray sQl!Jle 

Medium to fine grained send
stone. in part msssive,in pert 
cross-bedded;contl!Jins shale 
conglomerate 

~ } Limy shole 

0;1 shale -/2-15 9alls. 

Chocolat(rbrown limy shale 

shale - 10-12 ge//s 

Brown limy' shale'and 
thin all-shale lenses 

Oil shale -35g81Is. 

Lamin'8ted chocolate
brown limy shale 

Barr(?n lifo/. Shale and 
several beds of' oil shelg 

15 -20 ~alls. 

sh81e -15 gallS. 

Hard light-brown limy shale 

L/~ht-brown low-grade 
oil shala with thin 20-gall. 
o/~-shale beds 

0/1 she/e -20 g811s. 

Dense ~reenish-9roy 
pyritlrerous slial" 
with sandy lenses 

Bese of lower h!. 5 II. iiiiliiiil{":S;OTtvmYShak oil-shale zone s a e - / g8 s. 

ihin-bedd;,d sl!Jn& shele end 
thin sandstone beds. 8eds 
contcun mlJd c(lr/s, mud lumps, 
and fi"hbon/1s end ere sun
crecked and ripplB bedded 

shele 

reef's, oolitic limestone, 
finely 18min8ted limy shale 

iI.~'tGreeniSh-grey cley 

Variegated red and 
gray sandy cl8Y 

;;111;11 Oolitic limestone 

A 

limestone 
Variegated clay or 
Wesetch {'ormetion 

Herd chocolete-brown 
lamineteo' shale with thin 
oil-shale streaks 

. - - 01/ shale - 25 gI:J/ls. 

} 

laminated chocolate-brown 
shale and tflln oolitic limestone 1==========1 

Finely laminated light
brown shale with mud 
cvrls al?d sun cracks 

!iillllt.~: shale -10 gallS. Laminated limy shele 

Sandy ostracode limestone 

Fine-gr"ined cross-bedded 
ripple-bedded and sun
cracked sandstone 

rippled liiiiiili",L~I;m;~;s~h;~;/~e; rishbones 
f'i,,!>bones 

Larvae beds 

R8ther sort IIjht-brown limy 
and finely lammeted shale;rew beds 
sun cracked (jnd oscilletion rippled 

Oil shale - 10 galls. 

Hard light-brown 
lI:Jminated shale 

ostracode limestone 

Sort· papery ostr"code 
shale with plI:Jnt fregmel1ts 

lIlt: siltstone 

Sort p"per shale 

B 
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Rather soft chippy 
(md limy shale 

Limy shale with thin bed$ 
of oil Shale and sandstone 

Hard limy shale 

shale 
shale 

~iili=r:~ shale -30-35 gell$. 

f. Thin-hedded silty shale 
without rly larvae 

c 

Very thin bedded silty 
shale contaimnq vast 
numbers of'rly Tarv8a. 
Thin beds 01' oil shale 

H"rdlight-hrown limy shale, 
platy or finely laminated, 
with sever,,1 thin' beds aT 
oil shale -10-20 gall~_ 

Low-grade oil shale 

COMPOSITE SECTION OF THE GREEN RIVER FORMATION SHOWING THE DISTRIBUTION OF THE ALGAE REEFS AND THE CONTRAST IN UTHOLOGY BETWEEN 
THE BASAL MEMBER AND THE REST OF THE FORMATION 

Tho basnl mombor, up to tho breuk nenr its top, wos moasured along the Fruita-Rangely road on the divide between Douglas and Eost Salt Creeks, Colo. The remainder of the section was mPAlsurOO near 
tho head or Cnthedrnl Creek, approximately in soo. 6, T. 3 S., R. 99 W., Colo. The yields or the oil ... hale beds are estimated. Scale, linch = 50 feet. 
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A. GROUP OF SUPERIMPOSED ALGAE HEEFS IN THE UPPER PART OF 
THE BASAL MEMBER OF THE GREEN RIVEH FORMATION NEAH 
THE DIVIDE BETWEE WEST DOUGLAS AND EAST SALT CREEKS, 
COLO. 

The man 's feet a re at the base of the lowest reef which truncates the shaly sandstone 
beds below ; his shoulders arc lnvel w ith a thin reef that has unu sual pencillated 
structure. The thin dark-<:olorcd bed at the to!, of the unit consists of algal peb
bles some of which a re shown in P late 46, B. The group is about 5.5 m eters (18 
feet) thick 

The upper rough part is gr~yish green ,.owing to the dense fel t of algae. whose Lips were only thinly incrusted with Lime. The 
lower, smoother part, WhICh was buned in a soft limy mud, is yellowish gray. dense, and without living algae. Natural size 
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A. THIN SECTIO OF A RECENT ALGAE REEF FROM GREEN LAKE, N. Y. 

Showing th e tubula r molds of the thalli of a filam entous a lga, Microcolf'US paludosa (KiHzing) Gommont, 
in a matrix of microerysLalline ca lcite. The darkest molds contain bakelit.e with which the specimen 
was impregnated for sectioning. Enlarged 75 diameters 

B. THIN SECTION OF A RECENT ALGAE REEF FROM GREEN LAKE, N. Y. 

Showing the typical spongy s tru cture of the microcrystalline calcite producod by a felt of fresh-water 
algae. This a lso shows a portion of the recrystallizod and more deuse surface layer in the upper left 
quadrant. EuJa rgod 30 diameters 
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IIi' 109' 

EXPLA NATI ON 

4:f D 4£ 

Green River formation 

~ 
Areas con taining·algae 
reefs in the basal mem-
ber of the formation 

~ 
Areas containing algae 
reefs above the basal 
member of the for-
m ation 

4f 42 

E 

IB:S::EHmJ=:::i10~::23:0==30E:=340c=:::::is:'========:=:::::J'OO MILES 

GEOLOGIC MAP SHOWING T HE DISTRIBUTION OF THE ALGAE REEFS I THE GREEN RIVER FORMATION 

Geology compiled from published reports of Winchester, Schu llz, Vcatc~~:;'fr BaU, and Brad ley and unpublished field data of E. E. Smith and E . G. 
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terpret the spongy structure of 111any fossil reefs. In 
Green Lah::e algae forn1 not only fringing reefs but also 
thick incrustations on the trunks and branches of 
trees that have fallen into the water. All these de
posits are exceedingly porous or spongy and consist 
of '111 ore or less closely intergrown arborescent masses 
that are richly nodose. They resen1ble arborescent 
native copper but are 1110re profusely branched. (See 
pI. 29, B.) An outer layer ranging in thickness from 
about 0.25 to 3.0 centi111eters is soft and crumbly, 
but below that the deposit is as hard as ordinary 
porous limestone. 

Apparently the £01'111 of the lil11Y deposit is deter
nlined by the growth habit of the algae, for if the cal
cium carbonate in the softer outer layer is dissolved 
in dilute acetic acid there reInains a very dense felt of 
algae which retains the original dimensions and intri
cate fOrIn. Close to the surface the calcium carbonate, 
in the form of minute granules 3 to 6 microns in di
an1eter, partly fills the interstices between the algae 
filalnents and unicells and thus makes a very imperfect 
cast of the interstices or, stated differently, a mold of 
the plants. But beeause the algae are so densely 
entangled the resulting Inolds are those of groups or 
S111all felts of the plants rather than of individual plants. 
Only rarely in such cOl11plex assemblages of algae are 
the individual filmnents or unicells so widely separated 
that recognizable molds of them are formed. (See 
pl. 30, A.) 

A little below the surface of these deposits the cal
cimn carbonate is somewhat coarser grained. The 
crystal growth thus indicated diminishes a little the 
spaces originally occupied by algae and also distorts 
whatever mold's of individual plants may have formed. 
This dinlinution of pore space, however, is slight, and 
the resulting deposit after the algae have decayed and 
completely disappeared is exceedingly porous and 
exhibits the typical spongy structure. Some of it 
shows clearly the dominant radial lineaments of the 
algae. (See pI. 30, B.) Although this spongy deposit· 
shows neither cell structure nor any molds of algae, it 
is highly distinctive and owing to its unusual external 
for.m is not readily confused with limestone of any 
other kind. 

The spongy structure of these recent algae reefs is 
practically identical with that found in many of the 
fossil reefs from the Green River formation. (See pl. 
34, A.) However, few fossil deposits are so porous, 
because some or even all the interstices have subse
quently been filled with calcite or silica. These second
ary fillings are, nevertheless, clearly distinguishable 
£r0111 the original deposit. 

Those parts of the algal deposits in Green Lake, 
N. Y., which have been buried in a finely granular gray 
or white limy silt have been son1ewhat modified. The 
intricately arborescent and finely nodose or granular 
protuberances have become smoother, more rounded, 

and more compact. (See pI. 29, B.) Thin sections 
of these parts show that the interstices have been 
filled with calcite, so that an out3r layer 0.1 to about 
1 centilneter thick is dense and somewhat banded 
concentrically. Along these bands n1any of the calcite 
crystals are radially elongated. The change is appar
ently inorganic and confined to those parts that are 
buried. Perhaps an1monia from the decomposing 
algae hastened the precipitation and recrystallization 
of these buried parts. 

ORGANISMS 

The dense felt of algae obtained by dissolving out 
the calcium carbonate from the material collected in 
Green Lake, N. Y., consists of an assemblage of blue
green algae together with a few green algae. The 
most abundant forms are jficrocoleus paludosa (I{Jitz
ing) Gommont, Palm ella miniata Leiblein, Ohroo
coccus helveticus Nageli, and Lyngbya subtilis W. West; 
and of these Microcoleus, by reason of its greater bulk, 
predominates, yet the minute ,cells and colonies of 
Palmella are vastly more numerous. Palmella cells 
are probably the unidentified "rounded or oval, 
very small cells" that C.' A. Davis referred to in his' 
notes on the lime deposits of Green and Round Lakes, 
N. Y., published in Walcott's description of some 
,pre-Cambrian algal deposits.4 Lyngbya and Palmella 
are most plentiful close to the surface of the algal 
felt, where they are associated with the algae listed 
below in the order of their estimated abundance: 

Hapalosiphon aureus West and West, locally plentiful. 
Gloeocapsa sp. 
Radiofilum sp. 
Rivularia sp. 
Dicothrix orsiniana (Kutzing) Bornet and Flahault. 

Diatoms belonging to several genera are scattered 
through the mass of other algae. 

The calcium carbonate precipitated by these algae 
was tested to see whether it was aragonite or caleite. 
The two most generally used chemical tests with 
cobalt nitrate and ferrous sulphate were applied but 
gave inconclusive results. Pieces tested in cobalt 
nitrate became pinkish lavender, whereas crystals 
of aragonite used as a check turned lavender but 
with a perceptibly bluer tone. Calcite crystals 
also immersed for a check remained colorless. In 
ferrous sulphate pieces of the material caused a 
yellow precipitate, which, however, had at first a 
dull greenish cast. Johnston, Merwin, and William
son 5 have pointed out the uncertainty of these tests, 
especially if the material is finely divided or in the 
form of aggregated fine particles. 

C. S. Ross, of the Geological Survey, kindly exam
ined some of the material for the writer and found 

4 Walcott, C. D., Pre-Cambrian Algonkian algal flora: Smithsonian Misc. ColI", 
vol. 64, p, 88, 1914. 

6 Johnston, John, :Merwin, H, E" and Williamson, E. D., The several forms of 
calcium carbonate: Am. Jour. ScL, 4th sor., vol. 41, pp. 476-478, 1916. 
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that all the crystals large enough to be determined 
optically were uniaxial and therefore calcite. 

There remains the possibility that some of the finer 
grains are or were originally aragonite. That they 
are now aragonite appears unlikely, for Johnston, 
Merwin, and Williamson 6 have demonstrated that 
in aqueous solutions aragonite is unstable in the pres
ence of finely divided calcite. These' grains are very 
small, 3 to 6 microns in diameter, and are interlocked 
with the minute calcite grains. Moreover, these 
deposits formed under water, where they remained 
for a considerable time. It also seems improbable 
that these finest grains were originally aragonite, 
for the small calcite crystals with which they are 
associated in the surface layer of the deposit are 
not idiomorphic, as they probably would be if recrys
tallized from aragonite. Moreover, older parts of 
the deposit obviously furnished calcite nuclei, a fact 
which in itself makes the original deposition of ara
gonite very improbable, as pointed out by' Johnston, 
Merwin, and Williamson. 7 

Hassack 8 and Chambers 9 have demonstrated that 
the function of algae in the precipation of calcium 
carbonate is merely to remo:ve by their photosynthesis 
the carbon dioxide from the system. Under the con
ditions which occur in Green Lake, N. Y., calcite is 
the stable product. Perhaps in a lake that contained 
considerable sulphate in solution aragonite containing 
some calcium sulphate in solid solution would be 
the stable form.lO 

GENERAL FORM OF THE FOSSIL ALGAE REEFS 

The algae reefs of the Green River formation have 
the form of irregular lenses or beds rather than of ridges 
or mounds, and they differ considerably in thickness 
from place to place. Little is known about their 
extent and proportions; partly because the exposures 
are inadequate but chiefly because the urgency of 
other field work has always left insufficient time to 
map them. Plate 31 shows their distribution in a gen
eral way. The shaded portions represent areas in 
which the writer has observed reefs together with a 
narrow border zone that represents their probable 
minimum extent ben~ath cover and along the strike 
of the beds from the observed outcrops. Their actual 
extent is almost certainly considerably greater than 
that shown. Those portions of the outcrops along 
White River from the vicinity of Meeker to Douglas' 
Creek, Colo., along the east side of the Bridger Basin 
in Wyoming from the Union Pacific Railroad north to 

6 Idem, p. 501. 
7 Idem, p. 483. 
8 Hassack, Carl, tiber das Verh!Utnis von Pflanzen zu Bicarbonaten iind uber 

Kalkincrustation: Untersuchungen aus dem Bot. Inst. zu Tiibingen, vol. 2, pp. 
467-473, 1888. 

Q Chambers, C. 0., The relation of algae to dissolved oxygen and carbon dioxide 
with special reference to carbonates: Missouri Bot. Garden Ann. Rept., vol. 23, 
pp. 188-204, 1912. 

10 Johnston, John, Merwin, H. E., and Williamson, E. D., op. cit., p. 482. 

the area indicated on the map by shading, from White 
River to Green River in Utah, and between Little 
Snake and Yampa Rivers, together with several local
ities in the adjoining country to the northwest, have 
been examined and found barren of algae reefs. The 
remainder of the unshaded portions represent either 
unexamined outcrops or areas where the formation, 
though near the surface, is not exposed. 

The shape and size of modern algal deposits appears 
to be governed largely by the lake-shore profile. The 
modern algal tufas of Pyramid Lake, Nev., like 1110St 
of the Pleistocene tufas of the ancient Lake Lahontan, 
are true fringing reefs, because the shore profiles are 
steep' and the maximum depth at which they could 
form is not far from shore. Similarly in Green Lttke, 
N. Y., the shore of which has an exceedingly steep 
profile, the algal reefs are narrow and fringing. In 
lakes with more gently sloping shores, such as Ore 
Lake, Mich.,!! the algal deposits are more bedlilm but 
thickest near shore and progressively thinner outward 
where the water deepens. Baumann 12 shows that the 
beds of algal pebbles now forming in Unter See, Ger
luany, below the outlet of the Lake of Constance are 
rather thin but extend over very large areas in the 
shallow bays (1 to 4 meters deep), which are free frOlu 
strong currents. Some of those deposits are nearly 
equidimensional, but more of them are two to three 
times longer than broad. 

Apparently, therefore, algal deposits must of neces
sity be bedlike in shallow lakes which are free from 
strong currents and whose bottoms have a gentle slope 
and but slight relief. Over such bottoms they may ex
pand freely, their size and shape being limited only by a 
decrease in the lime supply or changes in environment 
that would be unfavorable to the propagation of the 
algae-for example, a considerable increase in either 
the turbidity' or the depth of the water or long-con
tinued stagnation and fouling of the water. 

The few reefs of the Green River formation that have 
been traced in the field serve to illustrate their probable 
variety of form. Some of these, 2 meters (6 feet) or 
more thick, cover only a small area and end abruptly; 
others cover many square miles and apparently thin 
progressively toward the borders. Most of the reefs 
are of this bedlike type. On a few there are portions 
that rise above the general level of the reef as much as 
1.3 meters (4 feet). This relief evidently existed until 
reef building ceased, because the bedding of the over
lying shale conforms to the marked irregularities of 
the reef surface and laps up tangentially against the 
steepest sides of these high parts. 

The under surfaces of reefs conform to the sub
strata, which, unless they are algal, are practically 
flat.. An exception to this rule, however, is found in a 

II Pollock, J. B., Michigan Acad. Sci. Twentieth Ann. Rept., p. 24:l, 1918. 
II Baumann, Eugen, Die Vegetation des Untersees (Bodensee): Archiv Hydro· 

biologie u. Planktonkunde, SuppI. Bd. 1, pp. 26-31, pI. 11, 1911. 
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reef in Sweetwater County, Wyo., which apparently 
filled a rather broad and shallow depression in the lake 
bOtt0111. Its upper surface is essentially leve~. 

Small isolated algal heads or groups of them are 
scattered in the beds below 111any reefs. These are 
precursors of the 111ajor reefs, are not connected with 
them, and are not to be confused with rootlike proc
esses that extend downward fr0111 reefs into the under
lying rocks, such as those in the Buntsandstein de
scribed by KalkowskyY· 

Each reef consists of an aggregate of more or less 
d01ne-shaped or puffball-shaped masses of algal lil11e
stone. These will be referred to as heads. They may 
be entirely separate one fr0111 another, or they 111ay 
be nlerely botryoidal convexities or arches in a con
tinuous layer. (See pIs. 40, A; 44, A; 45, A.) }.10re
ov('r, each head may be silnple and consist of super
imposed SlllOOth, concentric, or slightly eccentric layers, 
or it nul.Y be compound and consist of few to many 
smaller heads which in nearly all reefs are fused to
gether. (See pI. 44, B.) Such slllall heads, particu
larly if fOl'lllcd by a single species of alga, may repre
sent the growth of individual colonies. But if the 
deposit was f01'lned by a cOlllplex assemblage of algae 
then they represent Illerely areas of 1110re rapid growth, 
and generally, though not invariably, these are some
what arborescent, are less unifofln in size, and have a 
less regular distribution in the larger head. (See 
pI. 43, A.) 

ORGANISMS AND STRUCTURE 

UNICELLULAR ALGAE 

Many algae reefs of the Green River formation are 
built up of. successive crescentic groups of small, 
closely packed spherica.! or ellipsoidal shells of calcite 
separated by thinner layers of Inicrocrystalline calcite. 
These delicate shells range in diameter from 103 to 122 
Inicrons and consist of a Illosaic of cOlllparatively large 
platelike crystals of clear calcite. In the silicified reefs 
they are filled with small anhedral grains of secondary 
quartz, but in the unsilicified reefs they are enlpty. 
V\There they are closely appressed Illany are caved in on 
one side, greatly distorted, or completely crushed. 

Each delicate limy shell is the UloId of a unicellular 
alga fOl'lned by the precipitation of CaC03 on the 
surface of the living plant through its photosynthesis, 
a pi'ocess by which the plant abstracts CO2 fronl the 
water and its dissolved bicarbonates and thus, by 
diminishing the concentration of the carbonate ion in 
the system, reduces the solubility of the normal car
bonate to the point of precipitation. 

These algae are almost identical with Ohlorellopsis 
coloniat(L Reis. Except for a slight difference in the 
size of the cells the original description of the geno
type will serve for the algae of the Green River for
Ination. 

\3 Klllkowsky, Ernst, Oollth und Stromatolith in norddeutsehen Buntsandstein: 
Deutsche geol. OescH. Zeitsehr., vol. 60, p. 112, 1908. 

Genus CHLORELLOPSIS Reis 

Chlorellopsis coloniata Reis 

Plate 32, A and B 

Chlorellopsis coloniata Reis, Kalkalgen and Seesinterkalk aus dem 
rheinpfalzischen Tertiar: Geognostische Jahresh., vol. 
36, pp. 107-109, pI. 3, figs. 1,2, pI. 4, figs. 3-6. Miocene 
lake beds of the Rhine graben, Germany, 1923. 

A free translation of Reis's description is as follows: 

Body perfectly spherical, consisting of a shell of very fine 
interlocking grains of calcite, which is preserved only if filled 
with precipitated microcrystalline calcium carbonate that enters 
it through an accidental rupture in the cell wall (or a break 
formed by swarm spore liberation?). Otherwise the spherical 
cavity is later filled with coarser-grained clear calcite similar to 
the rock matrix. In all occurrences the spheres have approxi
mately the same diameter: the few odd-sized ones range in 
diameter from 110 to 140 microns. * * * The spheres occur 
mostly in colonies, more rarely in a series or row, commonly with
out definite arrangement in little low heaps, often, however, also 
in structures with steep and even overhanging sides; they might 
therefore have been held together in a jelly. They are found, 
nevertheless, in niches, little pits, and depressions in various 
kinds of limy growths * * * but never in the detrital 
grains around them; they often also occur in protected places, 
as the insides of snail shells. They are alwa:vs separated from 
the substratum and from each other, but the spacing is not 
regular. . 

The spheres occur not only in groups by themselves that are 
separated by thin limy layers by also sporadically associated 
with all the other kinds of algae in the Miocene Tertiary marls 
of the Rhine lake basin, although more rarely in beds containing 
solely marine animal remains or in the fine-grained limestones 
intercalated with them. 

Living spherical algae of comparable size are Halosphaera 
(marine), Eremosphaera (100 to 145 microns), Chlorella, which 
lives in marine lower organisms and of whose species Chlorella 
infusiomtm is of the same size as our fossil. The marine Pal
mophyll'um should be related to Chlorella. It forms a rounded 
and lobate thallus of unicells held together in a jelly which is 
attached to calcareous algae, etc. 

The spherical shells in the reefs of the Green River 
formation range in diameter from 103 to 122 microns 
and so are only slightly smaller than these and surely 
not so different as to determine fl.nother species. 
Their mode of preservation is slightly different, and 
they have not yet been found in sp.ail shells, but the 
identity of the Green River alga with Ohlorellopsis 
coloniata Reis seems beyond question. 

It was perhaps somewhat mislea~ing to compare 
Ohlorellopsis coloniata with the living Ohlorella infusi
onum, because of the confusion that exists in the 
nomenclature of the living algae. Beyerinck,14 who 
without apparent reason proposed Ghlorella to super
sede loochlorella Brandt, described Ohlorella 'in/usi
onum as free living, never in fanlilies, \vith small cells 
(1 to 4 microns) which are often flattened and rarely 
short cylinders. Furthermore, Beyerinck 15 regarded 
this alga as identical with Ohlorococcum i~fusionum 

II Beyerinck, 1\'1. w., Culturversuebe mit Zooehlorellen, Liehenengonidien und 
anderen neideren Algen: Bot. Zeitung, vol. 48, p. 726, 1890. 

16 Idem, p. 758. 
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(Schrank) Mengehini as described by Rabenhorst,16 in' 
spite of the fact that his and Rabenhorst's descrip
tions are utterly different. However, OhZorococcum 
i'fltfusionum (Schrank) Mengehini as described by 
Rabenhorst 17 agrees rather closely with the fossil alga, 
and hence it seems to the writer unfortunate that the 
fossil should have been likened to GhZoreZZa infusionum 
Beyerinck rather than to OhZorococcum i'fltfusionum 
(Schrank) Mengehini. Consequently the name OhZo
reZZopsis Reis is also unfortunate, for, although it does 
not necessarily imply consanguinity with the living 
plant, it nevertheless links the fossil to some extent 
with a doubtful genus which' the species coZoniata 
resembles considerably less than it does OhZorococcum. 

For comparison a translation of Rabenhorst's 
description of OhZorococcum i'fltfusionum 18 is given 
below. 

Aquatic, green, mucous; cells perfectly globular, size exceed
ingly variable; integument hyaline, distinct, thick, concentri
cally laminated; cytoplasm suffused with chlorophyll, homo
geneous, and dark olive color, forming a great number of 
gonidia. 

Diameter of cells, all the way up to [usquel 0.0045 inch 
(114.3 microns). 

Habit, everywhere in stagnant water, either affixed to sub
merged bodies OF free floating. 

Collins 19 says of t1;te habit of this alga that its cells 
are loosely tmited into light-green gelatinous masses 
·that are attached to submerged objects but are easily 
scattered. 

Although there is a strong resemblance in form and 
habit between the fossil algae and OhZorococcum 
i'fltfusionum (Schrank) Mengehini~ their mode of repro
duction and color are unknown, and therefore their 
systematic position must remain uncertain. 

FILAMENTOUS ALGAE 

Indisputable calcite mol4s of filamentous algae have 
not been found in the reefs of the Gre'en River forma
tion, although in a small partly silicified area of an 
algae reef from the "Manti be~s," probably a part of 
the Green River formation, there is a network of slen
der branching white lines, which are circular in cross 
section and whose' algal origin can be demonstrated. 
They are embedded in a translucent matrix and can 
be seen to best advantage in a polished specimen. (See 
pI. 33, G.) A thin section of this area showed that 
the white lines consist of an interlocking aggregate of 
irregular microscopic granules of chalcedonic quartz 
and that the matrix is microcrystalline or almost cryp
tocrystalline calcite. 

Al though these fm!sils show cellular structure in 
places and very probably represent more than one 

16 Rabenborst, Ludvico, Florae Europae algarum aqae dulcis et submarinae, 
vol. 3, p. 57, Leipzig, 1868. 

17 Idem, p. 57. 
18 Idem, p. 57. 
19 Collins, F. S., The green algae of North America: Tufts College Studies, vol. 

2, No.3, p. 144, 1909. 

genus, they can not be positively identified and are 
therefore provisionally referred to the indefinite form 
genus Gonfervites Brongniart. 

Genus CONFERVITES Brongniart 

Confervites rnantiensis Bradley, n. sp. 

Plate 33, A 

Filaments consisting of a single series of cells, straight 
or slightly curved, tips rOl,lnded or bluntly tapered, 90 
to 138 microns in diameter and 0.5 to 1.25 millimeters 
long. Most are simple, but some are sparsely branched 
at rather wide angles, resembling many Confervae. 

SevEfral of these quartz filaments contain centrally 
placed, short chains of excellently preserved cells of an 
alga resembling Nostoc. These cells range from 39.4 
to 67 microns in diameter and 27.5 to 50 microns in 
length and apparently represent more than one spe
cies. None of them are brancJ:1ed, and only one con
tains a cell that seems clearly to be a heterocyst. The 
uniform zone of silica between the chains of cells and 
the microcrystalline calcite apparently represents a 

. gelatinous sheath around which the calcite was pre
cipitated. Presumably the silica replaced the organic 
structure subsequent to the formation of ~he calcite 
mold and apprently so late that only fragments of the 
plants remained. (See pI. 33, A.) There are also 
fragments of filaments. which have short cylindrical 
cells and suggest some of the Oscillatoriaceae. 

Associated with Gonfervites mantiensis are many very 
well preserved though' small coprolites. (See p. 33, 
B.) They are cylindrical, have irregularly or squarely 
truncated or rounded ends, are of various lengths, and 
range in diameter from 38 to 77 Ihicrons but are 
mostly about 60 microns. Some are compact and 
dense, but many of them consist of a close mesh of 
ragged, irregular or dendroid opaque particles resem
bling organic tissue that has been very strongly macer
ated. A few consist of more or less loosely aggregated 
black sub angular to spherical particles about 1.5 to 2 
microns in diameter. 

SPONGY STRUCTURE 

Several algae reefs of the Green River formation con
tain zones of radially arranged thin bifurcating lines of 
clear calcite, more coarsely grained than the matrix, 
which may be casts of filamentous algae. (See· pI. 
34, B.) However, most of the reefs or parts of thenl, 
which show these zones in places, consist of spongy 
or porous masses of microcrystalline calcite which, 
aside from forming crescentic or mammillate layers,. 
show no systernatic structure. (See pI. 34, A.) 
Deposits of this kind seem to he exactly comparable 
to that formed within the dense felt of algae in the 
reefs now growing in Green Lake, N. Y., and in other 
recent fresh-water algae reefs as described by Clarke,20 

20 Clarke, J. M., Tbe water biscuit of Squaw Island, Canandaigua Lake, N. Y.: 
New York State Mus. BUll. 39, pp. 195-198, 1900. 
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A. PHOTOMICROGRAPH OF A THI N SECTION SHOWING IN DETAIL THE 
INDIVIDUAL CELLS OF CHLORELU)PSIS COLON IATA RETS 

The walls of each hollow sphere consist. of a mosaic of moderately coarse gra ined calcite 
crystals. The dark matrix is microcrystalline calcil.c. Enlarged 100 diamel.crs 

B . PHOTOMICROGRAPH OF TYPICAL LOBATE COLONY OF CHLOHELLOPSIS 
COLONIATA REIS 

Showing tile vague layering of the unicells. Enla rged 10 diameter. 
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CONFERVITES MANTIENSIS AND ASSOCIATED COPROLITES 

A . Photomicrographs of cellula r ()a rts of Con/ervites mantiensis Bradley, n . sp.: 1, Tip of a filament with qu adrate cells and a hluntly ta pered apical cell , resembling some species 
of L V"Iubua: 2 , tip of a fil ament wi th large spherical cells a nd a wide sheath; 3, filament with in terca la ry heterocyst resemhliog Nostoc. B . Photomicrograph of sm all 
coproli t.es (a , h, c) in a partly s ilic ified groundmass of microcrystalline calcite, associated wiLh 61amentous algae in an algae reef from the <I Manti beds." C. Polished speci
men showing sparse coloJlY of Con/ ervites m antiensis in a par tly s ilici6ed area of aD algae reef from the" M a oti beds." The whi te a reas a re calcite ; t be darker ones chal
cedouic silica 
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A . PHOTOMICROGRAPH SHOWING THE ASSOCIATION OF THE THREE PRINCIPAL TYPES OF 
STRUCTURE FOUND IN THE ALGAE REEFS OF THE GREEN RIVER FORMATION 

Small area of the reef shown in Plates 43 , A, and 45 , A. In the lower right-hand quarter is a colony of the large 
spherical cells of Chlorellopsis coloniata Reis, above that is a thick zone of typical spongy deposit, and at the 
top and also down the left side is an inorganic incrustation. Enlarged 10 diameters 

B. PHOTOMICROGRAPH OF PART OF AN ALGAE 
REEF 

Showing thin radial lines of medium-grained calcite, 
which may be casts of filamentolls algae. The matrix 
is a spongy algal deposit of microcrystalline calcite. 
Enlarged 21 diameters. Compare with Plate 30, B 

C. PHOTOMICROGRAPH OF TYPICAL PHYSICO
CHEMICAL INCRUSTATION OF CALCITE 

Showing the radial fibrous structure interrupted by thin 
concentric zones of limonite granules. The irregular black 
layer at the base and the small rounded cush ion-shaped area 
near the cen ter are spongy a lgal deposits, which appear almost 
opaque because they consist of calcite that is almost cryp
tocrystalline. Enlarged 10 diameters 
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POLISHED VERTICAL SECTION OF A CHLORELLOPSIS REEF 

Showing the irregular and vaguely rad ial a rraogemellt of the lobate algal colonies; also a part of the oolitic sandstone upon which it rested. The lightest-gray areas a re fine-grained 
sandstone. the black grains are oolite grains, and the medium-toned gray areas are fragments of silty limestone, a lga reefs, and mud lumps. Natural size 
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A. DEPOSIT FORMED AROUND WOOD BY CHLORELLOPSIS COLONIATA REIS 

Natural sjze 

B. TUBERCULATE OR PAPILLATE EXTERIOR OF THE TYPE CHLORELLOPSIS COLONIATA REEF 

Each tubercle represents a single colony of algae. From the base of the Laney shale member of the Green River formation, 
NE. ~ sec. 27, T . 25 N ., H. 103 W., Sweetwater County, Wyo. 
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A. TRANSVERSE SECTION OF CHLORELLOPSIS REEF 

Showing the conoidal piLs in section and the thinning of the algal layers toward the pits. Natural size 

B. UPPER SURFACE OF CHLORELLOPSIS REEF 

With conoidal pits showing their relative size and distribution and tbe difference in texture between tbe interior of the pits and the general surface of tbe reef. Natural size 
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A. TRANSVERSE SECTION OF THE PITTED CHLORELLOPSIS REEF SHOWN IN B 

Showing the cores of sand-filled ringed pits and the conoidal excrescences at their lower ends. This also shows the 
marked thickening of the algal layers between pit cores. Natural size 

B. CUP-SHAPED, RINGED PITS IN THE UPPER SURFACE OF A CHLORELLOPSIS REEF 

Showing their general uniformity of size and arranllement. At the left they a re arranged in fairly definite 
rowS. The vermiculate surface between the PIts shows best in a small area a little to the eight of the 
center 
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A. HEMISPHERICAL HEADS OF PITTED ALGAE REEF 

Showiog that the pit tubes are very nearly verLical , even where they emerge from Lhe side of 
a head. The pi ts in the very steep sides of the head ncar the hammer make concave 
niches wi th nearly horizontal bottoms. The upper surface of the reef a t this place is 
wealhered nearly smooth 

B. OVERTURNED AND BROKEN HEAD OF THE PITTED REE~' SHOWN IN A 

This shows, near t.he hammer head , a hole t.ha t cont.ained the nucleus. I t also shows the eccentric growth 
layers, which may be annual, and Dcaf the lop of the head (the lower edge of Lhe photograph near the 
center) several open pit tubes . These are indistinct, partly because th.ey are weathered and partly also 
because they were somewha t overgrown wiLh algal deposits as the reef formed 
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A. LARGE PITTED REEF CONSISTING OF SEPARATE, CLOSELY SPACED, TURBINATE 
HEADS WHICH REST UPON A BED OF SMALLER ALGAL NODULES 

The nodule hed rests upon medium-grained massive sandstone that is locally cross-hedded. Tbe second 
and third heads to the left of tbe man show fluting. Tbe minimum time required for the formation of 
this reef is estimated at 355 years 

B. POLISHED VERTICAL SECTION OF A CHLORELLOPSIS REEF 

Showing a large nat algal colony in part broken and in part deepl~ indented by a fragment of lime
stone that fell on it while the deposit was forming. .l£nIarged 5 diameters 
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A. POLISHED VERTICAL SECTION OF A REEF FORMED OF RECUMBENT DISCOID COLONIES 
OF CHLORELLOPSIS COLON lATA REIS 

The colonies ncar the center and upper parts of the specimen show faintly the concentric growth layers, which 
are convex outward along the radii of the colonies. Natu ral size 

B . ISOLATED ALGAL HEAD WITH DIGITATE SPONGY STRUCTURE 

Resemhles in form and sculpturing the marine Lithothamnion. Natural size. See also Plate 42, A and B 
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Roddy,21 Jones,22 and others. Jones 23 also illustrates 
clearly a deposit of this type now being formed in 
Salton Sea. 

Although olgae were apparently the active agents 
that locolized the precipitation of the calcium carbonate 
and gave the deposit its characteristic botryoidal fornl 
and eccentricolly layered structure, the resulting reefs 
are not strictly c01nparable to those built up pre
dominantly of casts or nlolds of algae such as OhZoreZ
lopsis coZoniata Reis or various marine Corallinaceae. 
They £1,1'0 really only pseudomorphs of the original 
botryoidol algol colonies and not fossil algae like the 
others, which retain not only the outward form of the 
colony but also the form and some of the structural 
details of the individual plants. 

PHYSICO-CHEMICAL INCRUSTATIONS 

A few reefs of the Green River formation contain 
layers whose origin is more obscure. These layers con
sist wholly of tiers of radially" arranged acicular crystals 
of calcite separated by thin layers of granular calcite 
and lilnonite grains and show neither organic structure 
nor the characteristic spongy structure just described. 
(See pI. 34, 0.) ~10reover, these layers appear to line 
cavities in the reefs and in a few places fill shallow 
cracks. They reseInble layers of olgal deposit in thin
ning and in places wedging out on the steep or over
hanging sides of d01ne-shapeaprotuberances, but unlike 
the algal deposits nlany continue as thin incrustations 
into the bott01ns of pocket-like depressions or infolds and 
up the sides of the adjoining excrescences. Further
more, they differ fr0111 layers that are patently algal 
in tending toward a sinlpler surface fornl where many 
are superinlposed. They fill the invaginations between 
algol colonies and bridge gaps between theIn, and 
above such bridges each succeeding layer becomes nlore 
unifonll in thickness and so smooths out the surface 
contour. (See pI. 45, A.) Where these layers are of 
essentially tinifornl thickness the junction between 
arcuate sections of thmn is virtually a straight line. 
This feature resmnbles agate structure nluch more 
closely than algal structure. ,(See pI. 34, 0.) 

In describing silnilar finely banded agate-bke depos
its which coatod gastropod shells Bucher 24 pointed out 
that the insides of the shells were also incrusted and 
that as the' interior of the shell was dark the deposit 
could hardly have resulted from the photosynthesis 
of algae. 

Tho radially fibrous layers in the reefs of the Green 
River formation may perhaps be recrystallized deposits 
localized by algae like Schizothrix rupicoZa Tilden or 

21 Hoddy, n. J., Concrctions in streams: Am. Philos. Soc. Proc., vol. 54, pp. 
24G-258, 1IH5. 

ii Jones, J. C., Quatel'llary climate; Geologic history of Lake Lahontan: Car
negie lnst. Washington Pub. 352, pp. 6-14, 1925. 

i8 Idem, pI. 1, fig. 10. 
U Bucher, W. n., tiber einige Fossilien und tiber Stromatolithbildung im Tertilir 

del' bayerlshehcn Hheinpfulz: Geognostische Jahresh., vol. 26, p. 79, 1918. 

Ohantransia pygmaea (I(utzing) Sirodot, which accord
ing to Tilden 25 grow in weak light and deposit calcium 
carbonate. It is also possible that these layers of 
radial acicular crystals were formed by repeated 
exposure to the air, as at the lake shore, where they 
would be alternately moistened with lime-bearing water 
and dried. There is, however, no evidence to sub
stantiate this supposition. It seems llluch more 
probable that they were formed without the assistance 
of plants and represent physicochemical deposits 
formed rapidly upon the algal layers as substrata. 

Bucher 26 has produced thin layers of this kind exper
imentally and in further support of the hypothesis of 
their inorganic origin points out 27 that they are 
connected by all stages of transition with oolites for' 
which he has adduced convincing arguments of an 
inorganic origin. 

REEFS BUILT CHIEFLY OF CHLORELLOPSIS 

The molds of the simple alga OhZoreZZopsis coZoniata 
make up the greater part of many algae reefs of the 
Green River formation. These reefs have a variety 
of fonns and internal structure. The specimens de
scribed below have been chosen as representative of the 
distinctive varieties. 

TYPE CHLORELLOPSIS REEFS 

The typical OhZoreZZopsis deposits (pIs. 35; 36, B) 
form reefs of huge puffball-shaped heads 0.7 to 1.7 
meters (272 to 572 feet) high and 0.6 to 0.7 meter (2 
or 3 feet) in diameter. Th~y also occur as isolated 
elljpsoidal heads 0.3 to 0.9 meter (1 to 3 feet) in {na,xi
mum dimension and as thin layers of small extent whose 
lower surface is ~at but whose upper surface is vig
orously nodose. 

Some of these reefs are inclosed in beds of very fine 
grained oolite mixed with fine sand, some in fine
grained current ripple bedded sandstone; others rest 
on limy shale that contains scattered oolite grains and 
are overlain by hard greenish-gray pyritiferous shale 
that shows only obscure bedding. 'iVhite silty lime
stone contains nodular masses of the type deposit in 
parts of the formation in WY01ning. The surfaces of 
the reefs differ somewhat, but most are irregularly 
vermiculate or verruculose, with protuberances 2 to 
4 nlillimeters high. A few have markedly tuberculate 
surfaces. (See pI. 36, B.) 

Vertical sections of these reefs show that they con
sist of an aggregate of closely spaced or intergrown, 
very irregular, elongate simple or branched lobes that 
are crudely elliptical in cross section. These range in 
diameter from 2 to 7 millimeters near the base and taper 
slightly to a rounded tip. Some are expanded laterally. 

25 Tilden, .T. E., Some new species of Minnesota algae which live upon calcareous 
or siliceous matrix: Dot. Gazette, vol. 23, pp. 102-103, 1897. 

~6 Ducher, W. n., On oolites and spherulites: Jour. Geology, vol. 26, p. 608,1918. 
~7 Idem, pp. 593-604. 
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into leaf-like forms about 5 millimeters thick and as 
much as 20 millimeters across. The lobes have a 
crudely radial arrangement but no definjte base or 
substratum and are not arranged in definite layers. 
The largest are about 3.5 centimeters long. A few 
branch dichotomously at an acute angle, but most of 
them bear short thick protuberances directed at a 
rather wide angle away from one side. (See pI. 35.) 

Microcry~talline quartz and chalcedony have filled 
the spaces between the lobes of some reefs; fine limy 
oolite grains, fine sand, or silty limestone fill them in 
others. 

,Thin sections show that these lobate bodies consist 
of many successive limpet-shaped colonies of OhZoreZZop
sis coZoniata, some of which are very highly arched and 
decidedly asymmetric. (See pI. 32, B.) Their growth 
was evidently periodIC. Each colony represents a 
brief period of growth and is separated from the next 
succeeding colony by a thin even layer of microcrys
talline calcite, which was probably deposited without 
the agency of plants in an interval of lessened or no 
algal growth. 

The groups of algal colonies or lobes taper upward 
slightly, pinch and swell, or retain about the same size 
but do not swell out into bulbous or saclike masses 
with overhanging sides, as if they had had plenty of 
space to expand. This restricted habit is due partly 
to their close spacing, and yet in parts of the deposit 
where they are much more widely spaced they retain 
the same habit. Apparently there was also another 
factor that prevented lateral expansion of the colonies. 
If the limy mud or fine oolite and sand grains accu
mulated nearly as rapidly as the algae grew, then in 
order to maintain themselves they would probably 
have built chiefly upward-expanding if possible, con
tracting if necessary. Such a Inode of growth would 
account for their irregular tuberoid form. M'oreover, 
the groups of algal colonies are not definitely arranged 
as if there had been a substratum upon which all the 
colonies were established at once and flourished unhin
dered. Instead their bases are at various heights above 
the base of the reef, indicating that they are not all 
colonies of the same age and that the substratum 
upon which the successive new colonies started was 
continually being raised. 

The fine-grained and sandy oolite beds in which 
some of these reefs occur indicate shallow water acti
vated by moderate currents or waves, for the oolite 
grains, which average about 0.5 miLlilneter in diameter, 
have been transported; they are gently cross-bedded 
and are mixed with fine clean sand that contains fish
bone fragments. Locally there are also small groups 
of oolite grains in their original matrix, indicating that 
the jelly-like ooze in which they were formed had at 
least partly solidified before the grains were disturbed 
and transported. The grains within these small pieces 
of dense calcite do not touch one anot.her but appear 

to have been suspended. Coarse angular mud flakes 
and considerable limonite in the oolite beds suggest 
also that the water was very shallow. At other places, 
however, quieter water is indicated, as the reefs rest 
upon limy shale with oolite grains and are covered by 
shale. 

One zone of ellipsoidal heads and nodules of this 
type was found approximately at the top of the basal 
unit of the Green River formation at the southwest 
corner of sec. 30, T. 1 N., R. 95 W., Rio Blanco County, 
Colo. A reef of great puffball-shaped heads occurs 
also in the upper part of the basal unit about 101 
'meters (330 feet) above the base of the formation along 
the road frOln Fruita to Rangely near the divide be
tween Douglas and East Salt Creeks, Colo. A layer 
of discrete ellipsoidal heads from 4 to about 25 centi
meters in diameter, of a very porous algal deposit of 
this kind, occurs between a large pitted algal reef and 
a thick, massive medium-grained sandstone bed in the 
NW. ~ SEe ~ sec. 26, T. 4 N., R. 96 W., Moffat 
County, Colo. (See pl. 13, A.) In Sweetwater County, 
Wyo., in the NE. 3i SW. 3i sec. 14, T. 25 N., R. 103 
W., there is a reef of this type at the base of the Mor
row Creek member of the Green River formation. 
Subangular fragments of a silicified reef were found in 
a remnant of coarse bench gravel at the top of the 
Tipton tongue of the formation at the north quarter 
corner of sec. 1, T. 24 N., R. 100 W., Sweetwater 
County, Wyo. The horizon which these pieces repre
sent is unknown. 

MODIFICATIONS OF THE TYPE 

An unusual algal deposit whose internal structure 
is closely similar to the type just described was also 
found in Sweetwater County, Wyo. It formed dense 
incrustations around logs and branches, and some of 
the incrustations were as much as 60 centilneters 
(2 feet) in outside diameter, 20 to 25 centimeters (8 

. to 10 inches) in inside diameter, and 1.8 to 2.4 nleters 
(6 to 8 feet) long. The outer surface of the deposit is 
minutely nodose or papillose. The surface next the 
wood hears a very sharp impression of the woody 
fibers and in places has retained the cellular structure. 
(See pI. 36, A.) Apparently the bark had fallen away 
and the wood had started to decay, as is shown. by 
the crudely rectangular depressions which the limy 
deposit filled. Thin sections of the deposit show that 
it consists of lobate colonial groups of OhZoreZZopsis 
coZoniata that are of the same form as those of the 
type deposit but have a definite radial arrangem~nt. 
Microcrystalline calcite that contains scattered angu
lar grains of fresh plagioclase feldspar fills the inter
stices between the lobes and also obscures the 
verruculae which the tips of lobes would otherwise 
make. The papillose surface is due simply to dif
ferential wet;tthering and is not structural, as inthe reels 
described on page 209. These algal deposits which 
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incrusted logs were associated with an irregular reef 
that has a similar internal structure. They were 
found in the Tipton tongue of the Green River 
formation in the SE. ~ sec. 23, T. 25 N., R. 103 W., 
Sweetwater County, vVyo. 

Another algae reef closely related to the type OhZo
reZZopsi.s reefs described on pages 209-210 occurs 286 
meters (940 feet) above the base of the Green River 
formation in the NE. ~ SE. ~ sec. 30, T. 4 N., R. 
96 VV., Moffat County, Colo. It forms hemispherical 
heads 1 to 1.3 Ineters (3 to 4 feet) in diameter which are 
made up of concentric "shells" 4 to 6 centinleters 
thiclc The reef rests upon a thick unit of fine
grained buff to gray soft sandstone which is current. 
ripple bedded throughout and is overlain by fine
grained but somewhat shaly sandstone. The upper 
surface is verrn"iculate or verruculose. The under side 
has a very spongy aspect and consists of closely spaced 
or intergrown sub circular tubercles whose tips arA 
either concave or contain conoidal depressions that 
apparently confornl to the nodose surface of the under
lying "shell." A polished cross section shows that 
the reef consists of tiers of radially arranged irregular 
clavate to bulbous groups of OhZoreZZopsis coZoniata 
colonies, some of which are bifid. Most of the spaces 
between colonial groups or lobes are filled with mediu~
grained sand Inixed with ostracode valves, but some 
are empty, and some contain dense buff calcite, prob
ably of inorganic origin, which is similar to the thin 
layers that separate the tiers of algal colonies. 

PITTED CHLORELLOPSIS REEFS 

Algae reefs with large, distinct pits (pIs. 37, A and 
B; 38, A and B; 39, A and B; 40, A) are apparently 
peculiar to the Green River formation of Colorado. 
They were not found in that formation in Utah nor 
in Wyoming, and as yet the writer has found no men
tion in the literature of any conlparable algal deposit. 

'Valcott's pre-Cambrian genera Greysonia and Oop
pe1'ia 28 contain large tubes. filled with extraneous lna
terial, but in thenl' the part regarded as algal is small
so small, indeed, that the deposits are utterly different 
frOln those of the Green River formation. These 
Eocene deposits fOrIn reefs of considerable extent 
which are 0.3 to 1.8 Ineters (1 to 6 feet) thick and 
consist of closely appressed hemispherical or turbinate 
heads. They are interbedded with algal deposits of 
other kinds or occur between thick beds of clean 
light-gray Inedimn-grained cross-bedded sandstone. 

Circular pits of two distinct kinds cover the upper 
surfaces and in part also the sides of the heads. Those 
of one kind are shallow, cup-shaped, and fairly uni
form in size and contain a more or less prominent 
raised concentric ring or collar in the bottonl. In a 
few there are two such concentric rings. (See pI. 

28 Walcott, C. D., Pro-Cambrian Algonkian algal flora: Smithsonian Misc. ColI., 
vol. 04, pp. 108-110, pIs. 1 i-19, 1914. 

38, B.) Within the ring is another pit, circular or 
obovate in section, which is the end of a sand-filled 
tube that extends down into the reef. In some parts 
of the reef the pits are about equally spaced and with
out definite arrangement, but in other PUTts they have 
a distinct linear arrangement in the rounded bottoms 
of troughs. (See pI. 38, B.) Sharp but somewhat 
sinuate crests separate these troughs. The entire sur
face is vermiculate and resembles rather closely the 
surfaces of the type OhZoreZZopsis reefs. The under 
side of an eccentric shell of this type of pitted reef 
bears rounded, conoidal excrescences, each with a 
crater-like pit at the top which is the other end of a 
sand-filled tube or core of a surface pit. 

The- pits of the other kind are simply cone":shaped 
depressions with rounded bottoms. They may be 
very shallow or deep: Near the surface the cone 
flares, forming a sort of border for the pit. This collar 
and the inside of the cone have ·a granulose texture, 
which contrasts with the rather coarsely faveolate 
surface of the reef. (See pI. 38, B.) These pits differ 
widely in size and have no regular arrangement, al
though mo'st of them are about equally spaced. The 
under side of a pitted reef of this type is marked with 
deep crater-like pits in the tops of low, steep· sided cones. 

In cross section the pitted reefs show rather thick 
and porous or cellular growth layers. These con
sist of fine-grained buff calcite and are arched between 
the pit cores, being more highly arched the more 
closely the cores are spaced. Many pit cores extend 
through at least one "reef shell," 5 to 12 centimeters, 
but others go only about 1 centimeter. below the bot
tom of the pit. (See pI. 38, A.) The writer does 
not know what the maximum length of these tubes 
may have been. The heads of some reefs are clearly 
fluted for 3 feet or more from the top, and these 
flutings end in ringed surface pits. (See pI. 40, A.) 
Broken fluted hea.ds show that many of the tubes are 
both long and wide. Those shown in Plate 39, B, 
are 2 or 3 centinleters in diameter, only a little smaller 
than the surface pits. 

The tubes of the ringed pits are filled with clean 
fine-grained sand compactly cemented with clear 
calcite. Small fishbones and a few ostracodes are 
scattered through these cores. . The tubes of the co
noidal pits are less distinct, having been largely over
grown by algal deposits from the sides and filled with 
small pellets of algal limestone and fine oolite grains. 

Under the microscope the two kinds of pitted de
posits appear to be essentially the same. They consist 
of superimposed long botryoidal layers of OhZoreZ
Zopsis coZoniata Reis separated by irregular layers and 
lunate zones of somewhat spongy microcrystalline 
calcite, which shows a network of radially arranged, 
interlacing fine lines of more coarsely crystalline cal
cite. (See pI. 34, B.) Scattered through this organic 
s~ructure are many small pockets and stringers of 
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angular quartz and fresh orthoclase feldspar grains 
some of which are as much as 0.3 millimeter in diam
eter. These detrital grains are in a matrix of clear, 
finely granular calcite. 

In certain zones in the reefs the colonies are more or 
less isolated, tall, columnar, and branched and give 
those zones a coarsely spongy aspect. This different 
habit was apparently caused by an accumulation of 
medium-grained sand and cyprid ostracode valves, 
in the hollows between colonies, which nearly kept 
pace with the algal growth. 

In some reefs the algal deposits and also laminae of 
dense structureless limestone that coat them are con
siderably brecciated. The angular fragments, mixed 
with a generous proportion of fine sand and limy 
ostracode shells, form distinct layers within the reefs. 
Such structure indicates that the limestone of both 
kinds became hard and brittle comparatively soon 
after its deposition and that these reefs grew where at 
intervals waves and currents were active. 

Clearly these deposits grew periodically by the addi
tion of alternate layers of algae molds and precipitates 
of finely divided calcium carbonate. The" algae grew 
freely, for their extensive layer-like colonies also 
expanded upward into comparatively broad domelike 
forms. Filamentous algae apparently also flourished 
and formed somewhat compressed henlispherical col
onies among and on top of the ChZoreZZopsis colonies. 

Toward the tubes the colonies thin very decidedly 
and in that way form the tube pits, for obviously the 
area immediately surrounding a tube built up mueh 
less rapidly than the other parts of the deposit. Con
sequently also the thinned edges of the colonies must 
dip more and more steeply into the pits as the deposit 
increases in thickness. In some reefs these edges dip 
inward at angles as large as 65° from the horizontal. 
The conclusion is inescapable that the immediate 
vicinity of these pit tubes was distinctly less favorable 
for the growth of the lime-depositing algae than areas 
more remote frOlll the tubes. In fact, it appears that 
the growth of the algae was inversely proportional to 
the proximity of pit tubes. 

The reasons for the greatly restricted growth of algae 
near the tubes are not clear. One possible explanation 
is offered. The tubes are all vertical or very nearly 
so, even though they emerge from the very steep sides 
of a large columna.r head of a thick reef. (See pI. 39, 
A.) They are also fairly uniform in diameter, mostly 
0.75 to 1.75 centimeters. None larger than 3 centi
meters in diameter have been observed, but in places 
where they are rather closely spaced, as between two 
of normal size, there are tubes as small as 3 milli
meters in diameter. This persistently vertical habit, the 
variation of size within fairly definite limits, and 
especially the spatial relations of small to large tubes, 
together with their fairly regular circular or slightly 
elliptical cross section, suggest that the tubes are 

molds of a large sedge such as S cirpus lacustris, the 
common bullrush that grows profusely in the shallow 
water along lake shores. If the tubes were formed in 
that way, then the zone around the sedge stems may 
have been less favorable to the algae by reason of 
the reduced illumination at all times except when the 
incident light was practically parallel to the sedge 
stalk. The most luxuriant growth of algae in the 
widest spaces between tubes accords with the sugges
tion of light control. Sand and other detrital material 
may well have filled the tubes after complete decay 
of the sedges when reef building ceased and the deposit 
was buried by the overlying sediment. 

Although this explanation may serve to elucidate the 
distribution of the algae and consequently also the 
formation of the pits," it is not wholly convincing as to 
the origin of the tubes, because there i; no trace of the 
stout rootstocks of a sedge. Further search lnight 
reveal thenl at the base of the reef, and yet it is 

" inconceivable that a single stand of sedges could have 
persisted while more than 2 meters of algal limestone 
was formed around them. It is, however, barely pos
sible· that the rootstocks grew in the lilllY mud at 
many successive levels in the reefs, and that as they 
were horizontal and below. the surface of the deposit 
they had little chance of being filled with sand, and 
therefore upon decay their molds collapsed and the 
limy mud settled in, thus obliterating all trace of them. 
Even the vertical tubes, where filled with microcrys
talline calcite, are exceedingly obscure. 

Although originally all conoidal, the surface pits 
have very probably been nl0dified to the cup shape by 
solution, as they are excellent small water reservoirs. 

\ . 

Moreover, the tops of some pitted reefs are so deeply 
weathered that the pits are nearly effaced. Only 
obscure rings show where the tubes end. (See pI. 
39, A.) Because fine to medium grained, well-sorted 
sand· occurs between the algal colonies, because there 
are layers of finely brecciated algal limestone mixed 
with sand at several levels within the reefs, and because 
many of the reefs rest on sandstone or beds of oolitic 
and ostracode limestone which contain coarse broken 
fragments of algal limestone it seems very likely that 
these reefs were formed in shallow water, where cur
rents and waves were at least periodically aetive. 
As the origin of the tubes can not be conclusively 
demonstrated they do not assist in interpreting the 
reef ecology. 

The thickest and best-exposed pitted reef was found 
near the top of a shore phase of the Green River forma
tion in the NW. ~ SE. ~ sec. 26, T. 4 N., R. 96 W., 
Moffat County, Colo. (See pI. 40, A.) It rests upon a 
thin layer of ellipsoidal algal heads, which in turn 
rests upon a massive bed of light-gray clean medium
grained sandstone that is about 5.2 meters (17 feet) 
thick. This sandstone bed, together with two others 
below, makes a conspicuous cliff about 15 meters 
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(50 feet) high which is chiefly light gray but is locally 
banded with pink, mauve, and ocher. At approxi
mately the same horizon and only 4 miles farther west, 
in the NE. 34' SE. 34' sec. 30, T. 4 N., R. 96 W., Moffat 
County, Colo., is another algae reef with very sharply 
defined pits. (See pI. 38, B.) This may have been 
formed contemporaneously with the reef in sec. 26 
but is not a westward continuation. It is about 1.5 
meters (5 feet) thick, but only the upper third is 
pitted, the lower part having smooth-surfaced shells. 
'Soft shaly sandstone and siltstone underlie this reef, 
and fine-grained soft light-gray to buff sandstone over
lies it. 

Two other pitted reefs were found in the basal unit 
of the formation along the road from Fruita to Rangely, 
near the divide between Douglas and East Salt Creeks, 
Colo. One which is 51.6 meters (170 feet) above the 
base of the formation is only 5 centimeters thick and 
fonns heads 7 to 15 centimeters in diameter. It rests 
upon ostracode limestone and is overlain by finely 
laminated dark-brown wa:A"y shale, which contains 
:sonle ostracodes and numerous small fishbone frag
Inents and the skeletons of small fish. The other pit
ted reef is 162 meters (535 feet) above the base and 
ranges in thickness from 0.3 to 1 meter (1 to 3 feet). 
It fonns hemispherical or puffball-shaped heads 15 to 
'60 centimeters in diameter and makes up a part of a 
,compound algae reef 5.5 meters (18 feet) thick,. (See 
pI. 29, A.) 

A Ohlorellopsis reef which is without pits but which 
in configuration and internal structure closely resem
bles the pitted reefs was found near the base of the for
mation in the SE. 34' NE. 34' sec. 18, T. 3 N., R. 95 W., 
Moffat County, Colo. It consists of much flattened 
,cushion-shaped heads from 5 to about 20 centimeters 
in dianleter, whose surfaces are snlooth or only weakly 
faveolate, and is associated with regularly bedded os
tracode liJnestone, oolite, sandstone, and shale. Each 
head of the reef is built up of many layers of Ohlorellop
sis coloniata separated by very thin layers of dense cal
cite. Thus the algal colonies are very extensive, some 
having areas of 1nore than 1,000 square centimeters. 
1\10st of them are less than 5 millimeters thick, and 
none are nlore than 7 millimeters thick. Some con
sist of a single even layer of cells, but most, of them are 
many cells deep and are minutely mammillate. 

These colonies illustrate well the effect of contem
poraneous accumulation of small a1nounts of detrital 
material and also indicate that the cells of Ohlorellop
sis coloniata were invested in a gelationus integunlent. 
.several algal layers, otherwise almost perfectly smooth, 
are deeply indented by pockets filled with subangular 
limestone pellets, fine sand, oolite grains, and ostra
code valves. Some of the largest limestone fragments, 
about 4 milli1neters long, stand with their major axes 
nearly vertical and their lower ends resting in sharp 
,downfolds of algal colonies. (See pI. 40, B.) Evi-

dently the investing medium of the algal cells was 
tough enough to bend sharply without breaking. 

REEFS OF RECUMBENT COLONIES 

Large recumbent Ohlorellopsis colonies form reefs of 
closely appressed spheroidal. heads which are 6 to 8 
centimeters thick and 12 to 20 centimeters in diam
eter. Locally these heads have the'form of short round
topped columns as much as 30 centimeters high. Mod
erately soft light chocolate-brown shale which weathers 
mouse-color underlies and overlies these reefs. The 
upper surface of each head bears closely ,spaced irreg
ular cushion-shaped protuberances 0.5 to 3 centimeters 
in diameter and about 0.5 centimeter high. The sides 
have peripherial wrinkles or folds that vaguely resemble 
fabric, and the bottoms are practically smooth. A 
vertical section through a head shows that the deposit 
is built H,p of large recumbent colonies of Ohlorellopsis 
coloniata. (See pI. 41, A.) These are exceedingly irreg
ular, but most of them are discoid layers which range 
from about 1 to 6 centimeters in diameter. They 
average about 0.5 centimeter in thickness, but a few 
are as thick as 1 centimeter. ,Their eccentric growth 
lines are convex in- the direction of the radii of the 
colonies except in those colonies that form the surface 
layer, in which the growth lamellae are convex up
ward. Most of the colonies .are separated by very 
thin, mildly brecciated layers of light-buff dense cal
cite. Between some of them are thin irregular lay
ers and lenses of contorted chocolate-brown shale 
similar to that upon which the reef rests. 

Thin sections of these colonies show that many of the 
Ohlorellopsis cells are ellipsoidal but apparently only 
because they are so densely packed. The cells are 
embedded in a micro granular matrix of calcite which 
was originally rather porous. Secondary quartz in 
sIl1all interlocking grains now fills the pores. Also the 
thin sections show that the thin buff layers consist of 
transversely arranged calcite crystals and that the 
brown shale contains enough organic matter to be 
regarded as a low-grade oil shale. 

Why the algae in these reefs formed such unusual 
colonies !s not wholly clear. So decided a tendency 
toward the formation of discoid colonies by peripheral 
growth seems to indicate that free vertical growth was 
inhibited. The-inhibition may have been due to the 
deposition of a thin film of organic ooze or the precipi
tation of a thin layer of calcium carbonate on the upper 
surfaces of the colonies. Perhaps also the overlapping 
of contemporaneous colonies prevented upward growth . 
On the other hand, the mildly brecciated linlY layers, 
together with the gently contorted organic shale, sug
gest that the basement yielded under the weight of the 
growing colonies so that they were unable to assume 
their normal cushion or puffball shape. A somewhat 
higher concen tra tion of dissolved salts in the lake 
water of that stage might also have in part caused the 
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peculiar habit of the algae in these reefs. Th~y are 
associated with beds of sun-cracked shale and at least 
one bed of rather low-grade oil shale which contains 
many small calcite pseudomorphs after glauberite. 
Although the salinity of the water might have increased 
enough to modify the habit of the plants, the supposed 
change was probably not great, for the form and size 
of the cells remained unchanged. The bulbous col
onies of the surface layer indicate more normal con
ditions of growth and also serve to de~onstra;te that 
the recumbent habit is not a character upon which to 
found another species of Ohlorellopsis. 

These algae reefs were obviously formed in quiet 
water, but at what depth it is inlpossible to say ex
cept that it must have been shallow enough to pro
mote active photosynthesis in the algae. Theywere 
found at the base of the saline facies of the Green 
River formation in the composite section m~asured in 
Indian Canyon along the Inail road f.rom Duchesne to 
Price, approximately in sec. 28, T. 6 S., R. 7 W. 
Uinta meridian, Duchesne County, Utah. One reef is 
about 1,063 meters (3,830 feet) and the other about 
1,185 meters (3,900 feet) above the base of the 
formation. 

A thin partly silicified reef consisting of a few layers 
of recumbent Ohlorellopsis coloniata colonies was found 
in the basal tongue of the Green River formation just 
north of Soldier Summit, Utah County, Utah. These 
colonies range in diameter from 0.5 to about 4 centi
meters, but very few exceed 3 millimeters. They rest 
either upon a very uneven substratum apparently 
made up of heaps of plant detritus mixed with ostra
codes and mollusk shells or upon thin irregular zones 
of spongy algal deposit whose interspaces have been 
filled with chalcedonic silica. Some' of the Ohlorellopsis 
molds are filled with silica, others with yellowish mi
crocrystalline calcite. In the partly silicified debris 
which the algae incrusted were found large pieces of 
the tissues of higher plants, cuticles of leaves, various 
pollen grains, and numerous short fungal hyphae, sonle 
of which bear simple terminal conidia. Thin and 
somewhat contorted layers of yellowish-brown limy 
shale are also included in the deposit. Stems of Ohara, 
but no fruits, are fairly plentiful in a silicified layer 
associated with the algae reef. Clearly this reef formed 
in quiet water, which was probably 'also shallow and 
close to a protected shore. 

REEFS WITH SPONGY STRUCTURE 

DIGIT ATE REEFS 

A specimen representing an unusual type of reef 
occurs either as isolated spheroidal or potato-shaped 
heads or as large botryoidal intergrowths of these 
forms and is embedded in light-brown ~aky or platy 
sandy shale whose beddIng is somewhat contorted. 
(See pI. 41, B.) It is overlain by a bed of massive 
hard greenish-gray shale that contains many secondary 

gypsUln partings. The upper surface bears many irreg
ular mound or ridge shaped excrescences separated by 
rather deep depressions, which are partly filled with 
buff limy mudstone. In addition to these larger fea
tures the upper and lower surfaces are vigorously 
tuberculate or papillate. The steep sides are granular 
or pustulate. In its form and sculpturing it resembles 
closely a specimen of Lithothamnium? ellisianum de
scribed by Howe and Goldman.29 

A polished vertical section of this specimen, how
ever, shows that the heads of the reef consist of many 
digitate groups of interrupted cuneifornllobes of finely 
crystalline calcite which show fine arcuate growth 
lines delicately colored in tints that range fronl deep 
reddish brown to buff. (See pI. 42, B.) Very fine 
grained dark bluish-gray to creanl-colored limy sand
stone fills compactly the spaces between the calcite 
lobes or columns. Clear crystalline calcite fills some 
of the cavities that were apparently not open enough 
to permit the sand to enter. . 

A transverse section of this specimen shows that the 
lobes or columns are arranged in a roughly concentric 
manner and that although they are exceedingly irreg
ular in cross section' they show a marked tendency 
toward centrifugal thickening, especially in those near 
the periphery. (See pI. 42, A.) The smaller columns 
are simple and nearly circular in cross section, but the 
larger ones are deeply and complexly embayed. 

The internal structure of this reef resembles rather 
closely an algal deposit from the north Gernlan 
Buntsandstein at Schlossenberg described by Kal
kowsky.30 It also resembles the algae reefs now being 
formed in Gteen Lake, N. Y. 

Thin sections cut parallel to the columns reveal in 
them obscure algal forms. The plainest of these are 
several transverse zones of Ohlorellopsis coloniata 
molds. Other parts of the columns or algal colonies 
consist mostly of microcrystalline calcite which locally 
has a spongy structure resembling that of certain 
recent algae reefs, but there are also areas of unifonnly 
fine granular calcite that shows no other structure 
than vague growth layers .. The obscurity of the plant 
structure in this specimen seems to be due chiefly to 
lack of differentiation in size of crystal grain between 
the plant molds or casts and the matrix. 

This reef is peculiar not only in its complex, digitate 
habit of growth but also in its content and distribution 
of organic matter and limonite grains. Each algal 
colony and branch has just beneath its surface a thin 
layer of closely packed fine limonite granules, many 
of which are cubical. Locally the granules are also 
scattered sparsely through the interior of a colony. 
Associated with the limonite or distributed in skeleton 

29 Howe, 1\1. A., and Goldman, M. I., Lithothamnium? ellisianum, sp. nov., 
from the Jurassic Ellis formation of Montana: Am. Jour. ScL, 5th ser., vol. 10, p. 
316, 1925. 

80 Kalkowsky, Ernst, Oolith und Stromatolitb in norddeutschen Buntsandstein: 
Deutsche geol. Gesell. Zeitschr., vol. 60, pp. 106-107, pl. 8,1908. 
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forms of tall algal colonies within the limonite encase
ments is a considerable quantity of yellowish-brown 
organic nlattel'. It is not honlogeneous, but neither 
does it contain identifiable organisms. It resembles 
the organic matter of oil shale and is still further 
cmalog6us to such matter because it is diffused through 
microgranular calcite. This reef derives its colors 
frOln the limonite and organic matter. 

Apparently the limonite is secondary after pyrite 
that formed from decomposition products of the 
organic matter find iron salts dissolved in the lake 
water. 1101'eover, the organic matter is probably a 
residuum of the plants that built the reef, not only 
b('(~nuse it has the fonn of algal colonies but also 
because the deposition of an organic ooze upon the 
reef would hardly be expected in water continually 
transporting and depositing sand. Furthermore, the 
segregation of the linlonite close to the peripheries of 
colonies suggests that the inclosed algae subsequently 
decayed and that as hydrogen sulphide from their 
decay migrated outward it precipitated pyrite where 
it canle into contact with iron salts in the lake water. 
The occurrence of disseminated limonite granules 
within some colonies is also in harmony with this 
hypothesis. 

This particular specimen shows two nlajor stages in 
the history of the reef's developnlent. At a, Plate 42, 
lJ, is an irregular nucleus of dense cream-colored 
cfiJcitc fronl which finely laminate colonies radiate. 
A buff band, shown in white in the photograph, circum
scribes the nucleus and passes through the tips of the 
colonies that ra,dia te fronl it. The colonies directed 
downward fronl the nucleus are much longer than those 
directed upward. Because they grew principally 
upward by accretion of calcite at their tips it is evident 
that the part of the reef circumscribed by the buff 
band was overturned when it had reached that stage 
of its development. A sinlilar but less striking nodule 
cut so as to just nliss the nucleus may be seen to the 
right of this one. (See pI. 42, B.) There are also 
smfill short ·colonies on what was the under side of the 
larger nodule. '''hether these grew downward where 
the nodule did not actually rest on the bottonl it is 
difficult to say. The absence of thenl on the originally 
lower side of the smaller nodule lends slight support 
to this idea. 

The second stage in the developnlental history of 
this specimen is represented by the tall flabellate 
colonies that :make up the larger part of the specimen. 
They are oriented as they grew. (See pI. 42, B.) 

'Ih is reef is so silnilar to those now being formed 
in Green Lake, N. Y., that it seems safe to infer for 
it a like origin. The tall flabellate and complexly 
branched protuberfinces whose tips are richly nodose 
arc rC'l11firkably like those of the recent reefs find like 
them were probably formed through the agency of 
a dense felt of algae. The elongated protuberances 

of the recent deposits seenl to be due to rapid growth 
and a struggle of the plants to acquire better illumina
tion. Sinlilar features in the fossil reefs seenl properly 
to be explained in the same way. The overturning 
of these nodules when partly fonlled indicates at 
least periodic strong wave action, and the abundance 
of fine, well-sorted sand between the arborescent 
masses also indicates current or wave action. FrOlll 
these the writer concludes that this reef was formed 
in fairly shallow water. 

This reef was found approximately in sec. 22, T. 
10 S., R. 25 E., Uintah County, Utah, about 82 
meters (270 feet) above the base of the Green River 
formation. 

TABULATE REEFS 

Tabulate reefs of essentially uniform thickness 
occur within beds of fine-grained and somewhat 
shaly oolite, which also contains numerous ostra
codes. (See pI. 43, B.) At one locality a reef of this 
kind contains vertical nlOlds of ltlrge deeply fluted 
Equisetum stems. The top consists of slightly arched, 
very irregular, and lllore or less closely appressed 
lllolariform or renifornl protuberances, which are 
yellowish buff. Small oolite grains in a dense gray 
matrix occupy nlost of the depressions between these. 
The lower surface of the reef is practically flat. 

As shown in the polished cross section the reef is 
built up of nlany rather thick layers of porous yellow
ish-gray calcite. These layers are only slightly 
sinuous near the base but become more arid lllore 
irregular towa.rd the top, where they fornl a series 
of flat-topped, steep-sided arches separated by deep 
channel-like depressions that are pa.rtly filled with 
fine oolite grains cenlented by light-gray calcite: 
Such deep crooked channels give the cross section 
of the reef a crudely columnar aspect. 

Vertical thin sections of a reef of this type show 
that the rather poorly defined layers consist of micro
crystalline calcite and have a spongy structure. 
The microcrystalline calcite contains thin branching 
lines of slightly coarser grained calcite which have a 
prevailing radial habit. (See pI. 34, B.) SOlIle of 
these nlay be the casts of filanlentous algre, but others 
clearly are not, for they fork downward as well as 
upward and form a continous network between the 
irregula.r nlicrocrystalline nlasses. Furthermore they 
are not at all unifornl and widen into comparatively 
large cavities, which differ greatly in size and have no 
definite form. These coarser-grained calcite lines 
seen rather to be cross sections of thin secondary 
fillings between the lllicrocrystalline calcite 111asse"s. 
lVloreover, thin sections cut normal to these fine 
radial lines that nlost 'resemble algae support this 
hypot.hesis, for none of thelll are circular or even 
elliptical in cross section. They entirely surround 
t.he t.ransverse sections of columnar and globular 
nlicrocrystalline nlasses that nlake up the reef. 
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The spongy but otherwise structureless aggregate of 
microcrystalline calcite is exactly comparable to the 
deposits of calcium carbonate localized by members of 
the Cyanophyceae at the present time in fresh-water 
lakes, and very probably it had a similar origin. Small 
calcite oolite grains which apparently formed where 
they are now found are associated with reefs of this 
kind and indicate that the water, for a time at least, 
was saturated with respect to calcium carbonate. 
Vertical molds of . large Equisetum stems occur in one 
reef. These evidently grew contemporaneously with 
the reef and show that the deposit formed in very 
shallow lake margins, where a more or less sparse 
emergent vegetation prevented not only strong water 
movements but also the influx of much clastic material. 
Although shallow, the water was probably clear except 
at times of storm, when the limy mud was thrown into 
suspension. Such shallow and slow-moving water 
must also have been considerably warmed, a condition 
favoring the formation of the oolitic marl in which this 
type of reef occurs. 

One reef of this kind was found at the base of the 
Laney shale member of the Green River formation in 
the NW. 7.;t sec. 18, T. 25 N., R. 103 W., Sweetwater 
County, Wyo. A similar reef occurs in Colorado near 
the top of the basal unit of the formation, about 161 
meters (530 feet) above the base, on the divide between 
East Salt and Douglas Creeks a few hundred feet east 
'of the saddle through which the Fruita-Rangely road 
passes. This land has not been sectionized, but the 
locality is approximately where sec. 13, T. 5 S., R. 
102 W., would fall. 

COMPOUND REEFS 

Reefs built up of more than one principal structural 
type have been grouped for convenience of exposition 
un,der the general term compound reefs. They may 
include not only Chlorellopsis colonies, Oonfervites 'fila
ments, and the less definite nlasses with spongy struc
ture but also physico-chemical incrustations. 

REEFS CHIEFLY ALGAL 

Compound reefs that are chiefly algal were found in 
beds of limy shale as isolated, more or less widely spaced 
low circular heads that are somewhat biscuit or mush
room shaped, 3 to 8 centimeters high, and 5 to 18 
centimeters in diameter. The upper surface and sides 
consist of a mosaic of smaller heads, which are irregu
larly rounded or elliptical but somewhat flattened or 
even concave on sides where they are closely appressed. 
Although the l1pper surface was worn nearly smooth 
by scour before burial, each minor head was originally 
bulbous and represents an Individual algal colony. 
(See pI. 44, B.) Along the nlargins where abrasion 
was less these are now wartlike protuberances. The 
under surface has the form of an inverted irregular 

basin with a nearly flat bottom and steep or even, 
oyerhanging sides. 

A polished cross section of a specimen representing 
this type reveals four growth zones, each with it dis
tinct structure. (See pI. 44, A.) The lowest zone has 
a spongy structure and consists of dense brownish-gray 
calcite. The interspaces are completely filled with 
clear coarsely crystalline calcite, which is evidently 
secondary. The second zone is considerably thinner 
and consists of dense calcite finely color banded in 
shades of red-brown, yellow, and gray. This zone is 
more compact than the others and closely resembles, 
agate. Overlying the agate-like zone is a layer which 
has a spongy structure somewhat similar to that, 
of the basal layer except that the areas of dense, 
calcite are larger and light buff. In places they are, 
radially elongated and give the zone a very crude co
lumnar structure. Many of the elongated pieces are 
distinctly arborescent. Some of the interspaces of 
thin layers have been filled with clear calcite, but most 
of them are still open. The structure of both spongy 
zones is very much like the internal structure of the 
algae reefs now being formed in Green Lake, N. Y. 
The surface layer consists of rather large and irregular 
bulbous or puffball-shaped colonies of Chlorellopsis 
coloniata Reis, which rise from a nearly continuous 
substratum of the same organisms. (See pI. 44, A.) 
These colonies are about 1 centimeter high and range in 
diameter from 4 millimeters to 1.7 centimeters. Some 
are irregular sprawling forms, and a few are forked 
near the summit, but most of them 'are simple. All 
contain thin irregular stringers or clavate lobes of 
dense buff calcite in which the plant cells occur only 
sparingly. 

Areas between the algal colonies are filled with dense 
brownish calcite that shows fine laminae outlining the 
colonies. Between some colonies are pockets of fine 
sand mixed with a few small ostracode valves. 

Under the microscope the two spongy layers sep
arated by the agate-like zone appear to be identical 
except only that more interstices of the'lower one 
'contain coarsely crystalline secondary calcite. The 
irregular and somewhat arborescent masses that make 
up these layers consist of even-grained microcrystal
line cttlcite, which locally contains a few fine interlac
ing lines of more coarsely crystalline calcite that may 
may be the casts of filamentous algae. The agate
like layers consist mostly of tiers of radially elongated 
calcite crystals, but locally the whole zone is made up 
of finely granular calcite. Minute granules of limonite 
are scattered thrQugh this zone or are arranged in 
definite layers. These layers, perhaps together with 
small quantities of organic matter, give to the zone its 
banded aspect and various shades of red, brown, and 
gray. Many of the limonite granules are cubical, and 
probably all are secondary after pyrite. In the micro-
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A. POLISHED TRANSVERSE SECTION OF THE DIGITATE REEF SHOWN IN B 

Natural size 

B. POLISHED VERTICAL SECTION OF A DIGITATE ALGAE REEF 

Showing nuclei of dense cream-colored limestone (a) and two distinct stages of growth. The light-gray finely speckled material between the 
columns of algal deposit is fine-grained limy sands Lone. Natural size 
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A. UPPER SURFACE OF A COMPOUND REEF WHICH CONSISTS OF ALTERNATING ZONES OF ALGAL AND 
INORGANIC LIMESTONE 

Ncar basc of Tipton Longue of Green River formalion in NW. J4 sec. 21, T. 24 N .. R. 101 W., Sweetwater County, Wyo. Three
fourths nat.ural size 

B. UPPER SURFACE OF A TABELLATE REEF WITH SPONGY STRUCTURE 

Each molariform head is more or less columnar in section, though maoy of them arc very irregular and complexly intergrown. 
Three-fourths natural size 
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A. POLISHED VERTICAL SECTION OF A COMPOUND ALGAL HEAD CONSISTING OF MANY SMALL HEADS, EACH OF 
WHICH REPRESENTS A SINGLE COLONY OF CHLORELLOPSIS COLONIATA HEIS 

These mioor heads rest upon a zone of spongy algal deposit, which is separated from another similar zone below by a finely banded inorganic 
agatelike zone. Nat.ural size 

B. COMPOUND ALGAL HEAD CONSISTING OF MANY MINOR HEADS, EACH OF WHICH HEPHESENTS A SINGLE COLONY OF ALGAE 
Compare wiLh A 



U. S. GEOLOGICAL SURVEY PROFESSIONAL PAPER 154 PLATE 45 

A. POLISHED TRANSVERSE SECTION OF THE REEF SHOWN IN PLATE 43, A, SHOWI 
AND INORGANIC LAYERS 

The irregular light-colored layerS consist or the molds or ChloTellopsis coloniata and typical spongy algal deposit. The black and 
gray finely banded layers are of inorganic origin and owe their dark color to disseminated pyrite. Enlarged 3 diameters. 
Compare with the photomicrograph of a thin section of part of the same reef shown in Plate 34, A. 

B. ALGAE REEF FROM THE "MANTI BEDS," MANTI, UTAH 

The dark areas are partiy silicified and contain the filamentous a lgae and coproliLes shown in Plate 33. Natural si,e 



U. S. GEOLOGICAL SURVEY 

A. POLISHED SECTION OF AN ALGAL COBBLE 

Showing a large subangular limestone nucleus and three d istinct stages of growth. Natural size. See text, p. 219, for 
explanation of let.ters 

PROFESSIONAL PAPER 154 PLATE 46 

B . ALGAL PEBBLES FORMED CHIEFLY OF CHLORELLOPSIS COLONIATA REIS 
IN A MATRIX OF OSTRACODE LIMESTONE 

Natural size 



POLISHED SPECIMEN OF ALGAL PEBBLES SHOWING DETAILS OF INTERNAL 
STRUCTURE 

A~ a is a pebble consis~ing wholly of Chlorellopsis coloniata, a t band c a re pebbles made up chiefly of 
Ch lorellopsis molds but conta ining also thin dense inorganic layers, and a t d is a pebble consist
ing chiefly of spongy algal deposit with a rew thin inorganic layers a nd a rew Chlorellopsis 
molds. Betwoon the algal pebbles are small ooli te grains mixed with fine limy sand. Enlarged 
5 diameters 
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A. THIN SECTIO OF AN OOLITE FROM THE LANEY SHALE MEMBER OF THE GREEN 
RIVER FORMATION ON SHELL CREEK, SEC. 9, T. 12 N., R. 98 W., WYO. 

Showiog large oolite grains with eccentric growth zones. The darker granulose parts of t hese grains 
consis t of mechaoicaUy enmeshed silt, aod the clearer parts consist of fine-grained calciLe partly 
replaced by chalcedonic silica. The groundrnass collSists of chalccdonic silica, with scattered 
microcrystals of calcite. Eularged ll~ rliameters 

B. SMALL AREA OF THE POLISHED SPECIMEN SHOWN IN PLATE 35 

This shows a part of the oolitic sandstone which contains at a and b fragments of microcrystalline cal
cite with ferruginous oolite grains suspended in the positions in which they formed, at c and d 
fragments of algal limestone consisting almost whoUy of Chlorellopsi8, and at e and f unusually 
large oolite grains that. show the wide concentric banding characteristic of all the oolites in this 
bed. Enlarged 5 diameters 
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crystalline calcite between the cells of some OhZoreZ
Zopsis colonies are calcite casts of small filaments in 
fascicular groups. These l'esemble somewhat Con
fervites mantiensis but are not well enough preserved 
to be worth description. 

This reef evidently had four distinct stages of 
growth, the first and third probably by means of 
filamentous algae which left only vague traces of 
themselves. The paucity of small angular grains of 
feldspar and quartz and the absence of limy mud
stone in these two zones indicate that they were 
probably fornled in quiet and also clear water. The 
agate-like layers between them are probably of 
inorganic origin, and the abundance of limonite 
grains, secondary after pyrite, suggests that decay
ing organic matter through its evolution of ammonia 
brought about their precipitation. 

ChZoreZZopsis and probably also some filamentous 
algae fornled the surface layer. During this stage 
the water was apparently more active and deposited 
sonle fine sand in pockets between the algal colonies. 
Small quantities of calcium carb~nate in the form of 
mud were also deposited on and between the colonies 
during their growth. 

The strongly abraded surface of the reef shows 
that after its complete solidification it was subjected 
to a rather potent scouring. It is not clear whether 
during that erosion it was exposed to the weather. 

This reef was found in the lower part of the Tipton' 
tongue of the Green River formation in the NE. 7i 
NE.· 7i sec. 16, T. 24 N., R.' 102 W., Sweetwater 
County, Wyo. 

REEFS LARGELY INORGANIC 

A thin discontinuous reef which is representative of 
a sDlall class of similar deposits that are largely inor
ganic (see pIs. 34, C; '43, A; 45, A) rests on ostracode 
limestone which contains limestone pebbles as much 
as 1 centimeter in diameter. In places the same bed 
contains small but distinct mud curls. A somewhat 
silnilar pebble conglomerate overlies the reef, but 
in addition to limestone fragments it contains well
rounded quartz, chert, and feldspar pebbles, some 
of which are nearly 1 centinleter in diameter, and 
also larger sharply angular fragments of a similar 
reef. 

The reef itself is about 3 centimeters thick and makes 
an essentially continuous bed. The upper surface 
consists of so~ewhat flattened hemispherical heads 

. of closely spaced wartlike protuberances, which re
sOlnble in shape, color, and even texture the thickened 
pads on the under side of a cat's paw. (See pI. 43, A.) 
The under surface is flat. 

A polished cross section of the specimen shows that 
it consists of alternating black, dark grayish-buff., 
and light-buff complexly crenulated layers. The 
lowest buff ~yer has a flat base, but on its upper 

sides it bears relatively large, vigorously nodose 
flabellate or in places even arborescent OhZoreZZopsis 
coZoniata colonies between which are pockets filled 
with ostracodes and small angular pebbles of algal 
limestone, all of which are so thickly incrusted with 
lime as to resemble irregular oolite grains. These 
are mi~ed with a little fine sand and cemented by 
clear calcite. Upon these colonies are built the 
hemispherical heads of wartlike protuberances, each 
of which consists of several short cushion-shaped 
buff layers like t1;le basal layer except that they are 
thinner. These are separated by zones of thin dense 
black or gray layers which vary in thickness from 
place to place' but which are continuous across the 
specimen. It is also significant for their proper 
interpretation that in places the black layers line 
cavities, fill cracks, and follow the reentrants below 
overhanging buff layers. (See pI. 45, A.) Moreover, 
their upper surfaces, except where interrupted by 
detrital material, are smooth curves and contrast 
sharply with the richly nodose upper surfaces of the 
buff layers. . 

Between the turbinate or puffball-shaped heads are 
pocket-like depressions filled with detrital nlaterial 
such as small ostracodes, angular fragments of dense 
buff calcite, small sand grains, and oolite grains some 
of which have an ostracode valve for a nucleus. Clear 
calcite fornls the nlatri~ of these pocket fillings. Pyrite 
now partly altered to limonite has completely re
placed the fillings of a few such pockets near the top 
of the reef. 

Thin sections of this specimen show that the upper 
part of the basal buff layer and also the other buff 
layers consist of spongy lnicrocrystalline calcite which 
contains a network of algoid lines of coarser-grained 
calcite. They were very probably deposited by a felt 
of algae. (See pI. 34, A.) In thin section it becOlnes 
apparent that the black or dark-gray agate-like layers 
have been completely recrystallized, for their long 
acicular calcite crystals, some of which are more than 
0.1 millimeter long, cross thin layers of yellowish 
organic nlatter and thin zones of lilllonite granules 
that probably mark successive stages of peripheral 
growth. The layers that separate the zones of long 
acicular crystals consist of granular calcite with a 
small quantity of organic matter and an abundance of 
small limonite grains, many of which are cubical. 

Locally the limonite grains are so closely spaced that 
they appear as black bands, even though highly nlag
nified. Much of the dark color of these layers is due 
to them. Yet vast nunlbers of irregular black parti
cles, 3 Inicrons or less in dianleter, disseminated 
through the calcite crystals of the \ fibrous layers, also 
contribute to the black or dark-gray tones. 

Apparently this reef grew under variable conditions, 
being built up now by means of algae and again by 
physico-chemical precipitation, and each process was 
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modified somewhat by the sporadic accumulation of 
detrital grains. Moreover, the algal and inorganic 
deposits alternated in a periodic fashion. 

The algal deposits contain pockets and lenses of 
detrital material in which angular lilnestone pebbles 1 
to 3 millilneters in length are fairly plentiful. There
fore it seems probable that the algal layers were fornled 
in shallow water when waves and, currents were more or 
less active. The conditions under which the black 
and gray agate-like layers fonned are not so clear. If 
the black particles disseminated through their crystals 
are organic matter they suggest that, in periods of 
quiet, layers of organic ooze were deposited on the 
algal deposits and that amnlOnia generated by the 
decay of this ooze localized the precipitation of cal
cium carbonate. This hypothesis is supported to 
some extent by the prevalence in these dark layers of 
cubical limonite grains which are probably secondary 
after pyrite. Then too, in harnlOny with this sugges
tion there are, in the upper part of the reef, masses 
as much as 1 centimeter in dianleter of pyrite partly 
altered to limonite. Nevertheless, other physico
chemical factors probably also operated to precipitate 
calcium carbonate, for ostracode valves and small 
fragments of limestone within this reef are incrusted 
with concentrically layered fibrous calcite tha.t is 
entirely free from iron oxide, organic matter, and 
black particles. 

This reef occurs about 5.5 nleters (18, feet) above 
the base of the Tipton tongue of the Green River 
formation in sec. 21, T. 24 N., R. 101 W., Sweetwater 
County, Wyo. 

REEF FROM THE "MANTI BEDS" 

A reef from the "Manti beds" (pI. 45, B) has the 
form of elongate lenses about 25 centimeters in maxi
mum thickness, rests upon thin-bedded white shaly 
limestone, and is overlain by laminated very limy 
shale. Its upper surface is botryoidal. 

A polished vertical section through the reef shows 
that it is built up of nlany tiers of arched and finelv 
tuberculated layers interspersed with thicker, coarsely 
spongy layers. The thinner layers that resemble agate 
are gently sinuous or arcuate and banded in shades of 
yellowish and brownish gray. Several of the spongy 
zones are minutely punctate. The dark areas shown 
in Plate 45, B, are partly silicified. This reef is unique 
among those of the collection because a small partly 
silicified area of it contains a network of the fossil 
filamen tous alga Confervites mantiensis. (See pI. 33, C.) 

Thin sections of ~he reef show that it consists almost 
wholly of microcrystalline calcite which has a spongy 
structure and is of algal origin. It also contains sev
eral colonies of Ohlorellopsis coloniata. Further, some 
of the partly silicified zones consisted originally of 
microcrystalline calcite which shows no structure and 
is perhaps an inorganic deposit. 

This reef is chiefly interesting for its fossil filamen
tous algae and the numerous coprolites that are asso
ciated with them. (See 'pI. 33, B.) It occurs near 
the top of the," Manti beds" in a quarry just east of 
the Mormon temple in Manti, San Pete County" Utah. 
The exact location is unknown, but it is approximately 
sec. 6, T. 18 S., R. 3 E. Salt Lake meridian. 

ALGAL NODULES OR COBBLES 

The algal nodule shown in Plate 46, A, came from 
a layer of silnilar isolated nodules or cobbles between 
two beds of hard gray-green sandy clay. It is irreg
ularly rounded and has a minutely nodose surface. A 
transverse section shows that it is built up of three 
zones of algal deposit about an irregular nucleus of 
dense buff ostracode limestone surrounded by masses 
of closely packed small ostracode shells, which are 
cern en ted in some places by clear secondary calci te 
and in others by gray sandy limestone. 

Under the microscope this specimen shows no fossil 
algae, but nevertheless its microstructure is predomi
nantly algal. The greater part of the first and third 
zones consists of spongy-structured microcrystalline 
calcite in minutely mammillate layers with many small 
pockets of fine-grained, sharply angular sand. The 
intermediate zone consists of a succession of very thin 
and unusually' regular layers. The thicker of these 
consist of spongy microcrystalline calcite with a few 

, pockets of detrital grains and are entirely similar to 
the deposits of the first and third zones of the specimen. 
But the thinner layers consist of radially arranged 
coarse, somewhat elongated crystals of clear calcite. 
Although these layers have obviously been recrystal
lized and retain no algal structp.re, they are arcuate 
and resemble feltlike colonies of certain filamentous 
algae. Such layers nlay be recrystallized deposits of 
calcium carbonate precipitated rapidly upon the algal 
colonies-for example, by rapid loss of CO2 from the 
surrounding water. But they are considerably differ
ent from the fibrous incrustations of acicular crystals 
described on pages 217-218 and also different from the 
concentric layers of oolites and similar thin incrusta
tions upon ostracode shells and detrital grains. They 
are much less uniform, most of them vary rapidly in 
thickness from place to place, and their upper surfaces 
are very irregular and serrate, not smooth like the 
layers in agate structure. Furthermore, their crystals 
are not acicular but blunt, and in many layers the 
individual crystals are not strictly radial, but instead 
groups of them are canted in various directions. For 
such deposits Reis 31 proposed an explanation which 
to ,the writer seems plausible-namely, that for some 
reason the algae died off, and ammonia from their decay 
precipitawd calcium carbonate in the interspaces of 
the spongy mass and at the same time coafsened the 

31 Reis, O. M., Kalkalgen nnd Seesinterkalk aus dem rheinpfalzischen 'rertiiir: 
Geognostische Jahresh., vol. 36, p. 125, 1923. 
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crystal grain so that the original spongy structure was 
obscured. 

The nucleus of this specin1en was probably a hard 
rnud lUlnp formed close to the place where it was 
found, for its reentrants and salients are all s11100thly 
rounded, and as the cardinal salients are no 1110re blunt 
and rounded than small and protected ones it pre
slunably had not been rolled 111uch before algae be
caIne attached to it. During the first stage of growth 
the nucleus rested upon the base a-b, Plate 46, A. 
Then the nodule was rolled over, and growth occurred 
on less than half its surface, probably because it rested 
against other nodules on the sides c, a, d, or because it 
was partly buried. The third zone of growth appar
ently formen after the nodule had been again rolled 
over so tha,t it then rested on some part in front or 
behind the plane of the polished face. 

Because these nodules or algal cobbles occur in 
mas~ive st),ndy gray-green clay that is transitional 
between the Tipton tongue of the Green River forn1a
tion and the Cathedral Bluffs tongue of the 'Vasatch 
fonnation and 1nay be either fluviatile or lacustrine 
and because they contain so much fine sand and have 
obviously been rolled, it seen1S clear that they were 
forn1ed in shallow, son1ewhat active water, perhaps 
near the n10U th of a stream that fed the lake. Al
though s111aller they are comparable to the layers of 
streanl concretions described by Roddy.32 

These nodules were found in the NE. ~ SE. ~ sec. 
15, T, 25 N., R. 102 'V., Sweetwater County, Wyo. 

ALGAL PEBBLES 

Algae of the Green River formation built not only 
extensive reefs and isolated heads and nodules but 
also rounded pebbles that range from 0.75 millimeter 
to about 5 centimeters in dian1eter. Those that are 
more nearly spherical closely resemble large oolite 
or pisolite grains; the others resemble ordi:t;lary sub
angular pebbles that have been incrusted 'Yith lime. 
(See pI. 46, B.) Both types and all gradations between 
thenl n1ay occur in the same deposit. Furthermore, 
algal pebbles are aln10st invariably associated with 
true oolite grains, algae reefs or their broken fragn1ents, 
and great quantities of snlalllin1Y ostracode shells. 

N early aU algal pebbles of the Green River formation 
are sn100th, and alth.ough son1e show a marked tend
ency to exfoliate thin concentric shells that resemble 
egg shells, others are n10re honlOgeneous and are 
weakly pustulose. 

Under the microscope the algal pebbles show struc
ture wholly analogous to that of the larger reefs and 
are clearly distinguishable fron1 the inorganic oolites 
with which they occur. Most of them consist of a . 
spongy aggregate of fine calcite grains that shows no 
fossll algae, but on the other hand son1e consist chiefiy 

83 Hoddy, n. J., COIlcretions in streams formed by the agency of blue-green' algae 
nud related plunts: Am. 1'hllos. Soc. 1'roc., vol. 54, pp. 246-248, 257-258, 1915. 
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of layers of Chlorellopsis coloniata. (See pl. 47.) Others 
consist of uniformly microgranular calcite which gives 
no clue to their origin. These can be distingu1shed 
by their shape alone. Although some algal pebbles 
appear to have no nucleus, most of them are built 
around small subangular bits of limestone which were 
probably firm mud when the algae began incrusting 
them; a few contein ostracode shells or inorganic oolite 
grains as nuclei. 

These fossil algal pebbles are closely similar to algal 
pebbles now being formed in some lime-rich fresh
water lakes of temperate North America. Those col
lected by the writer in 1925 from the shore near Squaw 
Island, at the north end of Canandaigua Lake, N. Y., 
range fron1 0.5 to about 2 centimeters in diameter, 
and although they vary greatly in shape, discoid pebbles 
are most plentiful. The outer crust of each pebble is 
hard and fhirly smooth, but the interior is soft and 
exceedingly porous because it consists of minute irreg
ular chalky granules held in a close mesh of dead algal 
filaments that have a vague radial arrangement. If the 
pores of these pebbles were filled with secondary cal
cite they would be strikingly like many of those from 
the Green River formation. Pollock 33 described the 
formation of similar' algal pebbles in the shallow mar
gins of Ore Lake, Mich. 

Presun1ably the fossil pebbles were formed under 
similar condi tions and in n1uch the same way as the 
recent pebbles which they so much resemble. How
·ever, locally calcium carbonate seems to have been 
precipitated upon the pebbles without the aid of algae, 
for in some beds not only the pebbles but also groups 
of them and ostracode shells and small mud lumps 
are rather uniformly coated with one or more layers 
of calcite, which has a. distinct fibrous structure with 
the greatly elongated crystals oriented radially. The 
writer regards deposits of this kind as resulting from 
a rapid incrustation due to physico-chemical causes 
identical with those that produce oolites. 

Beds of algal pebbles occur at many places in both 
the Green River Basin of Wyoming and the Uinta 
Basin of Utah and Colorado, but the specin1ens studied 
came froln two localities-one at the base of the 
Tipton tongue of the Green River formation in the 
S'V. 7.:t NE. ~i sec. 27, T. 25 N., R. 103 W., Sweetwater 
County, Wyo., and the other about 161 meters (530 
feet) above the base of the Green River formation in 
sec. 1:1, T. 5 S., -R. 102 W., Colo. 

POSSIBLE ANNUAL LAMINATION OF ALGAL 
DEPOSITS 

Roddy 34 and Schmilde 35 attribute the laJnination 
of certain fresh-water algal deposits to an annual peri-

33 Pollock, J. D., :Michignn Acad. Sci. Twentieth Ann. Hcpt., p. 249, 1918. 
34 Hoddy, H. J., Concretions in streams formed by the agency of blue-green algae 

and related plants: Am. 1'hilos. Soc. 1'roc., vol. 54, pp. 253-254, 1915. 
36 Schmilde, \V., 1'ostglaziale Ablagerungen im nordwestlichen Dodenseegebiet: 

Neues Jahrb., vol. 11, pp. 114-115, 1910. 
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odicity in the growth of the plants, but each author 
gives a different. cause for the periodicity. Roddy in 
describing algal deposits in a Pennsylvania stream 
says: 

That periodic accretion alternates with a period of quies
cence is shown plainly by the concentric laminations of nearly 
uniform thickness. The open porous nature of each lamina 
within and the more solid character without, like the concen
tric arrangement, is due without doubt to the seasonal condi
tions of the region. Since algae are essentially thermophilic 
plants, each winter destroys many of them and stops the 
growth of most of the rest, and thus at beginning of the plant 
year (spring) few and widely scattered algae at first produce 
slow and scattered accretion of the limy matter; later the plants 
become more abundant and· by summer they are crowded over 
the surface of each mass. This distribution of the algae season
ally would naturally have its effect upon the structure and 
arrangement of the limy matter, giving a decided though rough 
coralline appearance to the inside portion and a more compact 
texture to the outer part. The theory just given has been 
confirmed by a study of the distribution of the algae on the 
concretionary bodies through the seasons. 

Schmilde, on the other hand, described the lamina
tion of small algal pebbles which are being formed in 
shallow bays of Unter See, Germany, below the outlet 
of the Lake of Constance. Each winter the water 
level is lowered, so that the deposits, unlike those de
scribed by Roddy, are left dry for several months, and 
at that time, he says, 
the growth of the algae is interrupted or at any rate greatly 
~t:lstricted, while the life processes go on and therefore also the 
segregation of lime; thus ·it forms a hard, thin limy crust. In 
summer and spring, on the contrary, the plants grow up quickly; 
the precipitated lime therefore accumulates more loosely con
solidated and so forms the more porous layers. It seems very 
much to me, therefore, that the zonal structure of the incrusta
tion is correlated with the periodic growth in dry and wet 
habitats; it would be scarcely understandable otherwise that 
an assemblage of algae should be able to show a zonal growth. 

The average annual deposit, which consists of a thin 
dense layer and a soft porous one, ranges in thickness 
from 1 to 2 millimeters. In the deposits described by 
Roddy 36 the annual deposit consists also of a dense 
and a porous layer, but these together range in thick
ness from 3 to 6 millimeters. 

Not all fresh-water algal deposits, however, are 
laminated. Those in Green Lake, N. Y., studied by 
the writer are not, despite the cold winters of that 
region. Also some reefs in the Green River formation 
are not lanrinated. The presence or absence of dis
tinct lamination in algal deposits might be accounted 
for by a hypothesis that differs slightly from either 
Roddy's or Schmild's-namely, that the thin dense 
layer is due to recrystallization in a thin zone at the 
surface of the deposit. If the ·rate of recrystallization 
is constant .throughout the year or perhaps even les
sened during the winter, then it will, nevertheless, have 
a considerably longer time to operate at one horizon 
of the deposit during the winter when the algae are 

86 Roddy, H. J., op. cit., pp. 249-250. 

either d.ead or relatively inactive and consequently 
not adding to the deposit. But several factors might 
operate to counteract the recrystallization during the 
winter. If the rate of recrystallization were slow and 
the algae mildly active, the deposit might grow so 
fast that the effects of recrystallization would be dis
tributed through a thicker zone, as in the summer 
deposit, and so would not be discernible. A nlore 
probable factor, however, might be actual solution of 
the ealciumcarbonate at the surface of the deposit due 
to the greatly increased concentration of the carbon 
dioxide dissolved in the lake water. Chambers 37 and 
Powell 38 have observed that the carbon dioxide and 
bicarbonate content of pond and reservoir waters 
increases noticeably during the winter, owing largely 
to the lessened activity of submerged aquatic plants 
but also to the greater solubility of the carbon dioxide 
in cooler water. This perhaps accounts for the ab
sence of lamination in the reefs from Green Lake, 
N. Y., although, so far as the writer is aware, no anal
yses or' the water in Green Lake have been made to 
determine the relative quantities of dissolved carbon 
dioxide in summer and winter. Thin dense surface 
zones formed by recrystallization were found only in 
those parts of the algal deposits in Green Lake that 
are buried in limy mud and therefore necessarily 
barren of algae. 

Many but not aIr the algae reefs from the Green 
River formation are distinctly laminated. Those whose 
lamination seems most likely to be annual are the pit
ted reefs built by OhZoreZZopsis coZoniata Reis. Many 
layers consist of nUlnerous individual algal colonies 
that rise uninterrupted from a common substratum to 
the top of the layer, which is marked by a thin, dense, 
and generally darker-brown layer. These algal layers 
vary greatly in thickness, even within the same reef. 
Of the 56 layers measured the thinnest is 1 millimeter, 
the thickest. about 15 millimeters, and the average 6 
millimeters. Although the writer realizes fully that 
these layers may not be annual and might possibly even 
represent many years, probably ncme of them repre
sent less than one year. Consequently any estimates 
of time based on them ·will err in being too short. 

According to this average rate of accumulation the 
large pitted reef shown in Plate 40, A, which is locally 
as much as 2.1 meters (7 feet) thick, must have re
quired at least 355 years to form. Sernander 39 

"found at Benestad, in southern Sweden, varved post
glacial algal tufas whose rate of growth is comparable 
to those of the Green River fOl'lnation. The smnmer 

37 Chambers, C. 0., The relation of algae to dissolved oxygen and carbon dioxide, 
with special reference to carbonates: Missouri Bot. Garden Ann. Rept., vol. 23, pp. 
187-192, 1912. ; . 

38 Powell, S. T., The effect of algae on bicarbonates in shallow reservoirs: Am. 
Waterworks Assoc. Jour., vol. 2. pp. 703-708,1915. 

39 Sernander, Rutger, Exkursions fUrher fUr Sklme: Vierte Internat. Pflanzengeog. 
Exkursion durch Skandnavien, 1925; cited by Antevs, Ernst, Varved sediments, 
in Twenhofel, W. H., and others, Researches in sedimentation in 1925-26, p. 83, 
National Research Council, 1926. 
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la~'TS nre ,mOOS-e" ruld the autunm layers, which contain 
leaf iimlPressi({))n:s., are thin and hard. A bed of that 
tufa lI. .. :8D, mreibeT.s thick had 420 varves, which averaged 
4 milljJnette:r.s ,m thickness. 

The pittterll. Ohlorellopsis reefs are more coarsely lam
inated !illDllm '1hlrence presumably grew more rapidly than 
the othlCT meefs of the Green River formation, but a 
d.iroct ((.'(Q)n'la»:arison of the rates can not be made because 
the ti1l1le \V,a!iue of the laminae in the other reefs is far 
too tUlID.iC.'<CTtnin. 

OOLITES 

In :mm. (e:rurlier paper 40 the writer stated his belief th'at 
the oolites so intimately associated with the algae reefs 
in :nI())Titlhtern Sweetwater County, Wyo., were formed 

. by :aTI,g:ae or bacteria. In this more critical study of 
sevclrru :specimens of oolites froom various parts of the 
Groen River fOrJllation the writer not only found no 
reason It,(J) ,postulate a genetic relation between bac
t.eria :mad the oolites but also was unable to find any 
condlllsi·~ .. r(e (evidence to support the hypothesis that they 
were iOlI'med by algae. On the contrary, it can be 
clearly dl{,)lnlonstrated that the oolites of a few beds are 
of inoIg:runi,e origin. One of these beds consists almost 
wholly of a gently cross-bedded mixture of small oolite 
grains and fine grains of quartz and feldspar, but it 
nlso contains several small fiat mud lumps and mud 
curls. Sonie of the smaller lumps consist of calcite 
that is nearly cryptocrystalline. These contain a few 
oolite grains that do not touch and in general are 
widely spaced. Clearly they were suspended in the 
matrix when it was an ooze. (See pI. 48, B.) The 
oolite grnins thelllselves have no fibrous or radial 
structure but are exceedingly fine grained and indis
guishable frOln the mu,trix except for their perfect 
tholwh rather wide concentric banding and noticeably 
dark~r color. They are dark yellowish brown, ~hereas 
the Inatrix is pale brownish gray. Evidently the color 
is due to iron, because the weathered oolite grains are 
coated with limonite. Moreover, the iron is clearly 
concentrated in them with respect to the matrix. 
Nuclei are rare, but some of the oolite grains contain 
minute quartz or feldspar grains at their centers. 

Apparently these oolites in the dense matrix were 
fOl'lned in a similar lllanner to that elucidated by 
Schade:1l The original ooze or gel in which the oolite 
grains fOl'llled consisted of colloidal ferric hydroxide 
with a large adlllixture of extremely finely divided 
calcimll carbonate. From the facts that the calcite 
crystals in the oolites and nlatrix are now only 1 to 
2.5 m.icrons in dialneter and that some crystal growth 
has probably occurred since the Eocene it is possible 
that the CalCiUlll carbonate luay also have been in a 

40 Dl'l1dley, W', H" Shore phases or the Green River formation in northern Sweet· 
watCl' County, Wyo.; U. S. Oeol. Survey Prof. Paper 140, p. 126, 1926. 

41 Sehode, Heinrich, Zur Entstehung del' lIal'llsteine und !lhnlicher konzentrisch 
gcschlchtetcr Steine orgauischen und onorgonischen Ursprungs: Zeitschr. Chemie 
u.lndustrio del' KoJloide, vol. 4, p. 265, 1909. 

colloidal state, though that would not have been 
necessary for the formation of oolites. Growth of the 
calcite crystals was perhaps inhibited by the protec
tive action of the colloidal ferric hydroA;de. More
over, the complete absence of long acicular crystals 
forming radial structure strengthens this possibility, 
especially because the calcium carbonate or crystalloid 
component'waRlarge. ! The ferric hydroxide must have 
been coagulated by negati ve ions such as carbonate or 
chloride in the solution, and then because the minute 
coagulated particles are unstable in the presence of 
larger ones, and apparently also in the presence of any 
larger foreign particle such as a quartz or feldspar 
grain, they coalesced into spheres, mechanically en
meshinO' a considerable quantity of the suspended cal-

b • • 

cium carbonate. By that process the oolIte graIns, 
grew. Apparently their growth was ljmited by the 
supply of ferric hydroxide, as they seem to have fLb
stracted the greater part of it from the matri~. 
Their concentric lamination, as Schade's experiments 42; 

indicate, is a characteristic property of coagulated col
loids that contain admixtures of foreign material and 
depends upon slight changes in the proportions of the 
constituents, upon concentration of the salt solution, 
and consequently also upon the rate of coagulation of 
the colloidal component and the viscosity of the fluid 
or gel. 

Now, because all the isolated oolite grains, which 
made up a considerable part of the whole bed, nre 
precisely identical with 'those in the small pieces of 
dense matrix it seems probable that they were also 
formed in the same way and, moreover, in the snnle 
medium or matrix, but that the nlatrix was washed 
away from them when the bottom deposits at that 
place were reworked by waves or currents. Only those 
parts of the matrix that were partly solidified, perhaps 
by incipient recrystallization after the abstraction of 
the ferric hydroxide to form the oolites, or perhaps 
only bound by some of the residual eolloidal matter, 
were able to withstand the disturbance and thus f01'111 
the small lumps containing the oolite grains still sus
pended a-s,they were formed. 

Both Bucher 43 and Twenhofel 44 state that for 
oolites to be formed through the change of at least one 
component from a colloidal to a solid state it is neces
sary that the oolite grains should grow suspended in 
an ooze or a jelly-like medium. Obviously some and 
perhaps most oolites are formed while suspended in 
gel or ooze, but is that a necessary factor? Schade's 
experiments 45 seem to indicate that it is not, for he 
states that only an imperceptible quantity of the 
colloidal component relative to the crystalloid pre-

., Idem, pp. 262-264. 
4S Bucher, W. H:, On oolites and spherulites: Jour. Oeology, vol. 26, p. 603, 1918. 
4j Twenhorel, W. H., Treatise on sedimentation, p. 543,1926. 
.~ Schade, Heinrich, Zur Entstehung der Harnsteine und !lhnlicher konzentrisch 

geschichteter Steine organischen und anorganischen Ursprungs: Zeitschr. Chemie 
u. Industrie der Kolloide, vol. 4, p. 263, 1909. 
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cipitate is necessary for the successful formation of 
artificial gallstones. Moreover, those gallstones, which 
are oolites, are formed in a mobile liquid and are not 
suspended in a gel. Furthermore, as natural gallstones 
are formed their liquid medium is almost continuously 
in motion. So also the oolites that were formed in the 
hot-water coil of a furnace as described by Twenhofel 46 

must have been alternately at rest and in nlotion in a 
liquid far too fluid to hold them in suspension. 

Furthermore, the vegetable pearls formed in the 
interior of a coconut as mentioned in another paper by 
Schade 47 probably rested on the bottom of the coconut 
and were occasionally moved. about. These so-called 
pearls consist of CaC03 with a nitrogenous organic 
substance as the binding colloid. All that appears to 
be requisite for the formation of the oolites in Schade's 
experiments 48 was the coagulation of a very small 
amount of a colloidal substance with which may be 
admixed, in almost any proportions, one or mOre other 
components. In gallstones the other component is a 
crystalloid which precipitates out of a salt solution. 
Now Schade 49 further points out that the tendency of 
the minute droplf(ts or globulites of coagulated fibrin 
to coalesce and form larger droplike particles with a 

, netlike structure of intersecting needles thickened at 
their intersections and the subsequent shrinkage of the 
mass are not peculiar to fibrin but are common to 
other colloids. 

Empirically, therefore, it seems wholly possible 
that calcareous oolites might be formed in natural 
environments that were quite as fluid as the media 
in which natural and artificial gallstones are formed. 
Lake water might be saturated with calcium car
bonate and contain a colloidal component such as 
ferric hydroxide, silica, algal gelatine, '01' some of the 
products of deconlPosing organic nlatter so dis
persed that it would not increase the viscosity of 
the solution enough to hold nuclei and small oolite 
grains suspended. Such conditions where the growing 
oolites rest one against the next or are only partly 
suspended in silty mud and are occasionally moved 
by storms seem to the writer better adapted to the 
fonnation of many of the oolites in the Green River 
formation, especially those larger than 1 millimeter 
in diameter, 'for they are unsynlmetrical, are of vari
ous sizes, and show two or nlore zones of concentric 
growth that are eccentric ,vith respect to one an
other and in some also to the nucleus. (See pI. 48, 
A.) Moreover, many of them contain layers in which 
clay and silt are generously admixed with the micro
crystalline calcite. 

46 Twenhofel,. W. II., Treatise on sedimentation, p. 540, 1926. 
H Schade, Heinrich, Uber Konkrementt'i1dungen beim Vorgang der tropfigen 

Entmischung von Emulsions-kolloiden: Kolloidchemische Beihefte, Band 1, pp. 
375-390, 1910. 

48 Schade, Heinrich, Zur Entstehung der Harnsteine und !thnlicher konzentrisch 
geschichteter Stcine organischen und anorganischen Ursprungs: Zeitschr. Chemie 
u. Industrie der Kolloide, vol. 4, p. 263, 1909. 

49 Idem, p. 178. 

Conditions in Pyramid Lake,. N-ev., per1;laps 
approaching these have been described by Jones.50 

When the lake is clear and qruet the oolites, which 
are not suspended but rest against each other on the 
bottom, grow by the formation of minute aragonite 
needles that are radially oriented, but when the 
bottom is stirred up by storms the silt that is thrown 
into suspension is admixed with the aragonite, and 
granular stony layers. that are concentric with those 
layers having radial fibrous structure al:e fonned. 
In Pyramid Lake, however, . the calcium carbonate 
is. being precipitated from warm spring water, and so 
the conditions' are somewhat different from those 
that must have prevailed in the ancient Green River 
lakes, where the beds of oolite are many square Illiles 
in area and an origin by warm springs is ahnost 
surely precluded. Yet probably the means by which 
the components are precipitated has little general 
effect upon the growth of the oolite grains, provided 
the material is in the proper state.· Thus the pre
cipitation of calcium carbonate from lake water by 
a change in temperature or by the gradual abstrac
tion of carbon dioxide from the bicarbonates in solu
tion by the growth of submergea aquatic plants, 
as described I by Hassack,51 Chambers,52 and Powell,53 
together with the simultaneous coagulation of even 
a very small amount of a suitable binding colloid, 
might conceivably produce oolites over large areas 
of the lake bottom, even though the bottonl was 
sandy or silty and the growing oolite grains were 
not suspended. Soft ooze bottoms would of course 
provide a medium in which oolite grains, at least 
while small, would be more or less completely sus
pended. Such an ooze' might not necessarily con
tribute to' the growth of the oolite grains except in 
so f~r as it was mechanically enmeshed. 

SUMMARY 

Certain but not all chlorophyll-bearing algae pre
cipitate 'calcium carbonate from natural waters by 
their photosynthesis, a process by which they abstract 
not only the carbon dioxide that is dissolved in water 
but also that held in solution as bicarbonates. This 
process has for a long time been clearly established by 
laboratory experi~entation and observation of algae 
in natural habitats. As this process depends directly 
upon sunlight it follows that the algae reefs in the 
Green River formation must have been produced in 
shallow water that was relatively clear, at least for the 

50 Jones, J. c., Quaternary climates; Geologic history of Lake Lahontan: Car
negie Inst. Washington Pub. 352, pp. 14-18,1925. 

61 Hassack, Carl, Uber das Verh1iltnis von Pflanzen zu Bicarbonaten und fiber 
Kalkincrustation: Untersuchungen aus dem Bot. Inst. Tfibingen, vol. 2, pp. 
467-473,1888. 

62 Chambers, C. 0., The relation of algae to dissolved oxygen and carbon dioxide 
with special reference to carbonates: l'dissouri Bot. Garden Ann. Rept., vol. 23, 
pp. 178-204, 1912. 

~3 Powell, S. T., The effect of algae on bicarbonates in shallow reservoirs: Am. 
Waterworks Assoc. Jour., vol. 2, pp. i03-i08, 1915. 
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greater part of the time. These two factors, however, 
are plainly interdependent, the depth at which the 
algae reefs could be fonned varying directly as the 
clarity, or, stated better, inversely as the turbidity, 
which is the principal factor limiting light penetration 
in fresh water.54 The depth may have been as much 
as 4.5 Jneters (15 feet),' or perhaps even more, but 
probably 1110St of the reefs and certainly sonle of them 
were formed in water less than 1.8 nleters (6 feet) 
deep. One reef at least was formed in very shallow 
water, for it contains the molds of emergent plant 
stems in the position in which they grew. 

In order that the limestone precipitated by the algae 
could persist, as Johnston and 'V"illiamson 55 have 
pointed out for linlestone in general, the water sur
rounding thCln nlust have been saturated with respect 
to the normal carbonate of calcium. From this it 
follows that lime was continually being brought into 
the lake and that the water circulated, even though 
perhaps slowly, and thus replenished the lilne pre
cipitated by the algae. Rather vigorous circulation 
of the water around lnany of the reefs and beds of 
algal nodules and pebbles is, however, revealed by 
fragments of algal deposits, lilny lnud lumps, and 
transported sand and oolite grains either within the 
reefs or very intill1ately associated with them. Indeed 
pebbles as much as 1 centinleter in diameter are asso
cia ted wi th one reef. 

Algae reefs are most plentiful in shore phases of 
the Green River formation, where they are irregularly 
distributed through the entire thickness of the forma
tion, but elsewhere they are confined almost wholly 
to the basal Illember, whose lithology is similar to 
that of the shore phases. At a few localities remote 
from shore phases, where those parts of the formation 
between the basal member and the lowest oil-shale 
zone and between the uppermost oil-shale zone and the 
top of the formation consist of hard limy or silty shale, 
there are a few thin algae reefs. 

The reefs are nowhere closely associated with oil 
shale even of very low grade. Their absence from 
those parts of the formation that consist predomi
nantlyof oil shale is clearly due to the fact ·that the 
conditions necessary to the fonnation of oil shale are 
distinctly unfavorable to the formation of algae reefs. 
Where oil shale was formed stagnation of the water 
and putrefaction of great quantities of org~nic ~atter 
effectively inhibited the growth of algae, which were 
the I110St active reef builders. Furthermore, in those 
parts of the lake where decaying organic ooze was 
abundant the ammonia generated by the decay 
quickly precipitated the calcium carbonate, which in 
turn was buried in the ooze or formed thin layers 
upon it. 

61 Fore!. F. A., Lo Leman, vol. 2, pp. 426-427,1895. 
M Johnston, John, and Williamson, E. D., The role oC inorganic agencies in the 

deposition of calcium carbonate: Jour. Geology, vol. 24, p. 735, 1916. 

The scarcity of algae r~efs in the uppermost mem
ber of the formation, even in deposits that were 
clearly laid down in shallow water, may be ascribed 
to one or more of three causes-(l) the increased con
centration of sulphates in the lake, which at one stage 
became so great that a large quantity of glauberite 
crystallized out in the mud; (2) a lessened quantity of 
lime in solution available for the formation of algae 
reefs, either because lime was less soluble in the more 
saline lake water or because the supply brought to the 
lake was diminished; (3) periodic evaporation of the 
lake during the normal growing season of the algae. 

From the distribution of the algae reefs, their bed
like shape, and their evident origin in very shallow 
water, the writer concludes that the shore phases of 
the Green River formation, some of which are as much 
as 40 kilometers (25 Illiles) wide, and also much of the 
whole basal member were deposited in water not more 
than 15 feet deep. The floors of the two great Eocene 
lakes, even from the beginning, were very smooth and 
had only gentle basinward slopes, for the original sur
face that each lake flooded was a nearly level plain of 
fluviatile aggradation, Il1arking the top of the Wasatch 
formation. The wide lateral distribution of sun
cracked bedding planes and of mud curls at many 
horizons in the lacustrine deposits, moreoyer, indicates 
that during the greater part of their existence the 

. lakes had nearly level bottonls. 
The basal member of the Green River formation 

contains more algae reefs in the vicinity of the Douglas 
Creek anticline than on either side of it. From this 
the writer concludes that the lake was shallower there, 
although it is in the central part of the basin. 

Algae reefs in parts of the "formation above the basal 
member and remote fr01n the shore phases represent 
a reversion of the ecologic conditions to those which 
prevailed at earlier stages of the lakes .. Reefs in the 

"upper parts of shore phases that are contemporaneous 
with the saline stages of the lakes were very probably 
formed close to the Illouths of streams or perhaps in 
small, somewhat isolated basins fed by streams or 
fresh springs. 

The abrupt change in lithology between the basal 
Inember and the upper part and the absence or scarcity 
of algae reefs from the upper part indicate a decided 
change in the ecology of the lakes, but a discussion of 
that subject is not gennane to this report. 

According to the writer's interpretation of the origin 
of calcareous oolites and of fresh-water algae reefs 
oolites may be intimately associated with algae reefs 
because the conditions favorable to the formation of 
oolites are in general also favorable to the growth of 
algal limestone deposits, though the converse is by no 
means true; or they may be intimately associated 
because the oolite grains were transported to the 
growing reef in the same way that clastic grains are 
carried to and inclosed in algae reefs. 
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A REVISION OF THE FLORA OF THE LATAH FORMATION 

By EDWARD WILBER BERRY 

INTRODUCTION 

A prelinrinary account of the flora of the Latah 
fornlation by F. H. Knowlton was published in Janu
ary, 1926, in connection with an account of the geology 
by J. T. Pardee and Kirk Bryan. l The materials 
were largely contributed by local students. During 
the summer of 1926 Knowlton visited the area and 
made large additional collections, which had not been 
unpacked at the tinle of his death. It is much to be 
regretted that he did not live to work up this collection, 
for it contained many novelties, and its excellent 
preservation was a eonstant source of pleasure to him. 
It became my duty to identify this material in order to 
prepare a collection of duplicates for the Spokane 
l\1useunl, and in this t.ask I encountered so much that 
was new and important that it has seemed desirable 
to prepare the present report. During the course 
of the work I have received valuable additional mate
rial fronl Prof. T. A. Bonser and Messrs E. E. Alexan
der and O. O. Fernquist, of Spokane. 

The region fronl which the Latah flora was collected 
has a presp.nt altitude in the neighborhood of 2,000 
feet. The Spokane Weather Bureau station shows an 
average annual precipitation (for a 24-year period) 
of 18.23 inches. This drops to less than 10 inches a 
short distance to the southwest, but rises to around 75 
inches on the Pacific-facing slopes of the mountains 
west of the Spokane area and t.o 90 inches on the Pacific 
coast. The Latah area is characterized by summer 
droughts. The normal annual mean temp~rature is 
45.9° F., which is not low relatively, but the climate is 
marked by extremes of temperature, both in winter and 
summer. Oonsequently the nights are cool, and both 
late and early frosts result in a relatively short growing 
season. 

It is beyond the scope of the present paper to discuss 
these climatic factors in their bearing on the existing 
flora of the region, and this has already been done in a 
general way by more competent botanists. My purpose 
is merely to hint at the present conditions as a back
ground for discussing the conditions in Miocene time. 

Floristically the Spokane region is in the transition 
zone between the .northern extension of the Great 
Basin arid region (Sonoran) and the (in general) 

1 U. S. Geol. Survey Proc. Paper 140, pp. 1-81, 1926. 

evergreen mesophytic forests of the Oolumbian region 
to the west and the Rocky Mountain ranges to the 
north and east-what is usually termed the Oanadian 
zone. These forests consist largely of needle-leaved 
conifers, and the assemblage becomes more hygrophil
ous on the Pacific slopes of the mOlmtains west of 
Spokane and on the corresponding slopes of the moun
tains of Montana and Idaho. There is a considerable 
admixture of broad-leaved deciduous trees, especially 
along streams. In the heavier stands of evergreens 
there is a relative scarcity of undershrubs and herba
ceous species. 

This transition zone is both forested and treeless in 
the inlmediate vicinity of Spokane. The somewhat 
less arid forested portion includes such arborescent 
and shrubby genera as Abies, Acer, Pinus, Populus, 
Pseudotsuga, Rhamnus, Salix, Taxus, Thuya, Tsuga, 
Alnus, Amelanchier, Oeanothus, Ohimaphila, Linnaea, 
Lonicera, Menziesia, Opulaster, Pachystima, Ribes, 
Rosa, Rubus, Salix, and Vaccinium. Of these the 
g~nera Acer, Pinus, Populus, Salix, Alnus, Amel
anchier, Oeano thus , Menziesia, and Vaccinium were 
present in the region in upper or middle Miocene 
(Latah) time. 

The present account of the Latah flora contains 
152 species, as against 95 in Knowlton's preliminary 
account. Of this number 6 are referred to Phyllites, 
6 to Oarpites, and 1 to Oarpolithus, all but the Oar
polithus under names proposed in Knowlton's paper. 
I have not named a considerable number of new forms 
represented by poor material in the present collection. 

The notable additions to the flora comprise a char
acteristic new fern of the genus Asplenium; a large 
and diversified representation of seeds and leaves of 
Pinus; two species of sweet fern, Oomptonia; the 
leaves of several hardwoods hitherto unknown in the 
Latah flora, such as the hickory (Hicoria) , beech 
(Fagopsis) , sycamore (Platanus), horse chestnut 

. (Aesculus), and linden (Tilia); or tree genera hitherto 
unknown in the western Miocene, such as the tulip 
tree (Liriodendron) and sassafras (Sassafras). 

There is of. course some duplication involved in 
?,iving separate names to leaves and fruits, especially 
In the genera Pinus, Alnus, Acer, mmus, Liquidambar, 
and Quercus. There are also undoubtedly too many 
species recogni7.ed among the poplars, birches, and 

225 
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oaks. These have been retained for the most part, 
out of respect for Knowlton's opinion ·and partly 
because of the impossibility of drawing satisfactory 
specific lines among the leaves of these trees, although 
I have indicated my opinions on these points in the 
systematic discussion. 

The Latah flora now contains 75 genera in 51 fanl
ilies and 29 orders. The largest order is the Fagales, 
with 2.5 nominal species; next come the Sapindales, 
with 14; the Pinales Hnd Salicales, with 13 each; the 
Ericales, with 8; and the Laurales, with 7. 

. Similarly the largest family is the Fagaceae, with 
16 nominal species; next in specific representation is 
the family Salicaceae, with 13; followed by the Betu
laceae, with 9; the Lauraceae, with 7; the Pinaceae, 
Oupressinaceae, and Papilionaceae, with 6 each; and 
the Aceraceae, with 5. The largest genus is Quercus, 
with 13 nominal species; next come Phyllites and 
Oarpites, with 6 each; and Pinus, Salix, Acer, and Vac
cinium, with 5 each. Most numerous individually 
are the leaves of the oaks, poplars, Sequoia, and bald 
cypress. 

As probably the largest and best-preserved western 
Miocene flora except that from Florissant, 0010., the 
Latah flora is of especial interest. In addition to the 
plants the scales, rays, and vertebrae of a small 
cyprinoid fish are not uncommon in these deposits. 
These remains are not sufficiently conlplete for precise 
identification, but they probably represent the genus 
Leuciscus and may be identical with Leuciscu8 turneri 
Lucas, of the Esmeralda formation of western Nevada. 
I have illustrated two of the characteristic scales in 
the present paper. (See pI. 49, figs. 1,2.) 

In Knowlton's account of the Latah flora he renlarks 
on the rarity of insect remains, an anonlalous feature 
because of the fine-grained texture and lacustrine 
character of the sediments. Only one species, a 
carabid beetle, Oalosoma fernquisti Oockerell, was 
recorded. The more recent collections bid fair to 
remedy this situation, containing several other beetles, 
flies, dragon flies, etc. These will be described in a 
separate contribution. 

Bryophyta: 
Musci

Mniaceae-

Flora of the Latah formation 

Archaeomnium patens E. G. Britton. 
Polytrichaceae-

Polytrichites spokanensis E. G. Britton. 
Moss, unnamed. 

Lepidophyta: 
Lycopodiales

Lycopodiaceae-
Lycopodium hesperium Knowlton (fertile spike). 

Arthrophyta: 
Equisetales-

Eq uisetaceae-
Equisetum, rhizome with tubers. 

Pteridophyta: 
Polypodiales-

Polypodiaceae-
Asplenium occidentale Berry. 
Woodwardia praeradicans Berry. 
W oodsia bonseri Berry. 
Pteris sp. Berry. 

Coniferophyta: 
Ginkgoales

Ginkgoaceae-
Gi~kgo adiantoides (Unger) Reer. 

Pinales
Taxaceae-

Tumion bonseri Knowlton . 
Cupressinaceae-

Sequoia langsdorfii (Brongniart) Reer. 
Sequoia sp. Knowlton, wood. 
Taxodium dubium (Sternberg) Reer. 
Taxodium, staminate ament. 
Libocedrus praedecurrens Knowlton. 
Glyptostrobus?, staminate aments. 

Pinaceae-
Pinus latahensis Berry. 
Pinus macrophylla Berry. 
Pinus monticolensis Berry. 
Pinus tetrafolia Berry 
Pinus sp. Kno\vlton. 
Tsuga latahensis Berry. 

Spermatophyta: 
Angiospermae

Monocotyledonae
Pandanales

Typhaceae-
Typha? sp. Knowlton. 

Naiadales-
N aiadaceae-

Potamogeton heterophylloides Berry. 
Palaeopotamogeton fiorissanti Knowlton. 

Arales
Araceae-

Arisaema hesperia Knowlton. 
Graminales

Poaceae-
Grass, unnamed. 

Liliales
Smilaceae-. 

Smilax lamarensis Knowlton. 
Juncaceae?-

Juncus? crassulus Cockerell. 
Dicotyledonae

Choripetalae
J uglandales-

J uglandaceae-
Hicoria juglandiformis (Sternberg) Knowlton. 

Myricales
Myricaceae-

Comptonia hesperia Berry. 
Comptonia insignis (Lesquereux) Cockerell. 

Salicales-
Salicaceae-

Salix fiorissanti Knowlton and Cockerell. 
Salix inquirenda Knowlton. 
Salix perplexa Knowlton. 
Salix remotidens Knowlton. 
Salix? sp. Knowlton. 
Salix, pistillate fiower. 
Salix, stipule. 
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Spermatophyta-Continued. 
Angiospermae-Continued. 

Dicoty ledonae-Continued. 
Choripetalae-Continued. 

'3alicales-Continued. 
Salicaceae-Continued. 

Populus heteromorpha Knowlton. 
Populus lindgreni Knowlton. 
Populus washingtonensis Knowlton. 
Populus, amentiferous bract. 
Populus, bud scales. 
Popul us, pistillate ame!lt. 

Fagales-
Betulaceae-

Betula fairii Knowlton. 
Betula heteromorpha Knowlton. 
Betula largei Knowlton. 
Betula, winged fruit. 
Alnus elliptica Berry. 
Alnus prerhombifolia Berry. 
Alnus sp. Knowlton, cones. 
Alnus or Betula, staminate catkin. 
Carpinus sp. Knowlton. 

F'agaceae-
Castanea castaneaefolia (Unger) Knowlton. 
Castanea orientalis Chaney. 
Fagopsis longifolia (Lesquereux) Hollick. 
Quercus bonseri Knowlton. 
Quercus cognatus Knowlton. 
Quercus merriami Knowlton. 
Quercus obtusa Knowlton. 
Quercus payettensis Knowlton. 
Quercus rustii Knowlton. 
Quercus simulata Knowlton. 
Quercus spokanensis Knowlton. 
Quercus treleasii Berry. 
Quercus ursina Knowlton? 
Quercus cf. Q. pseudolyrata Lesquereux. 
Quercus, acorn. 
Quercus, cupule. 

Urticales-
Ulmaceae-

Ulmus fernquisti Knowlton. 
Ulmus speciosa Newberry. 
Ulmus, fruit. 

Moraceae-
Ficus? washingtonensis Knowlton. 

Platanales-
Platanaceae-

Platanus aspera Newberry. 
Platanus dissecta Lesquereux. 
Platanus appendiculata Lesquereux? 

Ranales
Menispermaceae-

Menispermites latahensis Berry. 
Magnoliaceae-

Liriodendron hesperia Berry. 
Magnolia californica Lesquereux. 
Magnolia dayana Cockerell. 
Magnolia sp. Knowlton. 

Rosales
Grossulariaceac-

Ribes fernquisti Berry. 
Hamamelidaceae-

Liquidambar californicum Lesquereux. 
Liquidambar, fruit. 

Saxifragaceae-
Hydrangea bendirei (Ward) Knowlton. 

Spermatophyta-Continued. 
Angiospermae-Coritinued. 

Dicotyledonae-Continued. 
Choripetalae-Continued. 

Rosales-Contin ued. 
Drupaceae-

Prunus rustii Knowlton. 
Rosaceae-

Amelanchier scudded Cockerell. 
Cercocarpus praeledifolius Berry. 

Caesalpiniaceae-
Cassia idahoensis Knowlton 
Cassia spokanensis Berry. 
Cassia sophoroides (Knowlton) Berry. 
Cercis? spokanensis Knowlton. 

Papilionaceae-
Sophora alexanderi Knowlton. 
Sophora spokanensis Knowlton. 
Meibomites knowltoni Berry. 
Meibomites lucens Knowlton. 
Leguminosites bonseri Berry. 
Leguminosites alexanderi Berry. 

Sapindales
Sapindaceae-

Sapindus spokanensis Berry. 
Sapindus armstrongi Berry. 

Celastraceae-
Celastrus lacoei Lesquereux. 
Celastrus fernquisti Knowlton. 
Celastrus spokanensis Berry. 
Euonymus knowltoni Berry. 

Anacardiaceae-
Rhus typhinoides Lesquereux. 
Rhus merrilli Chaney. 

Hi ppocastanaceae
Aesculus hesperia Berry. 

Aceraceae-
AceI' bendirei Lesquereux. 
Acer chaneyi Knowlton. 
Acer merriami Knowlton. 
AceI' minor Knowlton. 
AceI' oregonianum Knowlton. 

Rhamnales
Rhamnaceae-

Rhamnus spokanensis Berry. 
Pali urus hesperi us Berry. 

Malvales
Tiliaceae-

Tilia hesperia Berry. 
Malvaceae?-

Malva? hesperia Knowlton. 
Hibiscus? occidentalis Berry 

Parietales-
Ternstroemiaceae-

Ternstroemites idahoensis (Knowlton) Berry. 
Laurales-

Lauraceae-
Laurus californica Lesquereux. 
Laurus grandis Lesquereux. 
Laurus princ,eps Heer. 
Laurus similis Knowlton. 
Sassafr:as hesperia Berry. 
Umbellularia dayana (Knowlton) Berry. 
Umbellularia lanceolata Berry. 

Umbellales
Araliaceae-

Aralia whitneyi Lesquereux. 
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Spermatophyta-Continued. 
Angiospermae-Continued. 
. Dicotyledonae-Continued. 

Choripetalae-Continued. 
U mbellales-Contin ued. 

Cornaceae-
Cornus acuminata Berry. 
Nyssa knowltoni Berry. 
Nyssa magnifica (Knowlton) Berry. 

Umbelliferae-
Umbelliferospermum latahense Berry. 

Gamopetalae
Ericales-

Ericaceae-
Menziesia knowltoni Berry. 
Arctostaphylos spatulata Berry. 
Arctostaphylos knowltoni Berry. 

Vacciniaceae-
Vaccinium americanum (Lesquereux) Berry. 
Vaccinium bonseri Berry. 
Vaccinium bonseri serrulatum Berry. 
Vaccinium salicoides Knowlton. 
Vaccinium spokanense Berry. 

Ebenales
Ebenaceae-

Diospyros princetoniana Cockerell. 
Diospyros andersonae Knowlton. 

Gentianales
Apocynaceae-

Apocynophyllum latahense Berry. 
Polemoniales-

Con vol vulaceae-
Po ran a microcalyx. (Knowlton) Berry. 

Rubiales
Caprifoliaceae-

Viburnum lantanafolium Berry. 
Viburnum fernquisti Berry. 

Position uncertain-
Phyllites amplexicaulis Knowlton. 
Phyllites crustacea Knowlton. 
Phyllites pardeei Knowlton. 
Phyllites peculiaris Knowlton. 
Phyllites relatus Knowlton. 
Phyllites sp. Knowlton. 
Carpolithus pteraformis Berry. 
Carpites boraginoides Knowlton. 
Carpites ginkgoides Knowlton. 
Carpites menthoides Knowlton. 
Carpites paulownia Knowlton. 
Carpites polygonoides Knowlton. 
Carpites spokanensis Knowlton. 

LOCAL DISTRIBUTION 

Anyone taking the trouble to tabulate the local 
occurrences of the members of the Latah flora will 
find the same facies and much the same species at 
each fossiliferous outcrop. The species recorded from 
only a single 10 c ali ty are usually represented by a 
single or but a few specimens. 

All but one of the plant localities are within a few 
miles of one another in the vicinity of Spokane; the 
only remote locality is that at Stanley Hill, 2 miles 
northeast of' Coeur d'Alene, Idaho, and this is only 
25 mHes distant. 

Such contrasts between localities as appeared in 
the collections studied by Knowlton have tended to 
disappear when the later collections were studied. 
Twenty-two species were named from the Coeur 
d'Alene district by Knowlton, and but six of these 
were common to'the Spokane area. The subsequent 
collections show quite as many oaks, poplars, and 
sequoias around Spokane as at Coeur d'Alene. The 
following 16 species, representing over 72 per cent of 
the identified species .from Coeur d'Alene, are now 
represented in the collections from Spokane, so the 
plants from the two areas can not be said to differ 
appreciably, either botanically or in the indicated en
vironmen tal condi tions : 

Sequoia langsdorfii. 
Taxodium dubium. 
PopulUS lindgreni. 
Alnus, pistillate cones. 
Quercus cognatus. 
Quercus merriami. 
Quercus payettensis. 
Quercus rustii. 

Quercus simulata. 
Betula fairii. 
Betula heteromorpha. 
Ficus washingtonensis. 
Prunus rustii. 
Sophora alexanderi. 
Cassia sophoroides. 
Umbellularia oayana. 

RELATIONSHIPS 

The following' 39 genera out of a total of 75 in the 
Latah flora are not represented in the existing flora 
of the State of Washington as described by Piper:2 

Archaeomnium. 
Polytrichi tes. 
Ginkgo. 

Carpinus. 
Ficus 
Platanus. 

Sapindus. 
Celastrus. 
Aesculus. 

Tumion. . Menispermites. Paliurus. 
Sequoia. Liriodendron. THia. 
Taxodium. Magnolia. Ternstroemites. 
Libocedrus. Liquidambar. Laurus. 
Arisaema. Hydrangea. Sassafras. 
Hicoria. Cassia. Umbellularia. 
Comptonia. Cercis. Nyssa. 
Castanea. Sophora. Diospyros. 
Fagopsis (Fagus). Meibomites. Apocynophyllum. 
Ulmus. Leguminosites. Porana. 

Disregarding the form genera Archaeomnium, Poly .. 
trichites, Meibomites, Leguminosites, Laurus, and Apo
cynophyllum, we may note that of the 39 genera found 
in the Latah flora which are not present in the existing 
flora of the State of Washington the following 26 are 
no longer represented in the existing flora of western 
America: 

Ginkgo. 
Taxodium. 
Arisaema. 
Hicoria. 
Comptonia. 
Castanea. 
Fagus (Fagopsis). 
Ulmus. 
Carpinus. 

Ficus. 
Menispermites. 
Liriodendron. 
Magnolia. 
Liq uidambar. 
Hydrangea. 
Sophora. 
Sapindus. 
Paliurus. 

Celastrus. 
Aesculus. 
THia. 
Ternstroemites. 
Sassafras. 
Nyssa. 
Diospyros. 
Porana. 

2 Piper, C. V., Flora of the State of Washington: Contr. U. S. Nat. Herbarium, 
vol. 11, 1906. 
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The majority of these are well-known arborescent 
genera of the Jnixed hardwood forests of the meso
phytic region of southeastern North America, although 
nlany are not confined to that region. 

The following genera of the Latah flora are still 
represented' in western North Aillerica: Tumion, 
Libacedrus, Platanus, and Cercis in California; Sequoia 
and UmbeZZuZaria in Oregon and California. These all 
represent genera of once general distribution in western 
North Anlerica, which because of changing climatic 
conditions, chief of which was the progressive increase 
in aridity due to the geologically recent elevation of the 
Sierra Nevada and Cascade Range, became extinct in 
the region east of the lllountains and now survive 
only in favored situations west of them. 

The following genera of the Latah flora no longer 
represented in western North America occur in the 
existing fiorn, of eastern Asia: 

Ginkgo. 
Glyptostrobus. 
Arisaema. 
Hicoda. 
Castanea. 
Fagus (Fagopsis). 
Ulmus. 

Carpinus. 
Menispermites. 
Liriodendron. 
Magnolia. 
Liquidambar. 
Hydrangea. 
Celastrus. 

Aesculus. 
Pali~lrus. 
Tilia. 
Ternstroemites. 
Sassafras. 
Nyssa. 
Porana. 

Several of these, such as Liriodendron, Hicoria, and 
So,ssojras, fl,re relatively recent discoveries in the flora 
of China, whose presence in that region is not generally 
known. All the genera in the foregoing list of Asiatic 
occurrences except Ginkgo, PaZiurus, and Porana are 
conunon to the Inesophytic region of southeastern 
North America. 

It is of great interest to COlnlnent in somewhat more 
detail on the features above set forth. 

The genus Ginkgo, whose single e}..'isting species was 
8,ptly ternled a living fossil by Darwin and which 
survived to lnodern tilnes only in eastern Asia and 
is now a prized ornalnental tree in all teInperate coun
tries, has an ancestral history that goes back to remote 
geologic tinle. It was present over practically all of 
North America, as well as on all the other continents 
except Africa and South America, during the Meso
zoic era. The Tertiary found it still present in the 
floras of Europe, Asia, the Arctic region, and western 
North AJuerica. To-day, through the care of man
tmnple gardeners in eastern Asia and arboriculturists 
elsewhere-this lmique tree has been preserved fronl 
total extinction, greatly to our enjoynlent and profit. 

The genus Taxodium, the bald cypress of the south
eastern United States, has an ancestral history quite 
as romantic though shorter than that of the maiden
hair tree (Ginkgo). It grew on all three of the con
tin en ts of the Northern Henusphere, commencing wi th 
the Eocene, and maintained its holarctic distribution 
well into Miocene tinle, contributing to the brown
conI deposits of both Anlerica and Europe. Its re
striction of range began in the late Tertiary, and its 

existing species are three-two slightly differentiated 
forms in the southeastern United States and the third 
or Mexican cypress, separated fron1 the other two by 
the arid country of our Southwestern States and north
ern Mexico, furnishing some of the historic trees associ
ated ,vjth Cortez's conquest of Mexico, and as old a~ 
the big trees of California, if not older. 

The genus Sequoia, represented by the familiar red
wood and the still more restricted big trees of Cali
fornia, has been the subject of so nluch comnlent that 
the theme is well-nigh threadbare. Its ancestry goes 
back to the Mesozoic, and it was present throughout 
the whole Northern Hemisphere well into Tertiary 
time. Large standing silicified trunks may be seen in 
the upper Miocene deposits at Florissant, Colo., and 
in the celebrated fossil forests of Yellowstone Park, 
and its wood is found with the foliage in the Latah 
formation, in which its twigs are so abundant. The 
main facts of its history have long been well known, 
but it has not been realized how recently was the great 
elevation of the mountains, which was the main 
factor in the ecologic rearrangeInent and extinctions 
among the Miocene forests of our Pacific States. 

The genus Tumion (or T01'reya, as it is more gen
erally called) is another example of an old line of trees, 
practically cosmopolitan in Cretaceous time, which has 
single existing survivors in such geographically remote 
regions as Florida, California, and eastern Asia, stand
ing, as it were, on the brink of extinction. 

The so-called incense cedar, Libocedrus, represents 
another Latah type, quite as rare as Tumion, although 
its history is not so completely known, which was 
evidently widely distributed in former times, as it 
survives in such remote regions as California, eastern. 
Asia, Chile, New Zealand, and New Caledonia. 

Arisaema, a herbaceous genus with an unknown 
history, survives in the mesophytic regions of eastern 
Asia and southeastern North America. 

The hickories, long supposed to have survived only 
in southeastern North America, have recently been 
discovered in that great natural floral preserve of 
central China. Their range was holarctic during the 
early Tertiary, and they survived until late Tertiary 
time in both the western United States and Europe. 

The sweet fern (Comptonia) has a single modern 
species in southeastern North America. There were 
numerous fossil species on all the northern continents, 
and some survived until the late Tertiary in Eurasia 
and' western America. Comptonia was especially 
abundant around the Miocene Lake Florissant in 
Colorado, and one of the Florissant species occurs in 
the Latah flora. Late Eocene species are found north
ward through the present Rocky Mountain region to 
Alaska. 

The chestnut (Castanea), no longer found in western 
North America, has three existing species in south
eastern North America, a Mediterranean species 
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ranging from Spain eastward to southwestern Asia, 
and a fifth species in China and Japan. Its geologic 
history goes back to the Eocene, and it was not un
eommon in the West and in Alaska during most of the 
Tertiary. 

As I have pointed out in the systematic descriptions, 
the genus Fagopsis is believed to be referable to Fagus, 
which comprises the beeches found to-day in Europe, 
eastern Asia, and southeastern North America. Their 
cousins, the evergreen beeches of Chile, Australia, 
and New Zealand, are now segregated in the separate 
genus Nothojagus. The oldest known fossil beeches 
are found in the Upper Cretaceous of Europe and 
North America. 'They were certainly holarctic in 
their range during the Tertiary period, about 30 
species from the Miocene having been described, as 
compared with but 4 in existing floras. 

The elm is widely distributed over the North Temper
ate Zone' except in western North America. Although 
there are six species of elms in our present forests, 
none occur west of the Rocky Mountains, where they 
were so abundant before the rising Sierra Nevada and 
Coast Ranges interrupted the moisture-laden winds 
from the Pacific. The elms, like the beeches, probably 
reached the maximum of variety and distribution 
during the Miocene epoch. 

The hornbeam (Carpinus), doubtfully represented in 
the Latah flora, occurs to-day, like so many other of 
the Latah hardwoods, in Europe, southeastern Asia, 
and southeastern North America. Its ancestors are 
not certainly known at horizons earlier than the" Pale
ocene," but there are more fossil than recent species, 
especially in the later Tertiary. 

What appears to be an undoubted fig leaf is rather 
common in the Latah formation. The genus Ficus is 
an exceedingly large one, with hundreds of living and 
fossil species of a great variety of habitats, though 
confined in the existing flora to warm temperate and 
tropical regions. Its ancestry goes back to the Creta
ceous, and it was particularly abundant in western North 
America during Upper Cretaceous and Eocene tillle. 
It was not out of place in the strictly temperate humid 
environment that prevailed in Washington in Latah 
time, because many mode~n species live under com
parable climatic conditions, the cultivated fig normally 
ripening its fruit in Maryland and at altitudes of 
8,000 feet in Bolivia. 

The genus Platanus" which has three nominal species 
in the Latah flora contains the existing sycamore, 
buttonball, or plane tree, with six or seven species of 
southwestern Asia, southeastern and western North 
America, Mexico, and Central America. With its 
numerous fossil species and several extinct genera it 
constitutes a separate order of flowering plants related 
to the order Urticales, which includes the elm' and fig 
families: Platanus was exceedingly abundant in the 
Upper Cretaceous and Eocene in western North Amer-

ica, as well as throughout Eurasia, became more re
stricted but was still abundant during the Miocene, 
and survived in that region in a single species
Platanus racemosa Nuttall-which finally has becOlne 
restricted to stream valleys in California as the climate 
of the region became drier. 

Although the genus Menispermites is a form genus 
of the family Menispermaceae, as I have explained 'in 
the systematic descriptions, the Latah species prob
ably represents the genus Oebatha or Menispermum
the latter with but two existing species of climbers, one 
in eastern Asia and the other in eastern North America. 
Menispermites is common in the Upper Cretaceous of 
the West, and a species of Oebatha is present in the 
latest Tertiary of British Columbia. 

The genus Liriodendron, the familiar tulip tree of 
southeastern North America, has one of the most in
teresting geologic histories of all our forest trees. 
Exceedingly varied and wide ranging during the Upper 
Cretaceous, its ancestors have been found in the Arctic, 
in eastern and western North America, and in Europe. 
The Eocene records include British Columbia, Green
land, Iceland, and Europe. Well-marked forms grew 
in Europe through the Miocene and late Pliocene, but 
no certainly identified Miocene form has been found 
in western North America prior to the discovery of 
characteristic fruits in the Latah formation. The 
existing species are but two in number-the common 
southeastern American Liriodendron tulipijera and an 
almost identical form in China, separated by half the 
circumference of the globe--the sole survivors of this 
ancient and once holarctic line. 

The magnolias to-day have about a score of species, 
one-third of which occur ill southeastern North Amer
ica and the rest in the region frolll the Hihlalayas 
eastward to southeastern Asia. Their ancestral line 
goes back to the Upper Cretaceous, and they once had 
a continuous range over the lands of the Northern 
Hemisphere. They were abundant along the west 
coast as late as Miocene time and continued to flourish 
in Europe until the advent of the Pleistocene glaciation. 

Another tree, common in western North America as 
late as the Miocene, is the Liquidambar, now repre
sented in southeastern North America by the familiar 
red OF sweet gum, also present in eastern Asia, Asia 
Minor, and Central America. It is not certainly 
known in deposits earlier than the Eocene, -but during 
that epoch it grew in Greenland, Alaska, 'and Oregon; 
and it survived in Europe as late as the Pliocene. 

Hydrangea, more familiar as a cultivated shrub 
than as a wild plant, is a genus with about 35 exist
ing species of shrubs or small'trees found in southeast
ern North America, South America, and eastern Asia. 
One of its peculiarities is the tendency for sonle of the 
small flowers of the flower cluster (corymb) to beconle 
sterile and consist lllerely of three, four, or five 
enlarged and showy sepals. The selection of this 
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feature by gnrdeners has resulted in the completely 
sterile large single or double clusters of the favorite 
cultivated fonns. The geologic history of Hydrangea 
is unknown, but its discovery in this internlediate 
geographic ]tosition in the Miocene is interesting, 
as is nlso its representation in the Lntah formation 
by large sterile flowers with four or five calyx lobes.' 

The genus Oercis, the redbud or Judas tree, con
tains five or six existing species. One of these is 
found in southeastern North America, a second in 
Texas, a third in the hUlnid part of the Pacific coast 
region, and the others in Mediterranean Europe and' 
southwestern, central, and eastern Asia. Its geo
logic history is imperfectly lmown, but characteristic 
forms have been discovered in the Eocene of North 
Anlerica and Europe and are rather common in the 
Miocene of Holarctica. 

The genus Sapindus, including the so~pberry, is 
no longer found in western America, although it was 
practically cosnlopolitan in the Upper Cretaceous 
nnd throughout much of the Tertiary. It belongs to 
a large and nlostly tropical falnily and in the existing 
flora is not found nearer Washington than southern 
Arizona. It is especially comnlon in southeastern 
Asia. 

Oelastrus, whose sole living North American repre
sentative is the shrubby or clinIbing bittersweet of 
the eastern part of the continent, belongs to a genus 
with an extended geologic history, during which it 
attained a cosmopolitan range. There are about 
30 other existing species in eastern Asia, Australia, 
and l\1adagascar. It was COlnmon in western North 
AIuerica in the late Cretaceous and Eocene, and 
three species are represented in the Latah flora, 
one of which is also found at Florissant, Colo. 

The genus Paliuru8 of Jussieu contains two or three 
existing species of shrubs or snlall trees with cordate 
or ovate, palmately three-veined, and usually small 
leaves with stipular thorns. The fruits are coriace
ous, peltate, and umbonate, with a horizontal marginal, 
radiately veined wing. In existing floras they are 
restricted to dry-soil habitats from Spain on the west 
to Japan on the east. Paliurus aculeatus Lamarck 
extends from Spaip. through southern Europe, Asia 
Minor, Crimea, the Caucasus, and Persia to China 
(Szechwan). Paliurus ramosissimus Poiret extends 
from about 27° north latitude in Kiangsi to Japan, 
Hnd Paliurus orientalis Franchet, sometimes united 
with the preceding, reaches the stature of a thin tree 
sometinles 50 feet tall in eastern Szechwan and Shensi, 
ChinH. 

)i\7hatever the taxonomic distinction of the three, 
their ranges overlap, and the geologic record is suffi
ciently complete to show that their present range 
is a restricted one and that they represent relict 
species. 

Turning now to the geologic record we nlay note 
that a considerable number of fossil species have been 
described, based for t.he most part on leaves and 
therefore subject to the uncertainties attending the 
identification of this class of remains. 

The oldest records embrace about a dozen species, 
'so called, of leaves, fronl the Upper Cretaceous. 
These 'include four from the Dakota sandstone of 
Kansas, one from the Patoot beds of Greenland, two 
from the Mill Creek beds of western Canada, one 
from Vancouver Island, one from the Eutaw forma
tion of Georgia, three from the Magothy formation 
of New Jersey, Staten Island, and Long Island, and 
one from the so-called Laranlie of Yellowstone Park, 
which is of Montana age. Many of these are very 
similar to the leaves of the existing species but lack 
the corroborntion of associated fruits or structural 
remams. 

The Eocene has furnished at least 10 nominal 
species,. including occurrences in western Greenland, 
Spitsbergen, Siberia, and Alaska on the north, and in 
British Columbia, Montana, Colorado, and Wyoming 
in the western part of North America. I h,~ye 
describe<i three species fronl the V\Tilcox group (lower 
Eocene) of the Mississippi embayment, and one of 
these is represented by characteristic fruits. Seward 
has described a large fruit from the supposed Eocene 
of southeastern Nigeria which has the appearance of a 
Paliurus but is not certainly so assigned. 

The Oligocene contains at least three species-one 
from Louisiana 'represented by very characteristic 
leaves and thorny stems, and two from southeastern 
France represented by both leaves and fruit. . 

There are at least 13 nominal species recorded from 
the Miocene. These include identifications based 
upon leaves in Alsace, Switzerland, Bohemia, Italy, 
France, Silesia, and two fronl Florissant, Colo., 
the last not conclusive in themselves but highly 
probable in view of the occurrence of typical fruits 
at the same Miocene horizon in the State Qf Wash
ington. Miocene species based upon fruits include 
occurrences in Bohemia, St.yria, Switzerland, and 
southern Russia. The last, which comes from the 
Sarmatian stage, is scarcely if at all distinguished 
from the existing Paliurus aculeatus. The Pliocene 
record consists of a typical fruit from central France 
(Cantal), which is also indistinguishable from the 
existing Paliurus aculeatus. 

In view of what we know of the plant history of 
the Tertiary it is surely of interest that the Miocene 
species from Washington should be most similar to 
the restricted species of south-central China (P. 
orientalis) , as are also the leaves associated with the 
fruit, and that there should be earlier (late Eocene) 
species in the intervening region In Alasl{R and 
Siberia. 
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The horse-chestnuts or buckeyes, highly ornamental 
small trees or shrubs, constitute the genus Aesculus, 
with about a dozen existing species in Europe, Asia, 
and N 6rth America. FOUl' of these are found in 
North America, all eastern except Aesculus calijornica 
Nuttall, a small tree surviving along stream borders 
in California. It is not without significance that 
the handsome Latah species is more like the existing 
widely cultivated Aesculus hippocastanum Linne than 
it is like any of the surviving American species. The 
geologic history of the genus is very imperfectly 
known. 

The genus Tilia, comprising the lindens, basswood, 
and linles, is the north temperate representative of 
a prevailingly tropical family of trees, and its score 
of existing species' range over the north temperate 
zone except western North AInerica and Central 
Asia. A considerable number of fossil species are 
known, extendi:O.g back to Eocene time, when it 
grew in western America, Alaska, and eastern Asia. 
It is exceedingly common in the Miocene of Europe 
but in western American is known from only Washing
ton, Colorado, and Yellowstone Park. 

Ternstroemites is a form genus for members of 
the tea family (Ternstroenliaceae or Theaceae) of 
the warlner parts of America and southern and eastern 
Asia. The geologic history goes back to the Upper 
Cretaoeous, when Ternstroemites was represented on 
all the northern continents. The characteristic 
Latah species, the only known Miocene form in west
ern North Anlerica, is probably closely related to 
the genus Gordonia, which has two species of showy
flowered shrubs or trees in our South Atlantic States 
and eight or nine species in southeastern Asia and 
the Malay Archipelago. 

The genus Sassafras, whose single existing specie$ 
was until recently the unique possession of south
eastern North America, as almost the sole temperate 
representative of the large and chiefly tropical family 
Lauraceae, has two additional spe'cies in central China, 
thus paralleling the distribution of the tulip tree and 
hickory. No ancestral tree history is more interesting. 
It occurred in both eastern North America and western 
Europe toward the end of the Lower' Cretaceous and 
became varied and wide ranging during the Upper 
Cretaceous. The Eocene American records are con
fined to Greenland and British Columbia. It con
tinued to be abundant in Europe as late as the Pliocene, 
but uhtil the discovery of characteristic leaves in the 
Latah deposits its occurrence in North America during 
the long interval represented by the Oligocene, :rvJ;io
cene, Pliocene,and Pleistocene epochs had been 
entirely unknown: 

The genus Umbellularia, with a single existing 
species-the Qalifornia laurel or spice tree, Umbellu
Zaria calijornica Nuttall of low, moist valleys in Oregon 
and northern California west of the Sierra N evada-

evidently had a wider and more varied existence in 
the Miocene and is not uncommon in the Latah flora. 

The sour, cotton, or tupelo gums of the genus Nyssa 
were given the Latin name of a water JiYlnph because 
of their nlarked preference for a palustrille or at least 
wet environment. There are six or seven existing 
species, all confined to southeastern North America 
except a single species of southeastern Asia. There 
are numerous fossil species, many of theln based upon 
the characteristic stones of their drupaceous fruits. 
They occur in Europe, Asia, North America, and the 
Arctic in either, the Upper Cretaceous or Tertiary 
deposits, and the existing forms ale evidently relics 
of a once holarctic distribution. They disappear fronl 
the European record at the end of the Miocene, and 
the Latah species, comprising both leaves and stones, 
represents their latest known appearance in western 
North America. 

The genus Diospyros represents the mostly tropical 
family Ebenaceae and includes very nlany species, both 
fossil and recent-the former going back to the Upper 
Cretaceous. In the modern flora of North America it 
is represented by the well-known persimmon of the 
southeastern United States and a smaller species in 
the Texas region'. Other related species occur in 
eastern Asia, and these furnish the large edible so
called Japanese persimmons, now well known to con
sumers. Diospyros was common in western North 
America from the Upper Cretaceous to the Miocene, 
and the Latah species or closely related forms occur at 
Florissant, Colo., in Yellowstone Park, in western 
Oklahoma, in the John Day Basin of Oregon, in 
California, and in the Ellensburg formation of 
Washington. 

The genus Porana, represented by capsular fruits of 
which the persistent calyx lobes constitute a para
chute, is no longer present in North America and 
apparently was never common on this continent'. 
Although its geologic history is imperfectly known, 
its absence in North America except in the middle or 
upper Miocene of eastern Washington and the Floris
sant lake beds of Colorado suggests a late Tertiary 
introduction into North America from Asia by way of 
the Bering land bridge. It also occurs in the European 
Tertiary but in the modern flora is restricted to south
eastern Asia and Australia. 

It has seemed important to give in some detail the 
geologic history and existing distribution of the genera 
of the Latah formation which no longer occur in the 
State of Washington. The remaining genera, which 
are still present in the State, may be passed over as 
of less interest. It would seem that the conclusions 
to be legitimately drawn from this survey are obvious, 
and I will therefore not dwell upon them at any length. 

There are in this Latah flora many elements repre
senting what may, to speak broadly, be called the 
holarctic Miocene flora, although I do not mean to 
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imply that thIs was at all uniform over all the northern. 
continents. It did, however, contain numerous similar 
.generic types. After the clill1atic changes due mainly 
to the uplift of the Sierra Nevada and the Cascade and 
Coast Ranges the distribution of these generic types 
was altered. ~ome survived in locally favorable situ
ations on the western nlolmtain slopes, along streams, 
or in the hunlid western part of the State or the adjacent 
region to the south. Others disappeared entirely from 
western North America, and, as we have seen, their 
nearest relatives have a renlarkably consistent distri
bution. Some few still sll'vive in Europe, but the 
.great majority are now extinct on that continent. A 
·considerable number survive in either eastern Asia 
or southeastern North Anlerica, but the majority are 
represented in both of these mesophytic Tertiary 
floral preserves. The renlarkable pairing of eastern 
Anlerica and eastern Asia, first emphasized by Asa 
Gray in 1872, thus becomes understandable, and we 
have in the Latah and sill1ilar western floras the record 
of a tinie before the changes due chiefly to extinction 
of species or restriction of their ranges brought about 
the contrasts between the existing floras of Europe, 
Asia, and eastern and. western North America and the 
correlative resmnblance between the floras of eastern 
Asia and eastern North America. 

The cause is not far to seek and has been frequently 
.emphasized: The continent of Europe, lying as a whole 
poleward as compared with America or Asia, was 
·extensively glaciated during Pleistocene time, not only 
by the continental ice sheet from the Scandinavian 
·center but by mountain glaciers in the Pyrenees, Alps, 
Oarpathians, Urals, and Caucasus. Its Tertiary flora, 
with lnagnolias, gums, walnuts, hickories, sassafras, 
tulip trees, etc., during the climatic stress of glacial 
tilne had its southward retreat cut off by a continuous 
barrier of high nlOuntains or open seas from the Bay 
·of Biscay eastward to the expanded Caspian Sea. 
·Consequently many plant species became extinct, 
and the lnodern flora of Europe has an impoverished 
aspect when compared either with the Miocene flora 
·of Europe or with the Recent flora of eastern Asia or 
eastern North Alnerica. 

In western Alnerica the history is somewhat different 
but with a silnilar ending. The gradual elevation of 
the 1110lll tain systenls and the changes in geo
.graphic pattern governing wind circulation resulted in 
developing rain shadows or inappropriately seasoned 
rains over areas of great extent, producing prairies 
like the great belt of country bordering the Rocky 
Mountains on the east, the grass lands of southeastern 
Washington, the senliarid to desert region east of the 
Sierra Nevada and west of the Rockies in the present 
Great Basin, or the arid to desert country of southern 
California, Arizona, and New Mexico. With these 
progressive changes, accompanied by regional uplift, 
the nlesophytic plants-and the Miocene flora of 

Holarctica, as a whole, was a mesophytic one-were 
obliged to retire to the humid region around Puget 
Sound, to the westward-faCing wetter slopes of the 
mountains, or to stream borders and canyon bottoms. 
This restriction of suitable areas and the vicissitudes 
of topographic and resulting clinlatic change resulted 
in the extinction of many forms and their replacement 
by high mountain species from the north and xerophytic 
species from the south. . 

In southeastern North America and southeastern 
Asia, in 111arked contrast to western North Anlerica 
and Europe, the relation of land and sea assured abun
dant precipitation, there was plenty of country ungla
ciated, and, in particular, the orientation of the moder
ately elevated lnountains afforded every variety of 
tenlperate habitat over wide areas. Plants could 
readily find their accustomed environmental require-
111ents either laterally or vertically. Consequently there 
were no extensive extinctions, most of the more widely 
ranging ~1iocene genera survived, and new local 
species were evolved. In the main these factors are 
adequate to account for the observed facts. 

ENVIRONMENTAL CONDITIONS 

The general history of the Latah region has been 
given in considerable detail by Pardee and Bryan in 
the paper already cited. In Knowlton's account of 
the flora several paragraphs are devoted to the probable 
ecologic conditions. Chaney in his account of the 
clinlatic relations of the Mascall flora 3 considers it to 
represent an assemblage like that of the oak-madrono 
forest of the present in California,4 with an indicated 
annual rainfall of 30 inches. It seems to me that it is 
highly haza.rdous to exclude from consideration, as 
Chaney does, those species which are no longer repre
sented in Pacific floras, for their absence in the recent 
flora is the most conclusive evidence that the Miocene 
physical conditions differed from those of the present 
in that region. Otherwise there is no reason to ac
count for their lack of survival. 

I would also dispute the assertion of a progressive 
trend toward aridity throughout the Tertiary. There 
is certainly no indication of such a trend as late as the 
middle or upper Miocene Latah epoch. Possibly there 
was such a trend during the Pliocene. 

The Latah flora is overwhelmingly mesophytic in 
its facies. I can not name a single genus of the 75 
enumerated that can be unquestionably considered to 
have been xerophytic, although it is quite possible 
that some of the pines and oaks were. Omitting such 
obviously water-side plants as Alnus, Typha, and 
Salix, we have the bald cypress, chestnut, beech, 
hornbeam, fig, sycamore, Menispermites, tulip tree, 

8 Chaney, R. W., The Mascall flora-its distribution and climatic relation: 
Carnegie Inst. Washington Pub. 349, 1925. 

• See Cooper, W. S., The broad-sc1eropbyll vegetation of California: Carnegill 
Inst. Washington Pub. 319, 1922. 
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magnolia, sassafras, sweet gum, horse-chestnut, linden:, 
Ternstroemites, persimmon, Asplenium, Arisaema, hick
ory, poplar, birch, elm, hydrangea, nlaple, exceedingly 
large-leaved Lauracere, and Nyssa, which are all 
forms of deep, fertile, well-watered soils, humid at
mospheric conditions, and equable summer tempera
tures. I would hesitate to give a quantitative estimate 
of either the rainfall or the temperature, as in our 
eastern hardwood forests or those of Asia, where the 
modern representatives of these Latah genera still 
exist, they occupy situations of considerable diversity 
as to altitude and latitude and consequently as to 
climate. Furthermore, so much depends upon the 
availability of soil water, the distrihution of precipi
tation throughout the year, the evaporating power of 
the air, and the influence of water vapor in preventing 
extremes of temperature, and still other factors that 
dogmatism is to be deprecated. 

The Latah flora is an overwhelmingly tenlperate 
flora entirely appropriate to the latitude where it is 
found and indicative of an ample, well-distributed rain
fall of possibly between 30 and 40 inches annually. It 
is rather closely paralleled among existing floras by 
those of such a Middle Atlantic State as Maryland. 

AGE 

In the present contribution 152 species are recorded 
from the Latah formation. This by no means exhausts 

. the flora, for the local students are constantly collecting 
new forms, and I have not attempted to determine a 
considerable number of forms that are obviously new 
but are represented so far by inadequate material. 
Of the 152 species 105 are not yet known from other 
regions and are therefore peculiar to the Latah flora 
and lack precise correlation value, except as this is 
indicated by their general facies and degree of relation
ship to known forms from other localities. 

Our knowledge of the Tertiary floras of the Pacific 
border is still in the formative stage, and there exists 
considerable unc~rtajnty regarding the exact age of 
a number of these floras. The present study throws 
considerable light on some of these. 

On the 42 species found in the Latah that occur in 
other formations, all except the widely ranging and 
probably botanically composite Ginkgo adiantoides, 
Sequoia langsdorjii, and Taxodium dubium have a 
rather short chronologie range. The Ginkgo occurs in 
the Eagle Creek and Mascall formations, the Sequoia 
in the upper part of the Clarno, in the Mascall, and 
at Florissant, Colo., Blue Mountain, Oreg., and Pit 
River, Calif., and the Taxodium in the Mascall. Of 
the remaining and more significant species 4 occur in 
the upper part of the Clarno of the John Day Basin in 
Oregon, 21 in the Mascall formation of the same region, 
9 in the Eagle Creek formation of the Columbia gorge, 
on both sides of the river, 4 at Ellensburg, Wash., 7 in 

the Payette formation of Idaho, 4 in the Miocene of 
Yellowstone National Park, 13 at Florissant, Colo., 
1 i in the so-called auriferous gravel of California, 2 in 
the Puente formation of California, 3 at Blue ~10un
tain, Oreg., 2 at Trout Creek, Oreg., and 2 at Forty
nine Camp, Nev.5 

The predominance of Mascall, Florissant, and Cali
fornia species in the Latah flora, despite the uncer
tainty regarding the age of some of the California 
forms, and the ascertained relationships of the Mascall 
and Florissant floras as a whole are conclusive evidence, 
in my opinion, that the Latah flora is not older than 
middle Miocene. Whether it may be younger depends 
partly on the age of other western plant beds about 
which no general agreement has yet been reached. In 
Knowlton's preliminary paper the Latah flora was 
stated to be "not younger than middle Miocene and 
not older than lower Miocene." In the same paper 
it was stated that the Payette and Eagle Creek floras 
and probably the flora of Bridge Creek, in the John 
Day Basin, were Miocene, and that the flora from 
Ellensburg, Wash., and the Mascall formation of the 
John Day Basin was very definitely middle Miocene. 
The resemblance between the Latah flora and that 
found at Florissant, Colo., was not recognized by 
Knowlton, as it was not especially pronounced in the 
material which he studied. The subsequent collec
tions from the Latah emphasize this resemblance, and 
the preliminary accounts of studies made by Chaney 
show the presence of certain characteristic species such 
as Populus lindgreni, Fagopsis longifolia, and Pla
tanus dissecta at numerous localities in the West and 
tend to give them an especial stratigraphic value. 

The Florissant flora was considered for a number of 
years, after Cockerell's work to be middle Miocene. 
Knowlton's latest expressed opinion (not published) 
was that the Florissant flora was of upper Miocene 
age. In this opinion I concur most heartily. If the 
Florissant flora is upper Miocene, the Mascall, Payette, 
and Ellensburg floras are probably upper instead of 
middle Miocene. The Latah flora, as Knowlton 
recognized in his preliminary account of it, has a 
very modern facies, and it seems to me that the late
ness of mountain uplift in the Pacific region, which 
presumably was the major factor in bringing about 
the changes of distribution and the extinction of 
species in the Tertiary floras of western North America, 
strongly favors an upper Miocene rather than a mlddle 
Miocene age. 

This probability of the Latah flora being upper 
rather than middle Miocene and the tendency among 
students of west-coast geology to consider the forma
tions involved younger than they were formerly 
thought to be has considerable bearing on the age of 
other Tertiary plant beds in the West. Thus the 

5 These localities are taken from incomplete lists published by Chaney in 1925. 
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upper part of the Clarno formation of Oregon seems to 
nle to be clearly younger than Eocene and may well 
be as young as Miocene; the Eagle Creek formation, 
which Chaney considers Oligocene, I would consider 
Miocene; the Payette formation of Idaho is clearly 
Miocene, as Chaney has already announced,6 is cer
tainly not older than middle Miocene, and is probably 
upper Miocene. If the Payette flora is upper Miocene 
then the plant-bearing part of the Esmeralda formation 
of western Nevada, a collection from which I have 
studied recently and found to be very similar to the 
Payette flora, is also upp~r Miocene. These conclu-

C Chanoy, R. W., Notes on the flora of the Payette formation [Idaho and Oregon): 
Am. Jour. SeL, 5th ser., vol. 4, pp. 214-222, 1922. 

sions bring the Payette and Esmeralda formations 
more nearly in accord with the age determinations 
of the vertebrate paleontologists. I hesitate to be 
dogmatic about the age of the Mascall flora, because I 
have never worked it over systematically, but I do 
believe it to be somewhat younger than middle Mio
cene. There is much in common between the Latah 
and Mascall floras, and. if the Latah flora is upper 
Miocene it furnishes additional evidence tending to 
prove that the Mascall flora is younger than middle 
Miocene and also has a significant bearing on the age 
of the Columbia River lava flows, because the only 
decisive means of dating these flows is that of the fossil 
plants contained in the associated sedimentary beds. 

Outside distrib~ttion of the Latah flora 

Eagle I 
Upper Creek Ellens- Mio- Floris- AuriC- Puente part of lVIaseall forma- t burg Payette eene, sant lake era us form a- Blue Trout 49 Clarno forma- tion, I forma- forma- Moun-
forma- tion, Oregon tion, tion, Yellow· beds, gravel, tion, tains, Creek, Camp, 
tion, Oregon and Wash· Idaho stone Colo· Cali· Cali· Oregon Oregon Nevada 

Oregon Wash· ington Park rado Cornia fornia 
ington 

------------------1--- ------------------------ --- ------
Ginkgo adiantoides Q __________________ - __ - - - - - X X - - - _ - - - - - - - - ___ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ___ _ 
Seq uoia langsclorfii Q _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ X X - _ - - - - ____ - _ - - - - - - ____ - - X - - - - - - - - - - - - X - - - - - - _____ _ 
Taxodium dubiUln Q __________________ - - - _ - - - - X - - - - - - - - - - - - - - - - - - ___ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --
Pahteopotamogeton fiol'issantL _________________ - _____ - ___________ -_____ ______ X ------ ------ ------ ----.-- -- ___ _ 
Smilax lamarensis ____________________________ ------ ------ ------ ------ X ------ ------ ------ ------ --------

~1:~fo~\~I~~1l~~~~~:::::::::::::::::: :::::: :::::: :::::: :::::: :::::: :::::: g :::::: :::::: :::::: :::::: :::::: 
Salix perplexa ______________________________ - - X __ - - - - _ _ _ _ _ _ X ___ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - __ 
Salix florissantL __________________ - _ - - - - - _ - - - - X - __ - - - ______ - __ - - - ____ - - X - -- - - - - -- - - - - - - - - - - - - -- - - - - - __ 
Populus lindgrenL______________________ ______ X X X ______ ------ ______ ------ X ------ ---- __ 
Betula heteromorpha_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ X X ____ - - - - - - - - ___ - - - - - - - - - _ - - - - - - - - - - - - - - - - - - - - - - - - - - - __ 
Castanea castaneaefolia _____________ - _ - - __ - _ - - X - _ - - - - __ - _ - - - - - - - - ___ - - - - - - - - - X - - - - - - - - - - - - - - - - - - - - ___ _ 

~~~~~gt~~S~~~~}~~~~.:is~~=================== ====== __ ~ __ ====== ====== --X-- ====== __ ~ __________ ~ __ ====== ====== ====== 
Quercus merrll1ffiL______________________ ______ X X ______________________________ ------ ---- __ ------ _____ _ 
Quercus ursinl1 ___________________ - _ - _ - - ____ - - X __ - - - ___________ - _____ - _____ - - ___ - - - - - - - - - - - - - __ - - - - - - __ 
Quercus simulata ________________ . _____ - _____ - _ _ _ _ _ _ _ X X __________ - - _____ - - - - - _ - _ - _ - __ - - - - - - _____ _ 
Ulmus speciosa_________________________ X X ______________________________ -- __________ ---- _______ _ 
Platanus aspera ____________ - _ - ___ - - - - - - X X 
Platanus dissecta_______________________ ______ X ------ --X-- --X-- ====== ===.=== --X-- ------ --X-- --X-- --X--
Plu,tallus appendiculata ____________________________ ~ ______ ______ ______ ______ ______ X ____________ ---- _______ _ 
Mn,gnolia californica____________________ ______ ______ ______ ______ ______ X X -- __________ ---- _______ _ 
Magnolia dayana_ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ X - _ - - - - - - - - - - X ____ - ___________ - _ X ____________ - - - - _______ _ 
Liquidambar californicum_______________ ______ X X ______ ______ ______ X X ---- ________ ---- _______ _ 

~i~~r~~~~fe~:~~~~!;i ~ = = = = = = = = = = = = = = = = = = = = = = = = __ ~ __ = = = = = = = = = = = = = = = = = = = = = = = = - -X --= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = Cassia idahoensis _________________ - _________ - _________ - _ - _ _ _ _ _ _ _ X ________________________________ - - _______ _ 
Sapindus spokanensis___________________ ______ X ______ ______ ______ ______ X X ---- ________ ---- _______ _ 
Celastrus lacoei ____________ - _ - - __ - - - - - - __ - _ - - __ - _ - ___ - - - ___________ - _ _ _ _ _ _ _ X _____________________________ _ 
Rhus typhinoides_______________________ ______ ______ X ______ ______ ______ ______ X _______________________ _ 
AceI' oregonianuffi______________________ ______ X ------ ______ - ___________ -_____ ______ ______ ______ X X 
AceI' lnerrialni _______________ - _____ - _ -'- ____ . - _ X ___________________________________________________________ _ 
AceI' bendirei__________________________ ______ X ______ ______ ______ ______ ______ X _______________________ _ 

t:~~~~i~~~I~~~~~= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = ~ = = = = ~ = = = = = = = = ~ ~ ~ ~~. ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ = = = = = = = = = = = = = = = = = = = = = = = = Umbelllllaria dayana_. ______ - _ - ___ - - - - - - __ - _ - - X _________________ . _____ . _' ______________ . __ . _______________ _ 
Amli!1 ~vhitneyL. - - _ - _ - - - - - - - - - - - - - - - - - - - - - - - - ? - - - - - - - - -. - - - - - - - . X X X ________ - - _______ _ 

. V~ccllmun al!lerlCan~lln----------------- ------ X ------ X -----. ______ X _____________________________ _ 
DlOspyros prmcetol1lana _____________________ - _________ - - - ____________ . _ _ _ _ _ _ X _____________________________ _ 

--5--21 --9-'--4---'-7---4--13 --11---2---3---2----2 41 species _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ \ 

Q Hccordcd from many other localities and horizons. 

100874°-20--16 
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SYSTEMATIC DESCRIPTIONS 

Phylum BRYOPHYTA 

Class MUSCI 

Family POLYTRICHACEAE 

Genus POLYTRICHITES E. G. Britton 

Polytrichites spokanensis E. G. Britton 

Polytrichites spokanensis E. G. Britton in Knowlton, U. S. 
GeoI. Survey Prof. Paper 140, p. 24, pI. 8, figs. 3, 4, 1926. 

This charac teris tic species is represented in the 
present collection by good material from a new loeal
ity. 

Occurrence: Deep Creek, northwest of Spokane; 
Spokane, Portland & Seattle Railway cut No.4, 
Spokane, Wash. 

Phylum PTERIDOPHYTA 

Order POLYPODIALES 

Family POLYPODIACEAE 

Genus ASPLENIUM Linne 

Asplenium occidentale Berry, n. sp. 

Plate 49, Figures 3, 4 

Habit' of frond unknown, as only the detached pin
nules are preserved. Pinnules lanceolate,' slightly 
falcate, tapering from point near the base to the acute 
tip. Base abruptly contracted and obliquely trun
c.ated, fuller on one side (apparently the proximal) 
than on the other. Margin with regular closely spaced 
teeth ranging fronl crenate to serrate and slightly 
more prominent and acute in the tip. Midvein fairly 
stout and prominent. Lateral veins well marked, 
diverging from the midvein at angles of 45° or more, 
the basal pair several times dichotomous; above the 
basal pair there are several pairs of twice dichotomous 
laterals, above which this type alternates with a lat
eral, the proximal fork of which is simple and the dis
tal fork is once dichotomous. Higher up the veins 
are once dichotomous, and the distal four or five pairs 
are simple. Length about 6.25 centimeters. Max
imum width about 1.2 centimeters. One specimen 
from Vera shows the somewhat poorly preserved parts 
of five pinnules and a stout winged rachis. 

Occurrence : Vera, Wash.; Spokane, Portland & 
Seattle Railway cut No.1 and brickyard at Spokane, 
Wash. 

Genus WOODWARDIA J. E. Smith 

Woodwardia praeradicans Berry, n. sp. 

Plate 64, Figures 22, 23 

Although the specilnens thus far collected From the 
Latah formation are fragments of sterile pinnae, the 
venation leaves no doubt that they represent the genus 
Woodwardia. 

The pinnae are long and lanceolate, suboppositely to 
alternately cut by narrow ultimately rounded 
sinuses two-thirds inward toward the rachis, 
forming relatively short, pronouncedly falcate seg
ments, whose margins are minutely serrulate. The 
venation shows a row of long, narrow areoles on 
each side and parallel to the midvein of the pinna and 
similar areoles on each side of the mid vein of the seg
ments' outside' of these there is a row of shorter, , 
oblique, nearly isodiametric areoles, and outside of 
these a series of veinlets running to the marginal teeth. 
The veins except the lnidveins are thin. The texture 
is distinctly subcoriaceous. 

The only other Miocene species of Woodwardia 
known to me is Woodwardia florissanti Cockerell,1 
both figure and description of which are so vague 
that it is unrecognizable. The Latah form may rep
resent the same species, but as the Florissant form is 
said to be entire-margined, shows no venation, and 
has the segments (the so-called long linear pinnae of 
Cockerell) longer and straighter than in the Latah 
form, and also long stipitate, I believe the two are 
distinct. 

The present species is remarkably like the living 
Woodwardia radicans, our most magnificent species, 
which occurs in shaded environments along streams 
in the Sierra Nevada and Coast Ranges from California 
to Mexico and Guatemala. The same or a related 
species occurs throughout the Mediterranean region 
of the Old World and in South America and Australia. 
The genus contains about SLX existing species, of which 
three are North American. Seven well-characterized 
fossil species have been reported from North America, 
including two frOln the late Upper Cretaceous, three 
from the early Eocene, one from Florissant, and one 
from the supposed Pliocene of Oregon. 

The Latah species differs from all of these, being 
perhaps most similar to the last, Woodwardia colum
biana Knowlton.s The genus is represented in the 
present flora of Washington by Woodwardia spinulosa 
Martens and Galeotti, a quite different species of the 
hUluid transition zone. 

Occurrence: Brickyard at Spokane, Wash. 

Genus WOODSIA B. Brown 

Woodsia bonseri Berry, n. sp. 

Plat,e 64, Figures 20, 21 

Frond small, pinnate. Pinnules thin, small, ovate, 
incised marginally in the lower two-thirds by narrow 
pointed sinuses to fonn two or three ligulate lobes. 
The upper entire part is slightly crenulate. The apex 
is roundly pointed. The base is broad and almost 

7 Cockerell, T. D. A., The fossil fiora of Florissant, Colo.: Am. Mus. Nat. Hist. 
Bull., vol. 24, p. 77, pI. 6, fig. 2, 1908. 

8 Knowlton, F. H., Two new fossil chain ferns (Woodwardia) from Oregon and 
Wyoming: Smithsonian Misc. ColI., vol. 52, p. 491, pI. 63, figs. 1, 2, 1910. 
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truncate and appears to have been sessile. The mid
vein is flexuous and not stronger than the laterals except 
at its extrem.e base. There are five or six pairs of thin 
altern8,ting laterals, the lower ones once forked and 
extending into the marginal lobes, the upper ones 
sinlple. 

The material is sterile but has all the vegetative 
features of lVoodsia and does not reselnble any other 
tmnperate North Anlerican genus, so that the identifi
cation is conclusive. lVoodsia is a snlall genus of about 
15 existing species of tmnpera te and cold temperate 
regions. Seven of these are found in the United States 
and Canada. The genus has not been found fossil 
in North Anlerica heretofore. 

The present species is silnilar to all the North Anler
ican forms and is especially like Woodsia alpina (Bol
ton) S. F. Gray, a species of lnoist rocky environlnents, 
ranging froln Labrador and Maine to Alaska and 
southw8,rd to or slightly south of the Canadian border. 
W. alpina does not, so far as I know, occur in Washing
ton, where the genus is represented by Woodsia scopu
Zina Eaton and llToodsia oregana Eaton, of the transition 
zone. 

Occurrence: Brickyard at Spokane, Wash. 

Genus PTERIS Linne 

Pteris sp. 

Fern, fragment, Knowlton, U. S. Geol. Survey Prof. Paper 
140, p. 24, pI. 9, fig. 10, 1926. 

This very incomplete fragment figured by ICnowlton 
has not been recognized in subsequent collections. It 
undoubtedly represents a part of a Pteris pinnule and 
is closely related to the existing widespread Pteris 
aquiltina Linne. 

Occurrence: Cut No.2 on Oregon-Washington Rail
road & Navigation Co.'s line, Spokane, Wash. 

Phylum CONIFEROPHYTA 

Order PIN ALES 

Family TAXACEAE 

Genus TUMION Raftnesque 

Tumion bonseri Knowlton 

T1.tmion bonseri Knowlton, U. S. Geol. Survey Prof. Paper 140, 
p. 25, pI. 10, fig. 3, 1926. 

A single specinlen in the recent collections from 
Republic is rather 1110re conlplete than Knowlton's 
type from Spokane. 

Occurrence: Spokane and Republic, vVash. 

Family CUPRESSIN ACEAE 

Genus SEQUOIA Endlicher 

Sequoia iangsdorfii (Brongniart) Heer 

Seq'l.toia lanysdorfii (Brongniart) Heer. Knowlton, U. S. Geol. 
Survey Prof. Paper 140, p. 26, pI. 9, figs. 3-6. 1926. 

The occurrence of this species in the Latah formation 
has been fully described and illustrated by Knowlton 
in the paper cited. It is a conunon fornI, s01newhat 

variable, and liable to be confused with the associated 
Taxodium dubium. Knowlton referred all the rnaterial 
from the immediate vicinity of Spokane to Taxodium 
dubium, but in the later collections which I have 
studied a considerable proportion of the specimens 
appear to me to represent the present species. This 
species has recently been recorded by Chaney fr0111 
the Blue Mountains, Oregon, and Pit River, California. 

Occurrence: Stanley Hill, Coeur d'Alene, Idaho; 
Deep Creek northwest of Spokane, Wash.; cut 1 nlile 
west of Shelley Lake, about 10 miles east of Spokane, 
Wash.; well at Mica, Wash.; Vera, Wash.; Chicago, 
11ilwaukee & St. Paul Railway cut, Deep Creek 
Canyon, Spokane, Portland & Seattle Railway cut, 
and brickyard at Spokane, 'Vash. 

Genus TAX ODIUM L. C. Richard 

Taxodium dubium (Sternberg) Heer 

Taxodium d'l.tbium (Sternberg) Heel'. Knowlton, U. S. Geol. 
Survey Prof. Paper 140, p. 27. pI. 9, figs. 2, 7-9; pI. 10, 
fig. 2, 1926. 

Taxodium nevadensis Lesquereux, U. S. Geol. and Geog. Survey 
Terr. Ann. Rept., 1873, p. 272, 1874. 

Mason, Carnegie lnst. Washington Pub. 346, p. 154, pI. 5, 
figs. 2, 5, 6, 1927. 

The occurrence of this species in the Latah formation 
has been fully described and illustrated by Knowlton 
in the paper cited. The species is abundant in the 
recent collections and shows considerable variation in 
size. It is readily confused with the associated 
Sequoia Zangsdorjii unless the material is excellently 
preserved. 

Occurrence: Stanley Hill, Coeur d'Alene, Idaho; 
Deep Creek northwest of Spokane, vVash.; cut 1 lnile 
west of Shelley Lake, 10 miles east of Spokane, Wash.; 
Vera, vVash.; Republic, Wash.; cut along Spokane, 
Portland & Seattle Railway; and brickyard at Spokane, 
vVash. 

Taxodium, staminate ament 

Plate 63, Figure 2 

I{nowlton 9 described and figured the staminate 
flowers of Taxodium fronl the Latah formation at 
Deep Creek, but his specimen is not nearly so typical 
as the one here figured from the later collections. 
This agrees exactly with the aments of the eArJ.sting 
species, and there cap. not be the slightest doubt regard
ing the relationship of the fossil. 

Occurrence: Brickyard at Spokane, vVash., collected 
by E. E. Alexander. 

Genus LIBOCEDRUS Endlicher 

Libocedrus praedecurrens Knowlton 

Liboced1'us praedoc'l.trrens Knowlton, U. S. Geol. Survey Prof. 
Paper 140, p. 28, pI. 8, fig. 8, 1926. 

Fragmentary specinlens of this species are repre
sented at several localities in the present collections. 

9 Knowlton, F. H., Flora of the Latah formation of Spokane, Wash., aud Coeur 
d' Alene, Idaho: U. S. Oeo1. Survey Prof. Paper 140, p. 28, pI. 10, fig. 4, 1926. 
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The type and only spe~imen previously known came 
fronl the'Spokane, Portland & Seattle Railway cut at 
Spokane. It is of interest to note that a specifically 
unnamed Libocedrus is recorded by Chaney from the 
Mascall and Payette formations and from. Trout 
Creek, Oregon. 

Occurrence: Chicago, Milwaukee & St. Paul Rail
way cut No.2, brickyard, and Spokane, Portland & 
Seattle Railway cut No.1, Spokane, Wash. 

Family PINACEAE 

Genus PINUS Linne 

Pinus macrophylla Berry, n. sp.Oa 

Plate 49, Figure 9 

This species is based upon the single specimen figured 
showing elongated slender leaves quite unlike the 
associated forms or any previously described. 

Leaves in threes, with long persistent leaf sheaths. 
Slender, about 1 millimeter or slightly over in diam
eter, and with a minimum length of 21 centimeters; 
the tips are all broken away, so that their maximum 
length remains unknown. 

This interesting form may be compared with several 
existing pines of the Pacific slope, such as the western 
yellow pine (Pinus ponderosa Lawson), the Jeffrey 
pine (Pinus jeifreyi Vasey), the Digger pine (Pinus 
sabiniana Douglas), and the Torrey pine (Pinus tor
reyana Parry). In the character of the sheath and the 
slenderness of the leaves the fossil approaches most 
closely P. ponderosa, which, however, has 2-faced' 
leaves. 

Occurrence: Republic, Wash. 

Pinus latahensis Berry, n. sp. 

Plate 49, Figure 7 

Leaves in fives, 2-faced, pointed, about 9 centi
meters long and 1 millimeter broad. Sheath clearly 
deciduous; hence it belongs to the so-called white 
or hard pines. 

These leaves in arrangement and size are very close 
to those of the existing western white pine (Pinus 
monticola Douglas) and sugar pine (Pinus lambertiana 
Douglas) and are most' similar to those of the sugar 
pine. However, as the associated seeds are unlike those 
of the sugar pine and are, on the other hand, almost 
identical with the seeds of the western white pine, it 
is possible that the leaves and seeds, described sepa
rately, represent a single botanic species that may 
have been the Miocene ancestor of Pinus monticola. 
P. monticola has a wide range and is adapted to a' 
variety of soils. It is found west of the Continental 
Divide in the mountains fronl northern Montana and 
southern British Columbia to Washington, Oregon, 

Va In a publication that appeared after the present paper was written Mason has 
made an interesting contribution to our knowledge of the fossil conifers of western 
America (Mason, H. L., Carnegie Inst. Washington Pub. 346, pp. 139-158, 1927). 
It is impossible to discuss Mason's conclusions here. , 

and California. At the north it is nlOst common and 
largest in nloist valleys, and in northern Idaho it 
reaches its greatest development on gentle north 
slopes and flats. 

Occurrence: Republic, Wash. 

Pinus monticolensis Berry, n. sp. 

Plate 49, Figures 5, 8 

In the collections from the Latah formation studied 
by Knowlton Pinus was represented by a single folia,r 
specilnen. The untrustworthy character of negative 
evidence is illustrated by the abundance of this genus 
in the later collections, where the pines are represented 
by four different kinds of leaves and by equally charac
teristic seeds. 

The present species, which undoubtedly represents 
one or the other of the species based upon leaves, is 
represented by four specimens. These vary consid
erably in size and outline, but the alternative to 
regarding them as ~elonging to a single species is to 

, consider them to represent four distinct species, which 
is not worthy of consideration. They agree in the form 
of the seed but differ in the size and shape of the wing. 
They may be described as follows: 

Whole fruit of medium size, ranging in length from 
17 to 26 millimeters and in maxilnum width froln 4 to 
9 Inillimeters. The inner margin is nearly straight, 
with the seed at the base. The seed is about twice as 
long as it is wide and but nlOderately elevated. The 
tip of the wing may be almost evenly rounded, as in 
the narrower specimen figured, or it may be subtrun
cate, as in the wider specilnen figured. The outer 
wing Inargin may be but slightly rounded and sub
parallel with the inner margin, or it may flare at the 
top and narrow downward, in all specimens fonning an 
outer margin nearly or quite to the base of the seed. 

These seeds are very close to those of the existing 
western white or silver pine, Pinus monticola Douglas, 
whose distribution has been discussed under Pinus 
.latahensis. They are also cOluparable to the seeds of 
Pinus ponderosa Lawson, the widespread western 
yellow pine, which is of some interest because the 
Latah collections contain a long-leafed pine that might 
represent a shuilar fossil fornl. However, the fossil 
leaves are two-faced instead of three-faced, as in the 
existing western yellow pine. 

Occurrence: Republic and Spokane, Wash. 

Pinus tetrafolia Berry, n. sp. 

Plate 49, Figure 6 

Leaves coriaceous, with a single bundle and two
faced, in fours, about 6 centimeters long and less than 
a nIillinleter in diameter. Sheaths persistent. 

It is highly improbable that this should represent a, 
distinct botanic species, not only because of the well
known variability anlOng three-leaved and five-leaved 
forms but also because the present species is based 
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upon a single speciInen. However, I have given it a 
llalne rather than nIultiply the already nUl11erous 
unnamed pines in the literature. The leaves are 
1110re slender than in the associated Pinus sp. ICnowl-
ton. 

Occurrence: Republic, Wash. 

Pinus sp. Knowlton 

Pinus sp. Knowlton, U. S. Geol. Survey Prof. ·Paper 140, p. 26, 
pI. 8, fig. 9, 1926. 

Based by K~nowlton on a single specilnen from a well 
near Mica, southeast of Spokane, which nIay be iden
tical with Pinus 7cnowZtoni Chaney, 10 fr0111 the Eagle 
Creek forJnation of Oregon. There are three speci
Inens in the 1110re recent collections. The leaves are 
short, and one specinlen distinctly shows the sheath, 
so that it can not be one of the soft pines, as ICnowlton 
inferred. 

Occurrence : Well near Mica, Wash. ; brickyard, 
Spokane, Wash. 

Pinus, staminate aments 

Plate 64, Figures 17-19 

The stalninate al11ents of a conifer are relatively 
C0I111nOn at the brickyard locality, as I have six rather 
well preserved specilnens, which is a large number for 
such accidental fossils. They are about 2~ centi
meters long and 5 Inillimeters in dianleter, are slightly 
pedunculate, aI.ld consist of spirally arranged thick 
scales on a stout axis with ends turned up and inl
bricated. At the base there is a mass or involucre of 
flat pointed inIbricated bracts. 

I at first thought these basal bracts represented a 
gall of sorne gall nudge and have to thank Dr. E. P. Felt 
for looking at thmn for me and giving me his opinion. 
I have c01npared thenl with various coniferous catkins, 
and they agree best with those of Pinus. As several 
species of Pinus are represented by foliage and seeds 
in the Latah forl11ation, I have attached no name 
to the catkins. 

Occurrence: Brickyard at Spokane, 'iV~sh. 

Genus TSUGA Endlicher 

Tsuga latahensis Berry, n. sp. 

Plate 63, Figures 3, 4 

Cone scales detached, thin, ovate to nea,rly orbicular. 
These vary considerably in size and form and pre
smnably represent scales from different parts of 
the cone. 

It 11Iight be expected that the deciduous cone scales 
of Tsuga would be of common occurrence 'in the later 
Tertiary deposits, but such has not been the case, and 
the only Anlerican occurrence known to l11e is the 
record (n01nen nudlun) of a 111m11ber of this genus in 

10 Chancy, n. W., 'rhe flora or the Eagle Creek rormation: Walker Mus. Contr., 
vol. 2, No.5, p. 160, pI. 5, figs. 3, 4, 1920. 

the Bridge Creek beds of the John Day Basin in 
Oregon t

ll which is based on a twig and not a cone 
scale. One or two Tertiary species have been recorded 
from Eurasia, and this sparseness again disappoints 
one's expectation. 

The existing species number seven, of temperate 
North A111erica, Japan, central and western China, 
and the Himalayan region. 

Occurrence: Brickyard at Spokane, 'iV ash., col
lected by E. E. Alexander and C. O. Fernquist. 

Glyptostrobus?, staminate aments 

Plate 63, Figure 1 

The present object represents what in the United 
States have been considered the staminate aments 
sometimes called GZyptostrobus europae'llS ungeri Heel' 12 

and sometinles GZyptostrobus ungeri Heel' 13 and by 
European paleobotanists referred to either of these or 
to GZyptostrobus europaeus Heel'. The last has been 
identified all over the world from almost every possible 
Tertiary horizon and is unquestionably a composite. 
I think that there can be no q ues tion but that the 
Latah specimen is homologous with Heer's numerous 
records of staminate aments of GZyptostrobus, but the 
idea that they can be specifically determined is pre
posterous, and it is by no means certain that the 
presen t specimen even represents GZyptostrobus. Its 
chief interest in the present connection is that sinrilar 
rm11ains occur in the Mascall formation of Oregon. 

Occurrence: Brickyard at Spokane, Wash., collected 
by C. O. Fernquist. 

Phylum SPERMATOPHYTA 

Class ANGIOSPERMAE 

Subclass MONOCOTYJ.EDON AE 

Order P ANDAN ALES 

Family TYPHACEAE 

Genus TYPHA Linne 

Typha? sp. Knowlton 

Typha1 sp. Knowlton, U. S. Geol. Survey Prof. Paper 140, p. 
28, pI. 9, fig. 11, 1926. 

Fragments of linear monocotyledonous leaves si111i-
10,1' to the sl11all fragment from Spokane which ICnowl
ton tentatively referred to the genus Typha are com
mon in the recent collections. Beyond their &111ono
cotyledonous nature their affinity is· entirely prob
lematic, although they might well represent the genus 
Typha. 

Occurrence: Deep Creek Canyon and brickyard at 
Spokane, Wash. 

11 Chancy, R. W., Quantitative studies of the Bridge Creek flora: Am. Jour. Sci., 
5th ser., vol. 8, p. 129, 1924. 

12 Lesquereux, Leo, The Cretaceous and Tertiary floras: U. S. Geol. Survey Terr. 
Rept., vol. 8, p. 222, pI. 46, figs; I-Ie, 1883. 

18 Knowlton, F. H., Fossil flora or the John Day Basin, Oreg.: U. S. Geol. Survey 
Bull. 204, p. 26, 1902. 
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Order N AIADALES 

Family N AIADACEAE 

Genus POTAMOGETON Linne 

Potamogeton heterophylloides Berry, n. sp. 

Plate 50, Figures 1-3 

Potamogeton sp. Knowlton, U. S. Geol. SQrvey Prof. Paper 
140, p. 29, pI. 10, figs. 5, 6, 1926. 

The fragment from the Spokane, Portland & Seattle 
Railway cut which Knowlton described is represented 
by 11 specimens in the recent collection, most of 
which are complete. They are slightly smaller than 
the type but vary considerably in size, ranging from 
3 to 8 centimeters in length. The tip, absent in the 
type, is abruptly narrowed to a point. 

I have ventured to give it a specific name in allusion to 
its resemblance to Potamogeton heterophyllus Schreber, 
which is found nearly all over North America as 
well as in Europe. Our eastern Potamogeton nuttallii 
Chamisso and Schlechtendal has submerged leaves 
even more like the fossil. 

Occurrence: Cut on Spokane, Portland & Seattle 
Railway, ·Chicago, Milwaukee & St. Paul Railway 
cut No.2, and brickyard at Spokane, 'Vash. 

Genus PALAEOPOTAMOGETON Knowlton 

Palaeopotpmogeton florissanti Knowlton 

Palaeopotamogeton jlorissanti Knowlton, U. S. Nat. Mus. 
Proc., vol. 51, p. 251, pI. 16, fig. 1; pI. 17, fig. 3, 1916. 

Fruits exactly like those described by Knowlton 
for this species occur in the Latah formation, where 
they are found detached and unaccompanied by the 
foliage. There can be no doubt of their identity 
wi th the fruits from Florissant. I can see no evidence 
from either the fruits or foliage that there is any 
relationship with the Potamogetonaceae, but I have 
no suggestions to offer regarding their botanic affinity. 
Under the circumstances I would have ignored these 
small hard spherical fruits of the Latah formation 
except for the fact that they are an additional element 
in synchronizing the floras from Florissant, Colo., 
and those in the vicinity of Spokane. 

Occurrence: Brickyard at Spokane, Wash., col
lected by C. O. Fernquist 

Order LILIALES 

Family SMILACEAE 

Genus SMILAX Linne 

Smilax lamarensis Knowlton 

Plate 63, Figure 15 

Smilax lamarensis Knowlton, U. S. Oeo1. Survey Mon. 32, 
pt. 2, p. 685, pI. 121, figs. 3, 4, 1899. 

The single specimen figured is referred to this species 
with some hesitation. It approaches the minimum 
size of the leaves from Yellowstone Park and appears 

to be of a less firm texture, but in view of the well-· 
known variability in the leaves of this genus it seems 
undesirable to multiply fossil species unless really 
distinctive specific characters are present. The Latah 
specimen indicates an ovate leaf about 8 centimeters 
long, with a maximunl width in the lower half of 
slightly over 4 centimeters. The base is rounded 
and cordate. There are three principal primaries; 
the mid vein is slightly more prominent than the 
laterals which are acrodrome. There is a second thinner 
pair of acrodrome primaries about 3 millinleters inside 
the margins which they parallel. The· secondary 
venation is thin but well marked consisting of rather 
closely spaced obliquely somewhat sinuate transverse 
veins, forking or inosculating or connected by cross 
branches, and perfectly characteristic of the genus. 
The leaf texture is thin and soft, as is indicated by 
the way the veins stand out above the lamina and the 
somewhat crumpled character of the lamina. 

The type came from the supposed Miocene of 
Yellowstone Park and was compared by its describer 
wi th the existing Smilax rotundijolia Linne and Smilax 
pseudochina Linne. It might equally well be com
pared with Smilax hispida Muhlenberg, Smilax 
waZteri Pursh, or still other existing species. Such 
comparisons, however, have but slight ecologic or 
geographic significance. 

Smilax is new to the Latah flora but has been re
corded from the upper Miocene at Flori.ssant, Colo., and 
the Eagle Creek and J\1ascall of Oregon. The species 
at Florissant is Smilax labidurommae Cockerell,14 a 
considerably smaller deltoid form with a truncate 
base. The Mascall species is Smilax wardii Les
quereux,15 an elongated hastate-sagittate leaf. Both 
aTe very different from the Latah species. 

The genus, with well-defined characters, goes back 
certainly as far as the early Eocene and probably to 
the later Cretaceous. The existing species nunlber 
about 200 widely distributed and for the most part in 
lnoist environments, most abundantly in tropical 
America and Asia. There are about 20 species in 
temperate North An).erica, several extending as far 
northward as southern Canada. 

Occurrence: Brickyard at Spokane, vVash., collected 
by E. E. Alexander. 

Family JUNCACEAE? 

Genus JUNCUS? Linne 

Juncus? crassulus Cockerell 

Juncus crassulus Cockerell, Am. Mus. Nat. Rist. Bull., vol. 24, 
p. 79, pI. 10, figs. 44, 45, 1908. 

There are several specimens from the Latah forma
tion which I am unable to distinguish fronl the so-

14 Cockerell, T. D. A.," Two new plants from the ·Tertiary rocks of the West: 
Torreya, vol. 14, p. 135, text fig. 1, 1914. 

16 Lesquereux, Leo, Recent determinations of fossil plants from Kentucky, 
Louisiana, Oregon, California, Alaska, Greenland, etc.: U. S. Nat. Mus. Proc., 
vol. 11, p. 19, pI. 13, fig. 1, 1888. 
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called flowers 1r01n Flol'lssant, Colo., described by 
Cockerell as those of J uncus. I have queried the 
generic nanle, as I anl by no nleans convinced that 
they can be conclusively shown to be referable to that 
genus. 

Occurrence: Brickyard at Spokane, Wash., col
lected by C. O. Fernquist. 

Subclass DICOTYLEDONAE 

Series CHORIPETALAE 

Order JUGLANDALES 

Family JUGLANDACEAE 

Genus HICORIA Rafinesque 

Hicoria juglandiformis (Sternberg) Knowlton 

P hyll1:tes ju.glandij ormis Stern berg, Versuch einer geognostich
botanischen Darstellungder Flora der Vorwelt, Band 4, 
index. p. 40, pI. 35, fig. 1, 1825. 

Carya bilinica Lesquereux, U. S. Geol. Survey Terr. Rept., vol. 
8 (Cretaceous and Tertiary floras), p. 191, pI. 39, tigs. 
1, 2, 13, 1883. 

Hicoria j7Lglandiformis Knowlton, U. S. Geol. Survey Bull. 152, 
p. 117, 1898. 

Cockerell, Am. Mus. Nat. Hist. Bull., vol. 24, p. 80, 1908. 

A typical large leaf of this species is present in the 
recent Latah collections. It is altogether improbable 
that this represents the same botanic species as that 
described from Europe, and it would probably be proper 
to take up Rjrchner's Juglans ajjinis from Florissant 
as the proper nalne for the American fossil. It has 
hitherto not been found outside the Florissant Miocene. 

Occurrence: Brickyard at Spokane, Wash. 

Order MYRICALES 

Family MYRICACEAE 

Genus COMPTONIA Banks 

Comptonia insignis (Lesquereux) Cockerell 

Plate 50, Figure 5 

Comptonia ins ignis Cockerell, Colorado Univ. Studies, vol. 3, 
p. 173, 1906; Am. Mus. Nat. Hist. Bull., vol. 24, p. 81. 
1908. 

Berry, Am. Naturalist, vol. 40, p. 499, 1906. 
Knowlton, U. S. Nat. Mus. Proc., vol. 51, p. 260, 1916. 

Myrica ins ignis Lesquereux, U. S. Geol. and Geog. Survey 
Terr. Ann. Rept. for 1874, p. 312, 1876; U. S. Geol. 
Survey Terr. Rept., vol. 7, p. 135, pI. 65, figs. 7, 8, 1878. 

Myrica alkalina Lesquereux, U. S. Geol. Survey Terr. Rept., 
vol. 8, p. 149, pI. 65-A, figs. 10-15, 1883. 

This hands01ne species, abundant at Florissant, 
Colo., is represented in the recent collections from the 
Latah formation by the fine and characteristic specimen 
figured. 

Occurrence: Republic, Wash. 

Comptonia hesperia Berry, n. sp. 

Plate 50, Figure 6 

It is certainly exasperating that the more rare the 
type generally the more scanty the material. The 
present species is based upon a tiny fragment showing 

the parts of but seven lobes. Fortunately these are 
characteristic enough to permit recognition of the 
genus but hardly sufficient to define the species ac
curately. However, as nothing else of the kind is 
known it nlay be made the type of a distinct species 
and may be described as follows :. 

Leaf lanceolate, dimensions unknown. Midvein 
stout. Lamina rath~r regularly divided nearly to the 
midvein into relatively narrow, falcate-pointed lobes 
about 7 millinleters long and 4 millimeters in lllaximum 
width. There are two relatively stout lateral veins 
in each lobe-the upper running to the tip, the lower 
camptodrome; a third and thinner lateral runs close 
to and subparallel wit.h the lower arched margin until 
it disappears by inosculating distad: all are connected 
by fine oblique veinlets and camptodrome marginal 
arches. The margins of lobes are entire. The sinuses 
between them are evenly rounded. Texture sub
conaceous. 

The only other plant with cOlllparable foliage is the 
mono typic rosaceous genus Lyonothamnus Gra.y, of 
the southern California islands. In this the normal 
as well as the ancestral leaf is entire, becoming lobulate 
below and finally irregularly pinnately parted into 
numerous segments which are themselves lobulate 
as in Comptonia. Lyonothamnus is lllore coriaceous, 
less regularly lobate, and with more nUlllerous veins 
than Comptonia. 

The present specimen is evidently from the middle 
region of a leaf and may be readily matched among 
the rather variable leaves of the existing sweet fern, 
Comptonia peregrina (Linne) Coulter. The genus 
Comptonia is now a mono typic genus of dry and rocky 
hillsides from Nova Scotia to Manitoba and south
ward to North Carolina in the Appalachian region, 
although it had a hoi arctic rstnge in the later Tertiary, 
and includes numerous fossil species from the Upper 
Cretaceous onward. Eight other fossil species are 
known from the Tertiary of western North America. 
There are at least two characteristic species at Floris
sant, and a third from the Miocene of Elko station, 
Nevada-all unlike the present fossil. There are two 
upper Eocene species in Alaska (Kenai formation), 
and two or three additional in the upper Eocene or 
Oligocene of British Columbia. Of these both Comp
tonia diforme (Sternberg) Berry (C. columbiana Daw
son) and Comptonia predryandroides Berry (C. cU8pi
data Dawson, not Lesquereux) are silnilar to the La.tah 
form but are smaller and differ in specific features 
such as the shape and division of the lobes, the charac
ter of the margin, and minor features of the venation. 
Comptonia predryandroides may well stand in an 
ancestral relationship to Comptonia hesperia. 

Although the genus has failed to perpetuate itself 
in the existing less arid regions of the Pacific slope, 
it was evidently endemic there, as well as in eastern 
Asia, throughout the later Tertiary. That it can not 
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be considered indicative of other than mesophytic 
conditions during Latah time is shown by its associates 
in the past in that general region and by the range of 
the sole surviving species. It was not a "denizen of 
the Latah bottoms but of more or less rocky slopes 
with lessened ground water and a somewhat thinned 
cover. 

Occurrence: Brickyard at Spo~ane, Wash 

Order SALICALES 

Family SALICACEAE 

Genus SALIX Linne 

Salix florissanti Knowlton and Cockerell 

Plate 64, Figure 16 

Salix florissanti Knowlton and Cockerell, U. S. Geol. Survey 
Bull. 696, p. 566, 1919. 

Salix amygdalaefolia Lesquereux, Cretaceous and Tertiary 
floras, p. 156, pI. 3, figs. 1, 2, 1883. (Not Gilib, 1792.) 

Knowlton, U. S. Geol. Survey Bull. 204, p. 30, 1902. 
Lesquereux, U. S. Nat. Mus. Proc., vol. 11, p. 17, 1888. 
Cockerell, Am. Mus. Nat. Hist. Bull., vol. 24, p. 82,1908. 

Salix bryani Knowlton, U. S. Geol. Survey Prof. Paper 140, 
p. 33, pI. 12, fig. 6, 1926. 

This, the smaller of the two more typical willows of 
the Latah fornlation, occurs also at Florissant, Colo., 
and in the Mascall formation at Van Horn's ranch in 
the John Day Basin of Oregon. Knowlton described 
the Latah remains as a new species, but it is obviously 
identical with the Salix amygdalae folia of Lesquereux. 

Occurrence: Cut on Chicago, Milwaukee & St. Paul . / 
Railway and brickyard at Spokane, Wash. 

Salix inquirenda Knowlton 

Salix inquirenda Knowlton, U. S. Geol. Survey Prof. Paper 140, 
p. 32, pI. 11, figs. 1, 2, 1926. 

This fine and characteristic Salix is not uncommon 
in the recent collections from the Latah formation. 
It varies considerably in size, the largest specimen 
having a nlaximum width of 4.5 centimeters, but 
preserves the inarginal and venation features through
out. The petiole is complete in two specimens and is 
2 and 3 centimeters long, respectively. The new 
occurrences are given below. 

Among existing species this appears to me to be 
closest to some of the forms of Salix lasiandra Bentham, 
a wet-soil type of middle altitudes found west of the 
Sierra Nevada in California, western Oregon, Washing
ton, and southern British Columbia. 

Occurrence : Vera, Wash. ; Twelfth A venue and 
Thor Street and brickyard, Spokane, Wash. 

Salix remotidens Knowlton 

Salix remotidens Knowlton, U. S. Geol. Survey Prof. Paper 140, 
p. 32, pI. 12, fig. 7, 1926. 

Although it shows some minor differences, especially 
in the more rounded base and less conspicuous teeth, 
it is doubtfully distinct from the associated Salix 
inquirenda Knowlton. 

Occurrence: Spokane, Portland & Seattle Railway 
cut and brickyard at Spokane, Wash. 

Salix, pistillate flower 

Plate 63, Figure 5 

Ovary slenderly fusiform, short stipitate, about 45 
millimeters long and 1.25 millimeters in maximum 
diameter. Stipe about 1 milliIneter long. Style prac
tically nonexistent. Stigmas two, short and spreading. 
Scale small and narrow, about half the length of the 
ovary, villous distad. 

This unique fossil is naturally represented by a 
single specimen, which was preserved by some lucky 
accident. That it is a willow can not be doubted, 
as the stigmas of Populus are dilated, parted, or lobed 
and are frequently three and more rarely four in 
number, whereas in Salix they are always two in 
number, although in some species these may be 
parted. Among recent species that I have seen the 
fossil is most like the pistillate flowers of Salix cordata 
~1uhlenberg, a wet-soil shrub ranging from New 
Brunswick to British Columbia and south to Virginia, 
Missouri, Colorado, and California. 

It is an unusual pleasure to find such a flower in 
association with the fossil foliage, and the present 
occurrence is, so far as I am aware, the first to be 
recorded, although poorly preserved catkins and the 
valved capsules have been found fossil. 

Occurrence: Brickyard at Spokane, Wash., collected 
by C. O. Fernquist . 

Salix sp., stipule 

Plate 52, Figure 6; Plate 64, Figure 9 

In addition to the leaves of three species of Salix 
recorded from the Latah formation there are several 
speCimens of remarkably well preserved stipules which 
might belong to one or the other of these leaf 
species. Detached stipules, when nonfugaceous, are 
exceedingly rare as fossils. The present specimens 
range from 0.8 to 2.5 centimeters long and 4 to 12 
millimeters wide, sheathing at the basal side, pointed, 
and with numerous serrate teeth and a characteristic 
venation. The fossil can be exactly matched by 
selected stipules from the living tree. 

Occurrence: Brickyard at Spokane, Wash. 

Genus POPULUS Linne 

Populus heteromorpha Knowlton 

PopUlus heteromorpha Knowlton, U. S. Geol. Survey Prof. 
Paper 140, p. 30, pI. 12, figs. 8-10; pI. 13, figs. 1-7; 
pI. 14, figs. 1-3; pI. 15, figs. 3-5, 1926. 

PopUlus fairii Knowlton, idem, pI. 15, fig. 2; pI. 16, figs. 1-3. 

This exceedingly protean species is the most abun
dant form in the Latah collections. It occurs in all 
sizes and shapes and shows a corresponding range of 
variation in its marginal charR.cters. These have been 
sufficiently illustrated in the large suite of specimens 
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figured by Knowlton. As he suspected, the forms 
cfl.lled fairii are not distinct from the type, but every 
gradation is represented, and leaves with three, four, 
01' five pri1naries are not distinctive. Every locality 
in the recent collections that contains one contains 
the other. 

Occurrence: Deep Creek Canyon, brickyard, and 
Spokfme, Portland & Seattle Railway cuts Nos. 1 
and 4, Spokane, Wash. 

Populus Iindgreni Knowlton 

Pop~tl1l.s lindgreni Knowlton, U. S. Geol. Survey Eighteenth 
Ann. Rept., pt. 3, p. 725, pI. 100, fig. 3, 1898; U. S. 
Geol. Survey Bull. 204, p. 29, pI. 2, fig. 1, 1902; u. S. 
Geol. Survey Prof. Paper 140, p. 31, pI. 14, figs. 4-7, 
1926. 

This species, described originally from the Payette 
formation of Ida.ho, was subsequently recorded from 
the Mascall and Latah fornlations. Recently Chaney 
has reported it f.1'Oln, the Blue Mountains, Oregon, 
and Ellensburg, Wash. 

Occurrence: Stanley Hill, Coeur d'Alene, Idaho; 
Vera, Bigelow Gulch near IIillyard, and Republic, 
V'lash. 

Populus, bud scales 

Plate 50, Figure 4i Plate 63, Figure 8 

Characteristic bud scales of Populus are not un com
mOll in the present collec,tion. They are trunca.te at 
the base, acute at the tip, 1.25 to 2 centimeters long, 
longitudinally veined, and of considerable consistency. 
They are involute, as shown by the splitting of speci
mens that have been flattened during fossilization. 
They are in every wn,y comparable with the large and 
1nore or less resinous outer winter bud scales of the 
existing species and presnmably belong to one of the 
species represented by leaves in the Latah formation. 

Occurrence: Brickyard at Spokane, Wash 

Populus, pistillate ament. 

Plate 63, Figure 7 

A segment of fruit-bearing catkin of some species 
of P01}ulus, presmnably belonging to one of the named 
lenf species of the Latah formation, is contained in the 
collection. The axis is stout, the capsules are well 
spaced and small, ovate conical, about as wide as long 
and two.:.valved; SOlne are open and others closed. 

Occurrence: Brickyard at Spokane, Wash., collected 
by E. E. Alexander. 

Populus, amentiferous bract 

Plate 63, Figure 6 

A single specilnen undoubtedly represents a bract 
frOln the catkin of a Populus, presumably one of the 
species so prolifically represented by leaves in the 
Latah fonnation. This bract is about 5 lnillimeters 

long, truncate or slightly excavated at the base, 
expanding upward, the substance thickened in its 
upper half and lacerate. The details of the specimen 
are not clear throughout, but it is obviously flat and 
not tubull1r as it would be if it were a sympetalous 
calyx or corolla, and it agrees closely with the bracts 
of various existing species of Populus, in which the 
bracts are characteristic. 

Occurrence: Brickyard at Spokane, Wash., collected 
by O. O. Fernquist. 

Order FAGALES 

Family BETULACEAE 

Genus BETULA Linne 

Betula heteromorpha Knowlton 
o 

Bet~tla heteromorpha Knowlton, U. S. Geol. Survey Bull. 204, 
p. 39, pI. 3, figs. 6, 7; pI. 5, fig. 1, 1902i U. S. Geol. Survey 
Prof. Paper 140, p. 34, pI. 17, figs. 5, 6, 1926. 

Chaney, Walker Mus. Contr .. vol. 2, No.5, p. 165, 1920. 
Betula bryani Knowlton, U. S. Geol. Survey Prof. Paper 140, 

p. 34, pI. 18, fig. 1, 1926. 
Betula thor Knowlton, idem, p. 35, pI. 17, fig. 3. 

This species, described originally from the upper 
part of the Clarno formation of the John Day Basin 
in Oregon, is very common in the Latah formation 
and occurs, also in the Eagle Creek fornlation. The 
forms that I(nowlton described as Betula bryani and 
Betula thor, are nothing but variants of Betula hetero
morpha, with which they are connected by insensible 
gradations. These leaves are separated with difficulty 
from some. of the existing western leaves of Alnus. 
,The variations of this Latah species of Betula can be 
matched anlong the leaves of the existing Betula 
occidentalis, which it closely resembles and which 
occurs along stream borders in rich soil through 
British Columbia, Washington, Idaho, and Montana. 

Occurrence: Stanley Hill, Coeur d'Alene, Idaho; 
Vera, Wash.; Bigelow Gulch below Hillyard, Wash.; 
Republic, Wash.; Deep Creek Canyon, brickyard, and 
cuts on Spokane, Portland & Seattle Railway and 
Chicago, ~1ilwaukee & St. Paul Railway, at Spokane, 
vVash. 

Betula fairii Knowlton 

Betula fairii Knowlton, U. S. Geol. Survey Prof. Paper 140, 
p. 33, pI. 17, fig. 4, 1926. 

Betula nanoides Knowlton, idem, p. 34, pI. 18, fig. 2. 

I can not see any adequate features distinguishing 
what Knowlton referred to the two species cited above; 
in fact, I imagine that both represent merely slllall 
leaves of the associated and nlore abundant Betula 
heteromorpha Knowlton. 

Occurrence: Cuts on Chicago, Nlilwaukee & St. 
Paul Railway and Spokane, Portland & Seattle Rail· 
way and brickyard at Spokane, Wash. 
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Betula largei Knowlton 

Plate 50, Figure 12 

Betu~a? largei Knowlton, U. S. Heol. Survey Prof. Paper 140, 
p. 34, pI. 17, figs. 1, 2, 1926. 

This species was queried by Knowlton because he 
thought it might be an Alnus or Oorylus. There are 
five specimens in the recent collections, including the 
perfect minimum-sized leaf figured. It is very similar 
to the existing Betula luminijera Winkler, of central 
China, which it resembles much more closely than it 
does any existing North American birches. 

Occurrence: Cut on Spokane, Portland & Seattle 
Railway and brickyard at Spokane, Wash.; well at 
Mica, Wash. 

Betula, winged fruit 

PIa te 63, Figure 9 

Winged nutlets (samara), roundly obcordate, 6.75 
millimeters in width, thus relatively large. The nut 
is fusiform, compressed, widest and fullest above the 
middle, with basal scar, 4.5 millimeters long and 1.75 
millimeters in ma}"-lmum width. It is crowned with 
two slender persistent curved styles 1 millimeter in 
length. The wings are very delicate, full and rounded, 
and very faintly and openly reticulate-veined. 

This beautiful and characteristic fruit very probably 
represents the genus Betula, the leaves of which are 
among the commonest fossils in the Latah formation. 
It does not seem wise to multiply specific names by 
naming it, as it almost certainly represents the fruit 
of one of the forms represented by leaves which have 
already been named. It can not be conclusively 
proved that Alnus should be excluded from considera
tion, but as the lea,ves of Betula are so exceedingly 
common in this deposit, as all the existing species of 
Betula have winged nuts, whereas in the existing 
species of Alnus the wing is greatly reduced or entirely 
absent, and as the leaves of Alnus are less common in 
these beds, it seems probable that the refere~ce to 
Betula is correct. 

Occurrence: Brickyard at Spokane l Wash., collected 
by C. O. Fernquist.' 

Genus ALNUS Gaertner 

Alnus elliptica Berry, n. sp. 

Plate 50, Figures 8-10 

Leaves of small size, elliptical in general outline. 
Margin with close-set, prominently crenate teeth. 
Length 1.5 to 2.5 centimeters; maximum width 9 to 
14 millimeters. Petiole very stout, about 4 millimetet!:; 
-long. Midvein stout, prominent. Secondaries rela-
tively stout, regularly spaced, subparallel; they 
diverge from the midvein at angles of about 45°, 
pursue relatively straight ascending courses, and are 
craspedodrome. The tertiaries are obsolete. 

As no larger leaves with these characters occur in the 
collections it is assumed that these small specimens were 
mature. This species is much like what Winkler calls 
Alnus alnobetula var. crisp a in his monograph of the 
Betulaceae. 16 That variety ranges from Newfound-, 
land to Alaska and south to New York, Michigan, and 
British Columbia. 

Occurrence: Republic, near Spokane, Wash. 

Alnus prerhombifolia Berry, n. sp. 

Plate 50, Figure 11 

Leaves of medium size; broadly elliptical, almost 
orbicular in general outline, with a shortly pointed tip 
and a rounded or truncate base. Texture subcoria
ceous. Margin variously toothed, entire proximad. 
Teeth crenate or serrate and dimorphic. Length 4 
to 6 centimeters; maximum width 2.5 to 4.5 eenti
meters. Petiole stout, of unknown length. Midvein 
stout, prominent. Secondaries relatively stout and 
straight, subparallel, regularly spaced. Tertiaries 
well marked, craspedodrome from outer distal part 
of secondaries; percurrent between them. 

I have associated as this new species a somewhat 
variable series of leaves, some of which suggest Betula 
but which appear to me to represent Alnus, especially 
as undoubted cones of Alnus are not uncommon in 
these deposits. They are quite similar to the leaves 
of the existing Alnus rhombijolia Nuttall, a tree of 
stream borders, found from Idaho and Washington to 
southern California. The genus has a considerable 
geologic history and is abundant in the present 
Canadian and Hudsonian life zones. 

Eight normal species from the western Miocene in 
California, Oregon, Washington, and Colorado have 
been described. These all differ decidedly from the 
present fossil fornl. 

Occurrence: Vera, Deep Creek Canyon, and brick
yard at Spokane, Wash. 

Alnus sp. Knowlton 

Alnus sp. Knowlton, U. S. Geol. Survey Prof. Paper 140, p. 33, 
pI. 18, figs. 3-5 a, 1926. 

Pistillate cones of Alnus, identical with those 
figured by I{nowlton from Coeur d'Alene, Idaho, are 
contained in the present collections from around 
Spokane, where leaves of this genus have also been 
recognized. 

Occurrence: Stanley Hill, Coeur d 'Alene, Idaho; 
Deep Creek Canyon, Spokane, Wash. 

Alnus or Betula, staminate catkin 

The collection contains a single specimen of a 
cylindrical staminate catkin about 3.5 centimeters in 
length and about 6 millimeters in diameter which 
almost certainly represents Alnus or Betula. 

Occurrence: Brickyard at Spokane, Wash. 

16 Winkler, C., in Engler, A., Betulaceae: Pflanzenreich, IV, vol. 61, p. 107, 1904. 
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Family FAGACEAE 

Genus CASTANEA Adanson 

Castanea castaneaefolia (Unger) Knowlton 

Fagus cast(tnea,cfoZia Unger, Chloris Protogaea, p. 104, pI. 28, 
fig. 1, 1847. 

Castanea nngeri Lesquereux, U. S. Geol. Survey Terr. Rept., 
vol. 8 (Cretaceous and Tertiary floras), p. 246, pI. 52, 
figs. 3-7, 1883. 

Castanea castaneaefolia Knowlton, U. S. Geol. Survey Bull. 152, 
p. 60, 1898; U. S. Geol. Survey Prof. Paper 140, p. 35, 
pI. 18, figs. 7, 8; pI. 19, fig. 1, 1926. 

This species is not uncommon in the more recent 
collection, from the Latah formation. As noted by 
Lesquereux in the lnaterial from California, the present 
lnaterial shows considerable variation in size and 
proportions, the largest leaf seen having a length of 
24 centimeters and a maximum width of 5.5 centi
lneters. It is highly doubtful if these western North 
A.merican leaves represent the same botanic species 
as the European fonn to which they have been referred. 

Occurrence: Deep Creek Canyon, brickyard, and 
Spokane, Portland & Seattle Railway cuts Nos. 1 and 
4, Spokane, Wash. 

Castanea orientalis Chaney 

Plate 51, Figures 4, 5 

Castanea orientalis Chaney, Carnegie Jnst. Washington Pub. 
346, p. 110, pI. 12, figs. 1, 4, 1927. 

Among the leaves from the Latah formation which 
both lillowlton and I have referred to Oastanea cas
taneaejoZia (Unger) Knowlton are several in which 
the lnarginal teeth are very narrow and long. These 
agree with the species fronl the Bridge Creek formation 
of the Crooked River Basin, in eastern Oregon, recently 
described by Chaney. For the present I have re
tained both species, but it is highly improbable that 
there were two botanic'species of chestnut at Spokane, 
and it is equally inlprobable that these western Ameri
can chestnuts should belong to the sanle botanic 
species as that frOIn the European Miocene described 
by Unger. 

1V10re material of Oastanea orientaZis may demon
strate that it varies from the typical form sufficiently 
to include Oastanea castaneaejoZia, but the two are 
best kept separate for the present. In the character 
of the type nlaterial of Oastanea orientaZis there is a 
considerable resemblance to the existing Oastanea 
he'l1/ryi Rehder, of central China. 

Occurrence: Brickyard at Spokane, Wash. 

Genus FAGOPSIS Hollick 

Fagopsis longifolia (Lesquereux) Hollick 

Plate 50, Figure 7 

Fagol)si.~ long1jolia Hollick, Torreya, vol. 9, p. 2, text figs. 1, 
2, 1909. 

Knowlton, U. S. Nat. Mus. Proc., vol. 51, p. 265, pI. !o, 
fig. 5, 1916. 

Chaney, An1. Jour. Sei., 5th sel·., vol. 2, p. 90. 1921. 

Planera longifolia Lesquereux, U. S. Geol. and Geog. Survey 
Terr. Ann. Rept. for 1872, p. 371, 1873; U. S. Geol. 
Survey Terr. Rept., vol. 7, p. 189, pI. 27, figs. 4-6, 1878. 

Newberry, U. S. Geol. Survey Mon. 35, p. 81, pI. 58, 
fig. 3, 1898. 

Penhallow, Roy. Soc. Canada Trans., 2d ser., vol. 8, p. 
70, 1902; Report on Tertiary plants of British Columbia, 
p. 73, 1908. 

Knowlton, U. S. Geol. Survey Mon. 32, pt. 2, p. 712, 1899. 
Quercus semielliptica Goeppert. Lesquereux, U. S. Geol. and 

Geog. Survey Terr. Ann. Rept. for 1871, p. 286, 1872. 
Fagus longifolia (Lesquereux) Rollick and Cockerell, Am. Mus. 

Nat. Rist. Bull., vol. 24, p. 88 (footnote), 1908. 
Zelkowa longifolia (Lesquereux) Engler, in Engler and Prantl, 

Nattirlichen Pflanzenfamilien, Teil 3, Abt. 1, p. 65, 1888. 
Myrica oregoniana Knowlton, U. S. Geol. Survey Bull. 204, p. 

33, pI. 3, fig. 4, 1902. 
Chaney, Walker Mus. Contr., vol. 2, No.5, p. 163, 1920. 

The finding of attached fruits by Hollick in 1909 con
clusively showed these leaves to be referable to the 
Fagaceae, and it is difficult to see any reason for not 
referring them directly to the modern genus Fagus. 
Not having examined the fruits personally, I have re
tained Hollick's genus Fagopsis for the present. 

The species is represented in the Latah formation 
by small leaves, which depart from the type merely 
in having the base somewhat more oblique than in 
most of the Florissant leaves. To the same species 
belongs the form from the Mascall formation referred 
by Knowlton to the genus Myrica. 

The species as now conceived is an abundant and 
widely ranging Miocene type in western North America 
occurring in British Columbia; at Elko station, N ev. ; 
in the Yellowstone Park; in the Mascall formation 
of Oregon; in the Puente formation of Qalifornia; and 
in the Eagle Creek formation of Oregon. If the rarity 
of this form in the Latah formation is of any signifi
cance, which is by no means certain, it was not a 
common element in the Latah flora. 

Occurrence: Brickyard and Spokane, Portland & 
Seattle Railway cut No.4, Spokane, Wash. 

Genus QUERCUS Linne 

Quercus cognatus Knowlton 

Quercus cognatus Knowlton, U. S. Geol. Survey Prof. Paper 140, 
p. 36, pI. 20, figs. 1-4; pI. 21, figs. 1, 2, 1926. 

The form of oak to which Knowlton gave this name 
is one of the commonest types in the Latah fornlation. 
As Knowlton has pointed out, it approaches very closely 
Quercus pseudoZyrata Lesquereux,11 of the MascaU 
formation of Oregon, and Quercus merriami Knowlton, 18 

of the Mascall and Latah formations. 
I can see no valid reason for discriminating Quercus 

cognatu8 and Quercus merriami, and both Quercus 

17 Lcsquereux, Leo, Report on the fossil plants of the auriferous gravel deposits 
of tho Sierra Nevada: Harvard Coil. Mus. Compo Zoology Mem., vol. 6, No.2, 
p. S, pI. 2, figs. 1, 2, 18iS. 

18 Knowlton, F. H., Fossil flora of the John Day Basin, Oreg.: U. S. Geol. Survey 
Bull. 204, p. 49, pI. 6, figs. 6, i, pI. 7: figs. 4, 5, 1902. 
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payettensis Knowlton 19 and Quercus rustii Knowlton 20 

are, I believe, variants of the same botanic species. 
The leaves of the lobate ~pecies of oaks are always 
variable, and the Miocene forms of this series differ in 
relative width, number of lobes, and extent to which 
the lobes are incised or extended. It is also most 
improbable that there should have been so many 
Latah species of Quercus. I have not, however, made 
these suggested combinations in '~he present paper
first, because I do not wish to do any injustice to 
Knowlton's opinion, and, second, because if they 
represent a single botanic species, this can not be con
clusively demonstrated, and their description and illus
tration serve to show the variations, which might be 
ignored if they were definitely considered one species. 

Occurrence: Stanley Hill, Coeur d'Alene, Idaho; 
Bigelow Gulch, near Hillyard, Wash.; Vera, Wash.; 
brickyard (very common) and Spokane, Portland & 
Seattle Railway cut No.4, Spokane, Wash. 

Quercus payettensis Knowlton 

Quercus payettensis' Knowlton, U. S. GeoI. Survey Eighteenth 
Ann. Rept., pt. 3, p. 730, pI. 102, fig. 9, 1898; U. S. GeoI. 
Survey Prof. Paper 140, p. 37, pI. 21, figs. 5-7, 1926. 

As stated in the account of Quercus 'cognatus, this 
form is probably a variant of the same botanic species. 
It was described originally from the Payette formation 
of Idaho. It was recorded by Knowlton from the 
Latah formation at the Edwards ranch, Coeur d'Alene, 
Idaho What I regard as identical material occurs at 
two localities near Spokane. 

Occurrence: Stanley Hill, Coeur d'Alene, Idaho; 
Vera, Wash.; brickyard at Spokane, 'iVash. (10 speci
mens). 

Quercus rustii Knowlton 

QuerC1tS rustii Knowlton, U. S. Geol. Survey Prof. Paper 140, 
p. 36, pI. 21, figs. 3, 4, 1926. 

As stated in my account of Quercus cognatus I regard 
the form to which Knowlton gave the name Quercus 
rustii as another variant of a single botanic species. 
Knowlton points out its affinity with what he called 
Quercus payettensis and QuerC1.lS merriami. I t is not 
so common around Spokane as the other variants 
but occurs at two localities. 

Occurrence: Stanley Hill, Coeur d'Alene, Idaho; 
Vera, Wash.; brickyard at Spokane, Wash. 

Quercus merriami Knowlton 

Quercus merriami Knowlton, U. S. Geol. Survey Bull. 204, 
p. 49, pI. 6, figs. 6, 7; pI. 7, figs. 4, 5, 1902; U. S. Geo!. 
Survey Prof. Paper 140, p. 35, pI. 19, figs. 4, 5, 1926. 

This form represents leaves like Quercus cognatus, 
Q. rustii, and Q. payettensis, in which the lobes are 

l~ Knowlton, F. H., The fossil plants of the Payette formation: U. S. GeoI. Survey 
Eighteenth Ann. Rept., pt. 3, p. 730, pI. 102, fig. 9, 1898. 

20 Knowlton, F. H., Flora of the Latah formation of Spokane, Wash., and Coeur 
d' Alene, Idaho: U. S. GeoI. Survey Prof. Paper 140, p. 36, pI. 21, figs. 3, 4, 1926. 

extended and become narrowly conical and cuspidate, 
often bristle-tipped. Leaves with very slightly in
cised lobes have the same texture, venation, and tips, 
and these serve to connect the extremes represented 
by the nominal species nanled above. The present 
form occurs at several hitherto unrecorded outcrops 
around Spokane. 

Occurrence: Stanley Hill, Coeur d'Alene, Idaho; 
Chicago, Milwaukee & St. Paul Railway cut No.2, 
brickyard, and Spokane, Portland & Seattle Railway 
cut, Spokane, Wash. 

Quercus ursina Knowlton? 

QuerC1tS ursina Knowlton, U. S. Geol. Survey Bull. 204, p. 51, 
pI. 7, figs. 2, 3, 1902. 

There are a few specimens from the brickyard at 
Spokane which, by their small size, obovate general 
outline, extended conical bristle-tipped lobes, with an 
accessory tooth, are indistinguishable from this species. 

Quercus ursina has hitherto been known only from 
the Mascall formation 'of Oregon, where it is associated 
with Ql tercus pseudolyrata Lesquereux and Quercus 
merriami Knowlton---the former doubtfully and the 
latter positively identified by Knowlton in the Latah 
formation. Quercus ursina is probably an extrenle 
variant of Quel'cus merriami. 

Occurrence: Brickyard at Spokane, vVash. 

Quercus simulata Knowlton, emended 

Plate 51, Figures 6, 7, 9-11 

Quercus simulata Knowlton, U. S. GeoI. Survey Eighteenth 
Ann. Rept., pt. 3, p. 728, pI. 101, figs. 3,4; pI. 102, figs. 1, 
2, 1898; U. S. GeoI. Survey Prof. Paper 140, p. 38, pI. 
22. figs. 3, 4, 1926. 

Chaney, 'Walker Mus. Contr., vol. 2, No.5, p. 168, pI. 12, 
fig. 1, 1920. ' 

Salix elongata Knowlton [not O. Weber], U. S. Geol. Survey 
Prof. Paper 140, p. 32, pI. 12, fig. 4, 1926. 

Quercus chaneyi Knowlton, idem, p. 38, pI. 22, fig. 1, 1926. 
Quercus praenigra Knowlton, idem, p. 37, pI. 19, fig. 6, 1926. 

This species was described by Knowlton from the 
Payette formation of Idaho and was identified by the 
same author from the Latah fornlation and by Chaney 
from the Eagle Creek fonnation. I have recently 
detected it in the Esmeralda formation of Nevada. 

There are a large number of specimens of a sinlple, 
prevailingly entire oak in the recent collections made 
around Spokane. These exhibit considerable vari
ation in both size and form, ranging fronl narrowly to 
broadly lanceolate, with entire or sparingly toothed 
margins; the apex may be acuminate or bluntly 
pointed; the base ranges from narrowly cuneate to 
rounded, like the original Payette type and like the 
single Latah specimen which Knowlton described as 
Quercus praenigra. THe similarity in texture and 
venation have convinced me that the citations in the 
above synonYlny represent nothing 1110re than the 
variants of a single Miocene species, comparable with 
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and showing less variation than such a recent species 
as Quercus chrysolepis Liebmann. The fossil is not 
especially close to the canyon live oak but is more like 
the recent Quercus hypoleuca Engelnlann or our east
ern willow oak, Quercus phellos Linne. Whatever the 
relationship between the fossil and recent species I 
aIn sure that anyone who has handled a series of 
speciInens of the latter will agree that these Latah 
lea ves represent a single bo tanic species. 

Occurrence: Stanley Hill, Coeur d'Alene, Idaho; 
Vera, V\Tash.; brickyard, Spokane, Portland & Seattle 
Railway cut, and Deep Creek Canyon, near Spokane, 
Wash. 

Quercus treleasii Berry, n. sp. 

Plate 52, Figures 1-3 

Leaves of relatively, slnall but variable size, 'ovate 
or subelliptical, somewhat narrowed distad to the 
obtusely pointed tip. Base rounded. Margins entire. 
Texture coriaceous. Length fr0111 3.25 to 9 centi
Ineters; maXinlUJll width from 1.5 to 3 centimeters. 
Petiole short and stout. Midvein stout and prominent. 
Secondaries stout,pronrinent; five to seven pairs diverge 
fr0111 the nlidvein at wide angles, pursue rather angular 
courses, and are camptodr0111e in the marginal region. 
The areolation consists of stout nervilles in a fine nlesh. 

These leaves, which are abundant, have the outline 
of several unrelated genera, but their venation and 
characteristic facies, easily seen but difficult to define, 
staInp theln as belonging to Quercus. They are nanled 
for Prof. Willianl Trelease, our nlost enlinent student 
of the existing oaks. 

Occurrence: Vera and brickyard at Spokane, Wash. 

Quercus sp. Knowlton 

Q'lterC1tS, cup, Knowlton, U. S. Gool. Survey Prof. Paper 140', 
p. 39, pI. 21, fig. 10, 1926. 

A cupule of an oak from the Latah formation at 
Coeur d'Alene was figured by Knowlton. The recent 
collections contain many more or less crushed speci
mens, doubtless representing more than a single 
botanic species, but the preservation is such that 
no sharp differences can be made out. 

Occurrence: Stanley Hill, Coeur d'Alene, Idaho; 
Deep Creek Canyon, brickyard, and Spokane, Port
land & Seattle Railway cut No.1, Spokane, Wash. 

Order URTICALES 

Family ULMACEAE 

Genus ULMUS Linne 

Ulmus speciosa Newberry 

Ulmus speciosa Newberry, U. S. Nat. Mus. Proc., vol. 5, p. 
507, 1883; U. S. Geo1. Survey Mon. 26, p. 80, pI. 45, figs. 
3-4, 7 (not figs. 2, 5, 8), 1895 [1896]. 

Knowlton,. U. S. Geol. Survey Bull. 204, p. 53, 1902; 
U. S. GeoI. Survey Prof. Paper 140. p. 39, pI. 18, fig. 
6, 1926. 

Penhallow, Report on Tertiary plants of British Columbia 
p. 94,1908. 

Chaney, Walker Mus. Contr., vol. 2, No.5, p. 171, 1920. 

Knowlton in' his preliminary account of the Latah 
flora regards the large leaves (Newberry's figs. 3 
and 4) as typical for this species. The smaller leaves 
described by Newberry are referred by Chaney 21 
to his Eagle Creek species, Ulmus tanneri. Newberry's 
Figure 2 and Quercus pseudoamericana Lesquerenx,22 
which Knowlton united with I Ulmus speciosa, differ 
from the others in the very highly developed dimorphic 
teeth and are here excluded from that '-species. 

Only one specimen of Ulmus speciosa was contained 
in ,the collections from the Latah formation studied 
by Knowlton, but it is abundant in the recent collec
tions and occurs in all sizes and also exhibits great 
variations in nlarginal characters. Dentate and serrate 
teeth occur on the same leaf, and although there is 
a tendency for them to be simple they usually show 
some subordinate teeth, and individual specimens 
will have such teeth well developed. 

The type came' from the upper part of the Clarno 
formation of Oregon, and it is doubtfully recorded 
from supposed Oligocene beds in British Columbia 
and occurs also in the Eagle Creek formation of 
Oregon. It is associated in the Latah with mmus 
fruits which differ from any previously described. 

Occurrence: Republic, Wash.; Deep Creek Canyon, 
brickyard, and Spokane, Portland & Seattle Railway 
cuts Nos. 1 and 4, neaT Spokane, Wash. 

Ulmus, fruit 

Plate 51, Figure 1; Plate 64, Figures 3, 4 

Fruit a samara, long stipitate, broadly lanceolate, 
with an acuminate decurrent base and a deeply cleft 
apex. Texture diaphanous, margin thickened. Finely 
reticulate veined. Length 1.5 to 2 centimeters; maxi
mum width 6 to 8 millimeters; carpellary area 6 by 
3, 4 by 4, 5 by 4, and 7 by 4 millimeters; the slender 
curved stipe 1 centimeter. 

This very characteristic fruit is represented by six 
specimens, of which the most perfect are figured. 
In several specimens the rather large calyx is preserved 
about midway of the stipe. 

Among existing American elnls the one most similar 
to the fossils is the white elm, mmus americana 
Linne, a widely ranging species extending from N ew
foundland to the eastern base of the Rocky Mountains 
and southward to Florida 'and Texas and reaching its 
maximum of size and abundance in the, northern part 
of this range. The samaras of mmus americana are 
relatively wider, and the apical auricles are less 
produced. 

21 Chaney, H. W., The flora of the Eagle Creek formation: Walker Mus. Contr., 
vol. 2, No.5, p. 172, pI. 14, figs. 1, 2, 1920. 

22 Lesquereux, Leo, Cretaceous and rrertiary floras: U. S. OeoI. Survey Terr. 
Rept., vol. 8, p. 249, pI. 54, fig. 10, 1883. 
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The present fruit very probably belongs to the same 
botanic species which is represented by leaves in the 
Latah formation. It is quite distinct from previously 
described mmus fruits. mmus with more than a score 
of existing species is widely distributed in the Northern 
Hemisphere except in western North America, reach
ing southward to the Sikkim Himalayas in Asia and 
to the mountains of southern Mexico in America. 
Despite its absence in the modern flora of western 
North America the genus is well represented through
out the Tertiary of that region and in the Miocene has 
four species ill California and at Florissant, two in 
Oregon (Mascall formation), and one in the Yellowstone 
Park. 

Occurrence: Brickyard at Spokane, Wash. 

Family MORACEAE 

Genus FICUS Linne 

Ficus? washingtonensis Knowlton, emended 

Plate 54, Figures 1-3; Plate 55, Figures 5, 6; Plate 62 

Ficus? washingtonensis Knowlton, U. S. Geol. Survey Prof. Paper 
140, p. 40, pI. 25; pI. 26, figs. 1-3, 1926. 

This species, as described by Knowlton, was based 
upon four incomplete specimens, only one of which 
.came from the Spokane area, the other three coming 
from Coeur d'Alene, Idaho. In the recent collections 
there are a large number of specimens, several of which 
are complete-all of the same species, in my opinion, 
and some not to be distinguished from Knowlton's 
type. I am inclined to think that they represent the 
genus Ficus, and I agree with Knowlton that they are 
specifically distinct from Ficus 80rdida Lesquereux, of 
the California Miocene, although the two are closely 
related. 

The present specimens greatly extend our conception 
of the species and show it to have been exceedingly 
variable in size and form. The petiole is long (over 
4.5 centimeters) and exceedingly stout. The base may 
be rounded, truncate, or cuneate. The primaries in the 
narrower and more elongated forms are frequently 
three instead of five.in number and sometimes diverge 
from above the base, although they are normally basal. 

A large specimen (pI. 62), collected by E. E. Alex
ander after this manuscript, was submitted for publica
tion, 'still further widens its limits of variation. The 
specimen, which is nearly complete, indicates a length 
of 18 centimeters and a maximum width of i 1.5 
centiIneters. About 2 centimeters of the long petiole 
is preserved, and this adds an unsuspected feature
that is, for a distance of about 1 centimeter immedi
lLtely below the leaf it is conspicuously alate. The total 
maximunl width of this lanceolat~ affair is 5 milli
meters, of which two-thirds consists of marginal wings. 
An additional peculiarity is that the normal full 
rounded leaf margin· on one side about two-thirds of 
the distance above the base is interrupted by an acute 

conical lobe sub tending an open rounded sinus. There 
can be no question but that this specimen represents 
the same botanic species to which Knowlton first 
applied this name. The present specimen comes from 
the brickyard at Spokane. 

A representative series of specimens, illustrating the 
variations, are figured herewith. 

Occurrence: Republic, Wash. ; Vera, Wash. ; Spokane, 
Portland & Seattle Railway cut No.1 and brickyard, 
Spokane, Wash. 

Order PLAT AN ALES 

Family PLATANACEAE 

Genus PLATANUS Linne 

Platanus aspera Newberry 

Platanus a$pera Newberry, U. S. Nat. Mus. Proc., vol. 5, 1882, 
p. 509, 1883; U. S. Geol. Survey Mon. 35, p. 102, pI. 
42, figs. 1-3; pI. 44, fig. 5; pI. 59, fig. 3, 1898. 

Knowlton, U. S. Geol. Survey Bull. 204, p. 64, 1902. 
Chaney, Walker Mus. Contr., vol. 2, No.5, p. 175, 1920. 

This somewhat protean species was described by 
Newberry from the upper part of the Clarno formation 
at Bridge Creek, Oreg. It has also been recorded by 
Chaney from the Eagle Creek formation of Oregon. 
A single specimen in the Latah is unquestionably 
identical with the type in its long, stout petiole, 
numerous prominent nlarginal teeth, and closely 
spaced subparallel secondaries. A second specimen, 
less well preserved, from cut No. 1 also probably 
represents this species. It is very distinct from the 
associated leaves o~ Platanus and could not possibly 
represent a variant of any of these. 

Occurrence: Spokane, Portland & Seattle Railway 
cuts No. 1 and 4, Spokane, Wash. 

Platanus dissecta Lesquereux 

Plate 53, Figures 1, 2; Plate 61 

Platanus dissecta Lesquereux, Harvard ColI. Mus. Compo 
Zoology Mem., vol. 6, No.2, p. 13, pI. 7, fig. 12; pI. 10, 
figs. 4, 5, 1878; U. S. Geol. Survey Terr. Rept., vol. 8 
(Cretaceous and Tertiary floras), p. 249, pI. 56, fig. 4; 
pI. 57, figs. 1, 2, 1883. 

Knowlton, in Smith, U. S. Geol. Survey Geol. Atlas, Folio 
86 (Ellensburg, W.ash.), p. 3, 1903. 

Chaney, Carnegie lnst. Washington Pub. 349, p. 27, 1925. 
Acer trilobatum productum (AI. Braun) Heer. Lesquereux, U. S. 

Geol. Survey Terr. Rept., vol. 8 (Cretaceous and Ter
tiary floras), p. 253, pI. 59, fig. 3, 1883. 

This species, described originally from the aurif
erous gravel (Miocene) of California and subsequently 
recorded from Ellensburg, Wash., was apparently a 
common element in the Latl1h flora, although no 
specimens were contained in the collections studied 
by Knowlton. Platanus dissecta Lesquereux does not 
differ appreciably fronl the leaves of the existing 
Platanus racemosa Nuttall, a large tree of the canyon 
bottoms and alluvial stream benches from Shasta 
County on the north to Lower California on the south 
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and from the foothills of the southern Sierra Nevada 
to the coast. It has evidently retreated to streams 
with the progressive aridity of the region and must 
have undoubtedly enjoyed a less restricted range in 
its early history. It may be a descendant of the 
Miocene Platanus dissecta. Recently Chaney has 
recorded Platanus dissecta from the Mascall formation 
and from the Blue Mountains and Trout Creek in 
Oregon; from Ellensburg, Wash.; and from 49 camp, 
Nevada. 

Occurrence: Deep Creek Canyon and Spokane, 
Portland & Seattle Railway cut near Spokane, Wash. 

Plat' anus appendiculata Lesquereux? 

Plate 52, Fig';1re 5 

Platan~t8 appendiculata Lesquereux, Harvard ColI. Mus. Compo 
Zoology Mem., vol. 6, No.2, p. 12, pI. 3, figs. 1-6; 
pI. 6, fig. 7b, 1878. 

This species, described by Lesquereux from Nevada 
and Placer Counties, Cnlif., was doubtfully recorded 
by Knowlton 23 fronl the lone formation (upper Eocene) 
of that State. 

A single incomplete specimen of a Platanus leaf 
fr01n Republic, Wash., differs conspicuously from any 
other Platanus leaves found in the Latah and is re
ferred to this species on account of the agreement in 
venation and the markedly decurrent perfoliate base. 

Occurrence: 'Republic, Wash. 

Order RANALES 

Family MENISPERMACEAE 

Genus MENISPERMITES Lesquereux 

Menispermites latahensis Berry, n. sp. 

Plate 52, Figure 4 

Leaves of relatively small size, about as long as their 
maximunl width, trilobate, with a wide central lobe 
and a pair of basal lateral lobes. Sinuses rounded, 
extending inward about halfway to the midvein. 
Margin with shallow, irregularly spaced dentate teeth, 
most pronlinent toward the tip of the central lobe and 
on the proximal side of the lateral lobes. AJ?ex 
rounded. Tips of lateral lobes rounded, asymmetric. 
Base perfoHate. Texture thin. Length about 4.8 
centillleters, Jllaximum width, across lateral lobes, 5.25 
centimeters. Primaries stout, diverging from the base 
at angles of about 45°, the laterals curving outward to 
the tips of the lateral lobes. Secondaries numerous, 
ascending, indifferently calnptodrome or craspedo
drome according as the margin at their extremities is 
entire or toothed. Areolation large, polygonal. 

This characteristic species is clearly a member of the 
Menispernlaceae and is not unlike some of the modern 
forms which American botanists refer to the genus 
Oebatha Forskal but which the Europeans generally 

U Knowlton, F. H., in Turner, H. W., Auriferous gravels of the Sierra Nevada: 
Am. Geologist, vol. 15, p. 378, 1895. 

include in the large genus Oocculus De Candolle. It 
is also similar to some of the forms referred to Meni
spermum Linne, which, as now restricted, includes an 
existing species in eastern North America and another 
in eastern Asia. In view of the uncertainty of the 
generic affinity I prefer to refer the fossil to the form 
genus Menispermites, proposed by Lesquereux to fit 
just such cases. 

Leaves of this family are common in the Upper 
Cretaceous of western North America but are ex
tremely rare in the Tertiary of that region. The present 
species is not only a link with the past but also a link 
between eastern Asia and eastern' North America, 
where its descendants still survive. 

Occurrence : Vera, Wash.; brickyard at Spokane, 
Wash. 

Family MAGNOLIACEAE 

Genus .LIRIODENDRON Linne 

Liriodendron hesperia Berry, n. sp. 

Plate 51, Figures 2, 3 

Carpels dry,·ligneous, indehiscent; with a proximal 
laterally compressed pericarp and a distalligneoscari
ous wing; broadly lanceolate, abruptly pointed distad. 
The wing has a conspicuous nlid vein, which is a con
tinuation of the vertical angles of the pericarp, and 
two or three subparallel longitudinal veins from the 
base; these fork distad, as shown in the illustrations; 
the surface is transversely' roughened between the 
veins, more pronlinently centrally. The roughened 
surface of an existing fruit does not show this clearly, 
but if comparison is made with a partly decayed 
modern fruit it is seen to have the sanIe transverse 
lmots of sclerotic tissue, exactly like that seen in the 
fossils. This species is based upon the two specimens 
figured, neither of which is entirely complete .. The 
larger, which has a length of not quite 3 centimeters, 
of which one-third is pericarp, and a width of 7 milli
meters, shows the inner side of a carpel in which the 
pericarp is somewhat distorted and flattened; the 
mid vein is wider th~n on the opposite surface, and the 
specimen shows distinctly the 1110re coriaceous tip. 
The smaller specimen, which lacks the apex, is an 
ilnpression of the outer surface of a carpel; it has an 
estinIated length of 2.5 centinleters and a maximum 
width of 5.5 millimeters; the impression of the pericarp 
is fusiform, 5.5 millimeters long and 2.5 millimeters in 
nlaximuln width, deeply impressed in the clay matrix. 

Of the two living species, Liriodendron tulipifera 
and L. chinensis, the fossil is most like the former, 
American form-in fact, the two can not be distin
guished. The carpels of the Chinese species are readily 
differentiated from both. 

These specimens are unique in' the Cenozoic history 
of western North Alnerica. The genus' Liriodendron, 
as is well Imown, attained a holarctic distribu tion 
during Upper Cretaceous time and is represented by 
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numerous species in both eastern and western North 
America, the Arctic region, and Europe. NoN orth 
American occurrences of Tertiary age have heretofore 
been recorded,24 although fossil species of this age have 
been found in the Arctic region and as late as the Plio
cene of Holland and France in Europe and the Altai 
region in Asia. The Holland occurrence is represented 
by carpels which have been referred to Liriodendron 
tulipifera. As the two existing and closely related 
living species are found in China and in southeastern 
North America, and as .the genus was so abundantly 
represented all over North America during the Upper 
Cretaceous period, its apparent absence in the Tertiary 
deposits has been incomprehensible and its presence 
has been freely predicted. Its discovery in the Latah 
formation adds a most important mesophytic elmnent 
to the Latah flora, and we may confidently expect the 
discovery of the foliage, for the carpels are absolutely 
characteristic. 

The only other possible comparison is with the 
samaras of Fraxinus, and they are obviously so differ
ently organized that I have not deenled it necessary 
to enumerate theO contrasts. 

Occurrence: Brickyard at Spokane, vVash. 

Genus MAGNOLIA Linne 

Magnolia californica Lesquereux 

Magnolia californica Lesquereux, Harvard CoIl .. Mus. Compo 
Zoology Mem., vol. 6, No.2, p. 25, pI. 6, figs. 6, 7 (not 
fig. 5), 1878. 

There are four more or less complete specimens in 
the Latah collections characteristic of this species, 
which has been recorded previously from the Miocene 
of California and Yellowstone Park and from the sup
posed Eocene of southwestern Oregon. 

Occurrence: Vera, Wash.; brickyard, Deep Creek 
Canyon, and Spokane, Portland & Seattle Railway 
cut No.1 at Spokane, Wash. 

M~gnolia dayana Cockerell 

Magnolia lanceolata Lesquereux, Harvard ColI. Mus. Compo 
Zoology Mem., vol. 6, No.2, p. 24, pI. 6, fig. 4, 1878. 

Knowlton, U. S. Geol. Survey Bull. 204, p. 58, 1900. 
Magnolw dayana Cockerell, Am. Naturalist, vol. 44, p. 35,1910. 

Knowlton; U. S. Geol. Survey Ptof. Paper 140, p. 41, pI. 
24, fig. 3, 1926. 

There are in the Latah collections four specimens of 
this large Magnolia which are typical of this species. 
N one are entirely complete, but some show the tip and 
others the base and indicate leaves about 24 centimeters 
long and 7 to 8 centimeters in maximum width. 

The species has been recorded previously from the 
Miocene of California, the upper part of the Clarno 
formation of Oregon, the Ellensburg formation of 

24 A doubtful leaf fragment from the upper Eocene of British Columbia has been 
referred tentatively 'to Liriodelldron (Berry, E. W., Canada Geol. Survey Bull. 
42, p. 110, 1926); and Chaney (Walker Mus. Contr., vol. 2, No.5, p. 173, pI. 14, fig. 
4, 1920) has recorded a very doubtful fragment from the Eagle Creek formation. 

Washington, and the supposed Eocene of southwestern 
Oregon. 

Occurrence: Deep Creek Canyon and Spokane, Port
land & Seattle Railway cut No.1 at Spokane, Wash. 

Order ROSALES 

Family HAMAMELIDACEAE 

Genus LIQUIDAMBAR Linne 

Liquidambar californicum Lesquereux, emended 

Liquidambar californic1tm Lesquereux, Harvard CoIl. :Mus .. 
Compo Zoology Mem., vol. 6, No.2, p. 14, pI. 6, fig. 7cj 
pI. 7, figs. 3, 6, 1878. . 

Chaney, Walker Mus. Contr., vol. 2, No.5, p. 174, 1920. 
Liquidambar europaeum Lesquereux, U. S. Geol. Survey Terr. 

Rept., vol. 8 (Cretaceous and Tertiary floras), p. 159, 
pI. 32, fig. 1, 1883. 

Newberry, U. S. GeoI. Survey Mon. 35, p. 100, pI. 47, 
figs. 1-3, 1898. 

Knowlton, U. S. Geol. Survey Bull. 204, p. 62, 1902; U. S. 
Nat. Mus. Proc., vol. 17, p. 226,1894; Geol. Soc. America 
Bull., vol. 5, p. 585, 1893. 

Chaney, Walker Mus. Contr., vol. 2, No.5, p. 174, 1920. 
Liquidambar protensum Lesquereux, U. S. Nat. Mus. Proc., 

vol. 11, p. 13, pI. 8, fig. 3, 1888. 
Knowlton, U. S. Geol. Survey Bull. 204, p. 62, 1902. 

Liq1tidambar sp. Knowlton, in Lindgren, Jour. Geology, vol. 4, 
p. 890, 1896. 

Liq1tidambar e1trOpaeum patulum Knowlton, U. S. Geol. Survey 
Bull. 204, p. 62, pI. 10, fig. 5, 1902. 

Liquidambar europaeum AI. Braun. Lesquereux, U. S. Nat. 
Mus. Proc., vol. 11; p. 14, 1888. 

Liquidambarsp.? Knowlton, U. S. Geol. Survey Bull. 204, p. 
63, pI. 12, fig. 4, 1902. 

Liquidambar pachyphyllum Knowlton, U. S. Geol. Survey Bull. 
204, p. 63; pi. 9, fig. 1, 1902; U. S. Geol. Survey Prof. 
Paper 140, p: 42, pI. 221 fig. 7; pI. 29, fig. 1, 1926. 

Chaney, Walker Mus. Contr" vol. 2, No.5, p. 174, pI. 15, 
figs. 2, 3, 1920. 

Liquidambar convexum Cockerell, Am. Mus. Nat. Hist. Bull., 
vol. 24, p. 94, pI. 7, fig. 16, 1908. 

Liq1tidambar acutilobum Chaney, 'Walker Mus. Contr., vol. 2, 
No.5, p. 175, pI. 15,' fig. 4, 1920. 

Knowlton recorded five different forms from the 
Mascall formation and Chaney four forms from the 
Eagle Cr'eek formation. To anyone who has collected 
the leaves of our existing Liquidambar styracijlua 
Linne or who contemplates I-Ieer's excellent figures of 
Liquidambar europaeum AI. Braun, from the Swiss 
Miocene, it must be obvious that there is the widest 
variation in size, degree of lobation, and relative 
proportions ,in the same species; somewhat less, but 
still considerable variation in texture; and less but 
still some variation in the marginal teeth and details of 
venation. When ~ variety of species, based on foliar 
features, are described from a single outcrop such a 
differentiation does violence to the facts. All the 
western American Miocene leaves of Liquidambar 
could readily be matched among the material of 
Liquidambal' europaeum from the type locality at 
Oeningen, Baden, or they could equally well be matched 
among the leaves of our existing sweet gum, Liquid-



FLORA OF THE LATAH FOR.MATION 251 

amba'l' stY'I'acijlua. If it is reasonable to conclude 
that the existing Anlerican species has not come down 
unchanged since Tertiary time it is unreasonable to 
suppose that an identical 11Iiocene species inhabited 
Europe alld western North Alnerica. 

If Braun's name is discarded for American forms the 
oldest available is Liq1.tidamba1· caZijo'l'nicum Les
quereux, which I consider includes all the nominal 
species that hftve been referred to this genus from the 
western Anlerican NIiocene. 

The nlaterial in the Latah fonnation, although not 
abundant, adnlirftbly illustrates the usual situation. 
Knowlton figured both three-lobed and five-~obed 
forms frOln the Latah fornlation as Liquidamba'l' 
1Jachyphyllum. The present collection contains narrow 
acuminately lobed three-lobed leaves with a cuneate 
base and larger five-lobed leaves with broad lobes and 
a cordate base. The venation and the very character
istic lnargin are identicn,l in both, and I have not the 
slightest doubt that all the Latah leaves represent a 
,single species. , 

The species, as conceived by nle, is found in Cali
fornia, Oregon, Washington, and Colorado. Undoubt
edly the fine fruitfronl the Latah formation described 
by ICnowlton 25 belongs to it. This, too, is not at all 
different frOl11 the fruits of our existing eastern Ameri
can species. 

Occurrence: Well near 1t1ica, Wash.; cut No. 2 on 
Oregon-Washington Railroad & Navigation Co.'s line, 
Deep Creek Canyon, and brickyard, Spokane, Wash. 

Family GROSSULARIACEAE 

Genus RIBES Linne 

Ribes fernquisti Berry, n. sp. 

Plate 63, Figure 21 

Lea,;es ,relatively SIll all , trilobate. Margin, except 
at base and in the sinuses, with course dentate teeth. 
Texture subcoriaceous. Length about 5 centinleters, 
as is also the Inaxinlunl width. Apical lobe about as 
broad as it is long, bluntly pointed at apex. Base of 
the leaf truncate: Sinuses narrow and not deep. 
Priinaries three frOln the top of the petiole, stout and 
pronrinent. Secondaries stout, pronlinent, diverging 
fr0111 the primaries at acute angles. There are three 
or four subopposite to alternate secondaries in the 
central lobo, Clirved proxilnad and 1110re straight distad,. 
and eraspedodrOl11e. In the lateral lobes the basal 
secondary on the outside diverges close to the base 
and is l'eifttively stru,ighter and nlore pronrinent than 
its fellows and might be tenned a subprinlary. There 
is a secondary on the outside below the basal secondary 
on the inside, and the latter is 111uch curved, ascendiilg 

2~ Knowlton, F. H., Flora of the Latah formation of Spokane, Wash., and Coeur 
. d' All':Je, Idaho: U. S. Oeol. Survey Prof. Paper 140, p. 42, pI. 10, fig. 10, 1926. 
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inside the sinus margin and ending caniptodrOl11ely 
if the nlargin is en tire and craspedodrOlnely if it has 
ascended to a point where there is a tooth on the Inargin. 
The prinlaries, particularly the lateral ones, are slightly 
flex~lOus with respect to the alternate divergence of 
the secondaries. The Tertiary branches £rOln the dis
tal parts of the secondaries are well nlarked, and the 
ultil11ate ones are usually craspedodron1e. Internal 
tertiaries are transverse and peI'current or inosculating 
in the Iniddle region. The areolation is an open 111esh 
that agrees precisely .with that in leaves of existing 
nlenlbers of the genus. 

The species is nalned for the collector. 
"Tith the exception that sonle modern leaves of Ribes 

tend to have a cordate base, this Latah species shows 
all the foliar features of the genus, especially in the 
form of the teeth a,nd in the' posi tion and disposition 
of the veins. 

Ribes has not often been recognized iri the fossil 
state. Two species have, however, been recorded 
fron1 Florissant, Colo., but both of these are unlike the 
Latah form. There are over 60 eAisting species of 
Ribes, all shrubby, and widely distributed in the North 
TeInperate Zone and in the Andes of South Anwrica. 
Fully 50 species are known fronl North An1erica. 
There are 18 in the Recent flora of vVashington-
5 in the arid transition zone and a sixth in the Sonoran 
zone. 

Occurrence: Brickyard at Spokane, vVash., col
lected by C. O. Fernquist. 

Family SAXIFRAGACEAE 

Genus HYDRANGEA Linne 

Hydrangea bendirei (Ward) Knowlton 

Plate 52, Figure 7 

Hydrangea bendirei Knowlton, in Merriam, California Univ. 
Dept. Geology Bull., vol. 2, p. 309, 1901. 

Knowlton, U. S. Geol. Survey Bull. 204, p. 60, pI. 9, figs. 
. 6, 7, 1902; U: S. Geol. Survey Prof. Paper 140, p. 42, 

Pl. 24, fig. 6, 1926. 
MarsiZw bendirei Ward, U. S. Geol. Survey Fifth Ann. Rept., 

p. 446, 1885. 
Porana bendirei (Ward) Lesquereux, U. S. Nat. Mus. Proc., 

vol. 11, p. 16, pI. 8, fig. 4, 1888. 

There are two specin1ens of this species in the recent 
collections. The one figured is complete ~md of special 
interest, because it ha's five fully developed sepals' 
instead of the normal four, a feature not unco111Dlon 
in existing species. There is considerable variability 
in this feature in the sterile flowers of existing 'hydran
geas, and the fossil is otherwise identical not only with 
the type but with the single specinlen fronl the Latah 
form'ation described by ICnowlton in 1926. 

Occurrence: Spokane, Portland & Seattle Railway 
cut, Spokane, vVash.; Republic, Wash . 
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Family DRUP ACEAE 

Genus PRUNUS Linne 

Prunus rustii Knowlton 

Plate 55, Figure 1 

Prunus rustii Knowlton, U. S. GeoI. Survey Prof. Paper 140, 
p. 43, pI. 24, figs. 4, 5, 1926. 

This characteristic species, sparingly represented in 
the collections studied by Knowlton, is not uncommon 
in the later collections. A conlplete leaf is figured 
herewith. 

Occurrence: Stanley Hill, Coeur d'Alene, Idaho; 
Republic, Wash.; Deep Creek Canyon, brickyard, and 
Chicago, Milwaukee & St. Paul Railway cut, Spokane, 
Wash 

Family· ROSACEAE 

Genus AMELANCHIER Medicus 

Arnelanchier scudderi Cockerell 

Plate 55, Figure 4 

Amelanchier scudderi Cockerell, Torrey Bot. Club Bull., vol. 33, 
p. 310, text fig. 4, 1906. 

This species was based upon a single incomplete 
specim~n from Florissant, so that, whatever variation 
was present can not be determined. The complete 
leaves in the Latah formation are not exactly like the 
type but are so similar that I have no doubt that they 
represent the same botanic species.· They are rela
tively slightly longer and narrower and consequently 
have more secondaries; the base is rounded like the 
tip instead of being broadly cuneate, and the teeth are 
more numerous. The Latah leaves may be described as 
follows: 

Leaves almost orbicular, widest in the middle and 
about equally rounded at the apex and base. MidveiIi 
straight and fairly stout. Secondaries thin, seven or 
eight pairs, mostly sirnple, regularly curved and sub
parallel, rarely forked, camptodrome. Areolation typi
cal of the genus. Lower nlargins entire, upper two
thirds with regular teeth. Teeth with a broad crenate
like base and an ultimate apiculate serration. Each 
tooth receives a short tertiary veinlet. . 

This is distinctly an Amelanchier and not a Malus. 
It is close to the l~aves of the existing Amelanchier 
alnifolia Nuttall, from some of the leaves of which it is 
scarcely dis.tinguishable. Amelanchier alnifolia is a 
tall shrub or small tree ranging from Alaska through 
the Coast Ranges to northern California and eastward 
to northern Michigan. Itis found a1ike in moist valleys, 
meadows, and dry slopes but makes its best growth 
in the rich bottom lands of the lower Columbia River 
and the similar meadow lands around Puget Sound. 

The genus is widely distributed throughout the 
north temperate zone. It is abundant at Florissant, 

with three species, but is otherwise unknown ill the 
Pacific slope Miocene. 

Occurrence: Brickyard at Spokane, Wash. 

Genus CERCOCARPUS Humboldt, Bonpland, and Kunth 

Cercocarpus praeledifoIius Berry, n. sp. 

Plate 64, Figure 7 

Leaves small, lanceloate, petiolate, widest medianly 
and about equally tapering to the pointed apex and 
slightly decurrent base. Texture coriaceous. Mar
gins slightly irregular, involute. Length about 1 
centimeter or slightly more; maximum width 3 to 4 

millimeters. Petiole stout, about 1.5 millimeters 
long. Midvein stout, prominent. Secondaries stout, 
ascending, closely spaced, craspedodrome. 

This characteristic little leaf is especially like those 
of the existing Oercocarpus ledifolius Nuttall, which is 
prevailingly a shrubby form of poor soils ranging fronl 
western vVyoming to Montana, Idaho (Coeur d'Alene 
Mountains), and Oregon (eastern ·Blue Mountains) 
and southward through the Great Basin and Wasatch 
Ranges to the eastern slopes of the Sierra Nevada and 
northern slopes· of the San Bernardino Mountains, 
northern New Mexico and Arizona. Although com
monly an arid type in chaparral, it reaches its largest 
size in moist richer soils, as on the hills of central 
Nevada. 

The genus contains about six: species confined to 
western North America and Mexico. Several fossil 
species have been described, including one, Oerco
Carp1.lS antiquus Lesquereux,26 from the supposed 
Miocene of California. This is much larger than the 
Latah species and more like the existing Oercocarpus 
parvifolius Nuttall. 

Occurrence: Brickyard at Spokane, Wash. 

Family CAESALPINIACEAE 

Genus CASSIA Linne 

Cassia idahoensis Knowlton 

Plate 55, Figures 2, ~ 

Cassia obtusa Knowlton, U. S. Geol. Survey Eighteenth Ann. 
Rept., pt. 3, p. 731, pI. 100, figs. 4, 5, 1898 [not Cl08, 
1845].' 

Cassia idahoensis Knowlton, U. S. GeoI. Survey Bull. 696, 
p. 146, 1919. 

This species was described in 1898 from the Payette 
formation at Marsh, Idaho, to which it has hitherto 
been· confined. There are three specimens from the 
Latah formation which are identical with the type in 
all their features except that they are larger. 

Occurrence : Vera, Wash.; briekyard and Spokane, 
Portland & Seattle Railway cut, Spokane, Wash. 

26 Lesquereux, Leo, Report on the fossil plants of the auriferous gravel deposits 
of the Sierra Nevada: Harvard ColI. Mus. Compo Zoology Mem., vol. 6, No.2, 
p. 37, pI. 10, figs. 6-11, 1878. 
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<.-assia sophoroides (Knowlton) Berry' 

Plate 56, Figure 1 

Phyllites sophoroicles Knowlton, U. S. Geol. Survey Prof. 
Paper 140, p. 48, pI. 26,fig. 8, 1926. 

The single imperfect specimen of tills species from 
the Edwards ranch, Stanley Hill, Coeur d'Alene, 
Idaho, was referred by Knowlton to the form genus 
Phyllites, although its leguminous character was recog
nized. These leaflets are inequilateral throughout; 
the petiolule is stout and about. 3 millimeters long; 
the tip is usually slightly nlore extended than in Knowl-
ton's type. b 

Although the features of these leaflets are shared 
by a large number of genera of the leguminous alliance, 
they conform to that found in many species of Oassia, 
both recent and fossil, and as this genus is one more 
likely to occur in this strictly tenlperate flora than 
tropical genera with silnilar leaflets," I have trans
ferred theln to Oassia. 

Occurrence: Stanley Hill, Coeur d'Alene, Idaho; 
Spokane, Portland & Seattle Railway cut· No. 4 
and brickyard at Spokane, Wash. 

Cassia spokanensis Berry, n. sp. 

Plate 63, Figure 18 

This is superficially like Oarpites paulownia Knowl
ton,27 of the Latah flora, but is clearly an, altogether. 
different object. The leguminous genera whose foliage 
has been recognized are Oassia, Oercis, Sophora, and 
Leguminosites. The last is a form genus, and both 
Oercis and Sophora have radically different pods, leav
ing only Oassia, and it is to Oassia that I have referred 
ntUnerous sinlilar pods frolll the Eocene of southeastern 
North Anlerica and various localities in South America. 

Pod conlpressed, nearly equilateral in its oval 
profile, rapidly narrowed to the rounded tip find simi
larly narrowed to the stout stipitate portion above 
the calyx. Texture coriaceous and apparently inde
hiscent.Obviously single or few seeded. Length 4.3 
eentilneters; maximum width 2.4 centimeters. The 
stout stipitate basal portion included in the length 
as given above is 7 millimeters long and 2 millimeters 
wide. Placental margin conspicuously thickened. 

Occurrence: Brickyard at Spokane, Wash. 

Family PAPILIONACEAE 

Genus SOPHORA Linne 

Sophora spokanensis Knowlton 

Plate 56, Figures 5, 6 

o 

Sophora spokanensis Knowlton, U. S. Geol. Survey Prof. Paper 
140, p. 44, pI. 28, fig. 6, 1926. 

This species was described from a single fragment 
of a leaflet. It is not uncommon in the recent collec
tions frOln the Latah formation and may be more 
c(Hnpletely characterized as follows: 

17 Knowlton, F. H., Flora of tho Latah formation of Spokane, Wash., and Coeur 
d' Alono, Idaho: U. S. O~ol. Survoy Prof. Paper 140, p. 50, pI. 29, fig. 12, 1926. 

Leaflets showing considerable variation in size and 
outline, even on a single leaf; varying' from elongate
elliptical to ovate-lanceolate; generally widest medially 
but sometimes in the lower half. Apex narrowly to 
broadly rounded and nearly equilateral. Base broadly 
rounded, inequilateral. Petiolule short and stout, 
2 millilneters or less in length. Midvei~ stout, pronl
inent. Secondaries thin, somewhat irregularly spaced, 
diverging from the mid vein at angles of 45° or less, 
camptodrome. Length from 2.5 to 4.5 centimeters; 
a single terminal leaflet, obviously undeveloped, is 
1.5 ceutinleters long and about 4 millimeters in maxi
mum width. 

One specimen shows part of a leaf with eight leaf
lets in position; these inerease in size and relative 

. width as well as spacing from the tip toward the base. 
The leaf is odd-pinnate, thus conforming to the arrange
ment in Sophora. I much doubt its reference to 
Sophora, however, and it appears to me to be more 
probably referable to Robinia, which has similar, 
odd-pinnate leaves. It is not greatly different, except. 
for its larger size, from Robinia brittoni Cockerell,28 
from Florissant, C()lo. I have not, however, changed 
the generic reference, preferring to wait for certainty 
before making the change. 
. Occurrence: Deep Creek Canyon, brickyard, and 
Spokane, Portland &; Seattle Railway cut No.1, 
Spokane, Wash. 

Sophora alexanderi Knowlton 

Plate 56, Figures 2, 3 

Sophora alexanderi Knowlton, U. S. Geol. Survey Prof. Paper 
140, p: 43, pI. 28, figs. 3-5, 1926. 

This fine species is not uncommon in the Latah 
formation but thus far has been found only as detached 
leaflets. The numerous specimens in the recent col
lections are all confined to one locality. 

Occurrence: Stanley Hill, Coeur d'Alene, .Idaho; 
brickyard, Spokane, Wash. 

Genus MEIBOMITES Knowlton 

Meibomites knowltoni Berry", no sp. 

Plate. 56, Figure 7 

Leaflet rhomboidal, somewhat inequilateral, with tt. 

broadly cuneate pointed tip and a rounded base .. 
1\1argins strictly entire. Texture of considerable con-· 
sistency .. Length about 6 centimeters; maximunl 
width, midway between the apex and the base, about 
4 centimeters. Petiolule short and stout, b1trely a 
millimeter in length. Midvein stout and prominent. 
Secondaries thin, three camptodrome pairs; the base 
pair are from the extreme base of the midvein, oppo
site, thickened, diverging at acute angles, ascend-

. ing in such a way .as to appear like lateral primaries,. 
camptodrome. 

28 Cockerell, T. D. A., Descriptions of Tertiary plants: Am. Jour. ScL, 4th ser.~ 
vol. 26, p. 543, fig. 8, 1908. 
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This species is unfortunately represented only by 
the single specimen figured. The venation is typically 
leguminous, and the species may be a variant of 
Meibomites lucens Knowlton of the Latah formation 
or a terminal leaflet of which Knowlton's specimen was 
a lateral leaflet, as certain similar existing species of 
Meibomia have the terminal leaflet apparently tri
veined and the laterals pinnately veined, as in the 
species M. nudijiora (Linne) Kuntze, M. grandijiora 
(Walter) Kuntze, and others. 

The present fossil shows considerable resemblance 
to what Cockerell described from Florissant as Phila
delphus palaeophilus/9 but that species is smaller and 
toothed distad. 

The genus Meibomia Adanson (Desmodium Desvaux) 
contains more than 200 existing species of perennial 
herbs, SOllIe of them woody at the base, widely dis
tributed in North and South America, Africa, and 
Australia. 

Occurrence: Brickyard at Spokane, Wash. 

Genus LEGUMINOSITES Bowerbank 

Leguminosites bonseri Berry. n. sp •. 

Plate 56, Figure 4 

Leaflets small, sessile, ovate-Ianceolate and some
what falcate, inequilateral, widest .below the middle. 

. Tip pointed, apiculate. Base lllarkedly unsymmetri
'cal, full and rounded on one side, pointed on the other. 
. Margins entire. Texture relatively coriaceous. Mid
vein stout and prominent, curved. Secondaries rela
tively stout, about five pairs, diverging from the mid
'vein at wide angles, camptodrome. 

1 am quite uncertain regarding the botanic affinity 
of these small leaflets. The four specimens in the 
collection are all from one locality, and all suggest that 
they might be small abnormal leaflets of some plant 
whose normal foliage was somewhat different. 

Occurrence: Brickyard at Spokane, Wash. 

Leguminosites alexanderi Berry. n. sp. 

Plate 63, Figure 16 

Pod (or follicle) of small size, unsymmetrically 
ovate, compressed, upper margin full, lower margin 
straighter. Apj3x missing. Stipe stout, about 3 mil
linleters 'long. Pod 1.2 centimeters long by 6 milli
meters in maximum diameter. Substance of con
siderable consistency, with an open polygonal areola
tion.· oEvidently few or single seeded. Named for 
the collector. 

This small pod is unlike any previously known from 
. the Miocene. It seems obviously referable to the 

29 Cockerell, T. D. A., The fossil flora of Florissant, Colo.: Am. Mus. Nat. Rist. 
.Bull., vol. 24, p. 92, pI. 10, fig. 37, 1908. 

leguminous alliance, but its generic reference is 
uncertain. 

Occurrence: Brickyard at Spokane, Wash., col
lected by E. E. Alexander. 

Order SAPINDALES 

Family SAPINDACEAE 

~enus SAPINDUS Linn~ 

Sapindus spokanensis Berry. n. name 

Sap indus angustifolius Lesquereux, U. S. GeoI. and Geog. Survey 
Terr. Ann. Rept. for 1873, p. 415, 1874; U. S. GeoI. 
Survey Terr. Rept., vol. 7 (Tertiary flQra) , p. 265, pI. 49, 
figs. 2-7, 1878. 

Knowlton, U. S. GeoI. Survey Bull. 204, p. 79, 1902 lnot 
Blume]. 

The name Sapindus angustijolius was proposed by 
Lesquereux for the leaflets of Sapindus fronl Florissant, 
Colo. The species was subsequently recorded fr0111 
the Fort Union fornlation of Montana and fronl the 
Mascall forlliation of Oregon. As conceived by 
Lesquereux it had wide linlits, and at least two of its 
variant's have been referred to new species by Cock
erell.30 The leaflets of Sapindus show a great varia
bilityand much convergence, and it nlay well be that 
fossil species have been unduly 11l1.lltiplied. Leaflets 
agreeing with Lesquereux's type nlateriul are sparingly 
represented in the Latah fon11ation. Phyllites crusta-

. cea Knowlton,31 from the Latah fornlation at Mica, 
may represent a leaflet of this species. 

Occurrence: Brickyard at Spokane, vVash . 

Sapindus armstrongi Berry. n. sp. 

Plate 63, Figure 14 

Leaflets relatively small, ovate, inequilateral. Tip 
acute. Base prolonged downward from the narrower 
side of the lamina about 2 nmlillleters below the base 
on the wider side of the lamina. Petiolule stout, 
curved, about 2 millimeters long. Margins entire, 
evenly rounded. Texture subcoriaceous. Length 
about 5.5 centimeters; nlaximum width. about 2 
centimeters. Midvein stout, prominent. Second
aries stout, about nine pairs, diverging from the lllid
vein at wide angles and camptodrome in the marginal 
region. Tertiaries well marked, variably subper
current. Areolation of very fine subquadrangular 
meshes. 

1(P.is apparently represents a new species, one that 
is uncommon in the present collections. It is nal11ed 
for L. K. Armstrong, president of the Northwest 
Science Association. 

Occurrence: Brickyard at Spokane, Wash., collected 
by E. E. Alexander . 

30 COCkerell, T. D. A., The fossil flora of Florissant, Colo.: Am. Mus. Nat. Bist. 
Bull., vol. 24, p. 101, 1908. 

81 Knowlton, F. H., U. S. Geol. Survey Prof. Paper 140, p. 47, pI. 29, fig. 6, 1926 . 
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Family CELASTRACEAE 

Genus CELASTRUS Linne 

Celastrus lacoei Lesquereux 

Celastrus lacoei Lesquereux, Cretaceous and Tertiary floras, 
p. 184, 1883. 

Knowlton, U. S. Nat. Mus. Proc., vol. 51, p. 281, pI. 24, 
fig. 6, 1916. 

This species, which was desc:ribed from Florissant , 
Colo., is represented by a single conlplete specimen in 
the recent collections fr0111 the Latah forrnation. The 
spatulate form, toothed 111argin, size, and venation a~'e 
absolutely characteristic. 

Occurrence: Brickyard at Spokane, Wash. 

Celastrus spokanensis B~rry, n. sp. 

Plate 64, Figure 5 

Leaves relatively snlall, obovate or broadly spatu
late w~th a widely rounded tip and a decurrent base, 
about 3.5 centil11eters long and 2 centimeters in maxi
nunn width. Leaf substance thin but apparently 
stiff. Margins with extrel11ely fine, closely spaced 
serrate teeth. Petiole broad, with several parallel 
vascular strands. 11idvein relatively broad but not 
especially prol1unent. Secondaries, thiu, nunlerous, di
verging fr01n the lnidvein at acute angles in a sOlnewhat 
flabellate lnanner, ascending, sonletimes forked and 
inosculating, not craspedodr01ne but sendiug branches 
to the nlarginal teeth. Tertiaries not luade out. 

In general appearance this leaf suggests, at first 
sight, the fanrily Rosaceae, especially the crus~galli 
section of Orataegus. It is also not dissinrilar fronl 
Ol'ataegus teutonica described by Unger from the Mio
eene of Parschlug in Styria. The details of the vena
tion, however, appear to 111e to be more like that 
characteristic of the fanlliy Celastraceae, as exemplified 
in the genus },1aytenus or in numerous exotic existing 
species of Celastrus such as trigynus, senegalensis, nutans; 
and nemorosus. 

There are species of Celastrus in the Miocene of the 
11ascall forrnation of Oregon, the Payette formation 
of Idaho, and two at Florissant, Colo., but these are 
alllnarkedly distinct fr0111 the Latah species. 

Occurrence: Spok.ane, Portland & Seattle Railway cut 
No.1, Spokane, Wash., collected by C. O. Fernquist. 

Genus EUONYMUS Linne 

Euonymus knowltoni Berry, n. sp. 

Plate 56, Figure 9 

Leltves of 111ediulll size, ovate-la11ceolate. Tip acu
Ininate, not greatly produced. Base broadly cuneate. 
Texture subcoriaceous. 1~argin with fine, closely 
spaced, inconspicuous serrate teeth. Length about 
11 eentilneters; 111axinlunl width, near the nriddle 
of the leaf, about 3.5 centimeters. Petiole not pre
served. 11idvein stout and prominent. Secondaries 
thin, five or six irregularly spaced pairs; diverging 

from the nridvein at angles of about 45°; more in the 
tip; sweeping upward in long ascending curves and 
arching along the margins. Tertiaries thin, typical 
of the Celastraceae, and exactly matched in the genus 
Euonymus. 

This characteristic form is not common in the collec
tions, but this ~s probably without significance. The 
genus nlakes its appearance in the basal Eocene but 
has heretofore been unknown in American post-Eocene 
deposits, although common in European deposits, of 
later Tertiary age and present in the existing flora of . 
North A111erica, in which there are about five tem
perate species and five or si.~ additional in Central 
America. 

The existiug species number about 65 and are widely 
distributed throughout the Northern Hemisphere but 
massed in the southeastern Asiatic region. Two sur
vive as shrubs in the moister parts of the Pacific 
coastal region. 

Occurrence: Brickyard at Spokane, Wash. 

Family ACE~ACEAE 

Genus ACER Linne 

Acer oregonianum Knowlton 

Plate 57, Figure 2; Plate 63, Figure 11 

Acer oregonianum Knowlton, U. S. Geol. Sur~ey Bull. 204, P 
75, pI. 13, figs. 5-8, 1902. 

In addition to leaves of maple there are seven fruits 
contained in the recent collections from the Latah for
mation representing four localities. These are all of a 
single species and are indistinguishable from Acer 
oregonianum, of the Mascall formation of Oregon, and 
quite unlike the other three nonrinal species of Acer 
fruits which Knowlton described from the jMascall. 

Knowlton compared Acer oregonianum with the fruits 
of the existing Acer macrophyUum Pursh, which they 
much resemble. They are somewhat smaller than these 

-and about equally like the eAisting Acer circinatum 
Pursh. Both these modern species are abundant 
stream-bank and rich-bottom species of British Co
lumbia, Washington, Oregon, and California-regions 
of deep moist soil and abundant precipitation. Over 15 
species of Acer have been described from the Miocene 
of the Pacific slope of North America, but there is a 
certain duplication in the unavoidable practice of giving 
different names to the leaves and fruits. The genus is 
common at Florissant, Colo., and in the California, 
Mascall, and Eagle Creek Miocene. It 'has recently 
been reported by Chaney from Trout Creek, Oregon, 
and 49 camp, Nevada.Bla. 

81" In an account of the flora of the Crooked River Basin of Oregon published 
since this paper was written (Chaney, R. W., Carnegie lnst. Washington Pub. 
346, p. 126,1927), Chaney refers fruits identical with those from the John Day Basin 
described by Knowlton as Acer oregonianum to Acer osmonti, without, however, 
mentioning Knowlton'S specimens. Although it is probable that the fruits and 
leaves described as Acer osmonti belong to the same species, such practices are to 
be deprecated in the absence of direct proof of relationship. 
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Occurrence: Republic, Wash.; Deep Creek Canyon, 
brickyard, and Spokane, Portland & Seattle Railway 
cut No.1, Spokane, Wash. 

Acer chaneyi Knowlton 

Plate 63, Figure 13 

Acer chaneyi Knowlton, U. S. Geol. Survey Prof. Pli.per 140, 
p. 45, pI. 27, fig. 2, 1926. 

This species was described from the single specimen 
figured, which was fairly complete but lacked the ter
minallobe. ThIs deficiency I am able to supply from 
a recent specimen collected by E. E. Alexander. 

The species is a handsome one with long, slender, 
much cut lobes and appears to be very similar to if 
not identical with Acer osmonti Knowlton,alb described 
from the beds at Bridge Creek, ill the John Day Basin, 
and recently recorded by Chaney 31c from the Crooked 
River Basin in Oregon. 

Occurrence: Brickyard at Spokane, Wash. 

Acer merriami Knowlton 

Acer merriami Kno'wlton, U. S. Geol. Survey Bull. 204, p. 76, 
, pI. 14, figs. 2, 3, 1902; U. S. Geol. Survey Prof. Paper 

140, p. 45, pI. 28, fig. 1, 1926. 

A fragmentary specimen and its counterpart are con
tained in the present collection from the locality south 
of Vera. Knowlton's Latah material came from a 
well at Mica. 

Occurrence: Well at Mica, Wash.; south of VeJ~, 
Wash. " '-...,' 

Acer bendirei Lesquereux 

Acer bendirei Lesquereux, V. S. Nat. Mus. Proc., vol. 11, p. 
14, pI. 5, 1888. ' , 

. Knowltov, U. S. Geol. Survey Bull. 204, p. 73, 1902; 
U. S. Geol. Survey Erof. Paper 140, p. 45, pI. 27, fig. 3, 
1926. 

There are two specimens of this species in the recent 
collections .. It occurs also in the Miocene of Oregon· 
(Mascall formation) and California. Knowlton's 
Latah specimen was obtained from a well at Mica. 

Occurrence: Well at Mica, Wash.; brickyard and 
Spokane, Portland & Seattle Railway cut No.1, 
Spokane, vVash. • 

Acer minor Knowlton 

Plate 64, Figure 2 

Acer minor Knowlton, U. S. Geol. Survey Bull. 204, p. 76, pI. 
14, figs.' 2, 3, 1902; U. S. Geol. Survey Prof. Paper 140, 
p. 45, pI. 27, fig. 4, 1926. 

This species was described originally by Knowlton 
from the Mascall formation of the John Day Basin, 
Oregon, and was one of three species of fruits founded 
largely on differences of size. A very imperfect spe,ci
men from the Latah formation at Deep Creek, north-

Sib Knowlton, F. H., U. S. Geol. Survey Bull. 204, p. 72, pI. 13, fig. 3, 1902. 
31e Chaney, R. W., op. cit., p. 126, pI. 17, fig. 6; pI. 18, figs. 1, 3, 5, 1927. 

west of Spokane, was referred to this species in 1926 
by Knowlton, who remarks that maples seenl to be 
rare in the Spokane area. Subsequent collections in 
this area show this not to have been the case, as both 
leaves and fruits are not at all uncommon. Pre
sumably the present fruit represents one of the leaf 
species. One other type 'of maple fruit has been 
described from the, Latah formation in the present 
work and identified as Acer oregonianum Knowlton. 
The latter is three to four times the size of Acer minor, 
with more spreading wings and has less oval seed 
cavities. I have no doubt that the two represent 
different species and not merely differences in size 
and form of a single species. 

The present specimen was collected recently by C. O. 
Fernquist and shows the complete fruit but lacks 
the peduncle. The seed cavities are relatively wide, 
and the base of the wings is incurved so that the wing 
axes are parallel. The whole is but 11 millimeters 
long and 7 millimeters wide. It adds another common 
element to the floras of the Mascall and Latah forma·, 
tions. 

Occurrence: Deep Creek Canyon and brickyard, 
Spokane, Wash. 

Family ANACARDIACEAE 

Genus RHUS Linne 

Rhus merrilli Chaney 

Plate 51, Figure 8 

Rhus merrilli Chaney, Carnegie Inst. Washington Pub. 346, p. 
125, pI. 16, figs. 1, 2, 1927. 

This new species, described since the major portion 
of this paper was written, is represented in the Latah 
flora by several specinlens which I had supposed were 
variants of Quercus simulata Knowlton. The type 
came from the Bridge Creek formation of the Crooked 
River basin in eastern Oregon, and is said to bear a 
close resemblance to Rhus sylvestris Siebold and 
Zuccarini of central and southern China and Chosen; 
it is thus another link in the community of relationship 
between the present Chinese flora and the Miocene 
flora of western North America. 

Occurrence: Brickyard at Spokane, Wash. 

Family HIPPOCAST AN ACEAE 

Genus AESCULUS Linne 

Aesculus hesperia Berry, n. sp. 

Plate 56, Figure 8 

Leaflets large, obovate in general outline. Apex 
abruptly pointed. Base narrowly cuneate. 1.1 argins 
throughout with closely spaced serrate teeth, which 
become more prominent and aquiline or couchant
serrate' distad. Length 18 centimeters; maximunl 
width 8 centimeters. Midvein stout, prominent on the 
under side of the leaflet, slightly flexuous. Secondaries 
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stout, pronlinent; about ten opposite to alternate, 
irregularly spaced pairs; the lower four or five pairs 
diverged fronl the Inidvein at angles of 45° or less, are 
straight or flexuous ascending, eventually canlpto
drome but sending off on the outside numerous regular 
tertiaries, the distal craspedodronle, the proximal 
camptodrom.e and sending off regular craspedodrome 
veinlets to the nlarginal teeth; the distal secondaries 
diverge at wider angles, 45° or more, are more curved 
than the proxilnal ones, and likewise send branches of 
the second or third order to the nlarginal teeth. The 
internal tertiaries are pr01ninent, regularly spaced, 
generally simple percurrent but occasionally forked. 

This striking species is unfortunately represented 
only by the single specimen figured. It has the 

. characters of this genus wellnlarked and is quite unlike 
the other Alnerican Miocene species, which conlpriso 
a smaller fOl'ln fronl the ~/lascall fornlation of Oregon 
and an undescribed species fr01n the auriferous gravel 
of California. 

Aesculus has about a dozen existing species and is 
represented in the wanner temperate parts of all the 
holarctic continents. Anlong these a single form, 
usually a snlall tree, survives on the Pacific slope, 
where it has bec01ne restricted to the wetter valleys 
and streanl borders in California. 

Occurrence: Spokane, Portland & Seattle Railway 
cut, Spokane, 'Nash. 

Order RHAMNALES 

Family RHAMNACEAE 

Genus P ALIURUS Jussieu 

Paliurus hesperius Berry 

Phl.te 57, Figure 1 

Pali1tn~s heSl)eri'us Berry, Am. Jour. SeL, 5th ser., vol. 16, p. 40, 
figs. 1-3, 1928. 

Leaves of Inedium size, broadly ovate, widest below 
the lniddle; the apex pointed but not extended; base 
broadly rounded or slightly cordate. Texture sub
coriaceous. Margins with closely spaced, prevailingly 
small, crenate teeth. Length about 7 centimeters; 
maxilnum width about 4.5 centimeters. Petiole not 
preserved. Midvein stout, prominent. Lateral pri
nlaries diverge fr0111 the base at acute angles; these 
are as stout as the nlidvein and curve upward and 
barely escape being acrodronle by uniting with short 
secondaries fr0111 the distal part of the 111idvein. The 
lateral prilnaries give off on the outside several camp
todr01ne secondaries. The areolation is a fine nlesh 
indistinctly preserved. 

Leaves of this type have been referred to Zizyphus, 
G'rewiOl)sis, and Pop'l.llus, but their features are'more 
distinctly those of Paliurus. 

The genus is represented in existing floras by only 
two or three species of southern Europe and Asia and 
is no longer a native of the Western Hemisphere. 
About 30 fossil species have been described, based for 
the most part upon leaves. The oldest of these occur 
in the North American Upper Cretaceous. The fruits 
are perfectly characteristic, and the oldest known 
instance of their occurrence is Paliurus mississippiensis 
Berry,32 of the lower Eocene in southwestern North 
America. Losquereux 33 identified a leaf of somewhat 
dubious characteristics as a species of Paliurus from 
the Miocene of Florissant, Colo. 

My reasons for referring the present form to Paliurus 
rather than to Rhamnus or Oeanothus is its perfect 
agreenlent with the existing Asiatic Paliurus orientalis 
and the presence of characteristic Paliurus fruits in 
beds of approximately the same age as the Latah 
formation at Grand Coulee, Douglas COlUlty , Wash. 

Occurrence: Spokane, Wash. 

Genus RHAMNUS Linne 

Rhamnus spokanensis Berry, n. sp. 

. Plate 57, Figures 4, 5 

Robinia'! sp., Knowlton, U. S. Geol. Survey Prof. Paper 140, 
p. 44, pI. 28, figs. 7, 7a, 1926. 

Additional material enables nle to assign the correct 
botanic position to the small leaf which Knowlton 
tentatively referred to the genus Robinia. This was 
not a leaflet of a pinnate leaf but a complete leaf, the 
venation of which is entirely unlike that of Robinia 
and, on the other hand, characteristic of the genus 
Rhamnus. It may be described as follows: 

Leaves of variable but small size, inequilaterally 
elliptical, with a rounded or sub cordate decurrent base 
and a slightly narrowed rounded or -bluntly pointed 
apex. Margins entire, sometimes slightly undulate. 
Texture subcoriaceous. Length ranging from 1.5 to 
3.75 centimeters; nlaximum width, in median region, 
from 9 millimeters to 1.6 centimeters. Petiole stout, 
enlarging proximad, curved, about 5 millimeters long 
in the largest leaf seen. ~1idvein relatively very stout, 
somewhat flexuous curved proximad. Secondaries 
five or six pairs, relatively stout, at least two pairs 
diverging at acute angles fr0111 the top of the petiole, 
occasionally forking, eventually ascending subparallel 
with the lateral margins, along which they arch. The 
nloredistal secondaries are less straight than the basals, 
irregularly spaced, and ascending. The tertiaries are 
well nlarked, simple or inosculating, percurrent. 

.The genus Rhamnus, with about 60 existing species, 
is found in all temperate regions except Australia and 

32 Derry, E. W., The lower Eoeene floras of southeastern North America: U. S. 
Geol. Survey Prof. Paper 91, p. 279, pI. 71, fig. 4, 1916. 

33 Lesquereux, Leo, The Cretaceous and Tertiary floras: U. S. Gool. Survey 
Terr. Rept., vol. 8, p. 188, pI. 38, fig. 12, 1883. 



258 SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY, 1928 

the islands of the Pacific. There are two species and 
as luany varieties living on the Pacific slope, but these 
are quite different fronl the present fossil, which.is also 
markedly distinct from previously described Miocene 
forms! of which there are four at Florissant and in 
Yellowstone Park. 

The present species, except for its more rounded tip, 
is very luuch like the late Miocene Rhamnus oeningensis 
Heer., of Europe. 

Occurrence: Spokane, Portland & Seattle Railway 
cut and brickyard at Spokane, Wash. . 

tl Order MALVALES 

Family TILIACEAE 

Genus TILl A Linne 

THia hesperia Berry, n. sp. 

Plate 57, Figure 3 

Leaves large, broadly ovate and inequilateral, of 
thin texture, about 15 or 16 -centimeters in length and 
9 centimeters in maA'imum width below the middle. 
Apex acuminate. Base missing. Midvein stout and 
relatively straight. Secondaries stout, about' six 
alternate pairs, diverging about 45°, curving upward, 
craspedodrome, giving off one or more craspedodrome 
branches on the outside toward their tips. The basal 
pair are not differentiated from their fellows except 
for the series of craspedodrome tertiaries which they 
give off on the outside. The inner tertiaries are 
regularly spaced subpercurrent, frequently inosculating 
veins of considerable caliber. The margin is regularly 
serrate, with relatively small teeth. 

This leaf is about the size of the larger leaves of the 
existing Tilias of southeastern North America,from 
which it differs primarily.in its somewhat less relative 
width and nlore produced tip. The only western 
Tertiary species known to me, Tilia populifolia 
Lesquereux, from Florissant, is similar except that the 
basal secondaries are differentiated as lateral primaries. 
A second Miocene species, Tilia pedunculata Chaney ,34 

is based upon a fruit bract. of a linden from the Eagle 
Creek formation of Oregon. As no foliage was· dis
covered in the Eagle Creek formation, it is possible 
that this fruit bract may represent the botanic species 
of which Tilia hesperia is the foliage. . 

The genus Tilia is found at the present time widely 
distributed in the humid north temperate zone except 
in western America, central Asia, and the Himalayan. 
region. 

Qccurrence: Spokane, Portland & Seattle Railway 
cu£at Spokane, Wash. 

34 Chaney, R. W., The flora of the Eagle Creek formation: Walker Mus. Contr., 
vol. 2, No.5, p. 179, pI. 19, figs. 3, 4, 1920. 

Family MALVACEAE 

Genus HIBISCUS? Linne 

Hibiscus? occidentaiis Berry, n. sp. 

Plate 64, Figures 13-15 

Carpels small, compressed, ovate, broadly rounded 
distad, asymmetrically contracted proximad. Embryo 
nearly straight. Carpel wall finely netted, veined, with 
scarious margin about 1 millimeter wide, radially 
veined. Length about 6 millimeters; maximum width 
about 3 millimeters. 

These objects are not uncommon in the Latah 
formation and appear to be definitely referable to the 
Malvaceae and.·probably to the genus Hibiscus. 

That genus, heretofore unknown in the fossil state, 
so far as I. am aware, comprises nearly 200 recent 
species, widely distributed in warm and temperate' 
regIOns. 

Occurrence: Brickyard at Spokane, Wash., collected 
by C. O. Fernquist and E. E. Alexander. 

Order P ARIET ALES 

Family TERNSTROEMIACEAE 

Genus TERNSTROEMITES Berry 

Ternstroemites idahoensis (Knowlton) Berry 

Plate 58, Figure 1 

Myrica? idahoensis Knowlton, U. S. Geoi. Survey Eighteenth 
Ann. Rept., pt. 3, p. 724, pI. 99, fig. 7, 1898; U. S. Geol. 
Survey Bull. 696, p. 395, 1919. 

This species was described from the Payette forma
tion of Idaho and doubtfully referred to the genus 
Myrica by Knowlton. If the type had shown the vena
tion it would have been obvious that this form was not 
related to Myrica. Characteristic leaves are present 
in the Latah formation. These vary in length from 6 
to 10 centimeters and in maximum width from 1.7 to 
2.6 centimeters .. The midvein becomes characteristi
cally thickened and prominen t in the lower half of the 
leaf. The marginal teeth show some variation in 
size and are obsolete below. The secondaries are 
large1y immersed, about eight camptodrom~ pairs. 

This leaf is clearly referable to the Ternstroemiaceae 
(Theaceae), which are so common in the early Tertiary 
of southeastern North America and in the existing 
floras of southern and eastern Asia and tropical Anler
ica. It seems probable that the present fossil species 
represents either St1.lartia Linne or Gordonia Linne, the 
only two surviving genera in temperate North America, 
both of which are represented in eastern North Amer
ica and eastern Asia, but I prefer to refer it to the form 
genus Ternstroemites, although it is exceedingly like 
the leaves of Gordonia. 

Occurrence: ~rickyard at Spokane, Wash. 
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Order LA URALES 

Family LAURACEAE 

Genus LAURUS of authors 

Laurus princeps Heer 

Plate 58, Figure 5 

Laur,us princeps Heel', Flora tertiaria Helvetiae, Band 2, p. 77, 
pI. 89, figs. 16, 17; pI. 90, figs. 17,20,1856. 

Lesquereux, Cretaceous and Tertiary tioras, p. 250, pI. 58, 
fig. 2, 1883. 

Knowlton, U. S. Geol. Survey Mon. 32, pt. 2, p. 725, pI. 
95, fig. 3, 1899. 

LaUr1LS omn(l1:s Knowlton, U. S. Geol. Survey Prof. Paper 140, 
p. 41, pI. 23, figs. 1-3, 192? . 

The type cam.e from the European Miocene, and the 
propriety of considering a western American form as 
identical with it is highly questionable. 

The species occurs in the auriferous gravel of Califor
nia and probably in the Miocene of Yellowstone Parle 

Occurrence: Bigelow Gulch, near Hillyard, Wash.; 
brickyard and Spokane, Portland & Seattle Railway 
cut, Spokane, Wash.; cut 1 mile west of Shelley Lake, 
10 luiles east of Spokane, Wash. 

Laurus grandis Lesquereux 

Plate 58, Figure 3 

La~Lr1LS gmndis Lesquereux, Cretaceous and Tertiary floras, p. 
251, pI. 58, figs. 1, 3, 1883. 

Knowlton, U. S. Geol. Survey Mon. 32, pt. 2, p. 725, pI. 93, 
fig. 3; pI. 95, fig. 1, 1899. 

This species, which is recorded from California and 
Yellowstone Park, is represented by several specimens 
from the Latah fonuation, of which one of the more 
complete is figured. 

Occurrence: Brickyard and Spokane, Portland & 
Seattle Railway cut, Spokane, Wash. 

Laurus similis Knowlton 

Plate 58, Figure 2 . 

Laurus similis Knowlton, U. S. Geol. Survey Twentieth Ann. 
Rept., pt. 3, p. 48, pI. 5, figs. 1-4, 1900. 

Chaney, Walker Mus. Contr., vol: 2, No.5, p. 173, 1920. 
Knowlton, U. S. Geol. Survey Prof. Paper 140, p. 41, pI. 23, 

figs. 4-6; pI. 24, fig. 2, 1926. 

As ]nay be gathered fronl the previously figured 
material, this species, as conceived by its describer, 
exhibits considerable variabHity. It was originally 
described from the west side of the Cascade Range in 
Oregon and subsequently recorded by Chaney from 
the Efigle Creek formation. It proves to be abundant 
in the Latah fonnation, I(nowlton having recorded it 
from several localities, and several additional are 
represented in the recent collections. One medium
sized SpeCi111en shows the complete petiole, which is 
stout, expanding proxilnad to the stout base, and 3.5 
centilneters long. 

Occurrence: Deep Creek, Bigelow Gulch near Hill
yard, Vera, Chicago, ~1ilwaukee & St. Paul Railway 

cut, brickyard, and Spokane, Portland & Seattle Rail
way cut, all near Spokane, Wash. 

Genus SASSAFRAS Nees 

Sassafras hesperia Berry, n. sp. 

Plate 59, Figure 2 

This species is based upon the single leaf figured, 
which can not be expected to portray the foliage 
accurately. However, the leaf variations of the recent 
and fossil species have been so exhaustively studied 
t.hat it is not difficult to surmise the limits of variation 
in the leaves of this l\1iocene species. The type may 
be described as follows: 

Leaf of medium size and texture, oval in general 
outline, divided by a relatively narrow but rounded 
sinus, which extends about one-third of the distance 
to the base, into a broad, round-margined, bluntly 
pointed terminal lobe and a more pointed, subconical, 
lateral lobe. The base is bro.adly cuneate. The mar
gins are entire but slightly undulate, and there is a 
slight emargination nlidway up on the right, where the 
leaf is deformed by lateral pressure after its inclusion 
in the clay. Length about 9 centimeters; maximum 
width about 5.25 centilneters. The petiole is stout 
but broken away just below the base of the leaf. The 
midvein is stout. Lateral prilnaries, nearly as stout as 
the nlidrib, diverge from the nlidvein at acute angles; 

. the left-hand one runs to the tip of the lateral lobe ; 
the right-hand one becomes thinner distad, where it is 
deformed and its ultilnate course obscured, although 
it probably inosculates with a branch fr01n the basal 
secondary on the right side. The secondaries diverge 
at angles of 45°' or slightly more; those from the 
midvein comprise three pairs, which ascend in sweep
ing curves except for the lowermost on the left, which 
is straighter and continuously stouter and which runs 
directly to the sinus, where it joins the vein form
ing the marginal hem of the sinus. T.fle secondaries 
from the lateral prilnaries form full curves except in 
the tip of the lateral lobe, where their initial course is 
straighter and they are more abruptly camptodrome. 
The tertiaries are well marked and are typical of the 
genus. In the base of the leaf a well-developed vein 
on each side ascends parallel and close to the margin to 
join a branch from the basal secondary on each side, 
giving an inverted triangle effect, which is charac
teristic of Sassafras. 

As I have mentioned, the bilobate, mitten-like leaf 
of the type can hardly be considered to be character
istic of Sassafras hesperia, which must have had also 
entire and trilobate leaves as in our existing American 
species of Sassafras. It adds a striking element to the 
Latah flora and one that is unique in the Tertiary 
floras of North America, illustrating the danger of 
relying on negative evidence, 
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A second leaf of what is presumably this same 
species has been collected by C. O. Fernquist slice 
the foregoing description was written and verifies 
the prediction there made. This second specimen 
is smaller and is symmetrically trilobate with three 
primaries. The lobes are broader, less elongate, and 
more abruptly conical than in ,the specimen figured. 

Sassafras appears in the geologic record toward 
the end of the Lower Cretaceous in both western 
Europe (Albian) and eastern North America (Patap
sco formation). It is exceedingly common in the 
Upper Cretaceous of North America, Europe,· and 
the Arctic. The Eocene has several species in Green
land and Europe but only a single one in North Amer
ica, and this in British Columbia, Sassafras selwyni 
Dawson.35 Sassafras hesperia is sufficiently like S. 
selwyni to be considered its Miocene survivor in the 
West. The later Tertiary records are all from Europe, 
where the genus survived well into Pleistocene time. 
Among the abundant later Tertiary floras of North 
America not a trace of Sassafras has been discovered, 
although it must have been a member of our eastern 
mesophytic and Pacific humid floras during all of that 
long time. Our existing American species, long con
sidered the sole survivor of the genus, ranges from 
Massachusetts to Iowa and Kansas and from Ontario 
and Michigan to Florida and Texas. Sassafras is one 
of the few genera of the large and prevailingly tropical 
family Lauraceae that are confined to the temperate· 
zone. Recently two living species have been discov
ered in China, adding another example to the many 
previously known of closely related plants occurring 
in southeastern North America, western North Amer
ica, and eastern Asia and no longer native in Europe, 
although present there in late Tertiary and even In 
Pleistocene time.35a. 

Occurrence: Brickyard at Spokane, Wash. 

G~nus UMBELLULARIA Nuttall 

Umbellularia dayana (Knowlton) Berry 

Plate 58, Figure 4 

Salix dayana Knowlton, U. S. Geo1. Survey Bull. 204, p. 31, 
pI. 2, figs. 9, 10, 1902; U. S. Geol. Survey Prof. Paper 
140, p. 32, pI. 12, figs, 1, 2, 1926. 

This species, described as a willow from the Mascall 
formation of Oregon, was recorded by Knowlton from 
the Latah formation at the Edwards ranch, Stanley 
Hill, Coeur d'Alene, Idaho. The venation is not that 
of Salix but is typically lauraceous, and I have there
fore transferred it to the genus Umbellularia. 

This genus, represented in the living flora by a single 
species which is associated with the redwood and which 

36 Berry, E. W., Tertiary fioras of British Columbia: Canada GeoI. Survey 
BUll. 42, p. 114, pI. 14, figs. 1-4, 1926. 

36a Since this report ~'as written R. W. Chaney (op. cit., p. 58) has recorded the 
presence of a E.assa/ras leaf in the Clarno formation of the Crooked River Basin in 
Oregon. 

ranges from the Rogue River Valley in Oregon south
ward through the Coast Ranges and along the western 
slopes of the Sierra Nevada to the San Bernardino 
Mountains, is represented in the upper part of the 
Clarno formation of the John Day Basin in Oregon 
by Dmbellularia oregonensis (Knowlton and Cockerell) 
Chaney. 

Occurrence: Stanley Hill, Coeur d'Alene, Idaho; 
brickyard at Spokane, Wash. 

Umbellularia lane eo lata Berry, n. sp. 

Plate 59, Figure 1 

Leaves mostly small, lanceolate; widest medially 
and usually slightly nlore tapering distad than prox
imad, although occasionally the reverse is true. 11ar
gins entire, sometinles faintly undulate. Texture 
coriaceous. Length 6.5 to 8.5 centimeters; lllaxiuulul 
width 1.5 to 1.85 centimeters. Tip aculllinate. Base 
narrowly cuneate. Petiole stout, its length unknown. 
Midvein stout, pronrinent. Secondaries four to six 
stout, subopposite to alternate pairs, hence widely 
but fairly regularly spaced, curved, ascendjng, ulti
mately camptodrome. Areolation finely meshed, lau
raceous. 

This characteristic form differs from the associated 
Umbellularia dayana in its generally snlaller size, lan
c~olate outline, narrower base, and much nlore ascend
ing secondaries. 

Occurrence: Deep Creek Canyon and brickyard at 
Spokane, Wash. 

Order UMBELLALES 

Family ARALIACEAE 

Genus ARALIA of authors 

Aralia whitneyi Lesquereux 

Aralia whitneyi Lesquereux, Harvard CoIl. Mus. Compo Zool
ogy Mem., vol. 6, No.2, p. 20, pI. 5, fig. 1, 1878. 

Knowlton, U. S. Geol. Survey Mon. 32, pt. 2, p. 748, pI. 99, 
fig. 3,1899. 

Chaney, Am. Jour. Sei., 5th ser., vol. 2, p. 90, 1921.· 

This characteristic species is represented by a speci
lllen and its counterpart from Republic. It occurs 
in the Miocene of California and Yellowstone Park 
and doubtfully in the Mascall formation of Oregon. 
It has recently been recorded from the Puente fornla
tion of California. 

Occurrence: Republic, Wash. 

Family CORNACEAE 

Genus CORNUS Liime 

Cornus aeuminata Berry, n. sp. 

Plate 59, Figure 3 

Leaves ovate-Ianceolate, widest below the nliddle, 
with an extended acununate tip, of somewhat deli
cate texture. Margins entire. Base nussIng, pre
sumably cuneate. 11idvein slender, curved. Sec-
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ondaries two opposite, subacrodrome pairs, originating 
in the basal third of the leaf. 

This species is based upon the single incomplete 
specinlen figured, and its botanic relationship is SOlne
what questionable. It is referred to Oornus because 
of its reselnblance to the leaves of the existing Oornus 
canadensis Linne, fr01n which its sole difference is 
the produced tip of the fossil leaf. 

Oornus canadensis is a widely ranging herbaceous 
{ol'ln of low woods found fr01n Newfoundland to Alaska 
and southward to Colorado and California. The 
genus Oornus contains about 25 existing species in 
the North Ternperate Zone and in South Arnerica. 
The fossil species are nmnerous and extend back to 
Upper Cretaceous tinle. There are three other Mio
cene species on the Pacific slope-one in Yellowstone 
Park and two, in California. 

Occurrence: Republic, VVash. 

Genus NYSSA Linne 

Nyssa knowltoni Berry, n. sp. 

Plate 59, Figure 7 

Leaves elliptical, bluntly pointed at the apex, 
rounded at the base, of thin texture. Margins entire 
except for a few scattered blunt points distad. Length 
about 10 centimeters; lnaximum width, near the middle 
of the leaf, 6.5 centimeters. Petiole not preserved. 
Midvein stout, prominent, curved. Secondaries stout, 
ten or eleven pairs, irregularly spaced and more 
crowded toward the base; they diverge from the 
lnidvein at wide angles and are camptodrome. Ter
tiaries nlostly percurrent, thin. The single specimen 
is sOlnewhat inequilateral. 

This 1nay represent the foliage of the same botanic 
species which furnished the Nyssa fruits in the Latah 
formation. 

Occurrence: Brickyard at Spokane, Wash. 

Nyssa magnifica (Knowlton) Berry 

Carpites magnifica Knowlt.on, U. S. GeoI. Survey Prof. Paper 
140, p. 50, pI. 29, fig. 10, 1926. 

Additional nlaterial fronl a new locality is contained 
in the recent collections. The ribs are more clearly 
defined than in the type and are six in number on the 
llnpression and hence must have been more numerous 
around the whole periphery. In life the cross section 
must have been rOlmd or but slightly compressed. 
This is clearly indicated by the present material. I 
see no reason for doubting that this represents a stone of 
a large-fruited Nyssa. I have handled a great many of 
these fro111 the early Tertiary and Pleistocene, and the 
Latah species res.embles sonle of the former very closely. 

The genus is an old one, present in the early Ter
tiary of the western United States but not certainly 
known fronl the Miocene except in the eastern part of 
the continent. The existing species of Nyssa are all 
arborescent and are confined to southeastern Asia 

and southeastern North America, although they are 
not uncommon in the European Tertiary. The genus 
is apparently represented by a single leaf in the present 
collections. A somewhat dubious leaf form from the 
Eagle Creek formation of Oregon is referred to Nyssa 
by Chaney. 36 

Occurrence: Spokane, Portland & Seattle Railway 
cut and brickyard, Spokane, Wash. 

Family UMBELLIFERAE 

Genus UMBELLIFEROSPERMUM Berry, n. gen. 

Umbelliferospermum latahense Berry, n. sp. 

Plate 64, Figures 10-12 

The type and only species of this new genus is .based 
upon four specimens, well shown in the accompanying 
figures. Fruit relatively large, dry, flattened, about 
1 centimeter long and from 0.75 to 1 centimeter in 
maximum width; the carpellary part 10 nlillimeters 
long by 5 to 7 millinleters in maximum width; bordered 
by wings which are about 1 millimeter wide at the base 
and increase in width upward and extend beyond the 
top of the carpels as auriculate lobes. Carpel with one 
or two longitudinal ribs on the face, emarginate at the 
base, crowned with two styles about 4 millimeters 
long, their bases surrounded by a rosette of processes 
about half the length of the styles, presumably repre
senting calyx teeth or stylopodium processes. 

I have not been able to match these fruits exactly' 
among the recent genera in this extensive family and 
have therefore coined for them the form genus Umbel
liferospermum. Among similar recent Umbelliferae 
the fossils appear to most resemble the genus Rhodo
sciadum S. Watson or Deania Coulter and Rose, 
which comprises five or six existing Mexican species. 

Occurrence: Brickyard at Spokane, Wash., collected 
by E. E. Alexander and C. O. Fernquist. 

Series GAMOPETALAE 

Order ERICALES 

Family ERICACEAE 

Genus ARCTOSTAPHYLOS Adanson 

Arctostaphylos knowltoni Berry, n. sp. 

Plate 59, Figure 4 

Leaves sessile, obovate, subcoriaceous, entire mar
gined. Length about 4 centimeters; maximum width 
12 or 13 millimeters. Midvein stout, prominent. 
Secondaries largely immersed, diverging from midvein 
at varying acute angles, ascending, camptodrome. 
Tertiaries largely immersed. 

These leaves appear to be clearly allied to those of 
the modern species of this genus, which number about 
a score, some hoI arctic in their distribution. The 
genus is especially abundant in western North America. 

Occurrence: Brickyard at Spokane, Wash. 

36 Chaney, R. W., The flora of the Eagle Creek formation: Walker Mus. Contr., 
vol. 2, No.5, p. 180, pI. 20, figs. 1-3, 1920. 
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Arctostaphylos spatulata Berry, n. sp. 

Plate 64, Figure 6 

Leaves small, narrow and elongated, spatulate, 
mucronate tipped, widest above the middM, the entire 
margins gradually and straightly narrowed to the 
narrowly cuneate and practically sessile base. Texture 
coriaceous. Length about 2.6 centimeters; maximum 
width 6 millimeters. Midvein stout and prominent, 
thickening proximad. Secondaries thin, about five 
ascending camptodrome pairs: 

This is quite distinct from the associated Arctosta
phylos knowltoni and apparently represents a second 
and hitherto undescribed late Tertiary species. 

Occurrence: Brickyard at Spokane, Wash., col
lected by C. O. Fernquist. 

Genus MENZIESIA J. E. Smith 

Menziesia knowltoni Berry, n. sp. 

Plate 63, Figure 12 

Leaves small, slightly obovate, widest medially 
,and the base slightly more narrowed than the tip. 
'Thin in texture and with entire margins. Length 
:3 to 3.5 centimeters; maximum width 1.2 to 1.6 
·centimeters. Petiole stout and short, about 2 milli
:meters in length. Miqvein stout oand prominent. 
,secondaries thin, regularly spaced, five or six campto
,drome pairs. 

These leaves present the features of the genus 
llenziesia, which has not, so far as I Imow, been 
found fossil heretofore. The existing species number 
:seven or. eight, one in the eastern mesophytic region of 
North America, three in western North America, and 
the rest in eastern Asia. The present fossil species 
is much like Menziesia glabella Gray, a shrub found 
from Lake Superior to Oregon and British Columbia. 

Occurrence: Brickyard at Spokane, Wash. 

Family V ACCINIACEAE 

Genus VACCINIUM Linne 

Vaccinium americanum (Lesquereux) Berry 

Vaccinium salicoides Knowlton, U. S. Geol. Survey Prof. Paper 
140, p. 46, pI. 28, figs. 9, 9a, 1926. 

Salix pseudoargentea Knowlton, U. S. Geol. Survey Bull. 204, 
pI. 2, figs. 2-4, 1902; in Smith, U. S. Geol. Survey Geol. 
Atlas, Folio 86 '(Ellensburg, Wash.), p. 3, 1902. 

Santal1lm americanum Lesquereux, U. S. Geol. Survey Terr. 
Rept., vol. 8 (Cretaceous and Tertiary floras), p. 164, 
pI. 32, fig. 7, 1883. 

This species, described from the Mascall formation 
of Oregon and' also recorded from the Ellensburg forma
tion of Washington, is sparingly represented in the 
Latah formation and at Florissant, Colo. It is obvi
.ously not a Salix, its somewhat coriaceous texture 
,and areolation stamping it as a member of the Vac
ciniaceae, and it appears identical with what Knowlton 
oalled Vaccinium salicoides from the Latah formation 
of the Coeur d'Alene district, Idaho. 

The genus Vaccinium, with over 100 existing species, 
is widely distributed in temperate and cooler parts of 
the world, with nine species in the present flora of 
Washington. 

Occurrence: Stanley Hill, Coeur d'Alene, Idaho; 
brickyard at Spokane, Wash. 

Vaccinium bonseri Berry, n. sp. 

Plate 59, Figure 5 

Leaves small, sessile, spatulate, coriaceous, with 
entire margins. Length 1.1 to 1.4 centimeters; lnaxi
mum width £;.5 to 7 millimeters. Apex rounded, 
apiculate. Base cuneate. Midvein stout and promi
nent, expanding sixfold near the base. Secondaries 
four or five stout, largely ilnlnersed pairs, camptodroITle. 

These characteristic little leaves are very similar to 
those of Vaccinium uliginosum Linne and V. vitis-idaea 
Linne and perhaps are most like Vaccinium lucidl1lm ~f 
gardens. 

Occurrence: Spokane, Portland & Seattle Railway 
cut No.1 and brickyard at Spokane, Wash. 

Vaccinium bonseri serrulatum Berry, n. var. 

Plate 63, Figures 19, 20 

Leaves sessile, small, elongate-elliptical, relatively 
coriaceous. Margins with tiny, renlotely and irregu
larly, spaced, serrate teeth. Apex bluntly pointed. 
Base entire, slightly decurrent to the greatly expanded 
base of the midvein. Length about 11 millinleters; 
maximum width, midway between the apex and' the 
base, about 6 millimeters. Midvein stout and curved, 
its pro},,'1.mal fourth much expanded, and prominent 
on the under side of the lea.f. Secondaries three or 
four pairs, stout, irregularly camptodrome. Tertiaries 
well marked, inosculating and becoming attenuated 
to form.an oblique mesh whjch beconles finer in the base 
of the leaf. 

At first sight this leaf suggests some of the smaller 
leaflets of various Rosaceae, as, for example, Rosa 
nitida Willdenow, but the venation is ericaceous and 
not rosaceous, the Rosaceae differing in areolation 
and being characterized by nlore nunlerous and lnore 
clearly defined secondaries. It is also similar to leaves 
from the European Tertiary which Heer and Saporta 
have referred to the genus Myrsine. 

The genus Vaccinium seenlS to be clearly indicated 
by the sjze, texture, venation, and marginal characters, 
and as the size and form are so siInilar to the associated 
Vaccinium bonseri it is described as a variety of that 
species, fro.m which its chief difference is the toothed 
margin. As in the living species of Vaccinium there 
are a considerable number in which the margins range 
from entire to serrulate, it is not only possible but 
probable that the present form and Vaccinium bonseri 
represent a single Miocene species. This can not be 
demonstrated, however, except by the rather unlikely 
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contingency of finding lnaterial which would show both 
for111s on a single twig. 

Similarities between the present fossil forDls and the 
leaves of several existing species of Vaccinium might 
be pointed out. There is considerable resemblance to 
the p.xisting holarctic Vaccinium vitis-idaea Linne and 
to Vaccinium caespitosum ldiehaux, which ranges from 
Labrador and Maine to Colorado and Alaska, and also 
to severnlof n10re teInperate habitat-for example, Vac
cinium vaciZZans I(alln-and others might ben1entioned. 

Occurrence: Brickyard at Spokane, Wash. 

Vacciniurn spokanense Berry, n. sp. 

Plate 64, Figure 8 

Leaf sIllall, ovate, With a bluntly pointed tip and a 
broad sessile base. Margins entire. Length about 
1.9 centimeters; Inaxinlulll width, midway between 
the apex and the base, 8 lnillinleters. lVlidvein stout 
and prOlninent, expanding at the truncate base to 
the full width, which is 2.5 Inillimeters. Secondaries' 
relatively stout, five or six ascending pairs, diverging 
fro.m the Inidvein at acute angles, especially the lower 
three pairs, which diverge frOll1 the expanded proxinlal 
part of the Inidvein, calnptodrome. 

This characteristic sIn all leaf is thus far representeu 
by only the specimen figui·ed. 

Occurrence: Brickyard at Spokane, Wash., col
lee-ted by C. O. Fernquist. 

Order EBEN ALES 

Family EBEN ACEAE 

Genus DIOSPYROS Linne 

Diospyros princetoniana Cockerell 

Plate 59, Figure 6; Plate 60, Figures 1-3 

Diospyros princetoniana Cockerell, Am. Mus. Nat. Rist. Bull., 
vol. 24, p. 105, pI: 10, fig. 36, 1908. 

This species, as described by Cockerell, was based 
upon a menger aDlount of m.aterial. According to 
I(nowlton,37 the material which he studied in the 
Hambach collection fr01n Florissant, as well as Cock
erell's species, is not to be distinguished from the 
American material which Lesquereux and others have 
refen:ed to the European .Diospyros brachysepala ·Al. 
Braun. The status of D. brachysepala is most uncer
tain. The type material came from the late Miocene 
(Sannatian) of Baden, but various workers have 
recorded the species fronl every cone-eivable Tertiary 
horizon in Europe, and American students have 
recorded it from a. large number of early Tertiary 
localities in North America. Obviously as the name 
stands in the literature it represents a composite 
species. Despite the sinlilarity in the leaves from 
North America and Europe it is highly improbable 
that a single botanic species ranged over two continents. 

Leaves of this type are not uncommon in the Latah 
formation, and I have taken up Cockerell's name for 

87 Knowlton, F. D., U. S. Nut. Mus. Proc., vol. 51, p. 285, 1916. 

thenl, despite their practical identity with the Euro
pean late Miocene leaves. The Latah leaves in my 
opinion are clearly referable to Diospyros, t.he venation 
and general facies being uniform despite the consid
erable variability in size and outline. The species 

. may be more fully described as follows: 
Leaves broadly lanceolate, usually widest medially 

but occasionally above the middle. Generally about 
equally pointed at both ends but showing a tendency 
for the tip to be less acute than the base. The base is 
normally decurrent, but the tip is frequently apiculate. 
Texture subcoriaceous. Petiole stout, 5 to 10 milli
meters in length. ~1idvein stout, prominent on the 
under side of the leaf, frequently curved. Secondaries. 
thin, not prominent, ascending, c~t.nlptodrome. Length 
3.5 to 8 centimeters; maximum width 1.1 to 3 centi
meters. 

The specimens fronl the Latah formation may be 
compared with the Miocene forms figured by Heer.~R 

I am not prepared to say whether the forms. fromi 
Oklahoma and Yellowstone Park which have' been 
referred to Diospyros brachysepala represent Dio81!'Yr!OS. 
princetoniana or not. 

Occurrence: Brickyard, Spokane, Wasn., where it 
is common and to which it is confined. 

Order GENTIAN ALES 

Family APOCYNACEAE 

Genus APOCYNOPHYLLUlVI Unger 

Apocynophyllum latahense Berry, n. sp •. 

Plate 60, Figures 4, 7 

Leaves of variable size, oblong lanceolate, the top 
missing in all the specimens, presumably pointed, the: 
base abruptly incurved and decurrent. Margin·s 
entire. Length (estimated) lO to '15 centimeters; 
maA~mum width 2.25 to 4.25 centimeters. Petiole 
long and very stout, preserved for 2.5 centimeters in 
a small specimen. Midvein very stout. Secondaries 
relatively thin, numerous, diverging from the midvein 
at wide angle~, camptodrome. 

These leaves, all of which are unfortunately incom
plete, have a11 the features of the Apocynaceae. Their 
exact generic affinity is uncertain. 

Occurrence: Deep Creek Canyon, Spokane, Port
land & Seattle Railway cut No.4, and bri,ckyard at 
~pokane, Wash. 

Order POLEMONIALES 

Family CONVOLVULACEAE 

Genus PORANA Burmann 

Porana rnicrocalyx (Knowlton) Berry 

Diospyros'l microcalyx Knowlton, U. S. Geol. Survey Prof. Paper' 
140, p. 46, pI. 22, figs. 5, 6, 1926. 

An additional complete specimen of this form from', 
a new locality enables me to correct Knowlton's. 
tentative reference .of it to the genus Diospyros. It. 

ES Beer, Oswald, Flora tertiaria Belvetiae, pI. 102, figs. 1-14. 1859. 
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·does not belong to that genus, nor is Knowlton's 
description fully complete. The persistent sepals 
are five in number divided to the .base, and narrow to 
blunt pointed when cOlnpletely worked out of the 
matrix. The venation isnot longitudnal but reticulate, 
with several veins from the base, much as in Porana ' 
oeningensis Heer, which it greatly resembles. The 
capsule is preserved as a spheroidal cavity about 2 
millimeters in diameter. 

The genus Porana, which is confined to the Old 
World in the recent flora, is not uncommon in the 
later Tertiary of Europe. It has not been previously 
recognized in North America except at Florissant, 
Colo., where it is not uncommon and represented by 
three species, all of which differ from the one under 
consideration. 

Occurrence: Spokane, Portland & Seattle Railway 
cut and brickyard at Spokane, Wash. 

Order RUBIALES 

Family CAPRIFOLIACEAE 

Genus VIBURNUM Linne 

Viburnum lantanaColium Berry, n. sp. 

Plate 60, Figure 6 

Leaves entire, ovate, subcoria4us. Margins with 
regular, closely spaced dentate teeth. Length about 
11 centimeters; maximum width about 7 centimeters. 
Midvein stout, prominent. Secondaries stout, seven 
or eight mostly alternate pairs; diverging from the 
'mid vein at angles of 45° or less, ascending, craspedo
drome; the two or three basal pairs curve upward and 
then outward distad, giving off several craspedodrome 
tertiaries; these craspedodrome branches from the 
secondaries become progressively less numerous toward 
the tip of the leaf. Internal tertiaries well marked, 
closely spaced, mostly percurrent. 

This striking species is unfortunately represented 
by only the single incomplete specimen figured, but 
the generic character of the venation is so typical 
that there can be no doubt of its affinity. It adds a 
new type to the flora of the Pacific slope Miocene. 

The genus has about 100 existing species, mostly in 
eastern Asia and North America but represented in 
Europe, Africa, Australia, and South America. There 
are about 20 species in the United States, but none of 
the western ones ar~ arborescent. The genus is an old 
one with many fossil species and is well represented in 
the Eocene of the Western States but is not certainly 
known from the Miocene, although doubtfully re
corded from California and Saskatchewan. 

The present fossil species is extremely like the 
leaves of Viburnum lantana Linne, of middle Europe, 
the type of the section Lantana of the subgenus 
Euviburnum. I t is also similar to Viburnum paZaeo
lantana Unger, of the Pliocene of Styria. 

Occurrence: Spokane, Portland & Seattle Railway 
cut No.4 at Spokane, Wash. 

Viburnum fernquisti Berry, n. sp. 

Plate 63, Figure 10 

Stone compressed, oval and slightly unsymmetrical 
in outline,' widest medially, rounded proximad and 
bluntly pointed distad, coriaceous, with two or three 
low rounded unequally developed longitudinal ridges 
on each surface. Length 6.5 millimeters: maxinlum 
width 3.5 millimeters. 

A species based upon foliage is associated with these 
stones, and it is quite probable that stones and leaves 
represent the same botanical species, but this can not 
be demonstrated. 

Occ'urrence: Brickyard at Spokane, Wash., col
lected by C. O. Fernquist. 

POSITION UNCERTAIN 

Carpolithus pteraformis Berry, n. sp. 

Plate 60, Figure 5 

Winged fruits or seeds of considerable size, irregu
larly elliptical. Base rounded, expanding on one 
side of the seed or the seed cavity about one-fourth 
of the distance above the base to about twice its 
basal width, arching to the rounded sligthly inequi
lateral tip-the margin straighter on the opposite 
side. Seed or seed cavity but slightly thicker than 
the wing, rounded distad, pointed proximad, situated 
in the narrowed base of the wing, about 1.25 centi
meters long and 5 millimeters wide. Whole fruit 3 
centimeters long and 1.1 centimeters in maximum 
width. Wing substance coriaceous, without venation, 
obliquely wrinkled, with a conspicuously· beveled 
distal margin. This and other features suggest that 
it represents a winged seed of a capsular fruit and that 
these seeds were closely packed in the fruit. 

Superficially these fossils suggest the seeds of the 
winged-seeded conifers and also the samaras of Acer. 
They are clearly not related to either of these and 
are readily discriminated from the seeds of Pinus 
and the samaras of Acer occurring in the Latah for
mation. They are thicker and lack the venation of 
both of these types. They nlay represent the genus 
Gordonia. 

Occurrence: Vera, Deep Creek Canyon, and brick
yard at Spokane, Wash. 

Carpites rnenthoides Knowlton 

Carpites menthoides Knowlton, U. S. Geol. Survey Prof. Paper 
140, p. 49, pI. 26, fig. 4, 1926. 

Specimens rangirig from 1 to 2 centimeters in dialn
eter are contained in the recent collections. I regard 
their implied relationship with the Labiateae as 
entirely problematic. 

Occurrence: Deep Creek Canyon, . Spokane, Port
land & Seattle Railway cut No.1, and brickyard at 
Spokane, Wash. 
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FOSSILS FROM THE LATAH FORMATION 

1,2. Fish scales, probably of Leuciscus (p. 226). 
3,4. Asplenium occidentale Berry, n. sp. (p. 236). Figure 4 shows the venation in 

the distal, medial, and proximal parts of a pinnule, X 2. 
5, 8 . Pinus monticolensis Berry, n. sp., winged seeds (p. 238). 

6. Pinus tetTalolia Berry, n. sp. (p. 238). 
7. Pinuslatahensis Berry, n. sp. (p. 238). 
9 . Pinus macTophylia Berry, n. sp. (p. 238) . 
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FOSSILS FROM THE LATAH FORMATION 

1.-3. Po/amoge/on he/erophylloides Berry, n. sp., showing variation among the suh· 
merged leaves (p. 240) . 

4 . Populus, bud scale (p. 243). 
5. Complonia insignis (Lesquereux) Cockerell (p . 241). 
6. Comp/onia hesperia Berry, n. sp. fragment of a leaf (p. 241). 
7. i?agopsis longiJolia (Lesquereux) Hollick, a small leaf (p. 245). 

8-10. Alnus elliptica Berry, n. sp. (p. 244). Figure lO shows Figure 8 X 4 to show 
details of marginal teeth and venation. 

11. Alnus prerhombiJolia Berry, n. sp. (p. 244). 
12. Betuw. largei Knowlton (p. 244). 
13-15. Unnamed anomalous or juvenile leaves of Quercus. 
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FOSSILS FROM THE LATAH FORMATION 

1. Ulmus, characteristic winged frui t, X 2 (p. 247) . 
2,3. Liriodendron hesperia Berry, n. sp., winged fruits, X 2 (p. 249). 
4, O. Caslanea orienta/is Chaney (p . 245). 

6, 7, 9- 11. Quercus simulata Knowlton. illustrating ,'ariation in size and appear
anec of the leaves of this species (p. 246). 

8. Rhus muri/Ii Chaney (p, 256), 
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FOSSILS FROM THE LATAH FORMATIO 

1-3. Quercus treleasii Berry, n . sp. (p. 247). 
4 . Menispermites latahensls Berry, n . sp. (p . 249). 
5. Ptatanus appendiculata Lesqucreux? (p. 249). 

6. Salix, sUpule (p. 242). 
7 . lIydrangea bendirei (Ward) Knowlton, sterile flower with five sepals (p. 251). 
8. Quercus, unnamed leal. 
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FOSS[LS FROM THE LATAH FORMATlON 

1, 2. Platanus dissecta Lesquereux (p. 248). The fragment shown in Figure 2 gives tbe details of venation 
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FOSSILS FROM THE LATAH FORMATION 

1-3. Ficus? washingtonensis Knowlton, illustratiug the variations of size and form in this species (p. 248) 
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FOSSILS FROM THE LATAH FORMATION 

l.. Prunus TUstii Knowlton (p. 252). 
2, 3. Cassia idahoensis Knowlton (p. 252) 

4. Amelanchier scudderi Cockerell (p. 252). 
5,6. Ficus? washingtonensis Knowlton (p. 248). 
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7 9 

FOSSILS FROM THE LATAH FORMATION 

1. Cassia sophoroides (Kn owlton) Berry (I? 253). 
2, 3. Sophora alexanderi Knowlton (p. 253). 
4. Lequminosites bonseri Berry. n. sp. (p. 254). 
6, 6. Sophora spokanenBis Knowlton (p. 253). Much of tbe pinnate leaf is shown in 

Figure 5. 

7. lIfeibomites knowUoni Berry. n. sp. (p. 253). 
8 . Aesculus hesperia B erry. n . sp. (p. 256). 
9. Euonymus knowUoni Berry. n. 5p. (p. 255). 
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1 

1. Paliurus hesperius Berry, n. sp. (p. 257). 
2. Acer oregonianum Knowlton, winged fruit (p. 255) . 
3. Tilia hesperia Berry, n . sp., part of a large leaf (p. 258). 
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6 
FOSSILS FROM THE LATAH FORMATION 

4,5. Rhamnus spokanensis Berry, n . sp. (p . 257). 
6. Acer, sp. 

5 
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FOSSILS FROM THE LATAH FORMATION 

1. TeTnstToemites idahoensis (Knowlton) Berry (p. 253). 
2 . LauTus similis Knowlton (p . 259). 
3 . LaUTUS grandls Lesquereux (p. 259). 

4 . UmbellulaTia dayana (Knowlton) Berry (p. 260) . 
5 . LauTus princeps lieer (p. 259). 
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FOSSILS FROM THE LATAH FORMATIO 

1. Umbellularia lanceolala Berry . n . sp. (p . 260). 
2 . Sassafras hesperia Berry. n . sp . (p 259). 
3 . Cornus acuminata Berry. n. sp . (p. 260). 
4 . Arctostaphylos knowltoni Berry. n . sp . (p . 261). 

5. lTaccinium bonseri Berry. n. sp. (F' 262). 
6 . Diospyros princetoniana Cockerel (p.263). 
7. Nyssa knowltoni Berry. n. sp . (p. 261). 
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FOSSlLS FROM THE LATAH FORMATIO 

1-30 Diospyros prince/oniana Cockerell, showing the limits of variation of this 
species (p. 263). 

4, 70 ApocynophyLlum latahense Berry, n . sp., showing the limits of variation of 
this species (p. 263). 

5 0 Carpolithus plera/ormis Derry, n. sp., a characteristic winged fruit (po 264) 0 

60 Viburnum lantana/oUum Berry, n. sp . (p. 264). 
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/ 

FOSSILS FROM THE LATAH FORMATION 

Platanus di88ecta Lesquereux (p. 248). A nearly complete leaf from the brickyard at Spokane, Wash. 
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FOSSILS FROM THE LATAH FORMATIO 

Ficus? washinqtonensis Knowlton (p. 248). An unusually large leaf from tbe brickyard at Spokane, Wasb., sbowing 
a conical marginal lobe on one side, and tbe wings on tbe upper part of tbe petiole. 
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1. Glyptostrobus?, staminate aments (p. 239). 
2. Taxodium, staminate amen ts (p . 237). 
3,4. Tsuga latahensis Berry, n. sp., cone scales (p. 239). 
5 . &llix, pistillate flower, X 2 (p. 242). 
6 . Populus, bract of a pistillate flowcr, X 4 (p . 243). 
7. Populus, pistillate ament (p . 243). 
8. Populus, bud scale (I'. 243). 

3 
4 

12 

11 

20 
FOSSILS FROM THE LATAH FORMATION 

9 . Betula, winged fruit , X 2 (p. 244) . 
10. Viburnum fernquisti Berry, n. sp ., stone (p . 264). 
11. Acer oregonianum Knowlton (p. 2.55). 
12. Menziesia knowltoni Berry, n. sp. (p. 262). 
13. Acer chaneyi Knowlton, apical lobe (p. 256). 
14. Sapindus armstrongi Berry, n. sp. (p. 254). 
15. Smilax lamarensis Knowlton (p. 240). 
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16. Leguminosites alexanderi Berry, n. sp., pod (p. 254). 
17. Carpites ginkgoides Knowlton. 
1 S . Cassia spokanensis Berry, n. sp., pod (I'. 253), 
19,20. Vaccinium bortseri serTulutum Berry, n . var ., 

Figure 20 X 4 (p . 262), 
21. Ribes fernquisti Berry, n. sp. (p. 251), 

All from the brickyard at Spokane, Wash. 
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1. Unnamed fruiL, X 4. 
2 . Acer minor Knowlton (p. 256). 
3,4. Ulmus, fruiLS X 2 (p. 247) . 
5 . Celastrus spokanensis Berry, n. sp. (p. 255). 
6. Arctostaphylos spatulata Derry, n. sp. (p. 262). 

11 

)(4 

7. Cereocarpus praeledifolius Berry, n. sp. (p. 252). 
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FOSSILS FROM THE LATAH FORMATIO 

8. 17aecinium spokanense Berry, n. sp. (p. 263). 
9 . Salix, stipule (p. 242). 
10-12. Umbellijerospermum latahense Berry, n. sp. 

(p. 261). 
13-15. lIibiscus'! oeeidentalis Berry, n . sp., seed (p. 258). 
16. Salix flo rissanti Knowlton and Oockerell (p. 242). 
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17- 19. Pinus, staminate aments (p. 239). 
2 0, 21. Woodsia bonseri Berry, n . sp . (p. 236). Figure 

21 X 4. 
2 2, 2 3 . Woodwardia praeradicans Berry, n. sp. (p. 236). 

All from brickyard at Spokane, Wash . 



EXOGYRA OLISIPONENSIS SHARPE AND EXOGYRA COSTATA SAY IN THE 
CRETACEOUS OF THE WESTERN INTERIOR 

By JOHN B. REESIDE, Jr. 

INTRODUCTION 

This paper records the occurrence in the Upper 
Cretaceous of the Western Interior of Exogyra oZisipo
nensis Sharpe, not hitherto noted in the United States, 
and of Exogyra costata Say, not previously known out
side of the Atlantic and Gulf coastal region. Notes 
on the genus and both species are included, and rep
resentative specilnens are figures. 

GENUS EXOGYRA 

The genus Exogyra has been discussed at length by 
many writers since its establishment in 1820 by Say.! 
Among the later descriptions that of Pervinquiere 2 is 
particularly useful for Cretaceous species. The ex
tensive treatise of Jourdy 3 is the most comprehensive 
general discussion and affords a compact history of the 
vicissitudes the genus has undergone since its establish
ment, a statement of its present scope, range, and other 
details of highest interest to the student of Exogyra. 
No better characterization is available than that given 
by Jourdy,4 which may be translated as follows: 

General form.-"':'-Arcuate, in a sort of crescent in the narrow, 
elongated species. The oldest species are unornamented, small, 
even dwarfed; the later species are often large and ornamented 
to various degrees. 

Upper (right) valve.-Generally flat, thin, operculiform, 
marked by ooncentric growth lines disposed in spirals whose 
center is at the beak, placed at the posterio.r summit of the 
shell .. Sometimes radial ribs, rarely tubercles. 

Lowe?' (left) valve.-Deep, carinate, and with helicoid beak in 
proportion as the area of attachment is less extended; abso
lutely fiat in the case of maximum area of attachment. Some
times winglike expansions beneath the hinge. The ornamenta
tion consists of concentric striae, more or less lamellose, or of 
radial ribs, more or less fine, rarely tuberculated or spinose. 

Hinge.-The hinge of the lower valve, in youth and in small 
species, reduced to a ligamental groove, twisted and without 
thickened lateral ridges; that of heavier species is at first 
anodont but beoomes monodont in the most differentiated 
species, the latter arrangement characterized by a blunt tooth 
in the upper valve corresponding to a shallow groove or dimple 
in the lower valve. 

As understood by the above characterization, Exogyra 
ranges frOln the upper Liassic (Toarcian) to the end of 
the Cretaceous and possibly into the Tertiary, chang
ing, in general, from small, rather flattened, unsculp
tured species to large, deep-shelled, sculptured species. 

I Say, Thomas, Observations on some species of zoophytes, shells, etc., princi-
pally fossil: Am. Jour. ScL, vol. 2, p. ~, 1820. . 

J Pl'rvinquiere, LOon, Etudes de paJOontologie tunisienne, pt. 2, Gastropodes et 
lamellibrallches des terrains crOtac6s, pp. 172-193, Paris, 1912. 

8 Jourdy, Edmond, llistoire uaturello des Exogyres: Annales de palOontologie, 
vol. 13, pts. I, 2, 1924. 

• Idem, p. 97. 

100874: 0 -20--18 

Pervinquiere,5 dealing chiefly with Cretaceous forms, 
divided Exogyra into groups whose limits, he says, "are 
often difficult to define" and which are possibly to be 
viewed as subgenera. These groups are: 

1. Group of E. costata Say. 
2. Group of E. tatissima Lamarck (co'l.tloni-aquila) (= Aetostreon 

Bayle). 
3. Group of E. columba Lamarck (= RhynchostTeon Bayle). 
4. Group of E. africana Coqtland. 
5. Group of E. haliotidea Sowerby. 
6. Group of E. flabellata Goldfuss (= Ceratostreon Bayle). 

Jourdy 6 considered Pervinquiere's grouping not suf
ficiently comprehensive and lacking the phylogenetic 
viewpoint and proposed another, as follows: 
A. Gibbous and smooth line derived from E. monoptera Des

longchamps; several species show a suggestion of ex
crescences, E. arduennensis D'Orbigny, E. larteti Coquand. 

B. Shallow, .smooth line derived from E. lingulata (Walton) 
Lycett, contiimed by E. rauliniana D'Orbigny, E. halioti
dea Sowerby, E. bourgeoisi Coquand, E. auricularis 
Goldfuss. 

C. Smooth line carried to the end of the Jurassic by E. nana 
Sowerby and branching in the Cretaceous into two lines: 

C I . An entirely unsculptured line including E. tombeck
iana D'Orbigny; large forms like E. aquila Gold
fuss; E. conica Sowerby; E. langloisi Coquand; a 
few forms inclined to become spinose, E. couloni 
Defrance, E. plicifera Dujardin. 

C2• A lamellose line apparently beginning with E. 
polygona Von Buch, continued by E. africana 
Lamarck, E. deletrei Coquand, E. subfimbriata 
Coquand, etc. Through E. ponderosa Roemer it 
produced E. costata Say, and through other lamel-. 
lose forms, E. overwegi Von Buch, E. texana 
Roemer,7 E. fourneti Coquand. 

D. Sculptured Jurassic line, derived from the line of E. nana 
through E. praevirgula Douville and Jourdy, the source of 
the ornate species which are the most numerous and most 
beautiful of the genus. There are two lines: 

D I . Line of E. virgula Defrance, with very fine, regular 
costation, including E. larteti Coquand, E. sub
orbiculata Lamarck, E. decussata Goldfuss, E. 
columba Lamarck. 

D 2• Line of E. catalonica Loriol with strong ribs, derived 
from E. virgula through E. welschi jourdy. It 
reaches the Cretaceous through E. minos Coquand 
and continues by E. callimorphe Coquand, E. 
boussingaulti D'Orbigny, E. harpa Forbes, E. 
olisiponensis Sharpe, E. flabellata Goldfuss, E. 
matheroniana D'Orbigny, E. laciniata Nilsson, E. 
lemeslei J ourdy. 

6 Pervinquiere, LOon, op. cit., p. 172. 
6 Jourdy, Ed~ond, op. cit., p. 91. 
7 E. texa71a has been placed by many authors under E. flabellata and surely belongs 

to the same group. Jourdy must have placed the species here by error instead of in 
the group D? . 

267 
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Jourdy notes the lack of important variations in the 
sculpture of the upper (right). valve. It shows from. 
the earliest species the well-defined spiral trace of the 
beak and only in a few species any but concentric 
sculpture. The helix of the beak of the lower (left) 
valve also enters but little into the evolution of either 
genus or species. The very earliest forms are so 
strongly attached that they do not show a helix, 
though it is present in the oldest forms of E. nana 
(Callovian). Slender beaks are the more numerous 
and persist almost to the end of the Cretaceous, though 
the best-developed helices appear in the Upper Cre
taceous. In a general way the forms that end the 
several' genetic lines have the best development of 
dentate hinge, ornamented surface, and helicoid beaks, 
and there is a progression from simpler early types to 
more complex later types. 

Exogyra olisiponensis Sharpe 

Plates 65-68; Plate 69, Figures 1-4'. 
1850. Exogyra olisiponensis Sharpe, Geol. Soc. London Quart. 

Jour., vol. 6, p. 185, pI. 19, figs, 1, 2. 
1862. Ostrea overwegi Coquand (not Von Buch), Soc. emulation 

Provence Mem., vol. 2, p. 226, pI. 19, figs. 1-6. 
'1862. Ostrea coquandi Julien. Coquand, op. cit., p. 324, pI. 33, 

figs. 10-12. 
1864. Ostrea (Exogyra) cornuarietis Meneghini (not Goldfuss), 

Soc. itaI. sci. nat. Atti, vol. 6, p. 412, pI. 4, figs. 1 a-c. 
1869. Ostrea olisiponensis Sharpe. Coquand, Monographie du 

genre Ostrea, terrain cretace, p. ~25, pI. 45, figs. 1-7. 
1869. Ostrea overwegi Coquand (not Von Buch), op. cit., p. 140, 

pI. 44, figs, 1-7 (8-9?); pI. 46, figs. 14-15. 
1872. Ostrea olisiponensis Sharpe. Lartet, Ann~Jes sci. geol., 

vol. 3, p. 59, pI. 11, figs. 1-2. 
.1875. Exogyra ponderosa White (not Roemer), U. S. Geog. 

Surveys W. 100th Mer .. Rept., vol. 4, pt. 1, p. 172, 
pI. 14, figs. 1 a-c. 

1877. Ostrea olisiponensis Sharpe. Lartet, Exploration geolo
gique de la Mer Morte, p. 138, pI. 9, figs. 1-3. 

1880. Ostrea oxyntas Coquand, Acad. Hippone Bull. 15, p. 170. 
1882. Exogyra oxyntas Coquand. Seguenza, R. accad. Lincei 

Atti, ser. 13, vol. 12, p. 178, pI. 18, figs. 1 a-c. 
1882. Exogyra olisoponensis Sharpe. Seguenza, op. cit., p. 180. 

pI. 17, figs. 2 a-b. 
1886. Exogyra pseudoafricana (part) Choffat, Faune cretacique 

du Portugal, vol. 1, ser. 1, p. 38 (not Ostreidae, pI. 4, 
figs. 1-4); ser. 4, Ostreidae, pI. 6, fig. 14 [1902J. 

1891. Ostrea olisiponensis Sharpe. Peron, Exploration scienti
fique de la Tunisie, pt. 4, lnvertCbres fossiles des 
terrains cretaces, p. 114, pI. 23, figs. 14-18. ' 

1902. Ostrea (Exogyra) olisiponensis Sharpe. Choffat, Faune 
cretacique du Portugal, vol. 1, ser. 4, p. 166, Ostreidae, 
pI. 6, figs. 17-19. . 

1903. Exogyra olisiponensis Sharpe. Fourtau, lnst. egyptien 
Bull., ser. 4, vol. 4, p. 283, text figs. 3-5. 

1903. Exogyra olisiponensis Sharpe var. d'uplex, Paulcke, Neues 
Jahrb., Beilage-Band 17, p. 269, pI. 15, figs. 7, 8. 

1905. Ostrea (Exogyra) olisiponensis Sharpe. Choffat, Contri
butions a la connaissance geologique des colonies 
portugaises d' Afrique, pt. 2, Nouvelles donnees sur la 
zone littorale d' Angola, p. 44, pI. 1, figs. 4, 5. 

1911. Ostrea (Exogyra) olisipon,ensis Sharpe. Woods, in Fal
coner, The geology and geography of northern Nigeria, 
app. 2, p. 277, pI. 20, figs. 1-3. 

1912. Exogyra olisiponensis Sharpe. Pervinquiere, Etudes de 
paleontologie tUllisienne, pt. 2, Gastropodes et lamelli
branches des terrains cretaces, p. 174, pI. 13, figs. 4, 5, 9. 

1918. Exogyra olisiponensis Sharpe? Bose, Texas Univ. Bull. 
1856, p. 230, pI. 20, fig. 4. 

1927. Exogyra olisiponensis Sharpe. Reeside, in Wasson and 
Sinclair, Am. Assoc. Petroleum Geologists Bull., vol. 
11, p. 1268, pI. 11, figs. 1-3. 

Sharpe's original description of the species, based 
on material from the" Hippurite limestone" at Lisbon, 
Portugal, is as follows: 

Shell nearly hemispherical; upper valve thick, slightly 
gibbose, covered with regularly concentric scales, the beak 
incurved in the plane of the valve; lower valve very thick and 
very gibbose, regularly rounded on the anterior margin and 
somewhat pr9duced posteriorly; the surface squamose, with the 
edges of the scales raised up into short ribs, of which there are 
10 or 12 near the margin of an old shell; in some specimens the 
ribs are nearly continuous; in others they only occur near the 
margin of the scales, while in others they are hardly visible; 
the surface of the valve between the ribs is nearly smooth;' 
beak of the lower valve laterally involute; the surface of attach
ment usually small. 

Cot} uand in his earlier work 8 assigned to E. olisi
ponensis only distantly ribbed, somewhat spinose, 
keeled shells, assigning to E. overwegi Von Buch the 
finer-ribbed, rather evenly sculptured, well-rounded 
forms. Under E. overwegi he distinguished five 
varieties-costulata, scabra, rugosa, reticulata, and 
laevigata. Coquand later 9 noted that the real E. 
overwegi was a different and much later type and 
renamed his material E. oxyntas. Coquand cited 
E. olisiponensis from southern France, Spain, Portugal, 
Algeria, and Palestine. He cited his E. overwegi 
(=oxyntas) from Sicily, Tripoli, Tunisia, Palestine, 
southern France, and Spain. 

Meneghini 10 assigned to E. cornuarietis' Goldfuss 
nearly smooth forms of E. olisiponensis fronl Sicily. 

Lartet 11 followed Coquand in his use of the names 
E. overwegi and E. olisiponensis as applied to specimens 
from Palestine, putting the relatively fine-ribbed 
forms into the first and the more coarsely ribbed 
forms into the second species. 

Seguenza 12 al&o ,followed Coquand in distinguishing 
E. olisiponensis from E. oxyntas. Under E. olisi
ponensis he named three varieties-the typical form, 
var. ecostata, 'and var. prominens. Under E. oxyntas 
he accepted Coqvand's five varieties and added four 
more---ecostata, italica, asperrima, and brancaleonensis. 

8 Coquand, Henri, G~ologie et paleontologie de la r~gion sud de la province de 
Constantine: Soc. emulation Provence M~m., vol. 2, p. 226, pI. 19, figs. 1-{), 1862; 

'Monographie du genre Ostrea, terrain cr~tac~, pp. 125, 140, pI. 44, figs. 1-7; pI. 4.5, 
figs. 1-7, Marseille, 1869. 

9 Coquand, Henri, Etudes supplementaires sur la paleontologie algerienne: Acad. 
Hippone Bull. 15, p. 170, 1880. 

10 Menegbini, Giuseppe, Studii paleontologici sulle ostriche cretacee di Sicilia: 
Soc. ita!. sci. nat. Atti, vol. 6, p. 412, pI. 4,·figs. 1 a-c, 1864. 

11 Lartet, Louis, Essai sur la geologie de la Palestine: Annales sci. geol., vol. 3, 
p. 59, pI. 11, figs. 1-2, 1872. 

12 Seguenza, Giuseppe, Studt geologici e paleontologici suI cretaceo medio dell, 
Italia meridionale: R. accad. f.incei Atti, ser. 3, vol. 12, pp. 178-180, pI. 17, figs. 2...:2b; 
pI. 18, figs. I-Ie, 1882. 
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The variety brancaleonensis, so far as one may judge 
fr0111 figures, has the broad rounded ribs of the costata 
group rather than the narrow ribs of the earlier group 
to which E. olisiponensis belongs. ~eguenza's speci-
111enS canle frOl11 Sicily. 

Choffat 13 seems to have included in his E. pseudo
africana feebly costate shells that belong to E. olisi
ponensis, believing that the second species were derived 
fronl the first. Choffat also called attention to the 
radinl ribs on the upper valves of nlany individuals of 
E. olisilJOnensis, a feature that had escaped record by 
the previous students of the species. 

Peron 14 united E. oxyntas and parts of certain other 
species, as conceived by Coquand, with E. olisiponensis. 
He showed that the presence of a keel on the shell is a 
very variable feature: in Sharpe's type its prominence 
is accidental and due to the large size of the area of 
attachment, and it is not the important character 
which Coquand thought it to be. Peron noted the 
great range of variability in size, form, and both con
centric and radial sculpture that may be met in a large 
collection and was inclined to consider E. pseudoafri-· 
cana Choffat as belonging to E. olisiponensis and also 
part of E. trigeri Coquand. Peron dealt with material 
from Tunisia and assigned it to the Cenomanian. 

Choffat 15 in a later paper did not accept Peron's 
assimilation of E. oxyntas and E. olisiponensis. He 
also recanted his earlier opinion of relationship be
tween E. pseudoafricana and E. olisiponensis and gave 
the range of E. olisiponensis as from upper Cenomanian 
to upper Turonian, assigning the type locality to the 
upper Turonian. On the basis of about 100 speci
mens from the type locality (Alcantara, near Lisbon, 
Portugal), he gave an emended diagnosis of the species 
which lllay be translated· as follows: 

Shell inequivalve, higher than wide in youth; in adult age 
the dimensions are equal, or the width is greater than the 
height. Outline ov.al or subcircular, anterior border rectilinear, 
forming generally a rounded angle with the pallial border. 

Upper valve oval, thick, lightly and irregularly convex, with 
beak recurved in the plane of the shell, smooth or nearly smooth 
in the earliest stages, then .acquiring growth lamellae that are 
vel·tical, sharp, crowded closely together, bifurcating and uniting 
again in a short distance. Besides the concentric lamellae 
there are radial swellings irregular, generally narrow, raised (as 
much as 3 millimeters), hardly any wider at base than at sum
mit; they are irregularly spaced and seem sometimes to bifur
cate. They rarely appear at a diameter of 10 millimeters, but 
generally at that of 20 millimeters, but I know only two speci
mens in which they appear as late as in the specimen figured 
by Sharpe. Their number ranges from 7 to 12. 

Lower valve very thick, very gibbous, the anterior third 
more or less flattened and the rest of the shell regularly rounded 
with beak generally more -or less flattened, as in Sharpe's figure 
and in my Figure 19; very rarely free, as in my Figure 17. 

IS Choffllt, Paul, Faune cr6taclque du Portugal, vol. 1, ser. 1, p. 38, 1886; vol. 1, 
ser. 4, Ostreldae, pI. 6, fig. 14, 1902. . 

H Peron, Alphonse, Exploration scientifique de la Tunlsle, pt. 4, Invert~brGs 

fossiles dcs terrains cr6tac6s de la r~gion sud des hauts plateaux de la Tunisie, pp. 
114-119, pI. 23, figs. 14-18, Paris, 1891. 

16 Choffat, Paul, Faune cr6tacique du Portugal, vol. 1, ser. 4, p. 166, Ostreidae, 
pI. 6, figs. 17-19, 1902. 

Scar of attachment generally small. The exterior surface is 
ornamented by growth lamellae, often raised along radial lines, 
forming sometimes continuous ribs, lamellose, spinose when 
well preserved, more or less widely spaced, reaching to the beak 
when attachment does not prevent. Some disappear before 
reaching the pallial border; others appear on the middle of the 
shell. Their distance apart and consequently their number is 
variable; the original of Sharpe and that of my Figure 17 may 
be considered to have distant ribs, but others have them much 
nearer. Ligamental groove deep in young individuals and 
shallow in the older ones. Muscular impression of medium 
size, near the anterior border. 

Paulcke 16 described from Peru E. olisiponensis var. 
duplex, founding it on shells with a broad fluTow ex
tending from the beak on the posterior side of the 
lower valve and especially strong radial ribs on the 
upper valve e~tending almost from the beak instead 
of leaving a central area smooth or with only con
centric sculpture. With this variety he said he found 
the typical form of the species. 

Fourtau 17 included under E. olisiponensis E. ox
yntas and E. pseudoafricana, believing that he had 
theIn all together in the Cenomanian of Egypt. 

Choffat 18 described from Angola typical E. olisipo
nensis and reiterated his stand of 1902 that E. pseudo
africana is distinct. 

Schlagintweit 19 recorded E. olisiponensis from Peru, 
suggesting that possibly E. polygona Von Buch as fig
ured by Von Buch and Gabb is to be considered identi
cal with E. olisiponensis, though he allowed the question 
to remain open until the originals could be compkred. 

Woods 20 described from Nigeria specimens of E. 
olisiponensis marked by only a few radial ribs. Woods 
considered the two Nigerian localities as Turonian, 
though only one furnished associated species. 

Pervinquiere 21 described from the middle and upper 
Cenomanian of Tunisia both typical and varietal forms 
of E. olisiponensis. He united with it E. oxyntas Co
quand and part of E. pseudoafricana Choffat. Pervin
quiere mentioned six variants (see p. 270), though he 
saw no advantage in naming them .. He believed 
E. olisiponensis to be exclusively Cenomanian. 

Bose 22 reported from Coahuila, Mexico, a single 
specim~n which he referred with doubt to E. olisiponen
s'is and to the Cenomanian. It is not well preserved 
but seems to the writer, so far as the figure may indi
cate, to belong to the species. 

16 Paulcke, Wilhelm, Ueber die Kreideformation in Siidamerika und ihre Bezie
hungen zu anderen Gebieten: Neues Jahrb., Beilage-Band 17, p. 269, pI. 15, figs. 7, 
8,1903. 

17 Fourtau, R., Contribution 11 l'~tude de ~a faune crlltacique d'Egypte: Inst. 
Egyptien Bull., ser. 4, vol. 4, p. 283, text figs. 3-5, 1903. 

18 Choffat, Paul, Contributions 11 la connaissance g~ologique des colonies portu
gaises d' Afrique, pt. 2, Nouvelles donn~es sur la zone littorale d' Angola, p. 44, pI. 1, 
figs. 4, 5, Lisbon, 1905. 

1D Schlagintweit, Otto, Die fauna des Vracon und Cenoman in Peru: Neues 
Jahrb., Beilage-Band 33, p. 109, 1911 . 

• %0 Woods, Henry, The paleontology of the Upper Cretaceous despoits of northern 
Nigeria, in Falconer, J. D., Th~) geology and geography of northern Nigeria, appen
dix 2, p. 277, pI. 20, figs. 1-3, London, 1911. 

II Pervinquiere, L~on, Etudes de pal~ontologie tunisienne, pt. 2, Gastropodes et 
lamellibranches des terrains cr~tac~s, p. 174, pI. 13, figs. 4, 5, 9, Paris, 1912. 

22 Bose, Emil, On a new ammonite fauna of the lower Turonian of Mexico: Texas 
Univ. Bull. 1850, p. 230, pI. 20, fig. 4, 1918. 
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It appears to the writer, after examination of the 
many published figures and of the specimens noted 
below, that there is no really essential difference 
between E. oxyntas and E. olisipone~sis and that they 
may be considered one species with variable sculpture. 
E. olisiponensis may then be thought of as including a 
series of forms ranging in radial sculpture of the left 
valve from nearly smooth forms through forms with 
discontinuous irregular ribs w forms with strong 
widely spaced ribs and forms with closer-set weaker 
ribs. The ribs are always narrow and the interspaces 
relatively wide, concave. In concentric sculpture it 
ranges from nearly smooth forms to forms with con
spicuous lamellae raised into high spinose flutings. In 
size it is usually 50 to 80 millimeters in maximum 
dimension, though it may reach 165 millimeters. In 
form it varies less than in sculpture: The outline is 
usually oval to subcircular; the upper valve is nearly 
flat; the lower valve is gibbous, regularly rounded. 
The degree of coiling varies, being dependent on .the 
size of the area of attachment. In large collections 
all the extreme variants are connected by series of in
termediate forms, and no chronologic value appears 
to attach to individual variants. . 

Pervinquiere's grouping of the variants is perhaps 
as good as any: 

1. Typical form. Upper valve with central part ribless; 
lower valve with ribs distant, discontinuous, rising into spines. 

2. iVar. oxyntas Coquand. Lower valve with ribs relatively 
fine, numerous, continuous, not spinose. 

3. Var. duplex Paulcke. Upper valve with strong radial ribs 
reaching almost to the nucleus of the shell; iower valve with 
strong, distant, spinose ribs and with a deep sulcus on posterior 
side bordered by high ribs. ' 

4. Var. unnamed C = cornuarietis Meneghini, not Goldfnss). 
Lower valve ribbed on only third or haIT of shell nearest the 
beak, remainder nearly smooth. 

5. Var. unnamed C=pseudoafricana Coqu~nd, part). Lower 
valve nearly smooth or lamellose; ribs very few or weak. 

6. Var. unnamed C=trigeri Coquand of Peron). Lower 
valve with lamellae only, raised here and there in flutings; 
no ribs. ' 

From southern Utah the writer has some 19 speci
mens assignable' to E. olisiponensis. To these may 
be added that figured by C. A. White 23 as E. pon
derosa Roemer. Sixteen of the specimens came from 
a locality 2 miles northeast of N otom, Wayne County, 
Utah, on the road from N otom to Caineville, collected 
in part by E. M. Spieker and the writer, in part by 
the late Robert Forrester, of Salt Lake City CU. S. 
Geoi. Survey localities .. 6942 and 12248). Eight of 
these specimens are right'valves and eight are left 
valves. A single large specimen was collected by 
H. B. Waters at a locality 2 miles west of Escalante, 
Garfield County (U. S. Geoi. Survey locality 10401). 
Two other large specinlens were collected years ago 
in southern Utah by members of the Powell Survey 

23 White, O. A., Report upon the invertebrate fossils collected in portions of 
Nevada, Utah, Oolorado, New Mexico, and Arizona: U. S. Geog. ,Surveys W. 
100th Mer. Rept., vol. 4, pt. 1, p. 172, pI. 14, figs. 1 a-c, 1875. 

of Colorado River. One of these is marked "Black 
Bluff," but the second is unlabeled. White's figured 
specimen came fronl Impracticable Ridge. 

For comparison the writer has three specimens from 
Colombia collected by Dr. M. A. Rollot; half a dozen 
specimens from eastern Ecuador collected by J. H,' 
Sinclair and Theron \Vasson; and three specnnens, 
from Angola collected by C. W. vVashburne. Chief 
dependence was necessarily placed on published figures., 

The stratigraphic position of the ,collection from the, 
locality 2 miles northeast of N otom is at the base of 
the Mancos shale. The only fossil directly associated 
with E. olisiponensis here is Gryphaea, newberryi 
Stanton, which occurs in great abundance, though one 
of the valves of E,. olisiponensis was attached w a shell 
of Plicatula hydrotheca White and bears a fairly clear 
mold of it. Over a large area in Utah, Colorado, 
and New Mexico Gryphaea newberryi marks a zone 
in which occur lower Turonian species such as Metoi
coceras whitei Hyatt, and there is every reason to 
believe that the age at the locality near Nowm is the 
same. The locality 2 miles west of Escalante is near 
the base of the beds of Colorado age, a horizon de
finitely lower Turonian. The specimen from Black 
Bluff grew upon a shell of Anchura? jorresteri Reeside 24, 
closely akin to A. olisiponensis Choffat, assigned ta 
the lower Turonian. 

The following notes on the specimens from G tah 
will be of service: 

Right valves unassigned to varieties (pI. 65, figs. 1-7; 
pI. 66, fig. 3).-These are very close to various figured 
right valves. They do not show the ribs extending as 
close to the p.ucleus as in Paulcke's specimen,26 but are 
much like those figured by Choffat 26 and Peron.27 

Typical variety (pI. 65, figs.' 8-11; pI. 66, figs'. 1-2).
Some of the specimens from Utah fit very well Sharpe's 
figure. 28 They also resemble closely the specinlens 
figured by Choffat 29 and by Peron,30. though the ribs 
on the latter are nearly continuous. The forms 
figured by Woods 31 and Fourtau 32 are closest per
haps to the forms here considered typical though hav
ing fewer and weaker ribs and inclining toward the 
ribless variants. Bose's specimen 33 seems to be closest 
to those placed here. 

Variety duplex Paulcke (pI. 66, figs. 4-11).-One 
~pecimen from Utah (pI. 66, figs. 6-8) is very close to 
Paulcke's type. 34 A second (pI. 66, figs. 4, 5) has 

U Reeside, J. B., jr., Five new species of Oretaceous mollusks from Oolorado and 
Utah: Washington Acad. Sci. Jour., vol. 18, pp. 1928. ' 

26 Paulcke, Wilhelm, op. cit., pI. 15, fig. 8. 
26 OhofIat, Paul, Faune crlltacique du Portugai, vol. 1, ser. 4, Ostreidae, pI. 6, 

fig. 17 b, 1902; Contributions a la connaissance gllologique des colonies portugaises 
d' Afrique, pt. 2, Nouvelles donnees sur la zone littorale d' Angola, pt. 1, fig. 5, 1903. 

'II Peron, Alphonse, op. cit., pI. 23, fig. 15. 
28 Sharpe. Daniel, op. cit., pI. 19, fig. 1. 
29 OhofIat, Paul, Faune crlltacique du Portugal, vol. 1, ser. 4, Ostreidae, pI. 6,. 

fig. 17 a, 1902. 
30 Peron, Alphonse, op. cit., pI. 23, fig. 16. 
81 Woods, Henry, op. cit., pI. 20, figs. 1-3. 
82 Fourtau, R., op. cit., fig. 5. 
83 Bose, Emil, op. cit., pI. 20, fig. 4. 
a. Paulcke, Wilhelm, op. cit., pI. 15, figs. 7-8. 
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weaker ribs. Choffat's specil11en from Angola 35 is 
very like those from Utah. A fine specimen of the 
variety dU1Jlex from ColO1nbia, collected by Dr. M. A. 
Rollot, of Bogotft, is figured for comparison (pI. 66, 
figs. 9-11). It is a little stronger in sculpture than 
those from Utah but otherwise is nluch like them. 

Variety oxyntas Coquand (pI. 67; pI. 68, figs. 1-2).
The specinlens from Utah referred to the variety 
oxyntas are not as finely and as evenly ribbed as those 
figured by Coquand 36 and have l110re inclination toward 
.a spinose ornanlentation but are nevertheless c~ose 
enough to be placed with them. A specimen figured 
by Lartet 37 as E. overwegi val'. scabra is much like 
those fronl Utah, as is also one figured by Peron. 3S 

Two specilnens fr0111 Angola are figured for compari
son (pI. 68, figs. 1-2). 

Variety forresteri Reeside, n. var. (pI. 68, figs .. 3-5; 
p1. 69, figs. 1-4).-Several large shells from southern 
Utah, one preserving both valves, seem to differ 
·enough to deserve a new varietal name. The right 
valve shows an ul11bonal smooth area bordered by a 
:zone of fine radial striations; the remainder of the 
:surface shows concentric laInellae interrupted by areas 
of indistinct fine radial striation. The left valve has 
dose-set regular ribs, like those of the variety oxyntas, 
in the ulnbonal region, but these pass into irregular 
·flutings on the middle of the shell and the latest stages 
·of growth show chiefly the concentric lamellae. 

E. ponderosa White (not Roemer) 39 belongs here 
(pI. 69, figs. 1-2). One of Coquand's figures of 
E. oVe1'wegi' (= oxyntas) 40 suggests the form also. Other 
conlparisons with published figures might be nlade-but 
seenl of rather doubtful value. 

Exogyra costata Say 

Plate 69, Figures 5-8 

1820. Exogy1'a costata Say, Am. Jour. Sci., vol. 2, p. 43. 
1828. Exogym, costata Say. Morton, Acad. Nat. Sci. Phila

delphia Jour., ser. 1, vol. 6, p. 85, pI. 6, figs. 1-4. 
[For complete synonymy for years 1828-1926 see Wade, 

U. S. Geol. Survey Prof. Paper 137, p. 56, 1926.] 
'1 1927. Exogy1'a cf. E. overwegi Von Buch. Trechmann, Geol. 

Mag., vol. 64, p. 53..' . 
Not 1871. Exogy1'a costata Say. Stoliczka, Palaeontologia 

indica, Cretaceous fauna of southern India, vol. 
3, p. 461, pI. 40, figs. 1-3; pI. 41, fig. 1. 

Exogyra costata Say has recently been described in 
great detail by Stephenson, 41 an~ there is no need of 

86 ChofTat, Poul, Contributions 11 la connoissonce g6010gique des colonies portu
gaisos d' Afrique, pt. 2, Nouvollos dOllllllcs sur In zone littorale d' Angola, pI. 1, figs. 
4-5, HJ03. 

86 Coquond, Honri, Monographie du genre Ostrea, terrain cr()tac(), pI. 44, figs. 1-7, 
lSGIl. 

B7 Lartot, LOllis, op. cit., pI. 11, fig. 2. 
8.!1 Poron, Alphonso, op. cit., pI. 23, fig. 14. 
811 White. C. A., op. cit., pI. 14, figs. 1 a-c. 
40 Coqnnnd, Henri. Monographie du genre Ostrea, terrain crlltacll, pI. 44, fig. 5, 

ISGIl. 
41 Stopliellson, L. W., Species of Ezogyra from the eastern Oulf region and the 

Carolinns: U. S. Oeol. Survey Prof. Poper SI, pp. 50-53, pI. lG, figs. 3-4; pI. 17, figs. 
]-2; pI. 18; pI. lll, figs. 1-4; pI. 20, fig. 1, llllG; '1'he Cretaceous formations of North 
Carolina: North Carolina Oeol. and Econ. Survey, vol. 5, pt. 1, pp. 173-179, pI. 47, 
jigs. 2-5; pI. 48, 11l23. 

repeating the discussion here. The species is char
acterized by attaining a large size; by the well-rounded 
form of the lower valve; by the sculpture of the lower 
valve-regularly arranged, simple or bifurcating, 
broad, flattened ribs ·separated by very narrow inter
spaces; by the sculpture of the upper valve-promi
nent concentric lamellae with rarely radial costae on 
the posterior portion. . 

To judge from sca~tered citations and figures in the 
literature E. overwegi Von Buch is of nearly the same 
age and very much like E. costata in form and sculp
ture. Whether it is identical can be decided only by 
comparison of authentic material of E. overwegi with 
E. costata. The identity of E. overwegi was for long 
obscured by confusion with E. olisiponensis Sharpe 
(see pp. 268-270), and only in later works has it been 
correctly interpreted. 

The writer has in hand two mutually attached 
shells of E. costata coll~cted by W. T. Lee in the SE. 
U sec. 11, T. 6. N., R. 69 W., about 5 miles south of 
Fort Collins, Colo., and just south of Fossil Creek. 
The horizon is in the sandstone constituting the 
exposures long known as Fossil Ridge, which has 
yielded a large fauna listed by Henderson.42 Strati
graphically the sandstone of Fossil Ridge is near the 
top of a series of five sandstones which in early work 
were interpreted as one and named the IIygiene 
sandstone. Later work by several geologists, espe
cially those examining the region for oil companies, 
has shown t"p'~ series to include' an interval of some 
1,500 feet. The five sandstones are now called, in 
ascending order, the Hygiene, Terry, Rocky Ridge, 
Larimer, and Richard sandstone members of the 
Pierre shale.43 The' Rocky Ridge and Larimer sand
stones make Fossil Ridge. The Milliken sandstone 
member of the Fox Hills s'andstone, containing 
Sphenodiscus lenticularis Owen, lies 5,000 to 6,000 feet 
higher in the section than the sandstones of Fossil 
Ridge, and the Niobrara formation about 3,000 feet 
below them. The fossils reported from the sand
stones of Fossil Ridge show that they are of upper 
Campanian age; these include such species as Baculites 
ovatus Say, Baculites compressus Say, Acanthosca
phites? nodosus Owen, Placenticeras intercalare Meek, 
and Ptychoceras sp. An element in the fauna of Fossil 
Ridge of great interest as joining with Exogyra costata 
in indicating a connection with that of the Gulf series 
consists of the species Capulus spangleri IIenderson, 
GY1'Odes abyssfna (Morton), Gyrodes crenata (Conrad), 
Anchura haydeni White, and Volutoderma clatworthyi 
Henderson. In the Gulf series Exogyra costata is not 
usually associated with fauna containing the genus 
Placenticeras, its normal range being higher, but it 
does at some places so occur. 

42 Henderson, Junius, The Cretaceous formations of northeastern Colorado: 
Colorado Oeol. Survey Bull. 19, pp. 31-32, 1920. 

43 Mather, K. F., Oilluly, James, and Lusk, R. D., Geology and oil and gas pros
pects of northeastern Colorado: U. S. Oeol. Survey Bull. 796, PP. 65-124, 1925. 
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PLATE 65 
Page 

FIGURES 1-7. Exogyra olisiponensis Sharpe. Three right valves from the base of the Mancos shale on the road from Notom 
to Caineville, 2" miles northeast of Notom, Wayne County, Utah. U. S. Nat .. Mus. catalogue No. 73613__ 270 

8-11. Exogyra olisiponensis Sharpe, typical variety. Left valve from same locality. U. S. Nat. Mus. catalogue 
No. 73612 _______________ ~~--------------------------------__________________________________ 270 
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PLATE 66 
\ Page 

FIGURES 1-2. Exogyra olisiponensis Sharpe, typical variety. Left valve from the base of the Mancos sha.le on the road 
from Notoll1 to Caineville, 2 miles northeast of Notom, Wayne County, Utah. U. S. Nat. Mus. cata-
logue No. 73613______________________________________________________________________________ 270 

3. Exogyra olisiponensis Sharpe. Right valve from same locality. U. S. Nat. Mus. catalogue No. 73613__ 270 
4-5. Exogyra olisiponensis Sharpe var. duplex Paulcke. Left valve from same locality. U. S. Nat. Mus. cata-

logue No. 73609______________________________________________________________________________ 270 

6-8. Exogyra olisiponensis Sharpe var. duplex Paulcke. Left valve from same locality. U. S. Nat. Mus. cata-
logue No. 73609 __________________________________ --------------- _________________ ~___________ 270 

9-11. Exogyra olisiponensis Sharpe var. d~tplex Paulcke. Complete shell from Rio Villaviejo near La Union, 
HuHa, Colombia, shown for comparison. U. S. Nat. Mus. catalogue No. 73607______________________ 270 

275 



• 

PLATE 67 

FIGURES 1-3. Exogyra olisiponensia Sharpe var. oxyntas Coquand. Left valve from base of Mancos shale on road from 
Notom to Caine ville, 2 miles northeast of Notom, Wayne County, Utah. U. S. Nat .. Mus. catalogue 

Page 

No. 73610____________________________________________________________________________________ 271 
4. Exogyra olisiponensis Sharpe, ar. oxyntas Coquand. Left valve from same locality. U. S. Nat. Mus. cata-

logue No. 73610_______________________________________________________________________________ 271 
5-6. Exogyra olisiponensis Sharpe var. oxyntas Coquand. Complete shell, somewhat weathered, from locality 4 

kilometers east of Novo Redondo, Angola, shown for comparison. U. S. Nat. Mus. catalogue No. 73604_ 271 
7-8. Exogyra olisiponensis Sharpe var. oxyntas Coquand. Left valve from Black Bluff, Utah. U. S. Nat. Mus. 

catalogue No. 7361L __ ..: ____________________________________________________________ . _ _ _ _ __ __ __ _ 271 
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PLATE 68 

FIGURES 1-2. Exogyra olisiponensis Sharpe var. oxyntas Coquand. Left valve from locality 4 kilometers east of Novo 
Page 

Redondo, Angola, shown for comparison. U. S. Nat. Mus. catalogue No. 73604 ______________________ _ 271 
3-5. Exogyra olisiponensis Sharpe var. forresteri Reeside, n. var. Type specimen from base of beds of Colorado 

age, 2 miles west of Escalante, Garfield County, Utah. ·U. S. Nat. Mus. catalogue No. 73605 __________ _ 271 
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PLATE 69 

FIGURES 1-2. Exogyra olisiponensis Sharpe val,". forresteri Reeside, n. var. Left valve figured by C. A. White as E. pon-
Pag~ 

derosa Roemer. Impracticable Ridge, Utah. U. S. Nat. Mus. catalogue No. 13417 __________________ _ 271 
3-4. Exogyra olisiponensis Sharpe var. forresteri Reeside, n. var. Left valve from southern Utah, exact locality 

unknown. U. S. Nat. Mus. catalogue No. 73608 _________________________________________________ _ 271 
5-7. Exogyra costata Say. Two mutually attached shells from Fossil Ridge, 5 miles south of Fort Collins, Colo. 

U. S. Nat. Mus. catalogue No. ,73606 ____________________________________________________________ _ 271 
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ADDITIONS TO THE FLORA OF THE GREEN RIVER FORMATION 

By ROLAND Vol. BROWN 

This paper adds a number of new species to those 
;already described by other workers as belonging to the 
flora of the Green River formation. Most of the new 
species were collected by Prof. O. M. Ball, of the 
Agricultural and Mechanical College of Texas, during 
the SUl1uners of 1924 to 1926, in the region 'between 
the headwaters of Carr and Brush Creeks, 30 lniles 
northwest of De Beque, Colo.1 

The study of this new lna~erial further confirms the 
opinion expressed by Iillowlton 2 that the Green 
River :floral remains represent a mixture of elelnents 
froITl wann lowland and cool upland ecologic provinces. 
'The presence of conifers in this flora, hitherto indicated 
·only by pollen grains in the oil shale, is now further 
·established by the finding of what appear to be conif
erous leaves (pI. 70, fig. 4) and a winged seed (pI. 70, 
fig. 5). The leaves, which I have called Taxites 
. eocenica, are suggestive of such genera as Taxus, 
Taxodium, Tumion, Abies, and Pseudotsuga. The 
'seed reselnbles lnost closely those of living Pic~a, 
. and I have called it Picea pinij1'uct'lLS. 

The Green River is a nllddle Eocene formation, 
about 2,000 feet in thickness, and of threefold charac
ter, cOlnprising a lower group of light-bro","1l to buff 
sandy calcareous shale, a middle group of darker 
shale, and an upper group of light-colored sandy shale. 
The fonnation originally covered an area of about 300 
by 150 l1111es in the contiguous corners of Colorado, 
Utah, and Wyonling, but erosion subsequent to the 
til11e when t.his area ceased to be a basin of lacustrine 
deposition and was elevated 'several thousand feet 
has deeply dissected parts of it and has t,hereby 
isolated patches of the formation. ' 

The lnost abundant plant fossils are foun'd in the 
upper part of the fonnation and are most readily 
collected at the test pits made by oil-shale prospectors.' 
The principal localities whCl;e fossil plants have been 
found are Green River arid Alkali Station, Wyo.; 
Cathedral Bluffs (20 miles west of Rio Blanco post 

l'I'ho flrst consignment of this material was studied by me and described in a 
dissertation for the degree of doctor of philosophy in the department of 'geology, 
JOllllS Hopkins University, May, 1926. 

I Knowlton, F. n., U. S. Geol. Survey Prof. Paper 131, p. 147, 1923. 

office); the Smith ranch (on Greasewood Creek 40 
miles southwest of Meeker); and on Carr Creek and 
Brush Creek (30 nllies l10rthwest of De Beque), 
Colorado; and north of White River, Utah. 

Lesquereux 3 included the first description of the 
Green River in his "Tertiary flora" and devoted a 

. chapter to it in his later volume, "Cretaceous and 
Tertiary floras," but many of the plants which he 
regarded as belonging to the Green River formation' 
have since been found by a strict definition of the 
fornlation to belong at other horizons. 

Newberry 4 added a number of species to Lesquer
eux's list. 

ICnowlto"'n 5 in 1923 assembled the scattered infor
mation on this flora, passed critical judgment upon it, 
and placed it upon a satisfactory systematic basis for 
future study. Iillowlton's list included 81 species . 
To that list Cockerell 6 in 1925 added the following 
new species or new combin/iLtions: 

Lejeunea eophiia Cockerell . 
Populus wilmattae Cockerell. 
Bumelia coloradensis Cockerell. 
Amorpha utensis Cockerell. 
Clethra? lepidioides Cockerell. 
Potentilla? byrami Cockerell. 
Alsinites revelatus Cockerell. 
Lomatia obtusiuscula Cockerell. 
Banksites lineatulus Cockerell. 
Liq uidambar callerche Cockerell. 
Firmianites aterrimus Cockerell. 
Dalbergia knowltoni (Knowlton) Cockerell, n. comb. for 

Dalbergia ret usa Knowlton. Proposed because D. 
ret usa is preempted for a living species. 

Berry 7 in 1924 added the"'new combination Spar
ganium antiquum (Newberry) Berry to include Bra
senia? antiqua Newberry 8 and Pontederites hesperia 
ICnowlton.9 

.3 Lcsquereux, Leo, U. S. Geol. Survey Terr. Rept., vol. 7, 1878; and vol. 8, pp. 
127-213, 1883. 

4 Newberry, J. S., U. S. Geol. Survey Mon. 35, pp. ~4o-151, 1898. 
6 Knowlton, F. II., U. S. Geol. Survey Prof. Paper 131, pp. 133-182, 1923. 
6 Cockerell, T. D. A., U. S. Nat. :Mus. Proc., vol. 66, art. 19, pp. 1-13, 1925. 
7 Berry, E. W., A Spargamiu7n from the middle Eocene of Wyoming: Bot. Gaz., 

vol. 78, pp. 342-348, figs. 1-7, 1924. 
8 Newberry, J. S., U. S. Nat. Mus. Proc., vol. 5, p. 514, 1882; U. S. Geol. Survey 

l\{on. 35, p. 93, pI. 68, fig. 7, 1898. 
g Knowlton, F. n., U. S. Geol. Survey Prof. Paper 131, p. 154, pI. 36, fig. 6, 1923. 
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From the O. M. Ball collections the following new 
spe'cies or new combinations are hereby proposed: 

Thallophyta: 
Caenomyces planerae Brown. 

Pteridophyta: 
Aneimia delicatula Brown. 

Arthrophyta: . 
Equisetum winchesteri 'Brown; 

Spermatophyta: 
Taxites eocenica Brown. 
Picea pinifructus Brown. 
Sparganium eocenicum Brown. 
Myrica torreyi Lesquereux. 
Myrica alkalina'Lesquereux. 
Hicoria juglandiformis (Sternberg) Knowlton. 
Betula eocenica Brown. 
Planera nervosa Newberry. 
Celtis debequensis Brown. 
Ficus mississippiensis (Lesquereux) Berry. 
Fictls omballi Brown. 
Lomatia coloradensis (Knowlton) Brown. 
Lomatia acutiloba Lesquereux. 
Banksia cockerelli Brown. 
Oreodaphne knowltoni Brown. 
Chrysobalanus lacustris Brown. 
Mimosites debequensis Brown. 
Mimosites falcatus Brown. 
Cassia hesperia Brown. 
Banisteria bradleyi Brown. 
Rhus balli Brown. 
Schmaltzia vexans (Lesquereux) CockEtfell. 
Anacardites schinoloxus Brown. 
Celastrophyllum lesquereuxii Brown. 
Celastrophyllum emarginatum. Brown. 
Maytenusl'berryi Brown. 
Thouinia eocenica Brown. 
Ilex affinis Lesquereux. 
Grewiopsis cissifolius Brown. 
Sterculia coloradensis Brown: 
Ternstroemites viridiflumensis Brown. 
Fraxinus p"etiolata Brown. 
Apocynophyllum wilcoxense Berry. 
Apocynospermum coloradensis Brown. 
Cucurbita glandulosa ~rown. 

Objects of uncertain identification: 
Phyllites juncoides Brown. 
Carpolithus cassioides Brown 
Carpolithus ellipticus Brown. 
Carpolithus capsularis Brown. 
Carpolithus palmites Brown. 
Carpolithus serratifolius Brown. 
Antholithes vitaciflora Brown. 
Antholithes dubi~ Brown. 
Antholithes polemonioicles Brown. 
Antholithes pendula Brown. 
Caulinites acanthus Brown. 
Caulinites prehensus Brown. 
Rhizocaulon natans Brown. 
Rhizocaulon dichotomum Brown. 

Exclusive of the objects of uncertain identification, 
the grand total of species in the Green River flora is 
now 130. The distinctly new genera in this flora 
having living species are as follows: 
A neimia, 50 tropical American species, one reaching the south

ern part of Florida, types of coastal or even drier regions. 

Taxites, which may represent a Temperate Zone coniferous tree 
growing in a moist situation, like Taxodium or Tumion on 
the western slopes of the Sierra Nevada, or Taxus, a sub
ordinate forest shrub or tree of the Old and New Worlds. 

Picea, 37 species in the colder and temperate regions of the 
Northern Hemisphere. In the United States the southern 
limit is northern New Mexico and Arizona and the southern 
Appalachians. The spruces prefer well-drained mountain 
slopes or moist situations on elevated plateaus. 

Sparganium, 10-12 species rather cUscontinuously distributed 
in temperate and cool regions, and growing in wet or in 
some cases, in submerged situations; 5-6 species range from 
Newfoundland to British Columbia and south to Florida, 
Louisiana and California. 

Betula, 28-30 species from the Arctic Circle to Texas, to south
ern Europe, the Himalayas, China, and Japan, and found 
on alluvial bottoms an"d mountain slopes. 

Planera, a monotypic genus in the warm and wet regions of 
southeastern North America. 

Celtis, a large genus distributed over the world. 
Banksia, 50 species confined to Australia in a variety of habitats. 
Cassia, 300-400 species in the warmer regions of both hemis-· 

pheres, some in the temperate zones. 
Chrysobalanus, 2-3 species on the sandy coasts of the tropics. 

and subtropics. 
Banisteria, 70 species of climbing shrubs from southern Mexico 

to the West Indies and Brazil. 
Schmaltzia, partly synonymous with Rhus and of no special. 

significance. 
Anacardites, a form-genus for plants assigned indefinitely to the 

Anacardiaceae. 
Celastrus, 27 species in the tropics and subtropics of both hemis

phereG, but especially in the uplands of southeastern Asia 
and the East Indies. 

Celastrophyllum, a form-genus for indefinite Celastraceae. 
M aytenus, 70 species in the Tropics and subtropics of America. 

from southern Florida to Brazil and Chile, inhabitants of 
coasts and low situations. 

Thouinia, 14 species of shrubs and trees in Mexico and the 
West Indies, growing in rocky coppices and scrub lands. 

Grewiopsis. Grewia has 80 species, distributed from Arabia 
to China and Japan, Malaysia, and Australia, and from 
Abyssinia to South Africa, of mesophytic type. 

Sterculia, 100 species in the warmer regions of the world, par
ticularly in the East Indies. 

Ternstroemites. Ternstroemia has 45 species in tropical America 
and the warmer parts of Asia and the East Indies, of 
mesophytic habit. 

Fraxinus, 40 species in the temperate regions of both hemi
spheres and within the Tropics (Cuba and Java), in a. 
variety of habitats. . 

Cucurbita, 10 species in j;he warmer .regions of America, of', 
mesophytic habit, with a preference for rich, well-drained 
sandy soil. 

Apocynospermum, which includes the fruits of Asclepiadaceae 
and Apocynaceae. 

Forms of uncertain identity can, of course, have: 
little significance in this connection until their identifi
cation is more complete. 

A glance through the total list of Green River genera 
and their mddern representatives shows, in regard to 
water requirements, an overwhelming proportion of 
broad-leaved, mesophytic types. I find no strictly 
xerophytic types in this flora, although a number of 
the drier mesophytic forms indicate by their thick" 
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coriaceol.ls foliage an ability to withstand strong 
insolation and perhaps periods of drought as well as 
temperatures close to 0° C., withollt injury. The 
hydrophytes include microscopic· aquatic algae, fungi, 
and such near-shore plants as Equisetum, Sparganium, 
Arundo, Oyperus (probably), and Juncus (probably). 

Such a preponderance of subtropical mesophytes 
and especially the presence of nlany fonns like palms, 
Planel'a, and Acrostichum, which require an abundance 
of rainfall and a warm climate, but the presence also 
of temperate forms like Quercus, Populus, Betula, 
J'llglans, and Liquidambar, point to the conclusion that 
this :flora grew in a warm telnperate region, a part 
of which, at least, received a plentiful supply of rain. 
It must not be concluded, however, that all the species 
found fossil together in one locality necessarily grew 
close together in a comparatively small area. On the 
contrary, winds and streams conspired to bring to
gether a mi~ture of types from widely separated 
localities. 

The general region in which this flora flourished was 
an inland mountain basin, the site of a body of water 
or series of bodies of water-ponds, lakes, an,d mean
dering streams-the whole of which extended at one 
time or another over a length of some 300 miles north 
and south and a width of 150 miles east ~nd west. 
This makes a difference of 4° of latitude between the 
upper and lower ends of the basin. It seems quite 
conceivable that local conditions of climate, influenced 
in part by the Inountains that flanked the basin on 
the north, east, and west, might vary considerably 
in such a basin. The occurrence of mud cracks locally 
in this formation is taken to mean playa deposits and 
periods of drought. ~1ud cracks, howe.ver, are not 
unCOllllnon in valley and bottom flats in regions that 
have ab1.mdant rainfall but are subject to short periods 
of drought. It may be that parts of the Uinta Basin 
area, where the mud cracks are principally found, were 
subject to more severe droughts than other parts of 
the Green River Basin and that the evaporation of 
shallow pools caused the water to become alkaline and 
to deposit salt in the mud cracks at the next period of 
flooding and evaporation. 

Although local conditions varied throughout the 
basin, it yet seems possible to formulate a general 
conclusion concerning the nature of the total environ
ment. I picture a broad,' low-lying warm inland 
region, with shallow ponds, lakes, and marshes, fed 
by slow streams, which nleandered through muddy 
and sandy swanlps as they flowed out of the"distant 
cooler foothills and surrounding mountains, In these 
waters or in the adjacent open marshes grew Spar
ganium, O!Jperus, Arundo, Juncus, Equisetum, and no 
doubt Potomogeton, Alisma, and other plants whose 
remains have not ,yet been found' or identified. On 
the sandy or muddy flats farther back grew palms, 
Acrostichum, Aneimia, Ficus, Sophora, and other 

Leguminosae, together with such lianes as Dalbergia 
and Oucurbita. These were succeeded gradually on 
drier ground by Oreodaphne, Zizyphus, Planel'a, 
Ternstroemia, May tenus , Oinnamomum, Lomatia, Bank
sia, Myrica, Oassia, Mimosites, Sapindus, Oelastrus, 
Euonymus, Pimelea, Thouinia, Rhus, Taxodium (if 
Taxites is interpreted as that), and such lianes as 
BanisterifL, Oissus, and the fern Lygodium. Along 
the streams and adjacent Ineadows higher in the foot
hills flourished willows, poplars, Aralia, flex, Apocy
naceae, OZethra, Sambucus, Juglans, Hicoria, Liquid
ambar, Potentilla, Betula, Alsinites, Acer, Quercus, 
Fraxinus, species of Rhus, Ailanthus, and the vine 
Parthenocissus. Oaks and maples finally gave way to 
forests of pine and spruce at higher altitudes. 

Of such an environment as I have conjured up for the 
Green River flora there is perhaps no exact duplicate 
on the earth to-day, but the climatic conditions of the 
southeastern Gulf States plus those of parts of the 
Great Valley of California would, it seems to me,' 
roughly approximate those of the Green River 'Lake 
area. 

Phylum THALLOPHYTA 

Class FUNGI 

Series ASCOMYCETES 

Order LABOULBILIALES 

Family LABOULBILIACEAE 

Genus CAENOMYCES B~rry 

Caenomyces planerae Brown, n~ sp. 

A leaf of Planera nervosa shows three' circular 
impressions such as have been described' by other 
authors as leaf-spot fungi. The' marginal spot is the 
most conspicuous. It is 2 millimeters in diameter. 
The center is depressed, as if a heavy mass of material 
had been there but had been removed with the counter
part to this imprint. No details of structure are 
distinguishable. 

Occurrence: Between Carr and Brush Creeks, 30 
miles Rorthwest of De Beque, Colo. 

Phylum PTERIDOPHYTA 

Order FILICALES 

Family SCHIZEACEAE 

Genus ANEIMIA Swartz 

Aneirnia delicatula Brown, n. sp. 

Plate 70, Figures 1-2 

This fragment is a portion of a bipinnately or per
haps tripinnately divided frond. The lanceolate 
pinnules are attached by their entire bases, whose 
margins are decurrent on the rachis and join the pin
nules above and below. Distad -the pinnules tend to 
become fused and pass into an acuminate tip. They' 
diverge fronl the rachis at angles of 45° below but at 
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more acute angles distad. The pinnules are sharply 
acuminate, with margins carrying few subopposite to 
alternate, usually simple serrate pointed teeth. Rachis 
prominent, flexuous. 1vIidrib of pinnules diverges 
from the rachis at a very acute angle but soon curves 
outward and branches, though remaining prominent 
almost to the apex~ Few secondaries are given off 
from the midrib, but these diverge at narrow angles, 
pursue almost straight courses, and branch' dichoto
mously, the lower branch remaining simple, the upper 
branch dividing before reaching the margin in a notch 
or tooth. 

A. eocenica Berry,I° from the Wilcox and Clai
borne of the southeastern United States, is very closely 
comparable to this species but is larger and coarser. 

Occurrence: Between Carr . and Brush Creeks, 30 
mil~s northwest of De Beque, Colo. 

Phyl:um ARTHROPHYTA 

Order EQUISETALES. 

Family EQUISETACEAE 

Genus EQUISETUM Linne 

. Equisetum winchesteri Brown, n. sp. 

Plate 70, Figure 3 

This fragment represents a sheath· at a node. 
Length 2 centimeters; width 2 centimeters. There 
are 30 attenuated teeth, each.7 millimeters long, around 
the sheath. This is a larger species than Equisetum 
wyomingense Lesquereux 11 but compares in size with 
the rhizomes of E. haydenii Lesquereux.12 The two 
may be identical species. 

Occurrence: Between Oarr and Brush Creeks, 30 
miles northwest of De Beque, Colo. 

Phylum SPERMATOPHYTA 

Class GYMNOSPERMAE 

Order CONIFERALES 

Family TAXACEAE 

Genus TAXITES Brongniart 

Taxites eocenica Brown, n. sp. 

Plate 70, Figure 4 

Small, linear coriaceous leaves, 2.3 centimeters long 
:and 3 millimeters wide,·slightly narrowed to the blunt
pointed apex. Base abruptly cuneate or rounded 
inequilateral. Petiole 2 millimeters long, somewhat 
curved. Midrib prominent, but no further details 
of venation are distinguishable. Margin entire, revo
lute, decurrent, forming a narrow wing on the petiole. 

10 Berry, E. W., U. S. Geol. Survey Prof. Paper 91, p. 164, pI. 9, fig. 7; pI. 10, fig. 
·2; pI. 11, figs, 1, 2, 1916; U. S. Geol. Suryey Prof. Paper 92, p. 41, 1924. 

II Lesquereux, Leo, U. S. Geol. Survey 'l'err. Rept., vol. 7, p. 69, pI. 6, figs. 8-11, 
1878. 

12 Idem, p. 67, pI. 6, figs. 2-4. 

These leaves are suggestive of such coniferous· genera 
as Taxus, Taxodi1.(,m, Tumion, Abies, and Pseudotsuga. 
They differ from' T. olrilci Heel' 13 in being more prom
inently petiolate. 

Occurrence: Between Carr and Brush Creeks. 30 
miles northwest of De Beque, Colo. 

Family PIN ACEAE 

Genus PICEA Link 

Picea pinifructus Brown, n: sp. 

Plate 70, Figure 5 

A winged seed, 1 centimeter long. Boundaries of 
the seed itself very clearly defined. The seed is ellip
tical in outline, pointed, and about one-third the length 
of the entire object. The wing is membranaceous, 
but no venation is distinguishable. Maximum width 
of the wing 3 millimeters, near the distal end. Upper 
margin straight for half its length, then sharply 
curved downward to the distal point. Lower margin 
widened about one-third the distance from the distal 
end, then gradually narrowed toward the seed. Proxi
mal end. obliquely truncated and pointed. The upper 
margin of the wing is slightly more angular than that 
of living Picea seeds, and the maximum width of the 
wing is slightly more distad. 

Occurrence: Between Carr and Brush Creeks, 30 
miles northwest of De Beque, Colo. 

Subclass MONOCOTYLEDONES 

Order P ANDAN ALES 

Family SPARGANIACEAE 

Genus SPARGANIUM Linne 

Sparganium eocenicum Brown, n. sp. 

Plate 71, Figure 1 

A fragment of a stem, 2 millimeters thick, bearing 
two nlature leaves and the beginning of a third around 
the growing point. Leaves linear, lanceolate, 10 to 
12 centimeters long and 1 centimeter wide medianly, 
joining the stem by a broad, somewhat expanded, 
sheathed base. The venation is so obscure that 
details are indistinguishable, but the stenl shows faint 
parallel striations. . 

In appearance this form is like some recorded fossil 
species of Oyperacites, Potamogeton, and Poacites. It 
resembles most closely Sparganium valdense Heel' 14 but 
is somewhat smaller. 

Berry 15 has ·demonstr'ated clearly that the material 
described by Newberry 16 as Brasenia? antiqua is the 

13 Heer, Oswald, Flora fossilis arctica, vol. 1, p. 95, pI. 1, figs. 21-:-24; pI. 45, figs. Ia 
b, c, 1868 .. 

11 Heer, Oswald, Flora tertiaria Helvetiao, pt. 1, p. 100, pI. 45, figs. 6-8; pI. 46, 
figs. 6, 7, I8!iS. 

10 Berry, E. W., A Sparganfum from the middle Eccene of 'Vyoming: Bot. 
Gaz., vol. 78, pp. 342-248, 1924. 

16 Newberry, J. S., U. S. Nat. Mus. Proc., vol. 5, p. 514, 1882; U. S. Geol. Survey 
Mon. 35, p. 93, pI. 68, fig. 7, 1898. 
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fruiting portion of a Sparganium stenl and nlay belong 
to leaves desoribed by I{nowlton 17 as Pontederites 
hesperia. This new cOlnbination is called Sparganium 
antiquum (Newberry) Berry. The species I have 
here described is not well preserved but differs from 
Spwl'gani7.tm antiquum (Newberry) Berry in having 
narrower leaves. 

Oceurrence: Between Carr and Brush Creeks, 30 
miles northwest of De Beque, Colo. 

Subclass DICOTYLEDONES 

Order MYRICALES 

Family MYRICACEAE 

Genus MYRICA Linne 

Myrica torreyi Lesquereux 

JI1yrica torreyi Lesquereux, U. S. Geol. Survey Terr. Rept. for 
1872, p. 392, 1873; U. S. Geol. Survey Terr. Rept., vol. 
7, p. 129, pI. 16, figs. 3-10, 1878. 

Ward, U. S. GeoI. Survey Sixth Ann. Rept~, p. 551, pI. 4~, 
fig. 4, 1886; U. S. Geol. Survey Bull. 37, p. 32, pI. 14, 
fig. 5, 1887. 

l\:n:)wlton, U. S. Geol. Survey Bull. 163, p. 34, pI. 6, figs. 
1-3, 1900; U. S. Geol. Survey Prof. Paper 98, p. 90, 
pI. 17, fig. 7,1915; pI. 86, fig. 1, 1916; U. S. Geol. Survey. 
Prof. Paper 101, p. 256, pI. 37, figs. 2-4, 1918. 

Cockerell, Colorado Univ. Studies, voL 7, p. 150, 1910. 

Coriaceous leaves, lanceolate, elongated above the 
middle to an obtusely acunlinate apex. Length 10 
centirneters; Inaxilnunl width, below middle of the 
blade, 2.3 centilneters. Margin tmdulate to crenate
serrate below, beconling nlerely undulate toward the 
apex. Base cuneate, slightly decurrent. Midrib 
strong, curved. Secondaries thin, numerous, with 
intermediaries, diverging fronl the midrib at wide 
angles, running ahnost straight to within a short dis
tilnce of the luargin, some of them forking. Short 
branches £r0111 the secondaries unite to form a thin 
intralnarginal vein aud send nervilles into the teeth. 
Finer nervation not distinguishable. 

Occurrence: Between Carr and Brush Creeks, 30 
miles northwest of De Beque, Colo. 

Myrica alkalina Lesquereux 

Plate 71, Figures 2, 3 

A{yrica alkalina Lesquereux, U. S. Geol. Survey Terr. Rept., 
vol. 8, p. 149, pl. 45a, figs. 10-15, 1883. 

This specinlen tallies very well with Lesquereux's 
material and seenlS to be identical or at 1east very 
little difl'eront, especially in con1parison with Lesquer
el1x's Figure 15. That material can1e from Alkali 
Station, V{yo. 

O('.('.ul'l'ence: Between Carr ftnd Brush Creeks, 30 
miles northwest of De Beque, Colo. 

17 Knowlton. F. n., U. S. Gool. Survey Prof. Paper 131, p. 154, pl. 3G, fig. 0, 
1\)23. 

Order JUGLANDALES 

Family JUGLANDACEAE 

Genus HICORIA Raftnesque 

Hicoria juglandiformis (Sternberg) Knowlton 

Plate 71, Figures 4, 5 

l-licoria juglandifonnis (Sternberg) Knowlton, U. S. Geol. Sur
vey Bull. 152, p. 117, 1898. 

Cockerell, Am. Mus. Nat. Hist. Bull., vol. 24, p. 80, 1908. 
Phyllites j'uglandiformis Sternberg, Versuch einer geognostich

botanischen Darstellung cler Flora der Vorwelt, vol. 4, 
index 40, pI. 36, fig. 1, 1825. 

Juglans bilinica Unger, Genera et species plantarum fossilium, 
p. 469, 1850. 

Carya bilinica (Unger) Ettingshausen, Die fossile Flora des 
TertHi.r-Beckens von Bilin, pt. 3, p. 46, pI. 51, figs. 4-6, 
13-15; pI. 52, figs. 3, 4, 7-11, 1869. 

Lesquereux, U. S. Geol. Survey Terr. Rept., vol. 8, p. 191, 
pI. 39, figs 1, 2, 13, 1883. 

Coriaceous, lanceolate-elongate leaflets, 10 centi
meters long, 3 centimeters wide just above the base. 
Inequilateral, rounded at the base of the wider portion 
of the blade, cuneate at the base of the narrower por
tion. Petiole 1 centimeter long, 1 millimeter thick. 
Margin finely serrate throughout except for a short. 
distance near the base. Midrib prominent. Second
aries numerous, thin, obscure in these specimens, 
diverging fron1 the midrib at an angle of almost 90°, 
little curved until near the margin, then abruptly 
camptodrome. Finer nervation not distinguishable. 

This species, new to the Green River flora as now 
conceived, coincides with the· form described by Les
quereux as Oarya biZinica from Florissant, where it is 
fairly abundant .. Hicoria jugZand~formis, if not iden~ 
tical with Oarya biZinica, would certainly seem to be 
ancestral to it. Both Unger and Ettingshausen, 
referred. to above, show excellent figures of what 
seems to be the same species. . 

Occurrence: Between Carr and Brush Creeks, 30, 
miles northwest of De Beque, Colo. 

Order FAGALES 

Family BETULACEAE 

Genus BETULA Linne 

Betula eocenica Brown n. sp. 

Plate 71, Figure 6 

Slightly equilateral leaves of fine texture, ovate~ 
outline, and pointed apex. Length, 3 to 5 centime
tel's; width, 2 to 4 centilneters below the middle of the 
lamina. Petiole apparently short. Margin sinuate
dentate with few, widely spaced, blunt teeth. Midrib 
prominent, flexuous. Secondaries, five pairs, alter
nate, diverging from the midrib at 50°, almost straight, 
near the base of the leaf but becoming gradually curved 
toward the apex, all of them craspedodrOlne to the: 
blunt teeth, occasionally branching to a subordin"atb 
tooth. Finer areolation indistinct. 
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This form resembles B. heterodonta Newberry,18 
from the upper Clarno beds of Oregon and the Oligo
cene of Quilchena, British Columbia. It is not unlike 
B. gracilis Ludwig; described by Lesquereux 19 from 
Golden, Colo., but doubtfully referred to Betula. 

Occurrence: Between Carr and Brush Creeks, 30 
miles northwest of De ,Beque, Colo. 

Order URTICALES 

Family ULMACEAE 

Genus PLANERA Gmelia 

Planera nervosa Newberry 

Plate 71, Figures 7-9 

Planera nervosa Newberry, U. S. Nat. Mus. Proc., vol. 5, 
p. 508, 1882; U. S. Geol. Survey Mon. 35, p. 83, pI. 67, 
figs. 2, 3, 1898. 

~Myrica praedrymeja Knowlton, U. S. GeoI. Survey Prof. Paper 
131, p. 157, pI. 36, figs. 1-3, 1923. 

Leaves of firm texture, variable in size and shape 
but nevertheless retaining certain specific distinguish
ing eharacteristics. Length, 2 to 7 centimeters; maxi
nlum width median, from 6 nullimeters to 2.7 centi
meters. Linear-elliptic or ovate-elliptic to broadly 
lanceolate. Apex acute or rounded; base equilateral 
to slightly' inequilateral, cuneate to cuneate-rounded. 
Petiole stout, 2 to 6 millimeters long. Margin entire 
for a short distance above the base, then undulate to 
crenulate-serrate, with large, rounded, sometimes mi
nutely pointed teeth. Midrib strong, straight, or 
curved. Secondaries numerous, 12 to 18 pairs, alter
nate, parallel, equidistant, diverging from the midrib 
at 45°, straight or slightly curved but curving per
ceptibly upward into the teeth. Finer nervation of 
transverse connections between the secondaries, and a 
network of in;egular quadrate meshes. 

These leaves suggest very strongly the foliage of 
the Ulmaceae, and on the basis of foliar resemblance 
alone they might perhaps better be designated 'Zel
kowa than Planera. The four living species of Zel
kowa are distributed in the region of the Caspian 
Sea, the Caucasus, and Japan. Planera is a mono
typic g~nus restricted to the Atlantic Coastal Plain 
of the southern United States. The leaves of P. 
aquatica differ from those ofP. nervosa in' being more 
inequilateral and in having usually doubly serrate 
teeth. 

This species is less ineq uila teral than Planera 
inaequilateralis (Lesquereux)' Knowlton. 20 It may 
be that P. inaequilateralis represents extreme variants 

. in leaf form of P. nervosa. In some variants of these 
leaves there is a strikingly close approach to those 

18 Newberry, J. S., U. S. Geol. Survey Mon. 35, p. '64, pI. 44, figs. 1-4; pI. 45, 
figs. ], 6, 1898. 

10 Lesquereux, Leo, U. S. Geol. Survey Terr~ Rept., vol. 7, p. 138, pI. 17, fig. 20, 
"\878. 

10 Knowlton, F. H., U. S. Geol. Survey Prof. Paper 131, p. 161, 1923. 

Florissant forms described by Lesquereux 21 as Planera 
long1jolia. The chief interest in this connection is 
that Planera long1jolia, because of the finding of fruits 
with the leaves, has turned out to be closely related to 
if not identical with Fagus and has been renamed 
Pagopsis Zong1joZia (Lesquereux) Hollick.22 No fruits 
of mmus, Planera, or Fag·us have COine to light in 
the Green River formation; but it is hoped that 
such evidence may be found and that it lnay clarify 
our knowledge as to the exact generic identity of these 
forms. Myrica praedrymeja I{nowlton 23 matches in 
figure and description a number of specimens of P. 
nervosa in this collection and therefore comes under 
this new designation. 

Occurrence: Between Carr and Brush Creeks, 30 
miles northwest of De Beque, Colo. 

Genus CELTIS Tournefort 

Celtis debequensis Brown, n. sp. 

Plate 72, Figure 1 

Leaf of fine texture, lanceolate, somewhat pointed, 
inequilateral. Length 5 centimeters, width 1.75 
centimeters just above the base. Apex acute, base 
rounded to cuneate. Margin serrate with fine teeth. 
Petiole 1 centimeter long, thin. Midrib slender. 
Secondaries 7 or 8 pairs, alternate, branching from 
the midrib at angles of 40° or less, slightly curved, 
ending in the marginal teeth. N ervilles connecting 
the secondaries transverse. Further nervation irregu
lar quadrate meshes. 

This species seems to ha ve been a forerunner of 
O. mccoshii Lesquereux,24 from Florissant, Colo., and 
Uinta County, Wyo. 

Occurrence: Between Carr and Brush Creeks, 30 
miles northwest of De Beque, Colo. 

Family MORACEAE 

Genus FICUS Linne 

Ficus mississippiensis (Lesquereux) Berry 

Ficus mississipl)iensis (Lesquereux) Berry, U. S. GeoI. Survey 
Prof. Paper 131, p. 9, pIs. 6, 7, 8, 1923. See synonymy 
given by Berry. 

In the reference given above Berry has discussed the 
genetic interrelationship of a number of similar 
species of fossil Ficus and has proposed the new COln
bination to include the forms listed in his synonymy. 
One specimen in this collection conforms to the de
scription and figures given by Lesquereux for Ficus 
pseudopopulus, and that, heing included in Berry's 

21 Lesquereu..x, Leo, U. S. Geol. Survey Terr. Rept., vol: 7, p. 189, pI. 27, figs. 
4-6, 1878. 

22 Knowlton, F. H., U. S. Nat. Mus. Proe., vol. 5], p. 265, pI. 20, fig. 5, 1917. 
23 Knowlton, F. H., U. S. Geol. Survey Prof. Paper 131, p. 157, pI. 36, figs. 1-3, 1923, 
21 Lesquereux, Leo, U. S. Oeol. Survey Terr. Hept., vol. 8, p. 163, pI. 38, figs. 7, 

8,1883. 
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'synonymy, therefore comes under this new designa
tion. 

This species resembles at once OinnamOm1t1n, 
ZizYl)hus, P01)ul1('s, and Ficus, a fact that Lesquereux 

'remarked. It differs fr0111 F. wyomingiana Lesque
reux 25 by the presence of secondary nerves in the 
upper half of the leaf. However, F. wyomingiana 
nltty be only a variety or even abnornlal fon11 of 
F. 1)Seudopol)ul1('s and therefore may also be classed 
under F. mississiZ)l)iensis. F. pseudopopulus has 
been described as being abundant in the Raton 
f0I'111ation. It is also found in the ''Vilcox group of 
l'ellnesscc. 

Occurrence: Between Carr and Brush Creeks, 30 
,nliles llorthwest of De Beque, Colo. 

:Ficus omballi Brown, n. sp. 

Plate 72, Figure 2 

A fine, large, ovate-lanceolate leaf of fum texture. 
Length 14 centimeters; width 4.2 centimeters abou~ 4 
·centimeters above the base. Apex not present in this 
:specimen but apparently acute; base equilateral, 
rounded. Midrib pronrinent, secondaries numerous, 
with scattered intermediaries, di verging from the 
,111idrib at right angles, parallel, slightly curved, and 
united near the nlaI'gin to fonu a conspicuous intra
marginal vein. The nervilles between the secondaries 
'fo1'l11 a network: of large irregular meshes. 

This species resembles closely the living F. glabrata, 
,of Panama, and also an apocynaceous fornl, Ranwoljia 
.tet'ral)hyZZa, of Cuba. Among closely related fossils is 
F. newtonensis Berry. 26 

Occurrence: Between Carr and Brush Creeks, 30 
,miles northwest of De Beque, Colo. 

Order PROTEALES 

Family PROTEACEAE 

Genus LOMATIA Robert Brown 

Lomatia co!oradensis (Knowlton) Brown 

Plate 72, Figures 3-6 

Phyllites coloradensis Knowlton, U. S. Geol. Survey Prof. Paper 
131, p. 176, pI. 38, fig. 3, 1923. 

Lomat'ia obt,ltsi1tScula Cockerell, U. S. Nat. Mus. Proc., vol. 66, 
n,l't. 19, p. 7, pI. 1, fig. 4, 1925. 

Coriaceous leaves, pinnately once or twice com
pound, the ultimate leaflets themselves e:r;ltire or ir
regularly lobed. The ternlinal leaflet is generally 
larger and more lobed than th~ laterals. Lobes pointed 
,or obtuse. Angles between lobes rounded or acute. 
l\1argins entire, decurrent, forming a narrow alation 
·on the rachis. Petiolules of the terll1inal leaflets 1 
'centinleter or l~ss in length. Lateral leaflets ovate-

24 Losql1oroux, Leo, U. S. 0001. Survey Terr. Rept" vol. 7, p. 205, pI. 34, fig. 3, 
. 1878. 

20 Berry, E. W., U. S. Oeol. Survoy Prof. Paper 92, p. 58, pI. 9, figs. 1-3, 1924. 

lanceolate, sessile or nearly so. ' Rachis slightly alate, 
heavy, flexuous. Midrib of leaflets strong, curved. 
Secondaries to lobes distinct, diverging fronl the mid
rib at 50°, straight or slightly curved, sonletinles ex
current into a blunt point. Subordinate secondaries 
of the lobed leaflets and secondaries of the entire 
leaflets obscure, but from 4 to 6 pairs, alternate, 
diverging from the Inidrib at wide angles, each arch
ing well within the margin to the secondary next 
above. Minute areolation not distinguishable. 

The generic reference for 'these forms is somC?what 
doubtful. In the living Proteaceae, the nanle of which 
indicates their great diversity of characters, the forms 
of the leaves vary so much that differentiation on 
that basis is of uncertain validity. The leaves of 
some genera simulate those of Myrica, Sapindus, 
Phacelia, and others. In venation and foml some of 
the specimens in the collection resemble certain living 
species of Sapindus and such fossil species as S. ajJinis 
Newberry and S. angustifolius Lesquereu...x.27 Sonle of 
the elongated, lobed terminal leaflets 111ay also be 
compared with ]fyrica oeningensis Heer.28 

This spooies was evidently closely related to L<>matia 
tripartita, L. terminalis, and L. spinosa Lesquereux,29 
from Florissant. Cockerell remarked on the compound
ness of the leaves of L. tripartita. 30 

Fronl the evidence shown by material in this col
lection it seems altogether. justifiable to include Phyl
lites coloradensis Knowlton under this designation, as 
in the synonYl11Y above. 

Occurrence: Between Carr and Brush Creeks, 30 
nriles northwest of De Beque, Colo. 

Lomatia acutiloba Lesquereux 

Lomalia aculiloba Lesquereux, U. S. Geol. Survey Terr'. 
Rept., vol. 8, p. 167, pI. 43, figs. 11-16, 20, 1883. 

Cockerell, Am. Naturalist, vol. 42, p. 579, fig. 10,1908. 

A coriaceous, deeply divided leaf. Lobes linear
lanceolate, blunt at the apex, sessile along the entire 
base, which is decurrent to the lobe next below. The 
lobes spread away fronl the main axis at narrow angles 
and are widely and alternately spaced. 11argins entire. 
Main axis slender and flexuous. Nlidribs of lobes 
prominent, diverging fronl the axis at acute angles, 
bending upward in the lobes and extending to their 
apices. Secondary venation not observable. 

This specir11en resembles most closely the type to 
which it is referred, which comes from Florissant. It 
is also like Lomatia (Todea) saporteana Lesquereux.31 

Occurrence: Between Carr and Brush Creeks, 30 
111iles northwest of De Beque, Colo. 

27 Newberry, J. S., U. S. Oeol. Survey :Mon. 35, p. 116, pI. 30, fig. 1, 1898. Lt's
quereux, Leo, U. S. Oeol. Survey Terr. Rept., vol. 7, 265, pI. 49, figs. 2-7, 18i8. 

28 Hoor, Oswald, 'Flora tcrtiaria Helvetiae, pt. 2, p. 33, pI. 70, figs. 1-4, 1856. 
29 Lesquereux, Leo, U. S. Oeo!. Survey Terr. Rept., vol. 8, pp. 166, 167, pI. 43. 

figs. 1-10, 1883, 
30 Cockerell, T. D. A., Am. Naturalist, vol. 42, p. 577, figs. 8-9, 1908 . 
31 Lesquereux, Leo, U. S. Oeol. Survey Terr. Rept., vol. 6, p. 48, pI. 29, figs. 1-4, 

1874. 
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Genus BANKSIA Forster 

Banksia cockerelli Brown, n. sp. 

Plate 72, Figure 7 

Coriaceous, linear leaves, at least 11 centimeters 
long and 1 centimeter wide at about the middle of the 
leaf. Apex acute, base narrowly cuneate. Nature of 
petiole not known, because lower part of leaf is miss
ing. Margin sinuate, minutely and distantly dentate. 
Midrib strong, flexuous. Secondary venation scarcely 
distinguishable from finer areolation. Numerous 
branches come off from the nlidrib at or near 90° and 
branch irregularly toward the margin, where they 
curve upward and unite in an intramarginal network 
tha t runs the length of the leaf. 

This species resembles B. saffordi Berry,32 from the 
Wilcox group, but differs. in having much larger angles 
for the divergence of the secondaries. 

The seed Banksite8 lineatulus Cockerell 33 may belong 
to this species. If this well-defined seed does nothing 
more, it at least adds substantially to the evidence 
that Proteaceae were present in the Green River 
flora. , 

Occurrence: Between Carr and Brush Creeks, 30 
miles northwest ·of De Beque, Colo. 

Order THYMELEALES 

Family LAURACEAE 

Genus OREODAPHNE Nees 

Oreodaphne knowltoni Brown, n. sp. 

Plate 72, Figure 9 

A coriaceous leaf with entire margin; ovate-Ianceo
late, 9 centimeters long and 3.5 centimeters wide 
medianly. Apex elongated and probably bluntly 
acuminate; base rounded gradually to a stout petiole, 
of which the porti9n present is 1.5 centimeters long. 
Midrib heavy below but very thin toward the apex. 
All the secondaries are irregularly spaced and diverge 
from the midrib at varying angles. The first second
aries to come off frqm the midrib near the base are 
subopposite, weak, but loop upward in broad arches 
well within the margin to the secondaries next above, 
which are alternate and stronger and which almost 
reach the apex of the blade. From the middle of the 
leaf upward the secondaries again thin out into a 
tertiary meshwork of irregularly quadrangular meshes. 

This species differs from O. viridijlumensis Knowl
ton 34 of the Green River formation, in being more , 
ovate toward the base and in having more regularly 
disposed secondaries. It is closely similar to if not 

32 Berry, E. W., U. S. Geol. Survey Prof. Paper 91, p. 208, pI. 36, figs. 5, 6, 19Hi. 
33 Cockerell, T. D. A., U. S. Na.t. Mus. Proc., vol. 66, art. 19, p. 8, pI. 2, fig. 3, 

1925. 
34 Knowlton, F. H., U. S. GeoI. Survey Prof. Paper 131, p. 163, pI. 38, fig. 6, ':1.923. 

identical with O. puryearensis Berry,35 from the Wilcox 
group of Tennessee. 

Occurrence: Between Carr and Brush Creeks, 30 
miles northwest of De Beque, Colo. 

Order ROSALES 

Family ROSACEAE 

Genus c"HRYSOBALANUS Linne 

Chrysobalanus lacustris Brown, n. sp. 

Plate 72, Figure 8 

An orbiculate, emarginate leaf of medium texture. 
Length 3 centimeters; width 3 centimeters. Apex 
notched, rounded; base round. Petiole thick, 4 mil
limeters long. Margin entire. Midrib strong, in
clined to be straight. Secondaries 8 or 9 pairs, di
verging from the midrib at right angles· near the base 
but with increasingly smaller angles toward the apex, 
each recurved upward near the margin to join the sec
ondary next above. Some secondaries may be bifur
cated. Intermediate nervation irregularly transverse, 
and finer areolation indistinct .. 

The leaves of the living Ohrysobalanus icaco·, of the 
extreme southern United States, are in general some
what larger than this specimen. 

Occurrence: Between Carr and Brush Creeks, 30 
miles northwest of De Beque, ·Colo. 

Family LEGUMIN OSAE 

Subfamily MIMOSACEAE 

Genus MIMOSITES Bowerbank 

Mimosites debequensis Brown, n. sp. 

Plate 73, Figures 1-3 

Thick-textured leaflets, 3 to 4.5 centimeters long 
and 1 centinleter wide just above the base. Lanceo
late, slightly falcate. Apex narrowed, pointed 01' 

blunt; base inequilateral, rounded on both sides. 
Margin entire, sOlllewhat undulate in a few forms. 
Petiolule stout; 1 to 2 nlillimeters long, oblique. Mid
rib prominent, curved. Secondaries, 9 to 12 pairs 
alternate, thin, diverging from the midrib at wide 
angles, straight or slightly curved for SOllle distance, 
then each camptodrome well within the margin to the 
secondary next above. Finer nervation obscure. 

The general form of these leaflets refers them to 
Mimosites. They also bear a close resenlblance to 
Gleditsiophyllum eocenicum Berry 36 but are smaller 
and have more inequilateral bases. 

Occurrence: Between Carr and Brush Creeks, 30 
nliles northwest of De Beque, Colo. 

35 Berry, E. W., U. S. GeoI. Survey Prof. Paper 91, p. 301, pI. 83, fig. 1,1916. 
36 Idem, p. 238, pI. 46, figs. I-i. . 
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Mimosites falcatus Brown, n. sp. 

Plate 73, Figures '1, 5 

Thick leaflets, 3 to 4 centilneters long, and 4 to 6 
millimeters wide llledianly. Linear, falcate. Apex 
acuminate; base cuneate, equilateral or only slightly 
inequilateral. Petiolule 2 Inillimeters long, oblique, 
stout,. IVIargin entire. Midrib pr0111inent. Second
ary venation not distinguishable. 

This species 1l1ay be.a variety of .J!. coZoradensis, as 
SOl1le of those fonl1s approach a linear falcate outline. 
A closely similar form is M. ZinearifoZius Lesquereux,37 
fr0111 Florissant, but thae species is s01l1ewhat smaller. 

Occurrence: Between Carr and Brush Creeks, 30 
miles northwest of De Beque, Colo. 

Subfamily CAESALPINIACEAE 

Genus CASSIA Linne 

Cassia hesperia Brown, n. sp. 

Plate 73, Figure 6 

Leaflets subcoriaceous, 3.8 centinleters long, 1.3 
centinleters wide just below the middle of the blade. 
Ovate-lanceolate, with a narrowed but blunt mnarginate 
apex and a broadly cuneate base. :t\1argin entire, 
slightly undulate. Petiolule2.51nillimeters long, stout. 
Midrib stout but relatively slender. Secondaries thin, I 

6 to 8 subopposite to alternate pairs, diverging fronl 
the midrib at angles of about 50° running straight for 
two-thirds of the distance to the margin, then each 
camptodrome to the secondary next above: 

This species resenlbles O. gZenni Berry 38 but has a 
longer petiolule and is smaller. 

Occurrence: Between Carr and Brush Creeks, 30 
Iniles northwest of De Beque, Colo. 

Order GERANIALES 

Family MALPIGHIACEAE 

Genus BANISTERIA Linne 

Banisteria bradleyi Brown, n. sp. 

Plate 73, Figure 7 

Leaves thick, 2.7 centimeters long, 1.4 centimeters 
. wide below the nliddle of the bla.de. Ovate. Apex 

narrow, rounded, base broadly cuneate. Margin en
tire. Petiole oblique, relatively stout, enlarged at the 
point of attachInent lilm the pulvinus on some Legu
Ininosae. Midrib not prominent, thin. Secondaries, 

• 7 to 9 alternate pairs, thin, irregular, diverging from 
the nlidrib at 60°, each curving upward and anastomos
ing with the secondary next above close to the lllargin. 
Finer nervation a Ineshwork of quadrangular blocks. 

There are 70 living species of Banisteria. They 
range fr0111 southern :t\1exico to the West Indies and 

37 LOSQUOI'OllX, Leo, U. S. 0001. Survoy ']'01'1'. Rept., yol. 7, p. 300, pI. 59, fig. 7, 
1878; vol. 8, p. 2m, pI. :p, figs. 10-13, 1883. 

35 BOl'ry, Eo W., U. S. 0001. Survoy Prof. Popel' 91, p. 233, pI. 45, figs. 15,16,170, 
18; pI. 52, fig. 6, 11)16. 

Brazil. They are common in the oak forests of upland 
Mexico. 

Occurrence: Piceance Cr~ek, near junctIOn with 
White River, Colo. 

Order SAPINDALES 

Family AN ACARDIACEAE 

Genus RHUS Linne 

Rhus rnyricoides Knowlton 

Plate 73, Figure 9 

Rhus myricoides Knowlton, U. S. Geol. Survey Prof. Paper 131, 
p. 168, pI. 37, fig. 9 [not figs. 10, 11, which are R. vari
abilis (Newberry) Knowlton], 1923. 

This fine species resembles in S01ne respects the living 
Rhns typhina and R. gZabra of North America and R. 
coriaria of Europe. Anlong fossil species it is so like 
R. cO'l'ia'l'oides Lesquereux,39 of Florissant, that they· 
nlay be identical, or at least one may be ancestral to 
the other. 

I{nowlton's Figure 9 is clearly different from his 
Figures 10 and 11, and it would seem best" therefore 
to retain Figure 9 as the type of this species and to 
transfer Figures 10 and 11 to R. variabiZis (Newberry) 
Knowlton, to which they seenl nlost closely allied. 

Occurrence: Between Carr and Brush Creeks, 30' 
miles northwest of De Beque, Colo. ' 

Rhus balli Brown, n. s~. 

Plate 73, Figure 10 

An odd-pinnate conlpound leaf with alate rachis ,and 
5 or more pairs of lateral leaflets of almost uniform size 
and a terminal leaflet somewhat larger than the lat
erals. The paired leaflets are opposite, sessile or nearly 
so, attached at a wide angle, with internodes 1 centi
meter long near the apex of the leaf but increasing in 
length toward the base. Length of entire leaf more 
than 8 centimeters; width 3 centimeters for most of 
the length. Leaflets 1.5 centinleters long and 1 centi
Ineter wide, irregularly ovate and i:l.equilateral. 
Margin entire on lower edge of leaflets, crenulate on 
the more or less truncate apices, and beset with few, 
relatively large and variable crenate-serrate teeth on 
the upper edges. Terminal leaflet obovate, with an 
elongated cuneate base. Wings of the alate rachis 1 
millimeter wide at the top of an internode but decreas-

, ing to zero at the base. Midrib of leaflets straight, 
extending to the apex without forking. Secondaries, 
usually 6 pairs, subopposite, thin, diverging fr01n the 
lnidrib at wide angles, curving gradually upward into 
the teeth, sometinles forking and sending branches 
into the notches below the teeth. 

This remarkably beautiful species bears S0111e resenl
blance to the living and variable R. copaZZina, or dwarf 
sumac, widely distributed on dry hillsides fr01n north-

80 Lesquereux, Leo, U. S. Oeol. Survey Terr. Rept., vol. 8, p. 193, pI. 4~, fig. 3,1883. 
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ern New England to southern Florida and Cuba and 
west to Iowa, Nebraska,· I(ansas, and Texas. The 
leaflets of R. copallina are entire or nearly ~o for the 
most part, but in some varieties they are prominentl)' 
serrated. They differ, however, from those of R. 
balli in having acuminate apices. 

Casually observed this species might be taken for 
others belonging to other families and genera, such as 
Dictamnus (Rutaceae), Athyana (Sapindaceae), Wein
mannia (Cunoniaceae). Of these Weinmannia seems 
to compare most closely with R. balli, but it differs 
markedly by several distinguishing characteristics, of 
which the principal one is that the secondary veins of 
the Weinmann'ia leaflets enter the notches between the 
teeth and the midrib forks near the apex without reach
ing the tip. Thus one can distinguish the two genera 
in specimens whose leaflets are toothed. 

Lesquereux has described three species of Wein
mannia from Florissant- W. obtusifolia, lV. haydenii, 
and W. integri/olia. At first he was disposed to call 
these forms Rhus, but on the basis of some figures of 
lVeinmannia (collected by Probst from the Tertiary 
of Biberach) communicated. to Lesq~ereux by Heel', 
Lesquereux decided upon Weinmannia. If now we 
examine the specimens in the United States National 
Museum or Lesquereux's figures 40 we find that in W. 
haydenii and W. integri:folia the secondary veins enter 
the teeth. It seems clear, therefore) that these two 
forms at least are not Weinmannia. Concerning W. 
obtusifolia 41 the evidence is not so clear, because the 
leaflets have nearly if not quite entire margins, thus 
necessitating a different alinement of the secondaries 
from that which would occur in a toothed leaflet. I 
find, however, that even here the alinement simulates 
that of a Rhus in which the leaflets are entire and that 
the midrib of the leaflets terminates in the apex and 
does not divide as in typical Weinmannia. I should 
decide that this also is a Rhus. 

A form that bears some resemblance to R. balli is the 
fragment described by Lesquereux as R. rosaejolia 
Lesquereux,42 from South Park, west of Florissant. 

Occurrence: Between Carr. and Brush Creeks, 30 
miles northwest of De Beque, Colo. 

Genus SCHMALTZIA Desveaux . 

SchmaItzia vexans (Lesquereux) Cockerell 

Schmaltzia vexans (Lesquereux) Cockerell, Torreya, vol. 6, p. 12, 
1906; Colorado Univ. Studies, vol. 3, p. 17, 1906. 

Rhus vexans Lesquereux, U. S. Geol. Survey Terr. Rept., vol. 8, 
p. 195, pI. 41, fig. 20, 1883. 

In form and details this leaflet of a trifoliate leaf 
conforms to the type described from Florissant and is 

40 Lesquereux, Leo, U. S. Geol. Survey Terr. Rept., vol. 8, p.·178, pI. 41, figs. 4-10; 
pI. 42, figs. 1-7, 8-13, 1883. 

H Idem, p. 178,·pl. 49, figs. 4-10. 
42 Lesquereux, Leo, U. S. Geol. Survey Terr. Rept., vol. 7, p. 293,pl. 42, figs. 7-9, 

1878. -

sinrilar to a living variety (Rhus trilobata Nuttall) of 
Rhus aromatica, now found in Texas. 

Occurence: Between Carr and Brush Creeks, 30 
miles northwest of De Beque, Colo. 

Genus AN ACARDITES Saporta 

Anacardites schinoloxus Brown, n. sp. 

Plate 73, Figure 8 

A winged fruit 3 centimeters long, resembling super
ficially a maple schizocarp. Boundaries of the seed 
itself indefinite, but about one-third the length of the 
entire fruit. Wing thin, 1 centimeter wide two-thirds 
distad. Upper margin not perceptibly thickened (as 
in Acer) , bowed down slightly in the middle. Distal 
point rounded. Lower margin undulate, widened from 
the distal end to a point just short of the middle, then 
gradually narrowed and forming a border around the. 
seed to the rounded base. Entire fruit supported by 
a clavate pedlmcle, 1 millimeter long. Veins thin over 
entire wing, close, and running parallel to the upper 
margin, curving downward and bifurcating toward the 
outer and lower margins. Intermediate areolation com-· 
posed of irregular, elongated cells. Seed itself wrinkled 
or striated irregularly. 

In casting about for a living fruit that might resemble 
this well-preserved specimen, I considered the follow
ing possi bili ties among genera: Acer (Aceraceae) , 
Banisteria, Heteropteris, Btigmatophyllum, Acridocarpus 
(Malpighiaceae), Securidaca (Polygalaceae), Thouinia, 
Atalaya (Sapindaceae), Embothrium, Hakea, Rymandra 
(Proteaceae), Pinus (Pinaceae), .Schinopsis, Loxop
terygium (Anacardiaceae). 

Because the peduncle protrudes forward in a char-
acteristic manner and because no straight cleavage
surface seems to be present on either side of the seed, 
as there would be in a schizocarp, it appears certain' 
that this specimen is a single fruit and not a twin. 
That point being established, the following genera of 
those listed are automatically eliminated: Acer, Ban
isteria, Heteropteris, Stigmatophyllum, Acridocarpus, 
Thouinia, and Atalaya. On the basis of difference in 
form and venation the genera Pinus, Embothrium, 
Hakea, and Rymandra also drop out. Securidaca
agrees in form but differs in having a thickened dorsal 
border and a seed which is less than one-third the 
length of the entire fruit and in not having a smooth, 
free 'peduncle when falling off at maturity. Schinopsis 
agreese in practically every respect except that the 
capsul~r fruit is smooth and shows no venation. 
Loxopterygium meets ~v~ry requirelnent except that 
the venation is more open and the fruit is longer and 
narrower. It seems reasonable, therefore, to conclude 
that this fruit belongs within or close to the two last
mentioned genera. I have indicated the resemblance 
in assigning the specific name. 

Loxopterygium is a ge~us inhabiting the Guianas. It 
has pinnately compound leaves with narrow lanceolate 
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lef1fiets. Schinopsis resenlbles Loxopterygium in habit 
and fornl and is found in Brazil, Paraguay, and Ar
gentina. 

It is possible that sonle of the leaflets found in this 
forlnation and described as Rhus may belong to a 
genus and species that produced this fruit. 

Occurrence: Between Carr and Brush Creeks, 30 
miles n.orthwest of De Beque, Colo. 

Family CELASTRACEAE 

Genus CELASTROPHYLLUM Goppert 

Celastrophyllum lesquereuxii Brown, n. sp. 

Plate 74, Figure 1 

Subcoriaceous leaves, 5 to 9 centimeters long, 1 to 
1.7 centinleters wide medianly. Narrowly lanceolate, 
falcate, aClunmate at the apex, cuneate at the equilat
eral base, which is decurrent on the petiole. Margin 
entire f~r one-third of the distance above the base, 
then serrate or crenate-serrate, with prominent, more 
or less aquiline teeth, becoming more widely spaced 
and low-dentate toward the apex. Midrib prominent, 
flexuous. Secondaries 5 or 6 subopposite to alternate 
pairs, elnerging from the nridrib at wide angles but 
rapidly curving upward,. sending nervilles mto the 
teeth. Finer nervation of irregular polygonal blocks. 

This form is like O. variabilis Berry, 43 from the 
Ripley formation, but it is larger. 

Occurrence: Between Carr and Brush Creeks, 30 
miles northwest of De Beque, Colo. 

Celastrophyllum emarginatum Brown, n. sp. 

Plate 74, l1'igure 2 

A thick, inequilateral leaf, 2.3 centimeters long, 
1.5 centimeters wide near the apex. Irregularly ob
cordate. Apex broadly rounded, emarginate; base 
narrowly rounded on the larger side, cuneate on the 
other. Margin entire except for two rounded, crenate 
lobes or teeth on the larger side, one on the smaller side, 
narrowly decurrent on the petiole. Midrib strong. 
Secondaries few, diverging from the midrib at 50°, 
curving upward and outward, forking, anastomosing, 
and finally disappearing in the leaf substance near the 
margin. Finer nervation indistinguishable. 

This leaf resenlbles some living species of Oelastrus 
frOll1 South America, particularly Brazil. 

Occurrence: Between Carr and Brush Creeks, 30 
miles northwest of De Beque, Colo. 

Genus MA YTENUS Molina 

May tenus berryi Brown, n. sp. 

Plate 74, Figure 3 

A thin-textured, linear-lanceolate, falcate leaf with 
pointed apex and narrowly tapered, decurrent base. 

43 Dorry, E. W.,U. S. Geol. Survey Prof. Papcr 136, p. 65, pI. 13, fig. 1, 1925. 

Petiole not present on this specimen. Length 9 centi
meters, maximum width 1.2 centimeters nledianly. 
IVlargin en tire for a short distance above the base, 
then beset with irregularly spaced and variable ser
rate teeth. Midrib stout, curved.' Secondaries thin, 
7 or 8 pairs, alternate, emerging from the midrib at 
40° or less and each soon curving upward in an irregular 
loop well within the margin and joining the secondary 
next above. Finer nervation very irregular. 

In venation this leaf suggests the living M. boari, 
of the West Indies. Among fossils it is like M. pur
yearensis Berry,44 from the Wilcox of Tennessee. 

Occurrence: Between Carr and Brush Creeks, 30 
miles northwest of De Beque, Colo. 

Family SAPINDACEAE 

Genus THOUINIA Poiteau 

Thouinia eocenica Brown, n. sp. 

Plate 74, Figure 4 

Inequilateralleaflets,3 to 7.5 centimeters long, 1 to 
1.8 centimeters wide medianly. Ovate-lanceolate. 
Apex elongated, blunt-pointed. Petiole stout, of 
variable length, modified somewhat by the decurrent 
margm of the inequilateral base. Margin distantly 
and minutely serrate. Midrib strong, flexuous. 
Secondary nervation of numerous thin veins, 10 to 12 
pairs, alternate, with intermediaries, unevenly spaced, 
arising from the midrib at wide angles, straight or 
slightly cur·ved till near the margin, then each looped . 
upward to the secondary next above. Branches from 
the loops form a network next to the margin. Finer 
areolation composed of irregular meshes. Texture 
subcoriaceous. 

This form compares weil with such living species of . 
Thouinia as T. paucidentata, of Yucatan .and the West . 
Indies, and T. australis, of the Dutch East Indies. 
In form it resembles Thouinidium de candrum , of 
Mexico, but differs markedly in yenation. 

Among re'corded fossil species, which are few, T. 
occidentalis Engelhardt 45 is like this species but 
resembles the living T. australis more. 

Occurrence: Between Carr and Brush Creeks, 30 
miles northwest of De Beque) Colo. 

Family AQUIFOLIACEAE 

Genus ILEX Linne 

Hex affinis Lesquereux 

!lex affinis Lesquereux, U. S. Geol. Survey Terr. Rept., vol. 7, 
p. 270, pI. 50, figs. 2, 3, 1878. 

Berry, U. S. Geol. Survey Prof. Paper 91, p. 264, 1916. 

These thick, broadly lanceolate leaves, with few, 
sharp, long-pointed or rounded teeth on the margins, 

tt Berry, E. W., U. S. Geol. Survey Prof. Paper 91, p. 264, pI. 61, fig. 5, 1916. 
U Engelhardt, Hermann, Die altterWirc Flora von Messel, p. 95, pI. 31, fig. 1, 

1922. 
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compare well with those of certain living species and 
with flex dissimilis Lesquereux,46 from Sage Creek, 
Mont. 

Occurrence: Between Carr and Brush Creeks, 30 
miles northwest of De Beque, Colo. 

Order MALVALES 

Family TILIACEAE 

Genus GREWIOPSIS Saporta 

Grewiopsis cissifoIius Brown, n. sp. 

Plate 74, Figure 8 

Leaf 10 centimeters long, 5 centimeters 'Wide medi
anly. Ovate-angular. Apex acute, base abruptly 
rounded, truncate, or slightly cordate. Margin revo
lute, thickened, sinuate-toothed, the larger teeth prom
inently but bluntly pointed by the excurrent second
ary veins. What appears to be the beginning of a 
lobe is an extension of the blade on both margins at 
about the middle of the leaf. Petiole 12 millimeters 
"long, stout, and thickened toward the point of attach
ment. The secondary veins curve upward slightly, 
some of them forking as they run out from the pronli
nent midrib into the teeth, the angle of emergence 
ranging from a right angle at the base to 40° near the 
apex. The lowest secondaries are subopposite. The 
finer areolation is a net work of quadrangular meshes. 
Texture subcoriaceous. 

This leaf belongs to a puzzling group of Eocene forms 
which simulate the leaves of many genera-Grewia, 
Grewiopsis, Populus, Alnus, Gissus, Gissites, Quercus, 
Viburnum, Ficus, Platanus. The specimen in hand 
differs little from Fagus papyracea Knowlton,47 from 
the Raton, formation. That specimen, however, can 
hardly be Fagus because of the forking veins and the 
nature of the tertiary venation. 

This species differs only in the sharper teeth from 
Grewiopsis populifolia Ward,48 from the Fort Union 
formation. 

Occurrence: Between Carr and Brush Creeks, 30 
miles northwest of De Beque, Colo. 

Family STERCULIACEAE 

Genus STERCULIA Linne 

Sterculia coloradensis Brown, n. sp. 

Plate 74, Figures 6, 7 

Long-petioled, sinlple leaves, entire or deeply lobed. 
The entire leaves or the lobes of the lobed leaves are 
generally lanceolate, tapering to an acute apex. 
Margin entire. Petiole 2.5 centimeters long, slender. 
Fr0111 the base of the leaf arise primary and lateral 

t, Lesquereux, Leo, U. S. Geol. Survey Terr. Rept., vol. 7, p. 177, pI. 50, figs. 
7-9, 1878. 

47 Knowlton, F. H., U. S. Oeol. Survey Prof. Paper ]01, p. 295, pI. f8,fig. 1,1917. 
4~ Ward, L. F., U. S. Oeol. Survey Sixth Ann. Rept., p. 556, pI. 55, figs. 8-10, 

1886; U. S. Oeo1. Survey Bull. 37, p. 90, pI. 40, figs. 3-5, 1887. 

veins, which al~e relatively clear and strong. From 
these principal veins diverge at wide angles numerous 
secondaries, which may be straight but are more 
generally irregular and curved upward near the nlargin. 
11any fork and lose themselves in the tertiary vena
tion. 

These specimens suggest very strongly the Ijving 
Sterculia. divers4olia, of Australia. St~rculia C0111-
prises about 100 species distributed in the wan11er 
regions of the world. 

Occurrence: Between Carr and Brush Creeks, 30 
miles northwest of De Beque, Colo. 

Order P ARIETALES 

Family TERNSTROEMIACEAE 

Genus TERNSTROEMITES Berry 

Ternstroemites viridiflumensis Brown, n. sp. 

Plate 74, Figure 5 

Coriaceous leaves, lanceolate to ovate-lanceolate, 
elongated above t:le middle to an acuminate apex. 
This fragment shows a conspicuous constriction near 
the apex, but whether this is a normal condition or not 
is uncertain. Length 10 to 12 centimeters; maxinlum 
width 2 centimeters at or below the middle of the leaf. 
Margin undulate to crenate-serrate to a point within 
a short distance of the apex. Petiole not present. 
Midrib strong, curved. Secondaries thin, numerous, 
diverging from the nlidrib at wide angles, straight or 
slightly curved, arched near the margin to the sec
ondary above. Finer nervation not distinguishable. 

This species resembles T. preclaibornensis Berry,49 
from the Wilcox formation, but differs in dentation of 
the margin and in texture: 

Occurrence: On the eastern border of Carr Creek, . 
Garfield County, Colo. 

Order OLEALES 

Family OLEACEAE 

Genus FRAXINUS Linne 

Fraxinus petiolata Brown, n. sp. 

Plate 75, Figures 1-4 

Leaflets coriaceous, 10 to 15 centimeters long, 2.5 to 
4.5 centimeters wide at a point below the nliddle of 
the blade. Ovate-Ianceolate.· Apex tapering' gradually, 
then abruptly and bluntly acuminate, as in some living 
species; base inequilateral, cuneate on the lower side, 
rounded on the other, or both sides rounded when 
nearly equal in position. Petiolule 2 centinleters long, 
inflated at the point of attachment. 11argin obtusely 
dentate-serrate or merely undula,te. Midrib promi
nent, flexuous. Secondaries strong, 10 to 12 pairs, 
sometimes with short intermediaries, diverging from 

49 Berry, E. W., U. S. Geol. Survey Prof. Paper 91, p. 295, pI. 78, figs. 1-4, 19]6. 
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the midrib at wide angles, nearly parallel, straight or 
slightly clu'ved until well within the margin, then 
caInptodrome, fornling simple bows to the secondaries 
above. N ervilles froIil the bows enter the teeth. Trans
verse nervilles between the secondaries, finer areola
tion conlposed of irregular quadrate Ineshes. 

This species is like F. eocenica Lesquereux,5° from 
Golden, Colo., but has less rounded teeth and longer 
petiolules and is more lanceolate. 

Occurrence: Between Carr and Brush Creeks, 30 
nliles northwest of De Beque, Colo. 

Order GENTIAN ALES 

Family APOCYNACEAE 

Genus APOCYNOPHYLLUM Unger 

Apocynophyllurn wilcoxense Berry 

Apocyn01)hyll~t?n wilcoxense Berry, U. S. Geol. Survey Prof. 
Paper 91, p. 342, pI. 103, figs. 2, 3; pI. 108, fig. 4. 

Knowlton, U. S. Geol. Survey Prof. Paper 101, p. 345, pI. 
103, fig. 3; pI. 105, figs. 1,2; pI. 106, fig. 1, 1917. 

This fornl has been referred to Apocynophyllum 
because of its close reseInblance to leaves of certain 
genera in the Apocynaceae, particularly to Nerium 
,olea'ndel' Linne. A nunlber of Apocynophyllums have 
been recognized in American Tertiary floras. This 
species has been described by Berry from the Wilcox 
group, and by Knowlton from the Raton formation. 

Occurrence: Between Carr and Brush Creeks, 30 
nliles northwest of De Beque, Colo. 

Genus APOCYNOSPERMUM Reid 

Apocynosperrnurn coloradensis Brown, n. sp. 

An elliptic, somewhat flattened, striated achene, 
5 millinleters long, 2 millinleters in diameter, sur
lnoullted by a pappus 2 centimeters or more in length. 
Thjs speciInen is similar to numerous species described 
by Heel' 51 and others as (Jypselites or· Bidentites of the 
COlnpositae. The probability however, is that most 
of these fOrIns, as shown recently by Reid and Chand
ler,52 belong either to the Apocynaceae or to the 
Asclepiadaceae. 

Occurrence: Between Carr' and Brush Creeks, 30 
llliles northwest of De Beque, Colo. 

Order CAMP ANULALES 

Family CUCURBITACEAE 

Genus CUCURBITA (Tournefort) Linne 

Cucurbita glandulosa Brown, n. sp. 

Plate 75, Figure 6 

A part of the basal portion of a large palmately lobed 
leaf. V ci.ns very thiclc Petiole stouji and fleshy. 

60 Lcsqucroux, Loo, U. S. Gool. Survoy Terr. Rept., vol. 7, p. 229, 1878; vol. 8, 
p. 123, pI. 20, figs . .1-3, 1883. 

61 HOOI', Oswold, Flom tortillria Helvetiae, pt. 3, pp. 3-6, pI. 101, 1859. 
6l Roid, E. lVr., Ilnd Clumdler, 1\1. Eo J., Catalogue of Cainozoio plants in the 

deportmont of goology, vol. 1, 'rho Bembridge flora, London, British :Mus., 1926. 

Areolation of transverse nervilles and large quad
rangular cells. The distinguishing charactertistic of 
this leaf is the minute punctation distributed over the 
surface of the vein and areolation. This seems to 
indicate that the leaf was hairy or glandular. Taking 
all the characteristics into, consideration I conclude 
that this form is most like a (Jucurbita, and it is so 
designated. 

Occurrence: Between Carr and Brush Creeks, 30 
miles northwest of De Beque, Colo. 

Phyllites juncoides Brown, n. sp. 

Plate 75, Figure 5 

A narrow, linear falcate leaf with entire lllargin. 
Without nlidrib, petiole, or evidence of venation. 

Occurrence: Between Carr and Brush Creeks, 30 
Illiles northwest of De Beque, Colo. 

Genus CARPOLITHUS AUioni 

Carpolithus cassioides Brown, n. sp. 

Plate 76, Figure 1 

A small, flat, leathery leguminous pod, 1.5 centi
meters long and (i millimeters wide. Oblong in out
line except that the base is the reverse of the apex. 
Pod attached by the lowest part of the rounded base. 

Occurrence: Between Carr and Brush Creeks, 30 
miles northwest of De Beque, Colo. 

Carpolithus ellipticus Brown, n. sp. 

Plate 76, Figure 2 

An oval elliptic flattened fruit, 12 millimeters long' 
and 6 Illillimeters wide. Central ovoid mass appar
ently a stony seed, surrounded by a corona of pulp 1.5 
millimeters wide. The whole is supported on a slen
der capitate pedicel of indefinite length. 

Occurrence: On Piceance Creek near junction with 
White River, Colo. 

Carpolithus capsularis Brown, n. sp. 

Plate 76, Figure 3 

An orbicular, fiatte,ned capsule, pod, or fruit, sup
ported by a relatively thick, capitate pedicel. Di
ameter 7 millimeters. 

Occurrence: On Piceance Creek near junction with 
vVhite River, Colo. 

Carpolithus palrnites Brown, n. sp. 

Plate 76, Figure 4 

This broken specimen is apparently the fruit or'husk 
of the fruit of some palmlike species. It resmllbles 
Nipadites burtini umbonatus Bowerbank,53 from the 
Grenada formation of Mississippi. 

Occurrence: ~etween Carr and Brush Creeks, 30 
Illiles northwest of De Beque, Colo. 

63 Berry, E. W., U. S. Geo!. Survey Prof. Paper 91, p. 176, pI. 112, figs. 13, 14, 1916 
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Carpolithus serratifolius Brown, n. sp. 

Plate 76, Figure 5 

A slender fruiting branch bearing two leaves and a ra
ceme of small ovate fruits. The leaves ar'e narrow , 
linear, alternate, petioled, 3.5 centimeters long and 2 
millimeters wide. Margin finely but sparsely serrate. 
Midrib flexuous, -prominent. Petiole 3 to 4 millime
ters long. Secondary and tertiary venation not shown. 
Fruits 1 to 2 millimeters in'diameter, ovate, thickened, 
borne on slender pedicels 2 to 4 millimeters long, the 
whole forming a raceme. 

Occurrence: Between Carr and Brush Creeks, 30 
miles northwest of De Beque, Colo. 

Genus ANTHOLITHES Brongniart 

Antholithes vitaciflora Brown, n. sp. 

Plate 76, Figure 8 

A cymose cluster of flowers well advanced in the 
fruiting condition. Main stem and branchlets of 
the cyme relatively thick and fleshy. Pedicels of the 
flowers clavate, 2.5 millimeters long. Remains of 
perianth obscure. Ovary superior, flat spherical, 
narrowing abruptly into a persistent style, 1.5 milli
meters long. These flowers seem to belong to some 
species of the Vitaceae. 

Occurrence: Between Carr and Brush Creeks, 30 
miles northwest of De Beque, Colo. 

Antholithes dubia Brown, n. sp. 

Plate 76, Figure 7 

A flower, 1 centimeter in diameter. Petals or lobes 
of the perianth present, 8, ovate. The center of the 
flower is a mass of carbonaceous material, of which the 
details are not recognizable. 

Occurrence: Between Carr and Brush Creeks, 30 
miles northwest of De Beque, Colo. 

Antholithes polemonioides Brown, n. sp. 

Plate 76, Figure 6 

A flower. Ovary superior, globular, 15 millimeters 
in diameter, apparently two-cf?lled. Styles two, 
distinct, slender, 1 millimeter long, surmounted by 
short, broad, conical stigmas. Perianth, presumably 
the calyx, deeply divided, only two or three lobes being 
recognizable. · Lobes 3 millimeters long, abruptly 
acuminate. The flower was supported on a clavate' 
peduncle 2 millimeters long. No stamens or petals 
being present, it seems that they were removed to
gether, as would occur with stamens inserted on a 

sympetalous corolla. ,The characteristics above set, 
forth would seem to bring this specimen within such 
a group of families as the Ebenaceae, Convolvulaceae 
and Boraginaceae. " ' 

Occurrence: Between Carr and Brush Creeks, 30 
miles northwest of De Beque, Colo. 

Antholithes pendula Brown, n. sp. 

Plate 76, Figure 9 

This seems clearly to be a staminate catkin. At one 
end of the dense aggregation of flowers can be seen a, 
short portion of the peduncle. Such a catkin would 
suggest Salix, Populus. Betula, Alnus, Juglans, Hicoria, 
etc. 

Occurrence: Between Carr and Brush Creeks, 30, 
nliles northwest of De Beq~e, Colo. 

, Genus CAULINITES Brongniart 

Caulinites acanthus Brown, n. sp. 

Plate 76, Figure 10 

A portion of 'a spiny stenl with thorns of varying' 
lengths, t~e largest 2.5 centimeters long, the shortest 
5 'millimeters long, relatively broad at the base and 
tapering gradually to a sharp point. Stem 3.5 milli-, 
meters thick. 

Occurrence: Between Carr and Brush Creeks, 30, 
,miles northwest of De Beque, Colo. 

Caulinitesprehensus Brown, n. sp. 

Plate 76, Figure 11 

A tendril, 1.5 millimeters thick, belonging to one, 
of the climbing plants, such as Parthenocissus or 
Cucurbita. ' 

Occurrence: Between Carr and Brush Creeks, ~O' 
miles northwest of De Beque, Colo. 

Genus RHIZOCAULON Saporta 

Rhizocaulon natans Brown, n. sp. 

Plate 76, Figure 13 

A small rootlet with rhizoids like those occurring' 
on the water chestnut (Trapa natans). 

Occurrence: Between Carr and Brush Creeks, 30' 
miles northwest of De Beque, Colo. 

Rhizocaulon dichotomum Brown, n. sp. 

Plate 76, Figure 12 

A root or stenl, showing one dichotomy. 
Occurrence: Between Carr and Brush Creeks, 30> 

miles northwest of De Beque, Colo. 
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FLORA OF THE GREEN RIVER FORMATION 

1. 2. Aneimia delicatula Brown (p. 281). 
3. Equisetum winchesteri Brown (p. 282). 

4 . Taxi/es eocenica Brown (p. 282). 
5 . Picea pinifructus Brown (p. 282). 
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FLORA OF THE GREEN RIVER FORMATION 

1. Sparganium eocenicum Brown (p. 282). 
2,3. Myrica alkalina Lesquereux (p. 283). 
4,5. llicoria juglandijormis (Sternberg) Knowlton (p. 283). 

6 . Betula eocenica Brown (p. 283) . 
7-9. Planera nervosa Newberry (p. 284). 
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FLORA OF TH E GREE RI VER FORMATIO 

1. Celtis debequensis Brown (p. 284). 
2 . Ficus omballi Brown (p . 285) . 
3-6. Lomatia coioradensis (Knowlton) Brown (p. 285). 

7. Banksia cockerelli Brown (p. 286) . 
8 . Chrysobalanus lacustris Brown (p . 286). 
9. Oreodaphne knowltoni Brown (p. 2E6). 
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1-3. lI-fimosites debequensis Brown (p. 286). 
4,5 . lI-fimosites falcat-us Brown (p. 287). 
6. Cassia hesperia Brown (p. 287) . 
7. Banisleria bradleyi Brown (p. 287). 
8. Anacardites schinoloxus Brown (p. 288). 

2 
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FLORA OF THE GREEN RIVER FORMATION 

9 . Rhus myricoides Knowlton (p. 287). 
10. Rhus balli Brown (p. 287). 
11. Weinmannia pinnata, of Mexico, introduced for comparison. 
12. Rosa Tubiginosa, of the eastern United States, int roduced for comparison. 
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FLORA OF THE GREEN RIVER FORMATION 

1. Celastrophyllum lesquereuxii Brown (p. 289). 
2. Celastrophyllum emarginatum Brown (p . 289) . 
3. J¥laytenus berryi Brown (p. 289). 
4. Thouinia eocenica Brown (p. 289). 

5. Ternstroemites viridijlumensis Brown (p. 290). 
6,7. Sterculia coloradensis Brown (p. 290). 
8. Grewiopsis cissifolius Brown (p. 290). 
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1-4. li'raxinus petio/ata Drown (p. 290). 
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5. Phyllites iuncoidcs Brown (p. 291). 

PROFESSIONAL PAPER 154 PLATE 75 

6 

4 

6 . Cucurbila glanduwsa Brown (p. 291) . 



U. S . GEOLOGICAL SURVEY PROFESSIONAL PAPER 154 PLATE 76 

3 
1 

2 

4 
9 

5 

6 

7 
8 11 

12 

10 13 

FLORA OF THE GREEN RIVER FORMATION 

10. Cautinites acanthus Brown (p. 292) . 
1 1. Caulinites prehensus Brown (p . 292) . 
1 2. Rhizocaulon dichotomum Brown (p. 292). 
13. RhtZocaulon natans Brown, X 2 (p. 292). 

1. Carpolithus cas .• ioides Brown (p. 291) 
2. Carpolithus ellipticus Brown (p. 291) . 
3 . Carpolithus capsularis Brown (p. 291). 
4 . Carpolithus palmites Brown (p. 291). 
5. Carpolithus serratifol ius Brown (p. 292). 

6. Antholithes polemonioides Brown, X 2 (p . 292) . 
7. Antholithes dubia Brown, X 2 (p. 292). 
8. Anthotithes vitacijlora Brown, X 2 (p. 292) . 
9 . Antholithes pendula Browl! (p. 292). 
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